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  Chapter 1 

Introduction  

  John Paul   Jones   III   and   Basil   Gomez       

                         �      Research Methodology and Methods  
   �      Why  Research Methods in Geography ?  
   �      Conclusion          

      For much of the twentieth century, as geographers ’  concerns ranged over contemporary 
physical and human space and into their past arrangements in so far as they could be 
documented, the methods they used to explain, model, and predict different aspects of 
the human and physical worlds became progressively more quantitative. But the new 
technologies and theoretical perspectives that emerged in the latter decades of the twen-
tieth century helped to redefi ne the objects of geographers ’  inquiry and extend the methods 
in use for collecting and analyzing data and evaluating research. They also raised concern 
about the criteria, norms, and values for human action and conduct (ethics); how we 
position ourselves and are positioned by others (positionality); and the relationship we, 
as researchers, have with the world (refl exivity). In physical geography, data availability 
increased dramatically after Earth observation satellites were launched in the 1970s. At 
about the same time some human geographers began to seek alternatives to using spatial 
analytic (that is, quantitative, objective, and scientifi c) methods to explain, represent, and 
understand human actions and landscapes. Among the enduring approaches developed 
since the 1970s are humanistic, Marxist, feminist, and poststructuralist geography. 
Nevertheless, for many students research methods remain grounded in the traditional 
canons of spatial analysis and quantitative techniques, and methods instruction are, we 
feel, too often structured according to the prevailing divisions between human and physi-
cal geography. 

 This book is an introduction to research methods in geography. A research method is 
a way of collecting and analyzing data. This sounds very  “ nuts and bolts, ”  but there is no 
way to properly engage in research  –  or in methods  –  without also tackling some of the 
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fundamental theoretical questions facing both human and physical geographers. These 
 “ philosophical ”  questions concern the nature of reality (ontology) and how we go about 
understanding it (epistemology). Such philosophical concerns tend to get sorted out into 
 “ paradigms ”   –  bodies of theory that groups of researchers follow as part of their everyday 
scientifi c practice. Nested within the theoretical coordinates of paradigms are a set of 
 “ middle level ”  decisions one has to make about methodology: the selection of research 
objects, the questions directed toward them, the design of a study, and the implications 
that our objectives have for carrying out research. Finally, at the most concrete and practi-
cal level we fi nd research methods: the ways we go about collecting and analyzing data, 
and the conclusions we draw from these processes. 

 The intent of  Research Methods in Geography  is to provide a foundation for geography 
students, beginning with the big picture, moving through methodology, and fi nally intro-
ducing a number of commonly used methods in data collection and analysis.  Research 
Methods in Geography  therefore covers theory while providing a solid basis for engaging 
in concrete research activities. Schematically, the entire framework can be viewed like this:

Epistemology and Ontology

↓↑

Paradigms

↓↑

Research Methodology

↓↑

Research Methods    

 That the arrows work in both directions indicates that theory needs to be responsive  –  
constantly amended and reworked  –  in light of the surprises and contradictions that 
emerge in concrete research activities. 

 Chapter  2  gives an overview of the essential philosophical issues surrounding ontology 
and epistemology. It also describes the broad contours of four important paradigms  –  or 
theoretical frameworks  –  operating in geography today (spatial science, humanism, critical 
realism, and poststructuralism). Before turning to that chapter, it might be helpful to 
further consider the questions of research methodology and their distinction to research 
methods. These are the two domains that constitute most of the content of the book.  

  Research Methodology and Methods 

 Research methodologies are always situated within larger theories of the world. Many of 
the most creative aspects of the research process involve questions that translate those 
theories into more precise research objectives, questions and tasks. To these ends, it can 
be helpful to formulate a research methodology in terms of a series of questions, the most 
basic of which include the following: 
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   •      What objects or events should I select to analyze?  
   •      How should I theorize their domain of operation?  
   •      How should I theorize their relationships to other objects and events?  
   •      What research questions are appropriate for explaining or understanding them?  
   •      How should I collect data for answering those questions?  
   •      What procedures should be used to analyze that data?  
   •      What safeguards should I rely upon to ensure the validity and reliability of my account?  
   •      What are the grounds for evaluating competing accounts?  
   •      How are my fi ndings infl uenced by the  “ theoretical priors ”  I brought to the research?  
   •      What is the purpose of the research (e.g., the production of scientifi c knowledge, saving 

the Earth, transforming society, something else)?  
   •      What ethical safeguards have been followed or need to be addressed?    

 Having posed these and other questions about the world and the intended research activity, 
a number of obvious connections to specifi c research methods may emerge, not least 
because some research methods tend to be tied very closely to specifi c objects of analysis 
(consider for example, the different methods required to analyze the physical landscape and 
travel writing). However, some methods are more utilitarian than others (for example, 
scientists, humanists, critical realists, and poststructuralists can all conduct interviews), and 
some approaches support multiple methods (consider, for example, the different methods 
used to describe and analyze physical landscapes).  Research Methods in Geography  covers a 
wide range of topics in data collection and analysis within the fi eld of geography.  

  Why  Research Methods in Geography ? 

 We developed the idea for this book after having taught many courses in our substantive 
areas in human and physical geography, respectively. What was lacking, we felt, was an 
introductory level textbook that spoke to theoretical issues but that also covered concrete 
aspects of methods as well as specifi c methods and techniques that geographers use to 
conduct research.  Research Methods in Geography  is intended primarily for second or third 
year undergraduates embarking on a more focused course of study in human or physical 
geography, in human – environment relations, or in geographic techniques. Most second 
and third year students won ’ t yet have taken many substantive courses, and our thought 
is that surveying a book like this will help improve their ability to conduct the sort of 
research projects that they might be expected to undertake for a senior thesis or under-
graduate dissertation and improve their understanding of the research papers they might 
encounter in courses on, say, population, economic, and urban geography, or on geomor-
phology, climatology, and biogeography, to name but a few. Some students will have 
already taken a technical course or two, or intend to specialize in geographical information 
systems, remote sensing, or spatial statistics, but even they probably haven ’ t encountered 
the breadth of methods and techniques that geographers use, or that are represented in 
this book. 

  Research Methods in Geography  is intended to assist students as they move forward in 
geography towards completion of their undergraduate degree. Its overarching objectives 
are to help them to understand and to begin to assess the research of others, and to assist 
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them in the development and conduct of their own high quality research projects. If stu-
dents fi nd that research turns them on, then perhaps they will seek out more advanced 
training at the masters or doctoral level in geography. Some of the chapters in this volume 
might be profi tably read by students at those levels, particularly those just starting out in 
the world of research, but our intention is, fi rst and foremost, to assist undergraduates in 
the discipline. 

 Geography is a tremendously wide ranging fi eld; most geographers have a diffi cult time 
just keeping up with their own area of research, much less staying abreast of developments 
in areas far from their domain of interest. Thus it would be almost impossible for a single 
author to have written with the level of depth and breadth represented in this book. 
Situations like this call for an edited volume. There are several excellent recent and com-
peting texts that converge on the topic of research methods in geography, but several things 
set this book apart from those texts. 

 First, each chapter was authored by accomplished researchers, many of whom are 
leaders in their fi eld. Second, while necessarily offering in - depth details in particular areas, 
 Research Methods in Geography  also includes several important cross - cutting chapters  –  
including those on observing our world (Chapter  3 ), measurement and interpretation 
(Chapter  4 ), and operational decisions (Chapter  5 )  –  which are co - authored by geogra-
phers of different theoretical and substantive backgrounds. The intention in these foun-
dational chapters is to deliberately cross some of the divides that have emerged within the 
discipline of geography. Some divisions have arisen over theory, i.e., how geographers 
theorize how the subject works; some are over methods, for example, whether geographers 
should use qualitative or quantitative data; and sometimes a line of separation is drawn 
between human and physical geography. Such divisions may be inevitable within a disci-
pline that is as diverse as geography, but that does not mean that there are no common 
denominators, or that geographers can ’ t engage in dialog about those divisions. The fact 
that this book is co - edited by a physical geographer (BG) and a human geographer (JPJ) 
is a testament to our desire to peer over divides to see what lies on the other side, and to 
try to determine how they might be negotiated or bridged. 

 The fact that no single geographer would be likely to attempt to write a volume 
that includes such a range of material drawn from human and physical geography 
and closely related disciplines, as well as such a diversity of theory and methods, should 
suggest to students that the faculty instructor for their particular course on  “ research 
methods ”  will doubtless have more of a background in some of the chapters than in 
others. This means that individuals will have to step up to the plate, so to speak, and take 
some responsibility for their own education as a geographer. With that in mind, each 
chapter in  Research Methods in Geography  includes sections that contain  “ Additional 
Resources ”  and  “ Practical Exercises. ”  These sections are provided to help students plant 
their feet and dive more deeply into the areas that most interest them, and provide instruc-
tors who come across unfamiliar content some direction and ideas about how to develop 
particular topics. 

  Research Methods in Geography  is divided into four Parts. The fi rst comprises fi ve chap-
ters that address overarching issues of theory and research methodology, including research 
design. In Part II the focus moves to the methods used to collect specifi c types of informa-
tion, for example, about physical and cultural landscapes. Part III addresses the issues of 
how geographers represent and analyze different types of data. The fi nal Part of the book 
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concerns a researcher ’ s obligations in terms of ethics and the important role of disseminat-
ing their work to others.  

  Conclusion 

 Learning about research should be a rewarding experience that allows students to pursue 
their own interests, learn more about a chosen topic and, above all, examine a subject from 
different perspectives. The best reason for researching a topic in depth is that  you  fi nd it 
stimulating and important. But students should also be encouraged to approach the eclecti-
cism of their chosen discipline with a broad mind and an ecumenical spirit. Many promi-
nent geographers have been attracted to the fi eld precisely because of its wide remit, and 
some topics that are now considered mainstream were, as recently as a generation ago, not 
considered to be part of the discipline. So we encourage students to let their imagination 
run free as they select objects of analysis and ways to study them. Finally, while all research 
is constrained by such basic considerations as the amount of time available or the presence 
of supporting equipment, facilities, or funding, it is  your  curiosity about questions and 
 your  commitment to fi nding answers that are most important in infl uencing your success.         
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    Introduction 

 Infl uential French philosopher Gilles Deleuze once wrote that all human existence, from 
the mundane to the exceptional, is founded upon a multiplicity of problems to be over-
come. Writing against both ancient and modern theorists who sought to order the world 
around us into fi nely - cut, timeless categories, Deleuze insisted on the creative potential of 
life to challenge us and to  “ call us into being. ”  The world constantly asks questions of us, 
he wrote, and we try to give answers back. Sometimes we succeed, sometimes we fail  –  but 
the world never stops unfolding. For Deleuze, it is the manner in which we reply to these 
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different challenges that constitutes our subjectivity, or who we are. As human beings, or 
simply as researchers, then, we always fi nd ourselves in the  middle of things : in the middle 
of a confrontation with social difference, an economic crisis, or an ecological change. 
Without the world ’ s never - ending chain of problems, existence would be, well, very boring 
indeed. 

 Refl ecting on the nature of existence may seem overly philosophical for a chapter 
focused on explaining how theory and methodologies intersect and work off one another. 
But the important lesson of Deleuze is that our research methods and projects do not begin 
in a vacuum, and neither do we as subjects. We do not, for example, suddenly wake up in 
the morning  –  without reason and without a context  –  and decide to sample tree - rings to 
collect evidence about global warming. Instead, we fi nd ourselves situated in the middle 
of a life in which ideas, opportunities, and problems are thrown at us on a daily basis. If 
we are to take Deleuze at his word we must, therefore, acknowledge that our research 
projects are never truly our own creation; rather, the world invites us to solve its never 
ending sequence of problems. Put another way, our research projects belong as much to 
the world as they do to us. We chart a research path  with  the world, and never against it 
or above it. What challenges have you chosen to investigate, for what reason, and how will 
you carry them out? To begin to formulate answers to these questions is to start squarely 
in the middle of things. 

 If the world is constantly presenting us with problems, then what better way to begin 
than to ask what exactly is the nature of the world in the fi rst place? It is only from this 
foundational starting point that we can begin to imagine those methods and toolkits that 
are the best fi t for the research job.  “ Ontology, ”  which focuses on debates concerning the 
nature of the world, and  “ epistemology, ”  which addresses how we come to know that 
world, lie at the heart of geographic research, and yet it is fair to say that it is only recently 
that geographers have begun to regularly refl ect on the character of these two theoretical 
terms in the everyday practice of their research. Whether one counts herself as a humanist, 
a social scientist, or a natural scientist, the everyday life of a geographer is more likely to 
involve defi ning research questions, or collecting and analyzing data. These practical 
aspects of the research process often take precedent over abstract theoretical refl ections. 

 And yet, we want to emphasize here, how one approaches and analyses one ’ s objects of 
interest are deeply embedded in these philosophical issues. No geographer, therefore, 
should ignore such  “ big picture ”  concerns. Doing so limits a critical evaluation of research 
 –  one ’ s own and that of others. In the following two sections we trace the broad defi nitional 
contours of ontology and epistemology, two terms that, however nebulous they may 
sound, are always present within the heart of any geography research project, physical as 
well as human.  

  Ontology 

 If the literal translation of geography from its Greek roots means  “ writing about the world, ”  
then it follows that we need to think through the characteristics the world possesses before 
we can begin writing about it.  Ontology  is the largest branch of metaphysics in philosophy, 
and traditionally deals with questions of existence, or what it means  “ to be. ”  As noted 
above, at the most general level we can defi ne ontology as a set of assumptions and theories 
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that explore  “ what the world is like. ”  It has a rich philosophical lineage, from pre - Socratic 
philosophers who wrote about a world in constant fl ux, to German Idealists who stressed 
the relational character of phenomena. These and other philosophers have attempted to 
tap into the true nature of  “ being ” . 

 One of the major distinctions made in ontology, for example, is between  monism  and 
 dualism . In the case of the former, it is understood that every phenomena on the planet 
and in the universe essentially belongs together as  “ one ”  insofar as they are all ultimately 
formed from the same material or are subject to one overriding principle that governs their 
existence. This worldview, advocated by philosophers as diverse as Spinoza and Deleuze, 
is contrasted with dualism, wherein a profound distinction is drawn between the realm of 
the mental  –  of human thought  –  and the realm of the material, or the  “ stuff  ”  of things. 
Importantly, these philosophical positions are woven throughout the natural and social 
sciences and humanities, including geography. 

 By way of an example, imagine that you were attempting to describe the fundamental 
structure, composition, or character of the world to an alien from another planet. Indeed, 
this is how the philosopher discerns our world  –  nothing about existence is taken for 
granted. To undertake such a task you would fi rst need a common language, one that 
would enable you to discuss sets of categories that describe the fundamental characteristics 
of the world. You might then attempt to describe the  “ stuff  ”  of the world, perhaps distin-
guishing between natural phenomena and social phenomena. Each of these categories, in 
turn, would have their own subcomponents. Nature, for example, might be broken down 
into animal and plant life, and air, land, and water. In turn, belief systems, language, and 
social groups and the family  –  however defi ned  –  might be described as subcomponents 
of society or culture. In either case the researcher is recounting what are thought to be the 
essential properties of the world. 

 In the process, what tends to happen is that we establish a series of differences between 
things that are thought to be profound in the sense that they separate out incompatible 
characteristics. Because a particular phenomenon is natural, for example, it cannot by 
default be social; because a something is a plant, it cannot be an animal and so on. The 
result is that we end up ordering the world into a series of component parts, each of which 
is predicated upon mutual opposition, or incompatibility. In Table  2.1  we have summa-
rized some of the categories that have been put forth over the centuries to describe the 
world in the form of such mutual opposites, or  binaries , whereby things belong  “ here ”  

  Table 2.1    Ontology: what is the world like? 

   Binary   

  Material    Ideational  
  Reality    Fantasy  
  Body    Mind  
  Nature    Culture  
  Individual    Society  
  Self    Other  
  Organic    Technological  
  Space    Time  
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but not  “ there ” , in  “ this ”  group but not  “ that ”  group. For example, a recurring distinction 
within dualist thought, as we noted earlier, has been made between the brute reality 
of earth and bodies on the one hand, and the mental images or ideas that we have about 
the world on the other. Such a distinction has given rise to at least three binaries  –  
 Material – Ideational ,  Reality – Fantasy , and  Corporeal – Mental   –  wherein each side of the 
binary is considered somehow separate from its counterpart.   

 A fuller account of the world ’ s elements would require a researcher to explain addi-
tional, more obviously nebulous phenomena, such as space and time. For the philosopher 
and geographer Immanuel Kant, for example, space and time were tremendously impor-
tant things insofar as they are the necessary means by which we leverage other phenomena 
into meaningful, readily identifi able objects. These are fundamental because it is impos-
sible to think of some aspect of the world that does not have a spatial and temporal dimen-
sion. Time, for example, is generally conceived of as a linear progression  –  past, present, 
and future. At any moment time situates individuals, society, and elements of nature. It is 
through this sense of time that our understanding of causality among the world ’ s elements 
is established, for it is inconceivable that something in the present or future could cause 
something in the past (though predictions in the past or the present about possible futures 
may cause us to act differently at the time). 

 Likewise, elements of the world are also generally considered to be locatable within two 
and three - dimensional space. This view of space enables us to describe things as being 
 “ near ”  or  “ far away ”  from each other; it also leads to a number of fundamental geographic 
concepts, such as absolute and relative location, distance and direction, scale and move-
ment, as well as perspective. It is upon the binary of  Space – Time  that the distinctions 
between the disciplines of geography and history have been emphasized  –  geography taking 
 “ space ”  as its prize, whereas history becomes centered on  “ time. ”  This distinction was 
fundamental to Kant, as well as to twentieth - century geographers such as Richard 
Hartshorne  (1939) . 

 Historically, geographers have tended to examine objects  “ grounded ”  in the left hand 
side  –  the material, the real, the corporeal  –  but since the 1960s, with increasing work in 
behavioral and humanistic geography, and especially as a result of an emerging interest in 
the symbolic realm of words and images, research in geography has expanded to include 
objects classifi ed as being located on the right hand sides of these binaries. What is more, 
there has been a surge of interest in how phenomena actually crossover such binaries, 
existing, for example, in both the physical and the social realms. People, for example, are 
not simply individual human beings: we are also part of larger society, and, as living organ-
isms, we are also part of nature. Likewise, pets such as cats and dogs are not simply animals, 
and hence part of nature  –  they have become socialized into a world of human beings and 
artifacts. Indeed, through their relationships with people, pets domesticate us as much as 
we domesticate them. In other words, and to borrow an additional Deleuzian concept, 
humans and animals are constantly  becoming  with each other. Consider for example, the 
amount of medical research that is carried out on animals  –  from mice to fruit fl ies  –  that 
directly impinges on the drugs and solutions for illnesses we experience. Or more directly, 
the transplantations of animal body parts into human bodies. 

 These are all  “ hybrid ”  phenomena, whose existence serves as a ready reminder that all 
such categorizations are merely attempts to impose order upon the world. And, we can 
see how in recent years geographers have attempted to overcome their own institutional-
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ized differences as either  “ physical ”  or  “ human ”  in order to gain a more comprehensive 
picture of highly complex phenomena such as climate change, environmental degradation, 
urban sprawl and epidemic disease, none of which clearly fi t into natural or social catego-
ries. Even geography ’ s overwhelming emphasis upon space has been rethought, as some 
scholars such as Doreen Massey  (2005)  point out the fact that a sense of space and a sense 
of time are so entwined as to be indistinguishable. 

 These concerns over categories are not simply pedantic; they have implications for 
causality, for how we go about explaining the world. For when phenomena are considered 
to be hybrid, then it is no longer possible to isolate an X 1  or an X 2 . The distinctions between 
the two become blurred and we have to proceed cautiously in explanation. Consider for 
example the ontological status of a building. It might be seen as existing in the minds of 
individuals (in its design), in nature (in its materials), and in society (in the coordinated 
labor required for its construction). Even these components are hybrids. For example, the 
mental labor that produced the building is both natural (operating through bio - chemical 
activity) and social (operating through architectural design networks) (see Box  2.1 ).   

 With hybrid objects, the task of describing a particular phenomenon can become 
impossible to contain. When thinking through the ontology of phenomena, then, it 
behooves the researcher to look beyond the obvious borders of these  –  the enveloping skin 
of an animal, the sharp edges of a tool  –  and to consider how matter, force, and causal 
power fl ows  across  these borders, such that an animal becomes  also  the food it eats and the 
land it inhabits, or the tool becomes  also  the hand that wields it, and the artifacts it creates. 
These phenomena extend far beyond the readily observable lifeform or object to encom-
pass all that makes their very existence possible. 

 There exists a second set of binaries associated with ontology; these describe aspects of 
the regularity of relations among phenomena. For example, are phenomena related to one 
another in ways that are orderly and hence predictable? The pairs of binaries shown in 
Table  2.2  circulate around the extent to which we can make statements about regularity. 
For example, one can assess the degree to which a causal effect will repeat itself without 
any difference whatsoever across different social or natural contexts. If it is repeated to a 
high degree, then the causal pattern is orderly; if not, it is chaotic. If a high degree of order 
is present, then one can offer some prediction as to future patterns of cause and effect. If 
not, then future relations of cause and effect will produce more unpredictable 
confi gurations.   

 Concepts such as order, predictability, and determinacy have tended to be more appar-
ent in the study of physical, rather than social, phenomena because it is often assumed that 
objects in the natural world obey, with a high degree of order, an invariant set of physical 
processes, from the laws of gravity and chemical reactions to those of thermodynamics. 
Individuals, by contrast, are usually held to be much more unpredictable, owing to the 
serendipitous character of individual interactions, personal whimsy, or the complex and 
contingent ways in which individuals are embedded within different societies or cultures 
(which can produce wide variations in actions and thoughts). And yet, physical scientists 
have become increasingly concerned in recent years that they are in fact studying objects 
whose behaviors are fundamentally random and chaotic (even though the larger systems 
seem to obey quite nicely the laws of physical processes). And, we often hear quite deter-
ministic assessments about people that seem to suggest that some degree of neurological 
or even ideological order governs thoughts and action.  



14 Shaw, Dixon and Jones

  Box 2.1    Discrete and Embedded Causality 

    One of the most common binaries at work in geography is the distinction between 
discrete and embedded relations. On this distinction pivots a great deal of the dif-
ference between physical and human geography, and between some forms of human 
geography (e.g., spatial science vs. critical realism). One of the most common forms 
of discrete relationships, found across the natural and social sciences, is that of cau-
sality, whereby one phenomena is thought to exert some form of force over and 
against another, causing it to change in some way. We might graphically depict such 
a causal relation in the following terms:

    X     →     Y    

 A more complicated process can be introduced via a feedback or loop, in which the 
interaction between these phenomena is thought to produce change in both. For 
example, one could state that humans degrade nature by polluting the environment, 
but that such pollution in turn has a detrimental impact upon human health. In this 
case, we are suggesting something more like this:

    X     ↔     Y    

 More usually, causality is considered to be a much more complex relation, for in the 
real world two phenomena do not exist in isolation. Instead, we fi nd that a multitude 
of phenomena interact with each other, so that our pattern becomes:

   

X2 ← X1

    ↑

X3 ↔ X4 → Y

↔

     

 Here, it becomes diffi cult to pinpoint one key causal phenomenon; instead, one can 
point to a number of infl uences and try to ascertain their relative impact or 
signifi cance. 

 Embedded relations are also causal, but they tend to be theorized in ways that do 
not permit the drawing of arrows between phenomena. This is because, as embedded 
relations, they are intrinsically connected to other phenomena by virtue of the  inter-
nal  relations they have with them. Instead of discrete causality that places attention, 
fi rst, upon the identifi cation of separated phenomena (X and Y), and second on the 
 external  relations (i.e.,   →  ) that connect them, in embedded relations the phenomena 
under study can never be sorted out as  “ simply X and Y. ”  These phenomena are said 
to  “ co - constitute ”  each other internally, and at the moment of the production of 
one, the other is itself transformed. A famous example is found in the dialectical 
materialism of Karl  Marx . He felt that  “ human nature ”  changes as humans work  on  
nature  –  that is, as people appropriate nature into shelter, food, clothing and other 
items, they not only change nature, but themselves. Thus through human labor, 
nature is socialized, while at the same time nature itself becomes internal to human 
social relations (Marx  1976 ).  
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  Table 2.2    Ontology: how orderly is the world? 

   Binary   

  Orderly    Chaotic  
  Predictable    Random  
  Deterministic    Indeterministic  
  Necessary    Contingent  
  General    Particular  
  Global    Local  

  Epistemology 

 The questions and concerns raised in regard to how we categorize the phenomena 
that make up the world, and how we understand the connections between phenomena, 
lead us into the realm of  epistemology . Epistemology deals with our understanding of 
knowledge  –  that is, how we come to know the world as a site for research and analysis. 
Some of the concerns we outlined in the section on ontology can be found here, for 
example the tension between monism and dualism. The dualist would insist that know-
ledge is gathered by a transcendent mind that exists apart from the world and is able to 
thus achieve a sense of objectivity concerning it. A monist, by contrast, would insist that 
all knowledge is produced via the individual ’ s immersion within that world. Here, know-
ledge is formed from the continual gathering of sensory impressions; what is more, these 
impressions work to reconfi gure our sense of who we are, and our place within the world. 
Deleuze  (1993)  uses the concept of the  “ fold ”  to discuss this form of subjectivity, by which 
he means our everyday embeddedness in social and also ecological networks. The upshot 
of this line of thought is that any notion of objectivity, whereby the individual stands 
outside of the world they observe, is undermined. 

 In understanding how we as researchers produce knowledge, then, we need to bear in 
mind and consider the ontological issues outlined above, and particularly those inherited 
binaries that mark a distinction between  Material – Ideational ,  Reality – Fantasy ,  Body – Mind , 
and  Individual – Society . How do we as subjects  –  individuals with bodies and minds  –  exist 
in the world? Do our minds roam free, or are our thoughts and ideas derived from the 
milieus and contexts experienced as part and parcel of that world? Are there distinct struc-
tures to the mind in the form of  id  and  ego ? Do we exist as individuals endowed with free 
will, or as subjects bound through relational ties to other subjects, such that our  “ will ”  is 
shaped by the ideas and attitudes of those around us (by political systems, the economy, 
or cultural beliefs, for example)? Do we exist as a part of nature, or are we distinct in some 
fundamental way, perhaps by virtue of a unique ability to refl ect upon our own existence? 
All of these questions revolve around our understanding of the stuff we are made of. Thus, 
the central but somewhat vague defi nition of epistemology  –  assumptions and theories 
about  “ how we know the world ”   –  can be more usefully stated as an understanding of how 
we exist as knowing subjects, how we actively engage with the world, and how we refl ect 
upon our experience of the world. 

 In regard to the fi rst question, how we conceptualize ourselves as knowing subjects, 
many of our assumptions are fairly recent in historical terms in that they are drawn from 
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that body of philosophical thought referred to as the  “ Enlightenment ”  (Foucault  1970 ). 
This was a time spanning the eighteenth century, when Western societies came under the 
predominant infl uence of  “ reason ”  as the source of authority in regard to scientifi c inquiry, 
but also political rule. One of the main Enlightenment principles was the inalienable rights 
of  “ Man, ”  which underpinned such political movements as the French Revolution, guided 
by the philosophy of Jean - Jacques Rousseau. Here, individuals were described and cele-
brated as fully knowing agents. The mind, it was argued, was an external observer, able to 
dwell upon everything outside of itself, and also capable of penetrating and understanding 
its own undertakings. 

 This positioning of the mind as a knowing agent capable of fully comprehending that 
upon which it dwells, including itself, upholds a number of binaries noted in Table  2.3   –  
 Mind – World ,  Self – Other ,  Subject – Object   –  that maintain a distinction between the mind -
 as - knowing agent and everything outside of it. Famously, this Enlightenment view was 
encapsulated by the fi gure of Ren é  Descartes, a philosopher who, through a series of 
thought experiments, deduced that while he could be deceived into thinking that every-
thing in the world was a phantom projection of an  “ evil demon, ”  he was nonetheless unable 
to doubt his own existence which was revealed through the very same thought experiments. 
From this he concluded that the thinking self must be the primary source of knowledge; 
all else, including the coarse materiality of the body, must then become the object to be 
thought upon. He wrote:

  But what, then, am I? A thinking thing, it has been said. But what is a thinking thing? It is a 
thing that doubts, understands, [conceives], affi rms, denies, wills, refuses; that imagines also, 
and perceives. (Descartes,  Meditation  II)     

 The characteristics, or capacities, of the mind - as - knowing agency are also listed in Table 
 2.3 . In order for the mind to be able to be positioned as an external observer of itself and 
others, there must be  rational  and hence  masculine  (as opposed to  emotional  and  feminine ) 
and  rigorous  (as opposed to  playful ) thought, terms that for many come under the larger 

  Table 2.3    Epistemology: how do we know the world? 

   The mind - as - knowing agent   
  Mind    World  
  Self    Other  
  Subject    Object  

   The capacities of the mind - as - knowing agency   
  Rational    Emotional  
  Rigor    Play  
  Objective    Subjective  
  Science    Art  
  Complete    Partial  
  Coherent    Illogical  
  Unifi ed    Disjointed  
  General    Particular  
  Masculinist    Feminist  
  Explanation    Understanding  
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heading of  objective  (as opposed to  subjective ) thought. Traditionally, within academia, 
objective thought has also been considered a hallmark of  science  (as opposed to  art ). 

 Given these capacities, the mind - as - knowing agent can provide an explanation for the 
way in which the world works. Although no one would claim that a complete knowledge 
of the world has indeed been produced, many would hold to the belief that knowledge is 
rather like building a wall with bricks, wherein each explanation builds upon others, such 
that more and more truths about the world become apparent over time. There is a belief, 
then, that the potential for a  complete  (as opposed to  partial ) explanation exists. Within 
this mode of thought, each truth is compatible with the next, such that a  coherent  (as 
opposed to  illogical ) and  unifi ed  (as opposed to  disjointed ) fi eld of knowledge emerges. 

 While such a view is still very much predominant across the natural sciences, there has 
emerged a series of critiques of just such a stance within the social sciences, humanities 
and arts. Certainly within human geography those terms listed on the right hand side of 
the binaries set out in Table  2.3  have come to the forefront. Feminist geography, for 
example, has been at the forefront in questioning the dualist philosophy that underlies the 
notion of the objective self (Massey  1994 ). For these geographers, reference is made to the 
manner in which the self is necessarily shaped by its embeddedness within a highly complex, 
continually changing world. Feminists adopt stances that are  situated  (as opposed to 
 detached ), that require  participation  (as opposed to  observation ), and that views researchers 
as  political  agents (as opposed to  neutral ).  

  Research Paradigms 

 Having stressed the importance of refl ecting on the nature of the world, and how we come 
to gain knowledge of the world  –  a twin process that should run throughout the research 
process  –  we are now in a position to discuss in more detail how ontology and epistemol-
ogy fi nd their place within different  paradigms  in geographic research. A paradigm refers 
here to a body of literature that shares fundamental assumptions about what the world is 
like and how we should research it, but also, and more specifi cally, about what the key 
objects of analysis for geographers should be, and the role of geography within wider 
society. At the risk of stereotyping research within geography, it is useful to provide an 
outline of some of the contemporary paradigms in order to show how they commit to 
certain ontological and epistemological stances. We should also note here, however, that 
within particular projects both  methodology  and methods can overlap and, moreover, 
each paradigm contains within it some often contentious debates. 

  Spatial  s cience 

  Spatial science  rests on the foundational pillars of objectivity and generality in searching 
for orderly causal processes; it also adopts what is said to be a realist approach to repre-
sentation (Abler et al.  1971 ). Ontologically speaking, spatial scientists maintain a strict 
divide between space and time, and between space and society. In turn, both space and 
time are discerned as measurable, insofar as they can be divided into increments, and 
these increments can be empirically assessed by instruments such as clocks, chronometers, 
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compasses and so on. Within this paradigm, geography is taken to be synonymous with 
the term  “ spatial, ”  such that geographic inquiry becomes a matter of asking: (1) How do 
objects and practices vary and/or move across the earth ’ s surface?; and (2), why do these 
variations take the spatial forms that they do? Descriptive accounts of spatial variation (1), 
then, should in turn lead to explanatory ones (2). The latter typically rely on the develop-
ment of qualitatively -  or quantitatively - stated conceptual models that set forth hypotheti-
cal explanations for the variations of interest. Research questions suggested by the models 
lead to data collection and analysis (again, these can be qualitative or quantitative). 
Importantly, this type of research is made possible by assuming that the objects of analysis 
are discrete; this enables questions that take the form of the following:  “ how does the spatial 
distribution of X compare with that of Y? ” ;  “ how does X cause Y ” ; and  “ how do X and Y 
cause each other? ”   

  Humanistic  g eography 

  Humanistic geography  questions the emphasis upon explanation within scientifi c ways of 
knowing, offering in turn a hermeneutic concern for understanding and interpretation of 
the complex, singular actions and attitudes of people (see Chapter  4  on  “ Interpretation ” ). 
Most commonly, humanistic geography is associated with an interest in the dense lifeworld 
of individuals, which is a sensible and sensuous world, but also with how these resonate 
with universally human experiences of hearth and home and a sense of place (Buttimer 
 1976 ; Relph  1970 ; Tuan  1975 ). Out of our common immersion in the lifeworld, for 
example, we achieve a form of shared understanding, or intersubjectivity; our sense of 
place is formed by the human need to give meaning to the bonds between the cultural and 
natural worlds. Methodologically, humanism involves interpretations of signs (symbols, 
gestures, and utterances), of the meanings humans invest in nature (including animals), 
and of the creative activities of people, especially those practices that shed light on place -
 meanings, such as are found in the arts, literature, and architecture.  

  Critical  r ealism 

  Critical realism  in geography emerged as a critique of spatial science and its assumption 
that causality could be  “ read off  ”  from spatial variation (Sayer  1992 ). In contrast to spatial 
science ’ s realist (or  “ naively given ” ) model of representation, critical realism adopts a depth 
model, seeing both images and meanings as refl ective of wider, deeper structures. It also 
offers a critique of what is said to be humanistic geography ’ s overwhelming focus on the 
individual as the agent for change. Moreover, though critical realists recognize the need 
for hermeneutic understanding (seeing individuals as part of wider worlds), they maintain 
nonetheless that there is an objective reality of both natural and social relations that is 
analytically reachable. Objects in critical realism are not spatial variations but events  –  
thing that happen in the world that cause it to change. This, they maintain, is the only way 
to gain insight into causal forces. Importantly, the  “ depth ”  or layered ontology of critical 
realism suggests that these events can only be understood as having been produced by 
deeper structural forces and their causal mechanisms. Thus we cannot understand the 
causes for a factory strike  –  an event that requires explanation  –  by simply referring to the 
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anger of the workers. We have to situate that anger within wider forces such as capitalism, 
which would help explain the workers ’  reactions  as well as  the exploitative practices of the 
factory owners. Under critical realism, such explanations tend to be case specifi c: the par-
ticular conjuncture of social identities (workers with similar politics for example) and 
exploitative practices (lack of bathroom breaks for example) cannot be known without in 
depth case study, and these concrete conditions have themselves to be situated within the 
mechanisms of worker solidarity and capitalist exploitation. Importantly, human beings 
are thought to be capable of considered refl ection upon these wider structures; that is, they 
can ponder and thus change the conditions of their own existence.  

  Poststructuralist  g eographies 

 Poststructuralists critique widespread assumptions that natural and social objects exist as 
pre - given, singular entities with fi xed identities (Willems - Braun  1997 ). They offer instead 
an elaboration of the social processes (e.g., power) that have led to their production and 
dissemination  as  entities. Taking very little for granted in terms of  “ object - ness, ”  poststruc-
turalists offer a fl uid conception of social power that, in its broadest sense, can be defi ned 
as the potential to construct difference, that is, to draw the boundaries between the epis-
temological categories of the  Certain - Real - Material - True  and the  Uncertain - Ghostly -
 Imaginary - False . This power is also extensive throughout our common ontological 
designations, such as  Culture - Nature  and  Individual - Society , as well as through the objects 
these binaries seem to designate. The critical aspect of  poststructuralism  is derived from 
the fact that the power to designate difference lies with those in positions of social domi-
nance, whether by virtue of their class, race, and gender, or by virtue of their social  position  
in sites of knowledge production, such as universities and the media. Through deconstruc-
tive analyses, the constructed (contingent, tentative, and uncertain) character of these 
pillars of domination  –  including those lodged in Western thought  –  can be exposed 
(Dixon and Jones  1998 ). 

 In Table  2.4  we offer a summative table of these paradigms. First, we highlight their key 
ontological and epistemological assumptions. Second, we fl ag some of the possible data 
sources and analytic techniques researchers tend to adopt. Finally, we sketch what relation-
ship you, as the researcher, shares with the object of analysis investigated. Taken together, 
Table  2.4  provides a succinct overview of some of the main theoretical statements made 
in this chapter, and serves as a useful reference to return to as you read the rest of this 
book.     

  Conclusion 

 This chapter has not been prescriptive in terms of telling you whether or not to use remote 
sensing for your study, or whether a focus group would be better than an in - depth inter-
view. That ’ s what the rest of the book is for. Instead, we hope to have provoked you into 
thinking through how the research process is always  “ in the middle ”  of your own experi-
ences and endeavors as well as a paradigmatic body of literature, and how in turn these 
are underlain by ontological and epistemological assumptions about the world. Paradigms, 
ontologies, and epistemologies should not therefore be thought of as existing apart, but 



  Table 2.4    Understanding paradigms in geography 

   Geographical 
paradigm  

   Theoretical assumptions     Data and analytic approaches     Researcher – object relations  

  Spatial Science: 
 “ mapping 
spatial 
relations ”   

  Space is viewed as a two - dimensional container within which 
places exist as discrete phenomena with distinct attributes. 

 Variations across and interactions between places are 
measurable, usually quantifi able. 

 Each object of analysis has a series of distinct characteristics, 
including its location within this two - dimensional 
container. 

 A descriptive mapping of the spatial locations and 
characteristics of objects is the fi rst step in assessing causal 
relations. 

 If theory suggests a causal relation and characteristics are 
found to spatially vary in systematic ways, then the theory 
has empirical support.  

   Data:  Census (socio - demographic, 
economic); fi eld methods (tree 
ring width, snow - pack depth); 
remote sensing (vegetation cover; 
slope); social surveys (consumer 
behavior, political opinion). 

  Analytic approaches:    Descriptive and 
multivariate statistical analysis; 
mathematical analysis; simulation; 
GIS overlay; survey research 
methods; behavioral modeling; 
carbon dating.  

  Subjectivity controlled in favor 
of objective forms of research 
analysis and presentation. 

 Researcher maintains a distance 
between her/himself and the 
object under study.  

  Humanism: 
 “ interpreting 
places of 
meaning ”   

  Space as a two - dimensional container is but one way of 
looking at the world, commonly used by scientists but also 
governments. 

 In the everyday sense, place is a more useful concept because 
it describes the attachment people have to particular parts 
of the world such as their home, workplace, or car, but 
also their neighborhood and country. 

 A  “ sense of place ”  differs for each individual and changes 
through time. 

 Specifi c objects are associated with a particular  “ sense of 
place, ”  or produced as a means of expressing this sense. 

 Specifi c objects are placed within the landscape in order to 
represent particular emotions and feelings.  

   Data:    Archival material (diaries, local 
histories); oral and other folk 
traditions; landscape 
reconstruction; place histories; 
individual life stories and 
experiences. 

  Analytic Approaches:    Ethnographic 
immersion; participant 
observation; textual analysis; 
structured and unstructured 
interviews; culturally - specifi c 
interpretation;  “ thick description. ”   

  Researcher rejects the notion of 
objectivity and focuses on 
developing an empathic 
understanding of individual ’ s 
experiences as they relate to 
space. 

 Focus can also be on what 
meanings imply  “ to me, ”  the 
researcher who is charged 
with the task of 
interpretation.  



   Geographical 
paradigm  

   Theoretical assumptions     Data and analytic approaches     Researcher – object relations  

  Critical Realism: 
  “ uncovering 
the structures 
and 
mechanisms 
behind 
events ”   

  Events in the world are embedded within wider structures 
(e.g., capitalism and patriarchy) and their casual 
mechanisms (e.g., worker exploitation, gender division of 
labor). 

 For many physical processes, explanation is of a  “ necessary ”  
type: the causal powers operated the same from one place 
to another. 

 For social relations, the mechanisms for causing change are 
usually contingent, or context specifi c. 

 Paying attention to contingent contexts, including the 
different spaces in which things happen, requires in - depth 
case study. 

 Social structures and mechanisms are differentiated across 
local and global contexts.  

   Data:  Participatory observation and 
ethnography; interviews; fi eld 
study of context - specifi c causal 
operations. 

  Analytic Approaches:  Refl ection on 
and interpretation of the nature of 
events and the wider mechanisms 
that embed them, as well as the 
causal forces (structures) from 
which they emerge; in the physical 
sciences, researcher remains open 
to the possibility that causal 
mechanisms are complexly, 
contingently, and non - linearly 
related.  

  In social analysis, researchers 
assume that individuals have 
a situated capacity to refl ect 
upon structures and 
mechanisms, even though 
they might not have a 
well - developed theoretical 
language for articulating 
them. 

 Even though the world exists 
objectively, our capacity for 
knowing it in an objective 
way is limited by our own 
contingently situated 
knowledge.  

  Post -
 structuralism: 
 “ interrogating 
the 
production 
and import of 
spatial 
discourses ”   

  Discourses  –  the socially constructed ways we have to 
describe the world  –  name or  “ fi x ”  the character of 
phenomena as well as the boundaries between the insane 
and rational, the possible and the impossible. 

 Discourses have material effects; it  “ matters ”  how people and 
objects are characterized and brought into relation with 
one another. 

 Though they are the vehicles through which power - laden 
relations are formed and operate, discourses are variable 
and therefore open to transformation. 

 Space is socially constructed from the unequal relations of 
power that seek to fi x the nature of people and things. 

 Not just discourses, but matter too is a force in the world.  

   Data:  Texts and visual data; 
ethnographic immersion and 
participant observation; 
descriptive accounts of micro -
 scale actions (practices) and 
events. 

  Analytic Approaches:    Textual and 
visual interpretation; genealogy of 
the emergence and deployment of 
discourses; deconstruction 
(analysis of the work of binaries).  

  Researcher and researched, 
human and non - human, are 
thoroughly embedded within 
wider fi elds of relation and 
meaning. 

 Researcher eschews the notion 
of total knowledge, 
understanding that his or her 
views are from  “ somewhere ”  
and thus are just as partial as 
their subjects. 

 Refl exivity includes a 
monitoring of the researcher ’ s 
positions with respect to the 
settings of which they are a 
part. Researcher is her/himself 
an object of analysis.  

    Note :   Adapted from Del Casino et al.  (2000)  and Del Casino  (2009)    
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rather, as intermingling forces that saturate, guide, and limit the research process. Are you 
intent on explanation, prediction, empathetic understanding of others, or social transfor-
mation? If prediction is your goal, then you must be concerned with matters of causality; 
your objects of analysis, for example, must be described in terms that emphasize their 
discreteness, while you as researcher must consider how best to remain detached from 
them so that objectivity can be retained. If, however, understanding the experiences of 
others is your objective, then you will fi nd yourself operating within an embedded notion 
of phenomena, as well as yourself as researcher, such that the picture that emerges is a 
series of relationships that connect you and your subjects in various ways, as well as with 
the world in general. Perhaps the question,  “ how do you see the world? ”  should be the fi rst 
step in any research process. Whether you are aware of it or not, the moment you start 
the research process, you ’ re already answering this important question.   
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    Exercise 2.1   Theorizing the 2008 Global Economic Crisis 

 In order to animate the paradigms outlined in Table  2.4 , we have taken one particular 
topic of interest, the  “ global economic crisis ”  that exploded in the autumn of 2008, to tease 
out the diverse approaches and research questions that geographers face in conducting 
research. In particular, we highlight the key ontological and epistemological assumptions 
that underpin paradigmatic approaches in spatial science, humanism, critical realism, and 
poststructuralism. The exercise provides a case study for investigating the four paradigms; 
it also asks  you  to write down a few ideas about how you would analyze the economic 
collapse in their terms. The effects of the crisis are only beginning to unfold with major 
job losses and unemployment, homelessness, shrinking economies, social unrest, calls for 
protectionism and regulation, and unprecedented levels of government borrowing and 
bailouts. So how exactly is the researcher able to translate what seems like a gigantic 
problem into manageable objects of analysis? The answer, of course, depends upon the 
paradigm that you opt for. 

  Spatial  s cience 

 As a spatial scientist, you might be interested in collecting country - wide data on the 
changes in gross domestic product (GDP) at points before and after the onset of the crisis. 
Comparable data of this sort for different countries (from, for example, the World Bank) 
can enable descriptive comparisons. To these data you raise additional questions: do 
changes in GDP (per capita) seem to relate to the sectoral concentration of the countries ’  
economies (e.g., percent employment in primary, secondary, or tertiary activities); to levels 
of human capital (e.g., educational attainment levels); or to their integration in the global 
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economy (e.g., international trade levels, membership in organizations such as the European 
Union)? Similar analyses can be undertaken at the intra - national level, with county or state 
unemployment levels obtained from national government agency websites. Task: (a) 
Develop a set of research questions or hypotheses that you want to raise from within this 
paradigm; (b) How would you collect the data for this study?  

  Humanistic  g eography 

 A humanistic approach can be used to investigate affects of the crisis on the lived experi-
ences of people in different places. The geographer needs to interpret people and place 
(including landscape) not only as a site of economic restructuring, but also of symbolism 
and meaning. For example, questions may form around the rapid increase in foreclosures 
and the rise in homeless families throughout the US. We could also add everyday geogra-
phies and think of the experiential accounts of people throughout the country, including 
their fears, hopes and perceptions. What happens to notions of community in towns and 
neighborhoods wrecked by a wave of foreclosures and plant shutdowns? Here, in - depth 
interviews are important for constructing key meanings and themes associated with every-
day (and often banal) details of people ’ s lives. Task: (a) Pick a place for in depth study of 
the impacts of economic restructuring. (b) Write about how you would approach this 
study: what questions would you ask, to whom would you speak, how would you approach 
the collected data?  

  Critical  r ealism 

 Under critical realism, the 2008 economic crisis is an  “ epiphenomenal ”  (surface level) 
event undercut by a much wider and deeper set of causal structures: the inherently uneven, 
contradictory, and geographically differentiated process by which capitalism grows and 
contracts. In this view, crises are inevitable; the only question is when and where they will 
arise, and how they can be faced. Accordingly, a critical realist might ask of the crisis: What 
are the context - specifi c or contingent mechanisms that led to this event, at this time and 
in the countries most affected? Is it best theorized as a series of local events that  “ went 
global, ”  or as the collapse of a global process with many local impacts? Are there other 
factors  –  such as government regulatory mechanisms  –  that need to be taken into account 
in explaining the crisis? Task: (a) What are some of the objects of analysis and research 
entry points that a critical realist paradigm might lead you to? (b) How would go about 
identifying events of interest, and what would be some of the underlying causal structures 
and mechanisms that you might examine?  

  Postructuralist  g eography 

 Discourses about the impacts of the economic crises often coalesce around dominant 
themes  –  such as the greed of Wall Street bankers, the lack of regulation in the fi nancial 
industry, or the state of the over - unionized US car industry. Here, the geographer could 
do a genealogical analysis into the source and dispersions of the multiple discourses and 
representations surrounding the crisis. All of these debates and forms of arguments can be 
narrowed down by focusing on a particular newspaper, a news show, or an online blog. 
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Also viable sources of data are documentaries and other visual representations (e.g., pho-
tographs) about the people and places of decline. Task: (a) Select some  “ texts ”   –  written 
or visual  –  about the collapse. How has it been represented? What kinds of people are 
shown most often, how are they depicted, and in whose interest are these stories and images 
produced? (b) What underlying binary relations ( Orderly – Chaotic ,  Predictable – Random , 
 Individual – Society ,  Self – Other ) seem to propagate within these documents?   
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  Introduction 

 As a scholarly enterprise, geography is a discipline based on inquiry that is driven, above 
all else, by the impulse to comprehend the human and physical attributes of the world in 
their interacting complexity. Inquiry is often conducted within a framework of informa-
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tion that is relevant to the issues driving curiosity and can be used to formulate answers 
to research questions. Information about the world is gathered through  observation , 
which is essential to the production of knowledge. The era of  “ classical ”  geography, which 
extended from the ancient Greeks, and  “ geographers ”  such as Strabo and Pausanias, to the 
early part of the nineteenth century and the great works by Alexander von Humboldt and 
Carl Ritter, had a rich, but largely uncritical, tradition of observation. Within this tradition, 
observers collected information using their sensory apparatus (eye, ears, etc.) and were 
widely held to be neutral, impartial decipherers of the world. As we will learn, however, 
and as the nineteenth century German philosopher Friedrich Nietzsche contended, know-
ledge depends on the perspective from which it is viewed (also see Chapter  5 ). Thus, 
observation can be considered a fl uid, dynamic process, a specifi c practice embedded in a 
communal sense of appropriateness and utility. To this end, a variety of different perspec-
tives on observation have been utilized since modern geography emerged with the estab-
lishment of university departments of geography in the late nineteenth and early twentieth 
centuries. 

 The evolving practice of observation within modern geography is examined in this 
chapter. We will see how perspectives on observation have changed over the past century, 
as well as how viewpoints regarding philosophical perspectives have changed. Similarities 
and differences on observation in human and physical geography are also emphasized. 
Before proceeding, however, a word of warning is in order. Since about 1970, perspectives 
on observation in human geography and physical geography have unfolded along different 
and typically unconnected paths. The perception that physical and human geographers 
deal with different subject - matters (the  “ physical ”  and  “ human ”  worlds) has helped to 
minimize intellectual interaction between the two parts of the discipline. For this reason, 
recent debates on the nature of observation in human and physical geography largely have 
occurred independently of one another. Some, including one of the authors (Rhoads  2004 ), 
have argued that the potential for connectivity between the two parts of our discipline 
remains, but in this chapter the roles of observation in contemporary human and physical 
geography are discussed separately.  

  The Philosophy of Observation 

 Inquiry within geography can fruitfully be viewed as the interplay between theory and 
observation. Theory consists of ideas about how the world is structured and how it works. 
Observation, in the most general sense, involves human interaction with the world. Its 
objective is to obtain information about the structure and dynamics of the world so that 
this information can be compared with human ideas, or theory. The comparison of obser-
vational information with theoretical ideas constitutes the core of scientifi c inquiry and 
represents the process by which scientifi c knowledge is generated. Regardless of the differ-
ing opinions that have emerged about the interplay between theory and observation, most 
geographers accept that this interplay is central to geographic inquiry. 

 Specifi c conceptions about the role of observation in geographical inquiry are 
infl uenced by presuppositions about the world, the truth of which are taken for granted. 
These presuppositions are embodied in the different philosophical perspectives on scien-
tifi c inquiry. Perhaps the most well - known of these perspectives is  logical positivism  
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(sometimes known as logical empiricism), which was promoted by members of the Berlin 
and Vienna  “ Circles. ”  Scholars in these two groups shaped and later dominated the phi-
losophy of science in the fi rst half of the twentieth century (Table  3.1 ).   

 In many ways, logical positivism formalized the inductive,  empirical  approach to 
inquiry that marked the beginnings of modern science in the sixteenth century. It conforms 
to the classical view of the scientifi c method (Chapter  5 ) in which scientifi c inquiry begins 
with observation, and theories develop through attempts to organize facts into systematic 
explanatory relationships. According to positivism, observation, because it is both objec-
tive and veridical (that is, phenomenon are viewed without distortion and conform to fact, 
both now and in the future), provides the  “ bedrock ”  for the development of scientifi c 
knowledge (Rhoads and Thorn  1996 ). In particular, the theoretically neutral information 
derived from observation can, through the process of hypothesis testing, be used to adju-
dicate among competing theories. 

 By the mid - twentieth century logical positivism was subject to increasing criticism (by 
philosophers such as Karl Popper), and the recognition that observation is not necessarily 
theory neutral, and  paradigms  or prevailing theoretical frameworks often strongly infl u-
ence what scientists choose to observe reduced its appeal as a means of verifying hypotheses 
about the way the world operates. By contrast, post - positivist perspectives on science 
emphasize that observation is  theory - laden ; that is, the information content of all observa-
tions is at least partly infl uenced by  “ a priori ”  theoretical commitments (Rhoads and Thorn 
 1996 ). A priori knowledge is independent of experience, whereas  “ a posteriori ”  knowledge 
is dependent on experience, and these two forms of knowledge differentiate the epistemo-
logical notions of  “ inductive ”  and  “ deductive ”  reasoning (and, as we shall see in Chapter 
 5 , have a bearing on the way we formulate research questions). Differences between these 
perspectives depend on the degree to which observation is viewed as  “ theory - dependent. ”  
If observation is highly dependent on theory, especially a theory under test, information 
derived from the observation may be biased and unhelpful in evaluating the theory. Thus, 
whenever theory - dependent observations are used to evaluate theory, the research process 
can be said to be somewhat circular. This view laid the ground for relativistic conceptions 
of science which maintain that the relative value of theoretical ideas must be judged on 
the basis of social criteria since observation, which is biased by theory, cannot be used to 
adjudicate among different ideas. A corollary of  relativism  is that objectivity no longer is 
preserved in any absolute sense; all ideas fall or stand based on their relative merits as 
defi ned within a social context. 

  Realism  lies at the opposite end of the post - positivist spectrum. Realists embrace the 
theory - laden nature of observation, but maintain that this neither jeopardizes objectivity 
nor their capacity to identify the theories that mostly closely refl ect the true nature of reality 

  Table 3.1    Tenets of logical positivism 

      •      Observation provides the foundation for all knowledge  
   •      Observation is based on human sensory experience (empiricism)  
   •      Observation is untainted by theoretical presuppositions (theory - neutral observation)  
   •      Observation yields basic facts (atomistic bits of objective knowledge) about the world  
   •      Theory is developed inductively from the bedrock of veridical (truthful) facts     
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(Rhoads and Thorn  1993 ). Realism, in fact, argues that the theory - ladenness of observation 
is  necessary  for objectivity: only by viewing the world through the lens of theory can we 
hope to discern what the world is really like. In other words, science without concepts is 
blind and the notion of building knowledge from theory - neutral observations, even if such 
observations could be obtained, is fundamentally misguided. This necessitates that both 
background knowledge and observational information serve as forms of evidence in the 
testing of a theory; empirical data are not ignored, but neither are they viewed as the 
absolute arbiter when a theory is evaluated. Viewed in this light, theory - dependence does 
not threaten objectivity, but instead provides the basis for collection of appropriate obser-
vations for theory testing (Rhoads and Thorn  1996 ). 

 Currently in the natural sciences, including physical geography and geographic infor-
mation science, observation is viewed not as information obtained directly through the 
senses (vision, hearing), as the logical positivists maintained, but as data gathered using 
elaborate theory - dependent processes that often involve instrumentation (consider the 
images gathered by recording or real - time sensing devices mounted on aircraft or satellites, 
that have no intimate contact with the objects they are observing). To this extent, most 
scientifi c observations now consist of a causal chain that links a human observer to natural 
phenomena via the technology they employ for data collection, management and analysis 
(Rhoads and Thorn  1996 ), and that draws on background knowledge about how specifi c 
technologies can generate data on the phenomenon. This view emphasizes that there is 
distinction between  “ data ”  and  “ phenomena ”  that complements the difference between 
 “ observation ”  and  “ theory ”  (Rhoads and Thorn  1996 ). Science then can be construed as 
a search for phenomena through the acquisition of data that relies on theory - dependent 
technology and techniques.  

  Observation, Theory and Geography 

 Geography in Europe and the United States emerged as a scholarly discipline at the turn 
of the twentieth century. Since that time several major intellectual frameworks, or para-
digms, have guided research and inquiry within the discipline. Initially, two theories, the 
 cycle of erosion  and  environmental determinism , provided the primary bases for expla-
nation in physical and human geography, respectively (Rhoads  2005 ). Both frameworks 
were championed by William Morris Davis, who, through his position as a professor of 
physical geography at Harvard University, his extensive writings on geographic research 
and education, and his status as a founding member and fi rst president of the Association 
of American Geographers, had a major infl uence on the early development of geography 
(and geology; Davis was also Sturgis Hooper professor of geology at Harvard and a presi-
dent of the Geological Society of America). According to the cycle of erosion, all landscapes 
and landforms evolve predictably through time (passing through youth, maturity, and old 
age) and their current characteristics are a function of structure, process and stage. 
Environmental infl uences, especially climate, were also thought by environmental deter-
minists, such as Ellen Semple and Ellsworth Huntington, to explain patterns of human 
behavior. For example, according to the  “ equatorial paradox ”  a country ’ s degree of eco-
nomic development is dependent on its distance from the equator (though this obviously 
ignores historical patterns as well as the role in under - development played by European 
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colonizers). Observations obtained through inquiry guided by these theories consisted 
mainly of highly descriptive visual illustrations of landforms and human activities that 
conformed to the tenets of logical positivism. Little or no effort, however, was made to 
systematically use the information derived from these observations to rigorously evaluate 
the basic propositions embedded in the underlying theories. Instead, the theories were 
assumed to be valid and, for the most part (often despite their authors ’  protestations to 
the contrary), the observations were interpreted in a manner that invariably lent support 
to the theories. In other words, the extremely theory - laden nature of the observations did 
not permit the validity of these theories to be objectively evaluated. Thus, for example, in 
her book,  Infl uences of geographic environment , which was published in  1911 , Semple used 
observations made by Strabo and more contemporary writers as a basis for suggesting that 
 “ among mountain as among desert peoples, robbery tends to become a virtue; environ-
ment dictates their ethical code ”  (p. 588). Similarly, Rhoads and Thorn  (1996)  suggest that 
the cycle of erosion, as applied by Davis, was not a theory to be tested, but a set of regula-
tive principles for governing what is and is not an acceptable geomorphological explana-
tion, and they provide a detailed discussion of the bias in geomorphic inquiry this 
introduced (Davis never identifi ed the types of evidence that would require him to 
acknowledge that the cycle of erosion was fl awed). 

 During the 1920s environmental determinism came to be viewed as problematic, at 
best, and human geography began to seek new frameworks for inquiry; although European 
geographers, such as Paul Vidal de la Blache rephrased the argument and suggested that 
the environment constrains, but does not determine, human activity. Two alternatives 
subsequently emerged: the historical - cultural perspective championed by Carl Sauer (in 
which the cultural landscape was considered to have been created from the physical land-
scape by a cultural group, such that change in the landscape refl ected cultural changes 
through time); and the  regional  perspective advocated by Richard Hartshorne (who sought 
to delineate the unique physical and human characteristics of a particular area). Both 
perspectives were overtly concerned with separating geographical inquiry from the inter-
ests of other fi elds by focusing on a unique subject matter: cultural landscapes or regions, 
respectively. Neither was explicitly theoretical, which was a welcome characteristic in the 
light of environmental determinism ’ s perceived theoretical bias, nor did either openly 
embrace logical positivism. Observation essentially was viewed as the unproblematic, 
mainly visual, identifi cation of geographical  “ facts ”  that could be used to objectively iden-
tify: (a) the sequence of human occupation of the landscape over time, or (b) the interac-
tions of physical and human elements in their regional association. To the extent that 
knowledge about geographical phenomena was derived from spatial and temporal patterns 
in observed facts, rather than from interpretations guided by a priori theory (Rhoads  2005 ), 
both the historical - cultural and regional perspectives on geography were highly empirical 
(that is, they relied on information derived from sensory experience). During this period, 
physical geography languished and, in some circles, came to be viewed as necessary only 
to provide the environmental context for the study of landscapes or regions. 

 The implicit infl uence of logical positivism on geography became apparent between 
1950 and 1970, as both the human and physical sides of the discipline adopted the quan-
titative analysis of data as the preferred modus operandi of geographical inquiry. This era, 
referred to as the  “ quantitative revolution, ”  shifted the emphasis from simple visual obser-
vation and qualitative accounts of observational facts toward the production of quantita-
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tive observational  “ data ”  (measured and recorded on a numerical scale). The analysis of 
relationships among quantifi able variables relied heavily on statistical methods (most 
notably chi  -  square and t  -  tests, regression and principal components analysis, see Chapters 
 17  and  18 ), which permitted causal relations to be established through inductive inferences 
made on the basis of the statistical results. 

 More theoretically, quantitative data and the use of statistical analysis were viewed 
as tools for preserving the objectivity of geographical inquiry and for establishing 
geography as a legitimate science that sought generalities over descriptions. The explicit 
connection of geography to logical positivism did not, however, occur until the late 
1960s, by which time Popper ’ s concept of defi ning scientifi c statements in terms of  “ falsifi -
ability ”  (the notion that knowledge can be disproved by observation and experimentation) 
and other ideas had begun to challenge its viability as a philosophy of science (Box  3.1 ; 
Rhoads  2005 ).    

  Box 3.1    Falsifi cation 

    Falsifi cation is a methodology of science expounded by the well - known philosopher, 
Karl Popper. To appreciate his contributions, consider that a basic tenet of logical 
positivism is the verifi cation theory of meaning, whereby only statements verifi able 
through direct veridical experience, i.e. observations, can be said to be scientifi cally 
meaningful. In this sense, logical positivists subscribed to the notion that scientifi c 
theories must be  “ proven ”  through repeated testing that yields evidence in support 
of the theory. Popper challenged this methodological approach to science by claim-
ing that verifi cation is an inductive process in which generalizations are derived from 
and supported by repeated observations of regularities. The problem with induction 
is that there is no logical principle that can justify the truth of a universal generaliza-
tion, or law, derived from repeated observations. As a simple example, consider the 
statement  “ All swans are white. ”  No matter how many white swans we observe, no 
number of sightings can establish the truth of this statement. In other words, no 
matter how much evidence we have in favor of this statement, there is no logical 
principle that justifi es the conclusion that indeed we have proven or verifi ed it. On 
the other hand, as Popper argued, all we need is one counterexample, for example 
an observation of a black swan, to show that the statement is false. Thus, according 
to Popper, scientifi c statements are those that are capable of being refuted, and the 
goal of science should be to falsify our theories, rather than verify them. Our attitude 
toward theories should be a critical one and we should constantly be devising tests 
that could yield evidence refuting these theories. If after exhaustive testing no such 
evidence emerges, the best we can say is that the available evidence  corroborates  the 
theory, rather than verifying it. In geography, both the cycle of erosion and environ-
mental determinism were guilty of emphasizing verifi cation over falsifi cation; the 
geomorphologists looked to landscapes to confi rm Davis ’ s theory, while the human 
geog raphers sought evidence for the conformance of culture to environmental 
patterns.  
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  Methodological Aspects of Observation in 
Contemporary Geography 

 Since the early 1970s, human geography and physical geography have taken divergent 
perspectives on observation. Very visibly, human geography has experienced a major 
upheaval in its use of philosophies and theoretical perspectives; the era of single, dominant 
 “ paradigms ”  has been replaced with an assortment of views on the process of advancing 
geographic understanding, and the positivist conception of observation has been chal-
lenged and supplanted. In particular, alternative notions have followed the rise of new 
perspectives (see Chapter  2 ), such as  humanism ,  structuralism , and  poststructuralism . 
As a result, no dominant, long - term unity has been maintained about notions of 
what reality is or how we can best reveal its true nature and causes. Meanwhile, physical 
geography has continued to rely on a data - driven approach to observation. In the sense 
that the choice of what and how to observe is often guided by theoretical considerations, 
it is widely recognized that observation is theory - laden, but physical geographers generally 
subscribe to the notion that these considerations do not compromise the objectivity 
of hypothesis testing. Sophisticated instruments and equipment also are increasingly 
being used to generate quantitative data and, to this extent, physical geographers are 
moving further from the practice of relying on (qualitative) visual observation as a 
data - gathering method. The trend refl ects the post - positivist stance that scientifi c observa-
tion is much more complex and sophisticated than simple sensory interaction between 
humans and their surroundings. According to this view, visual observation uses nothing 
more than crude sensors (eyes) to detect a very narrow band of electromagnetic energy 
(Rhoads and Thorn  1996 ). Whereas science, through the theory - guided development of 
technology, has produced more reliable sensors with a greater range of detection capabili-
ties than the human eye possesses. The following discussion serves to illustrate the differ-
ences in contemporary perspectives on observation, fi rst in human geography and then in 
physical geography. 

  Observation in  h uman  g eography 

 The infl uence of spatial analysis  –  which focuses on measurements of properties and rela-
tionships that incorporate or are expressed in space  –  and its vision of observation have 
persisted as popular, viable ways to practice human geography. Nowhere is this infl uence 
more evident than in the application of geographical information systems to research 
problems in human geography. However, despite the use of sophisticated statistical pro-
cedures and  “ high - tech ”  data gathering devices, the spatial - analytical perspective is still 
inclined to view observation in the traditional way. That is, observation is considered to 
be the ideal and necessary way to verify notions about the world ’ s character, forces, and 
mechanisms, and supposedly  “ refl ects ”  back to geographers the true content of the world 
which can, in turn, be used to facilitate counting, classifi cation, and model - building. 
Moreover, even though the task of observation may substantially rely on secondary - data 
sources (for example, census data; see Chapter  11 ), empirical observations are necessary 
to anchor and validate these data sets. 
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 This sense of observation is underpinned by two key notions. The fi rst is that the world 
consists of an ordered arrangement of  “ landscapes ”  that can be easily deciphered and 
understood. That is, the world contains discrete and distinguishable elements (such as 
people, cultural attributes, regions, neighborhoods, and houses) that stand out unambigu-
ously for easy comprehension, counting, and cataloging. In this perspective, the world 
objectively and neutrally  “ speaks ”  to those whose aim is to record reality. Nothing veils 
their true essence. Knowing the world, then, is less an interpretive enterprise than an 
exercise in diligent observation ( “ eyeing, ”   “ measuring ” ) and reporting. The world, in the 
fi nal analysis, is a real (not abstract or ideal) space fi lled with many separate, often disparate 
elements; any false information about the nature and composition of reality (ontological 
deception) emerges only because a ready - to - apprehend reality is misread. 

 The second notion, of a potentially unobtrusive and untainted observational being, is 
an equally crucial provision; observers who produce the secondary data that  “ feed ”  quan-
titative projects have to dispassionately and objectively apply a sensory apparatus and 
capture the essence of a decipherable reality. These  “ fi eld - workers ”  are servants to the 
empirical,  “ blank slate beings ”  who are involved in the neutral process of reporting and 
do not intervene or interfere with the world; they impose nothing (no a priori theories or 
categories), and nothing (be it politics, a priori expectation, or privilege) taints their gaze. 
In effect they spurn subjectivity, discard self - evident and intuitive theories, purge bias, and 
simply  “ take in ”  the world by accurately observing it. 

 This view was strongly challenged in human geography with the rise of humanistic 
studies (in  phenomenology , existentialism, and hermeneutics). As a result, a long - term 
debate revolving around the  “ crisis of positivist observation ”  was initiated. A central ques-
tion in the minds of many geographers was what, if any, essential truths have quantifi cation 
and spatial analysis revealed about humans and the human environment? Humanistic 
studies were offered as an alternative to advancing geographic understanding. According 
to Yi - Fu Tuan, for example, we inhabit a world of meaning, not a framework of geometric 
relationships. Thus, proponents of humanistic studies, such as Jonathan Smith  (1996)  and 
John Eyles  (1989) , reject the reduction of lived worlds to the spatial analysts ’  simplifi cations 
of numbers, equations, points, and lines (that is, they reject objectivity and veridical facts 
as foundations for knowledge). Moreover, to some humanists  spatial analysis  is a dehu-
manizing project. The alternative is to focus on people ’ s worlds of meaning, perception, 
attitudes and images which, it is asserted, capture both the sense of an elusive and varie-
gated set of realities and the notion of the world as an arena for the lived and the humanly 
experienced. 

 Questioning the value of positivist observation is part and parcel of this new focus, in 
which the world is no longer seen as an objective reality that is inert and external to people ’ s 
actions, lives, and beliefs. Instead, reality is something groups and individuals construct 
and live through. Reality, in other words, is not an experience that is common to all, but 
a subjective, meaning - infused set of worlds that is sculpted by human initiative, perception, 
and values. For this reason, humanists offer, it is necessary to move beyond reliance upon 
empirical appearances in favor of methods that uncover the in - depth constellation of 
meanings, perceptions, and values that give rise to the variegated worlds that individuals 
inhabit. In other words, geographers must be suspicious of observed appearances and delve 
into people ’ s  life worlds  (which are composed of the conscious projects that shape human 
existence and the passive realities that impinge upon it). Viewed from this perspective, 
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knowing the world involves excavating beneath appearances to unearth the repositories of 
human meaning and interpretation that underpin lived realities. 

 The rise of structuralist studies in human geography (undertaken by  Marxists , realists, 
structurationists and critical theorists) also helped deepen the crisis of positivist observa-
tion that fl ows from the sense of the world ’ s complexity; the leading proponents of which, 
such as David Harvey  (2000)  and Richard Walker  (2004) , continue to attempt to unearth 
the deep, empirically elusive forces that guide human actions and the transformation of 
human and physical landscapes. Here, however, the emphasis is on the economic and 
political structures that underpin places and societies (Marxism, for example, provides a 
theory and methodology for understanding the political economy and the imperatives of 
capital accumulation, social reproduction, and political legitimization). Once again, obser-
vation, when taken to be a task that meaningfully records a transparent reality, is called 
into question. In particular, it is held that empirical observations cannot capture the 
essence of processes and causes because they ignore the power relations in which visible 
spatial relationships are embedded. 

 Instead,  “ raw appearances ”  have to be comprehended as complex outgrowths of 
deeper, empirically elusive mechanisms, because rather than embodying causation, the 
domain of the empirical refl ects it (also see Chapter  5 ). Beneath the exterior of appear-
ances is the domain of real structures that cannot be directly discerned, but which, nev-
ertheless, embed the mechanisms that guide human actions and ultimately transform the 
world. In his critique of observation, for example, Sayer  (1984)  addresses the problem 
of relying upon the empirical to explain the world (a position that the positivist notion 
of observation embraces). To Sayer,  “ what causes something to happen has nothing 
to do with the number of times it has happened or has been observed to happen and 
hence whether it causes a regularity. ”  The essential point is that  “ seeing the world ”  con-
stitutes a relatively simple fi rst step in the diffi cult task of coming to understand causes 
and effects. 

 In the 1980s poststructuralist studies (postmodernism being the movement ’ s most 
publicized branch) came to the forefront in human geography. Like humanists and struc-
turalists, poststructuralists consider the positivist vision of observation to be a na ï ve exer-
cise in data capture that is not capable of portraying the complexities of the world. Many 
poststructuralist studies identifi ed a new, blended reality of complexity, heterogeneity, 
particularity, and uniqueness, and this implied that the world was not susceptible to simple 
and effi cient seizure by empirical observation. To postmodernists, in particular, the 
dilemma is intractable, for the world purportedly refl ects a messy, fragmented and disjunc-
tive disorder that positivist science systematically disregards or denies. Viewed from this 
perspective, observation is an academic intervention that imposes the vantage point of 
 “ academic positionality ”  on the data - gathering task; a person ’ s class, race and gender 
infl ects their simplifi ed representational schemes, and reductionism inevitably follows. To 
ensure that the essence of the complex world is not reduced to the sums of simpler phe-
nomena, a different kind of observation is needed, one that recognizes the role that catego-
rization and social power impose on the world. Specifi cally, a heightened sensitivity to 
complexity, disorder, and academic positionality is required. To proponents like Dear 
 (2001)  and Strohmayer and Hannah  (1992) , this theoretical sensitivity connects the obser-
vational process to an awareness of time - space specifi city (that ranges from the unique to 
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the ubiquitous) and of poly - causality and causative contingency, acuity to the imposition 
of language, and the realness of disordered spaces. Observations, then, are dependent on 
the observer ’ s relative position and, rather than being straight - forward perspectives of a 
world that timelessly communicates its essence through easily created categories, are a 
complex product of human experiences (see Chapter  2 ).  

  Observation in  p hysical  g eography 

 Contemporary approaches to observation in physical geography can be separated into 
three major categories: fi eld observations, physical experiments, and remote sensing tech-
niques. Field observations include measurements of forms, fl uxes, fl ows and ages made 
with human - operated equipment or sensors, which in turn yield quantitative data on these 
attributes. Observation typically occurs through the medium of systematic fi eld measure-
ment campaigns that are guided by a research design and address a specifi c set of research 
objectives. The data collected in these campaigns typically focus on the form and function 
of Earth ’ s surface (geomorphology), biological organisms (ecology, biogeography), the 
atmosphere (climatology), or hydrosphere (hydrology). 

 Temporal scale often plays an important role in determining the relevance of particular 
types of fi eld data for specifi c investigations. In geomorphology, for example, geo - historical 
studies may be directed towards the analysis of changes in landform characteristics over 
time spans ranging from thousands to millions of years. It is not possible to directly 
measure the processes (fl uxes, fl ows) that produced these changes. Instead, attempts may 
be made to reconstruct/retrodict past forms in order to establish how and at what rate 
change occurred. A common way of doing this is to substitute space for time  –  that is, to 
infer the historic operations of physical processes from  “ snapshots ”  of spatial varying 
phenomena (Box  3.2 ). In contrast, fi eld investigations that highlight process dynamics or 

  Box 3.2    Ergodic Reasoning 

    The principle of ergodicity was developed by physicists to deal with problems in 
thermodynamics. It holds that sampling across an ensemble of systems, i.e. sampling 
many systems  –  each of which is characterized by a particular spatial confi guration 
at the time it is sampled  –  is equivalent to sampling the confi guration of a single 
system through time. In this sense, ergodicity has been referred to as  “ space for time 
substitution ”   –  that sampling systems over space yields information on how they 
change over time. An example in geomorphology would be to use information on 
drainage density from many different drainage networks to infer how drainage 
density in a single drainage network might change through time. Whether or not 
spatial information can be used to represent temporal dynamics in systems of interest 
to the physical geographer has proven controversial (see Paine  1985 , in Additional 
Resources).  
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relations between process and form typically allow direct measurements of fl uxes and fl ows 
to be made over time scales of minutes to years. The observations made in these types of 
studies are often organized into the framework of fi eld experiments, or measurements 
conducted under controlled fi eld conditions. Field experiments can have different levels 
of  “ control, ”  ranging from those that attempt to manipulate natural conditions and isolate 
processes of interest, to those that rely on informed judgment and experience to guide data 
collection and generate the evidence required to test a hypothesis (Slaymaker  1991 : 7 – 16). 
It may also be possible to accommodate natural variability by using statistics to guide a 
data collection program, and this approach may be especially relevant to fi eld studies that 
involve a large number of measurements or, conversely, where there are limitations on the 
number of samples that can be collected. Note that a sample is an element, or group of 
elements drawn from a population, that may be analyzed to ascertain or, in a statistical 
sense, estimate the characteristics of a population as a whole, whereas measurements assign 
numbers to the population or elements of it (see Chapter  6 ).   

 Laboratory experiments are also used in physical geography. However, the approach 
has been adopted cautiously because geography, by its very nature, deals with interrelations 
among phenomena in the natural world, not the artifi cial and often highly constrained 
conditions that exist in the laboratory (see Chapter  21 ). A key consideration is the extent 
to which measured data can be related to conditions in the real world that the laboratory 
experiment is meant to represent (Peakall et al.  1996 ). Experiments may be conducted 
using scale models, unscaled models, or physical analogues. Physical analogues attempt to 
reproduce signifi cant aspects of the form and function of natural phenomena, whereas 
scaled and unscaled models provide a physical representation of a designated feature and 
may involve the use of a prototype (that is, an object, such as a laboratory fl ume, or a small 
segment of the real world, such as a New Jersey landfi ll). The properties of scale models 
are defi ned according to the principle of similarity (that is, there is some degree of sym-
metry in the appearance and/or behavior of an object). 

 Remote sensing constitutes the third major category of observational technique used in 
contemporary physical geography. Twenty years ago, aerial photography served as the 
primary means of obtaining information about the Earth from above, but today, a plethora 
of air -  and space - borne remote sensing technologies, including multispectral, infrared, 
microwave, and LIDAR systems, yield observational data that are of interest to both physi-
cal and human geographers (see Chapter  10 ). Remote sensing has emerged as a new 
research specialization within physical geography, and the large amount of observational 
data (on, for example, atmospheric characteristics, topography, surface water, and land 
cover) has also fueled the development of geographic information systems to manage and 
analyze large spatial data sets, and make them accessible to a non - technical audience (see 
Chapter  22 ). 

 Although it is acknowledged that observations are  “ theory - laden, ”  in the sense that the 
choice of what to observe and the methods of observation themselves depend to some 
extent on theory, observational data continue to be viewed as the metric against which 
theories and hypotheses must be evaluated. In general, two types of scientifi c reasoning 
are prevalent in physical geography:  deductive  and  abductive  arguments (Rhoads and 
Thorn  1993 ). Deductive arguments are based on general relations (deterministic or proba-
bilistic laws) which generally have a cause - effect structure and which, for the purpose of 
testing, are accepted as valid:
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  If A, Then B 
 If A is the case 
 Then B should occur   

 Although many deductive relations are far more complex, consider the following simple 
law - like statement:  “ if water is subjected to a gradient of gravitational potential energy, 
such as that associated with a sloping surface, then it will fl ow down that gradient. ”  
Observations can be made of water on sloping surfaces, either in nature or in the labora-
tory, to see if it fl ows downhill. Any observation of stationary water or water fl owing uphill 
would cast doubt on the validity of the initial premise. However, repeated confi rmation 
of the law - like  “ if  –  then ”  relation lends support to the idea that the gravitational potential 
energy gradient associated with a sloping surface causes water to fl ow downhill. Physical 
models based on physical laws and their interrelations expressed in mathematical form 
may also serve as vehicles for deductions (see Chapters  19  and  21 ), because application of 
such models yields predictions of outcomes. Consider, for example, a model of a meander-
ing river which, if the mathematical relations accurately characterize the processes involved, 
might reveal how the channel planform (outline or shape when viewed from above) 
changes over time. The deductive validity of the model may be tested using fi eld measure-
ments or remote sensing to determine if the observed change in channel pattern conforms 
to the predicted pattern. 

 Abductive reasoning, in which empirical observations take center stage, are a common 
component of many geo - historical studies and also play a role in contemporary process 
studies (Rhoads and Thorn  1993 ). In this case an effect is observed, and  “ cause – effect ”  
relations are considered to infer a cause that could have produced the effect.

  B is observed 
 If A, then B 
 A is the cause of B (?)   

 In other words, reasoning proceeds from effect to cause, rather than from cause to effect 
as in deductive reasoning. Abductive inferences are inherently less certain than deductive 
inferences (hence the question mark) because reasoning from an effect to a cause, based 
on a cause – effect relation, does not guarantee the cause; another cause could have pro-
duced the same effect (see Chapter  5 ). Moreover, in the case of geohistorical studies, causes 
usually cannot be observed because they occurred in the distant past. Thus, for example, 
Grove Karl Gilbert suggested the large crater, now known as Meteor Crater, in Arizona, 
could have been formed in two ways: by a meteorite impact or volcanic action (Rhoads 
and Thorn  1996 ). He concluded, incorrectly, that Meteor Crater was the result of volcanic 
action. Abductive inferences, however, are commonly revised when, for example, subse-
quent process - based studies reveal new cause – effect relations.   

  Conclusion 

 Geography has a rich tradition of observation aimed at gathering information about 
the complex world we inhabit. In both human and physical geography, the notion of 
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observation as the unbiased visual perception of phenomena dominated until the 1950s. 
Ironically, this highly empiricist perspective on observation, which preceded and was 
coincident with the development of logical positivism as a philosophy of science, developed 
independent of this infl uence. During the 1950s and 1960s, in the era of spatial analysis, 
geography embraced the notion that observations consist of quantitative facts, obtained 
primarily through various forms of measurement. Since that time, observation in physical 
geography has focused on the measurements of forms, fl ows, fl uxes and ages using increas-
ingly sophisticated types of instruments in the fi eld and laboratory, and by remote sensing. 
The spatial - analytic perspective persists in human geography, and many human geog-
raphers now claim that objective, unbiased observations of human systems cannot be made 
by human observers. They gain a multiplicity of insights on the complexity of geographic 
phenomena by employing a variety of theoretical constructs to guide the act of observing 
and to interpret observations. Both human and physical geographers recognize that obser-
vation is theory - laden but, whereas physical geographers implicitly subscribe to the notion 
that this does not jeopardize the objectivity of observational outcomes, many human 
geographers view objectivity rather more circumspectly. 

 What does the future hold for the evolving concept of observation in geography? In 
physical geography, the trend toward the use of instruments to collect quantitative data 
on natural phenomena is likely to continue. Indeed in the natural and earth sciences, in 
general, much scientifi c observation is undertaken with the aid of instruments, and the 
capacity to develop increasingly sophisticated instrumentation to obtain quantitative data 
is one of the major factors driving  “ progress. ”  New technological developments can also 
infl uence the development of a scientifi c fi eld, as has occurred in physical geography over 
the past 50 years with the development of computer and remote - sensing technologies, and 
fi eld and laboratory instrumentation. Moreover, unless there is a dramatic shift in the 
perceived relationship between data and theory within the natural sciences, physical geog-
raphers will continue to view data derived from scientifi c observations as the metric against 
which theories and hypotheses must be evaluated. Indeed, they, like other scientists, favor 
instrumental observation because it is considered to be free of personal idiosyncrasies and, 
therefore, more capable of producing empirical  “ facts, ”  which serve as the basis for evaluat-
ing how deductive or abductive arguments fair in relation to information about the real 
world. 

 In much of human geography there is an emerging consensus that views observation 
as an important, but theory - circumscribed operation. In short, the sense of an untainted, 
discourse - free eye that can fruitfully  “ scan ”  the world will likely continue to dissipate. In 
its place, an alternative perspective is beginning to emerge, one that views theoretical ori-
entations as kinds of discourse (be it approached from the perspective of spatial analysis, 
Marxism, postmodernism, existentialism, etc.) that observes a world made whole, inter-
twined with processes that are illuminated by the orientations themselves. Through these 
orientations, researchers employ distinctive orders, mechanisms, and ways of seeing that 
make observations relevant to a particular orientation. That is, observational data, their 
use in the knowledge - building enterprise, and the phenomena of interest are linked, and 
observations refl ect the presuppositions and values placed in the research environment. 
To an extent, then, observationally - informed research may become as much a contest of 
ideas as a quest to further clarify reality. This is not a retreat into relativism (whereby no 
observations count because all capacity to make decisions is lost). Rather, human geog-
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raphers recognize that the knowledge they advance through informed observation is hope-
lessly bound up with the assumptions, theories, and predilections involved in the research 
act. Observation, in this frame, becomes a complex kind of human intervention in a world 
whose content inexorably refl ects the desires, views, and subjectivities of researchers as 
much as a  “ pure ”  essence of reality. 

 Finally, this chapter has treated the topic of observation in human and physical geog-
raphy since the 1970s separately. There are some similarities between the two parts of the 
discipline, for example, each recognizes that observation is theory - laden. But intellectual 
segregation nonetheless continues based on different perspectives regarding the implica-
tions of this  “ theory - ladenness. ”  What opportunities exist for bringing them together 
within an observational integrated framework? Geography ’ s long - standing concern with 
interrelations between nature and society, the human – environment tradition, provides an 
obvious domain for interaction between human and physical geographers but, thus far, 
such interaction has been limited. Some middle ground has been occupied by using coor-
dinated spatial - analytic methodologies to examine the effects of human activities and 
environmental change on land use and land cover (such as in the Amazon Basin, Aral Sea 
and lowlands of southern Iraq). However, much more collaboration between human and 
physical geographers is required if the challenges to producing meaningful connections 
between such disparate approaches as the social - theoretic and physically - based styles of 
inquiry in human and physical geography ultimately are to be overcome.   
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    Exercise 3.1   Observation in Physical and Human Geography 

 The objective of this exercise is to enable you to critically evaluate the ways in which 
observation can be viewed from different perspectives. Choose two research articles from 
the recent (post - 1970) literature in geography (represented by, for example,  Annals of the 
Association of American Geographers, Transactions of the Institute of British Geographers ), 
one with an emphasis on physical geography and one with an emphasis on human geog-
raphy. How is observation used in the two papers (that is, what role does it play in the 
investigations) and how are the ways in which observation is used similar or different? Are 
these similarities or differences related to subject matter? To what extent do you feel the 
observations, including the collection and interpretation of information, are guided by 
preconceived ideas or theories, or to what extent are they independent?  
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  Introduction 

 As we saw in Chapters  2  and  3 , there are differences of opinion among geographers  –  and 
in fact among members of the research community more broadly  –  regarding the nature 
of the world, the objects in it, and how we ask questions of it. In its broadest sense, however, 
science is about acquiring knowledge, and within that larger charge we usually fi nd two 
major objectives in what we call research. 

 First, there is explanation: the task of identifying the causes behind  “ events ”  (as in a 
series of plant closures) or the  “ states of the world ”  that surround them (like high levels 
of worker unionization or similar types of spatial variation). Most of what we traditionally 
know as science proceeds within this view, but its proponents nevertheless remain divided. 
On the one hand, there are some who believe that science cannot explain a single event. 
For them, events such as the attack on Pearl Harbor in 1941 cannot be an object of science 
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because the event did not occur repeatedly, such that a relationship between multiple 
attacks and their numerous potential causes could be effectively analyzed. In this view, it 
is  variability   –  that is, research objects with high levels, medium levels, and low levels in 
the values corresponding to events or states of the world  –  that becomes the entry point 
to explanation. A good deal of research in spatial analysis in geography conforms to this 
view, and geographers working within it often collect data across a large number of spatial 
units (e.g., census tracts, weather stations) in their effort to  “ explain ”  spatial variation (e.g., 
of poverty levels, or temperature anomalies; see, for example, Chapter  18 ). 

 As we saw in Chapter  2 , however, critical realists reject this view, believing that singular 
events are worthy of explanation. In fact, they offer the rejoinder that the number of times 
something happens, or the magnitude at which it happens, actually tells us little about 
causality (Sayer  1985 ). For these theorists, causality can only be determined by rigorous, 
in depth attention to the presence of the causal powers that produce particular outcomes. 
The search for causes must therefore proceed on a case - by - case basis. This does not mean 
that we might not fi nd repetition in causal forces, but we cannot assume them in advance 
(in practice, regularity is more likely to be encountered when studying the causal forces in 
nature). Thus under critical realism a detailed description of the confl uence of spatial, 
historical, and cultural contexts, together with an understanding of the motivations of the 
individuals involved, could indeed produce an  “ explanation ”  of the event of December 7, 
1941. 

 A second objective within the broad category of science is that of understanding. In this 
perspective, the goal of knowledge is meaning and its social and geographic differences, as 
in:  “ What does this old place mean to me? ” ; or  “ Why is this culture so obsessed with 
fountains? ”  Within the rubric of understanding, meaning is an object of interpretation 
(rather than measurement), with the feelings and experiences described ranging from the 
highly personal, such as those generated through certain styles of biography, to the socio -
 cultural and historical, as when we situate individuals within those wider contexts. When 
meaning is the object of inquiry, the methods and practices of  hermeneutics  are often 
invoked. This is a venerable area of scholarly inquiry developed in classical ages for the 
interpretation of texts, such as the Bible. Hermeneutics requires that researchers abandon 
notions of detached objectivity in the acquisition of knowledge, and instead rely upon the 
generation of empathetic and situated, or grounded, understandings. In addition to focus-
ing on the production of meaning as an object of inquiry, this approach also requires that 
the contexts within which meanings are  evaluated  also come under scrutiny. Hence, 
researchers interested in interpreting meanings are encouraged to engage in a form of self -
 refl exive (i.e., self - evaluative) analysis that puts their own  positionality  as interpreters 
under as much critical study as the meaning they are examining. For only in this way will 
they be able to evaluate that meaning ’ s resonance in terms of its culturally specifi c origins 
and its differently situated audiences (including the researcher). 

 This chapter takes up explanation and understanding under the twin banners of mea-
surement and interpretation. As we go along, it will seem that measurement and interpre-
tation are cleaved according to a strictly quantitative versus qualitative binary opposition. 
And indeed, many years ago that seemed to be a signifi cant distinction in geography. As 
time has gone on, however, a few changes have been made. One of the most important of 
these has been the rise of  mixed method  approaches in geography (Mattingly and Falconer -
 Al - Hindi  1995 ; Rocheleau  1995 ). After some heated debates in the literature, researchers 
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began to see the value of both quantitative and qualitative approaches in geography, and 
now many researchers, especially those trained in the past decade, have some experience 
in both. Second, at the theoretical level, there have been challenges to the older model of 
science that sanctioned only quantitative approaches in explanation (for examples, see 
Cloke et al.  1991 ; Dixon and Jones  1998 ; Sayer  1985 ). These include areas such as human-
istic geography, Marxist geography, feminist geography, political ecology, and poststruc-
turalism (Peet  1998 ). All of these broke the theoretical hold that quantitative spatial 
analysis had on the discipline, such that it is now accepted practice to conduct research 
that relies partially or even solely on qualitative approaches. Finally, it has come to be 
accepted among many geographers that even quantitative approaches  –  which rely on 
discrete classifi cations and careful measurements and counts for developing empirical data 
 –  are themselves a  “ language. ”  Yes, it is one that accepts numbers as its currency, but it is 
nonetheless a particular way of describing the world, much like qualitative approaches. So 
while there may be differences in precision and accuracy between quantitative and qualita-
tive analysis, many scholars now recognize that simply because a piece of  “ data ”  is a 
number rather than a narrative description does not prima facie make it better for doing 
 “ science, ”  at least in terms of the broader view proposed here. With this in mind, let ’ s get 
started with measurement.  

  Issues in Measurement 

  Variables and  r elationships 

 Most explanatory science approaches causation from the viewpoint of what causes the 
values of an attribute or characteristic to vary from observation to observation. The values 
of an attribute measured for a class or type of observation are called a  variable . Theory 
attempts to explain why variables vary the way they do. If, in a theory, an  independent  
(or causal) force or factor (X) causes a  dependent  (or caused, or response) effect (Y), then 
in the real world, a measurable empirical relationship should exist between the variables 
that are X and Y. In particular, X and Y should co - vary with one another if a causal rela-
tionship exists. If the relationship does not exist then the theory is false, although there 
may have been problems in the attempt to study its existence. If the relationship is shown 
to exist in a certain situation, then the theory is not false. Note that this is not the same as 
saying that the theory is proven true, because there may be other situations in which the 
relationship does not exist, or there may be a reason for the existence of the relationship 
other than that postulated in the theory. 

 What is a  relationship ? If observations with a certain value of an attribute X also tend 
to have a certain value of attribute Y, then that is a relationship. If land parcels with a forest 
cover tend to have deeper soils than grass - covered land parcels, or vice - versa, those are 
relationships. If you randomly select urban intersections, and fi nd that when there is a 
supermarket there, there is no other supermarket within a half - mile, then that is a relation-
ship. There is a relationship if shopping centers with a shoe store tend to have more than 
one; that is, they have several or none. If every time you see John you see Mary, there is a 
relationship, although you do not know its nature; if you never see them together, that is 
a relationship too. 
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 It is called a positive relationship if observations that have high values of an attribute 
X tend to have high values of an attribute Y, and observations that have low values of X 
tend to have low values of Y. It is called an inverse or negative relationship when observa-
tions that have high values of attribute X tend to have low values of attribute Y, and 
observations with relatively low values of X tend to have high values of Y. People who have 
more years of schooling tend to have higher incomes than those with less education. That 
is a positive relationship. The greater the distance from the downtown of US cities, in all 
directions on average, the lower the percentage of residents who are non - white. This is an 
example of an inverse relationship. 

 Relationships are average tendencies found in a large number of observations. Statistics 
that describe a relationship, either its closeness, nature, or both, are called  correlations . The 
selection of the observations to ascertain whether there is a relationship is a tightly con-
trolled process necessary to avoid bias in their selection, and so to avoid discovery of a 
relationship that does not actually exist or vice - versa (see Box  4.1 ).    

  Units of  o bservation 

 The entity being studied is the observation, or unit of observation. It is also called an 
 “ element ”  or  “ case. ”  If you are analyzing some characteristic of individual human beings, 
then the individual person is the observation unit. People are common units of observa-
tion. For example, you might have been one if you participated in an experiment in an 
introductory psychology class. 

 More often than not geographers study the characteristics of areas. They are interested 
in why characteristics vary from place to place (i.e., explaining spatial variation). Common 
spatial units of observation in human geography are those for which governments collect 
data  –  countries, states (or provinces), counties (or parishes), MSAs (metropolitan statisti-
cal areas), urbanized areas, cities, census tracts, and blocks. In physical geography, common 
units of observation include river basins, weather stations, pixels from a remotely sensed 
satellite, and fi eld - based samples. In research, however, anything may be a unit of observa-
tion. Newspaper articles, books, book publishers, dogs, buildings, cars, gas stations, beer 
distributors, even scientifi c experiments themselves can be units of observation. If you are 
looking at variations in attributes between  “ things, ”  those  “ things ”  are the units of observa-
tion, the entity for which you measure some attribute or characteristic.  

  Attributes,  c haracteristics, and  v ariables 

 We have been using the word  “ attribute ”  or  “ characteristic ”  interchangeably. The attri-
butes of individuals that you wish to study may include their age, hair color, GPA, class 
rank, number of siblings, gender, ethnicity, marital status, etc. In the case of areas we may 
be interested in the characteristics of the areas themselves, of individuals in those areas, or 
of other things in those areas. Examples for county units of observation may include the 
average rainfall during July each year, the area cultivated, the number or percent of farm 
operators over 65, the divorce rate last year, the percent of the population under 15 years 
of age, the dollar volume of retail sales last year, etc. For spatial units of observation the 
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  Box 4.1    Causality and Correlation 

    This example of causality and correlation was developed by the sociologist Charles 
Bonney; it is reported here in adapted form from Earl R. Babbie,  The Practice of Social 
Research  ( 1998 : 74 – 5). 

 If you have hypothesized a cause and found the relationship to support it, have 
you proven the cause? Assume that in a study of college students you have found an 
inverse relationship between smoking pot (MJ) and their grade point average (GPA). 
Presumably the causative reasoning is that since marijuana adversely affects memory, 
pot smoking lowers grades. If, however, you cannot determine which occurred fi rst, 
it can also be argued that low grades causes pot smoking as an escapist behavior. 

 Alternatively, the inverse relationship may be a spurious correlation, the result of 
emotional problems  –  a  “ missing variable ”  (i.e., a variable not yet accounted for) 
that causes  both  low grades and pot smoking. If this missing variable (e.g., with-
drawal, negative emotions, or EMO - ) can be controlled for, the logic says, the inverse 
correlation between MJ and GPA may disappear. Or, perhaps the students who 
smoke pot do so because they are not very bright; in this case intelligence is causing 
MJ and GPA simultaneously. This is another spurious correlation, with intelligence 
the real cause. Or even still, the relationship between MJ and GPA could be 
coincidental. 

 These explanations have all appeared in the press at some time to explain the 
inverse relationship between MJ and GPA. Unfortunately (or fortunately), none are 
correct, because the correlation between GPA and MJ is actually positive. Knowing 
this, however, does not necessarily lead us to a quick causal conclusion, for it can be 
argued that: (a) marijuana relaxes people, clears away other stress, and allows more 
effective study (MJ causes GPA); (b) marijuana is used as a reward for getting good 
grades (GPA causes MJ); (c) a high level of curiosity (e.g., outgoing, positive emo-
tions, or EMO+) helps learning, and leads to investigation of taboos (EMO+ causes 
both MJ and GPA, and neither MJ nor GPA are causally linked); (d) people who 
smoke pot know they are in danger of being called out for bad grades, so they com-
pensate by studying more; or (e) the sample of students contains a lot of bright, 
industrious students who happen to smoke pot. 

 In short, if X causes Y, a relationship between them must exist, but if a relation-
ship does exist, it doesn ’ t necessarily mean that X causes Y.  

data are usually made up of averages of some other unit of observation such as individuals 
(e.g., percent poor) or of the total number of some other unit of observation (e.g., retail 
square footage). The time of observation almost always matters. Most attributes  –  except 
those such as areal extent, elevation, etc.  –  change over time for any spatial observation 
unit. To describe the characteristics of an area it should be clear when it had these char-
acteristics. Unlike physics and chemistry where the nature of matter and energy are invari-
ant with respect to human time frames, the characteristics of areas do vary over time. 

 If the measured value of an attribute or characteristic varies from observation to obser-
vation, then that measure constitutes a  variable . If the observation unit is a location or area 
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and the attribute varies geographically, the measurement is  spatially variable . So often do 
we work only with things that vary that we often fi nd ourselves talking only about variables 
and not attributes and characteristics. In fact, if something does not vary it is usually not 
clear why we would be interested in it! Here we will continue to use them 
interchangeably. 

 To say anything  “ objective ”  about the attributes of some group of observations, the 
attributes must be measured. We can measure anything that is  “ real. ”  By  “ real ”  in this 
context we mean that the distinctions between observations in terms of the degree to which 
they possess some attribute is apparent to everyone. Philosophers debate the possibility 
that nothing is real, that the existence of all things (ontology) is dependent on human 
perception or upon the languages humans use to describe their existence (epistemology) 
(see Chapter  2 ). We are not talking about  “ real ”  in these senses, however. We are simply 
talking  “ real ”  in the sense that if something is apparent to one of the fi ve senses of the vast 
majority of people, then it is real. Thus, age and height and marital status of a person are 
real, the distance you commute to school is real, and tons of cotton grown in a county last 
year is real (even if there was none). 

 What is  “ unreal? ”  Political attitudes measured as conservative, liberal etc. are not  “ real ”  
in this sense, though they can be described and we can attempt to devise measurements 
for them. The same is true of prejudice, religiosity, and sense of place. These are attributes 
that are  “ unreal ”  in the sense we cannot defi ne them in a way that everyone will agree 
upon. So some people may consider an individual conservative while others do not. These 
terms are human percepts; they are not real to the senses. They can be, however, objectively 
measured in the sense that you can devise an index for them such that some other person 
can duplicate your measurement and classify the observations the same way that you do. 
For instance, to measure conservatism, you may devise a survey containing fi ve attitudinal 
questions, and categorize an individual as conservative if they answer strongly agree on 
fi ve out of fi ve questions. Another researcher may use the same questionnaire, administer 
it the same way (e.g. personal interview), and they should end up categorizing the same 
people the same way. This questionnaire is objective, in the sense that it was constructed 
without willful bias, but whether or not you have actually measured conservatism is subjec-
tive, and open to debate. 

  Validity  raises the question of whether or not your questionnaire actually measures the 
concept or construct that you think it is measures. For example, in the case of conservatism, 
consider this diagram:

Political Positionality

↓

Conservative-Moderate-Liberal

↓

Five Question Scale    

 The underlying theory is based on the idea that there is a  “ thing ”  called political posi-
tionality, which we know fundamentally is multi - dimensional. We want to understand 
how it works, in theory. The best way we understand politics, in this case, is through a 
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conservative - moderate - liberal continuum, and this is our construct: it is still a concept (on 
a continuum), but it is more concrete than simply  “ politics ”  or political positionality in 
the abstract. Finally, our variable is the concrete measure we get for each person, after 
having asked them to answer our fi ve questions. So in general, we have a cascade of increas-
ingly more concrete notions: 

 

Theory

↓

Construct

↓

Attribute or Characteristic or Variable   

 Validity, then, is how well our attributes match our constructs, which themselves are a bit 
nebulous, emerging as they do out of even more abstract theory. Social scientists spend a 
lot of time thinking about the constructs embedded in theories, and about the extent to 
which we can measure these constructs with variables. Take human capital theory, for 
example. It states that individuals have very different capacities and that these can ulti-
mately infl uence not only their life courses but the trajectory of the regions they live in. 
The theory invokes several different constructs, including: wealth, income, health, educa-
tional level, native intelligence, creativity, entrepreneurial spirit, communication skills, 
ability and propensity to migrate, aversion to risk, willingness to innovate, etc. With all 
these in play, how would you go about measuring, on a concrete level, the human capital 
for a single region? What variables would  you  collect for your region? How well do you 
think a variable like  “ Percent over 25 with a college degree ”  measures knowledge, or even 
intelligence? How well does it measure a multidimensional notion such as human capital? 

  Reliability  refers to whether the measure or measurement device measures the attribute 
the same way for each observation, or the same way each time or place it is used. If everyone 
understands perfectly the fi ve questions in the same way, the measurement is reliable across 
the observations. If you give the same questionnaire to the same people at a later date, and 
assuming they cannot remember what they answered the fi rst time and that their attitudes 
have not changed, were they categorized the same way as before? If so, the measure is reli-
able, irrespective of whether it is valid (i.e., really measures conservatism). A measure can 
be reliable without being accurate. If a device measures a 2   inch rainfall as 1.9   inches every 
time, the device is reliable, but not accurate. 

 The  unit of measurement  is the category or metric used to distinguish one observation 
as different from another with respect to some attribute. For rainfall at some location over 
some period of time, the unit of measurement is inches or centimeters. For gender, the 
units of measurement are the categories, male and female. These categories may be given 
number labels such as male   =   0, female   =   1. For a number or metric measurement such 
as inches, notice that we are still categorizing observations. Some may fall into the category 
3.6   inches, some into the category 3.7   inches, none into the category 3.8   inches. However, 
3.8   inches is still a category; so we can say that the unit of measurement is denoted by 
the categories into which we divide our measure. All measurement is in essence the 
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categorization of observations with respect to some attribute(s) of those observations, and 
 classifi cation , therefore, constitutes measurement. 

  Precision  is the degree of fi neness used to defi ne the categories of measurement. Rainfall 
may be measured as 3   inches, 3.3   inches or 3.317986   inches. The last is the most precise. 
Precision has nothing to do with accuracy, however. If rain is measured as 3.3179   inches, 
but was actually 3.1762   inches, the measurement is precise but inaccurate. 

 Scientists often employ a variable language. They describe causes in terms of variables: 
if one variable causes another, then the variables must have a relationship; they must co -
 vary. Co - variation can only be established via repeated measurements of an attribute. 
Repeated observations are required to create variables. This is why, in some versions of 
explanatory science, we need multiple observations to assess whether or not causal forces 
are operating. We cannot fi nd causality if: (a) a variable does not vary (i.e., if we have an 
attribute that is a constant); or (b) if we have only one observation (in which case, there 
are not enough cases to discover co - variation). As mentioned in the introduction, these 
are not fully agreed upon assumptions, but many in the scientifi c community adhere to 
them. 

 Tables  4.1  to  4.3  below are portions of  data matrices . They illustrate how data are 
organized for analysis, and they also serve to clarify the nature of variables and observa-
tions. A matrix is any tabular array of numbers, but in a data matrix the observations go 
down the side of the table such that a row of values constitutes the values of several vari-
ables measured for that observation; that is, the observations are the rows. A column in 

  Table 4.1    Simple data matrix, individual level 

   Individual     Age (years)     Gender     Class rank     Annual parental income  

  John    37    0    4    117,000  
  Mary    19    1    2    38,000  
  Peter    21    0    3    27,000  
  Libby    23    1    2    54,000  

    Notes :   Gender coded as 0   =   male, 1   =   female; Class rank coded as: 1   =   freshman, 2   =   sophomore, etc.   

  Table 4.2    Simple data matrix, county level 

   County     Dist KC     Soil     Rain     Farm area     Cap ex ($)  

  Aurora    4.8    Us    21.82    396,987    5,792,596  
  Beadle    5.4    Us    19.44    785,949    14,860,173  
  Brown    6.3    B    19.10    1,068,332    16,394,836  
  Douglas    4.6    Us    22.66    272,949    5,493,126  
  Haakon    6.3    Us    15.12    1,189,330    3,501,982  

    Notes :   Dist KC   =   distance of county midpoint to Kansas City, inches (map scale   =   1:5,000,000); Soil   =   predomi-
nant soil type in county: E   =   Entisol, B   =   Boroll, Us   =   Ustoll, Ud   =   Udoll; Rain   =   average annual rainfall, inches; 
Farm area   =   total farmland area per county, in acres, 1969; Cap ex   =   total farm capital expenditures per county, 
1969   
  Source :   Visser  (1979; 1980)  
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  Table 4.3    Simple data matrix, country level 

   Country     Pop80     CBR     IMR     GDPpc ($)  

  Argentina    27,064    25.2    40.8    1,935  
  Barbados    253    17.0    25.1    2,686  
  Belize    162    38.7    33.7    750  
  Bolivia    5,600    46.6    77.3    567  
  Brazil    123,032    36.0    46.6    1,664  

    Notes :   Pop80   =   population estimate, 1980, in 000s; CBR   =   crude birth rate, year varies per country (1973 – 80); 
IMR   =   infant mortality rate, year varies per country (1973 – 80); GDPpc   =   gross domestic product per capita, 
1980, US dollars   
  Source :   Boehm and Visser  (1984)  

the data matrix, then, is a variable. By convention, the fi rst column in a data matrix is used 
to identify the observations, and in these instances it is not technically a variable, but a 
marker so that you know the observation to which you are referring (i.e., state two letter 
code, census tract number, etc.).   

 A data matrix may be entered in a spreadsheet, but we hesitate to call the data matrix 
a spreadsheet, because of the rules that row entries must only refer to the observation unit 
in that row, and that the column values must all be for the variable in that column. By 
convention, we tend to enter a zero or an unlikely fi gure (9999) in the column to indicate 
that the data is missing or unavailable. 

 In Table  4.1  the observation units are college students. In Tables  4.2  and  4.3  they are 
respectively South Dakota counties and Latin American countries. Reading down any 
column, it can be seen that values vary from observation to observation  –  these are, there-
fore, variables. The college student data may be considered raw data. Table  4.3    includes 
average values (an average is a statistic) for the people in the countries, but the variation 
between the countries in the values of these averages (like crude birth rate) can be analyzed 
with the same techniques that we use on raw data, although interpretation of the results 
is hazardous because of a problem called ecological fallacy (see Chapter  11 ).    

  Measurement  q uality 

 As mentioned above, measurement means creating categories or classes for an attribute 
and assigning observations to those categories. Thus the gender (or sex) of individuals is 
typically categorized as male or female; religion can be measured in several additional 
number of categories; and these measurements are altogether different from variables like 
crude birth rates or rainfall, which vary continuously. In these ways, measures differ in 
terms of how much information they provide. Higher quality measures permit more pow-
erful analyses of the information that the measures contain. 

 There are four recognized  levels of measurement . They are hierarchical. All measures 
have the properties of the lowest level, but some measures have extra properties. The lowest 
level of measurement is  nominal . This is the classifi cation of an attribute into relatively 
homogeneous groups. The intent is simply to differentiate observations with respect to 
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that attribute; for instance, Gender in Table  4.1  and Soil in Table  4.2 . The gender variable 
is a dichotomous nominal variable in that an observation is female or not - female. Nominal 
variables have no explicit or implicit ordering (e.g., from better to worse, larger or smaller). 
The Soil variable is a polytomous nominal variable, but it can be made dichotomous by 
classifying counties 1   =   Ustoll, or 0   =   not Ustoll. We might want to do this if we are inter-
ested in the specifi c effects of Ustoll soils on agricultural production, but when we make 
such a conversion we lose information, which technically speaking lowers the quality of 
the measurement. 

 Two rules apply to the categories of a nominal measurement. The categories must be 
 exhaustive  and  mutually exclusive . Exhaustive means there must be a category that an 
observation can be assigned to. Table  4.2  was part of a study where all the counties fell 
into one of the four soil types. If a county did not then another category would have to be 
added. That category could be  “ other. ”  If the exhaustive criterion is not met, some obser-
vations will be wrongly assigned to categories that they do not belong in, or their attribute 
will not be recorded. 

 Mutually exclusive means that an observation may only be assigned to one category and 
one category only. If people are being categorized with respect to religion, and two of the 
categories are Shinto and Buddhist, then we will have a problem if someone can be both 
Shinto and Buddhist. If they are categorized in both, then the total number of observations 
in the variable will be greater than the number of actual observations. The solution is to 
either create a separate  “ both Shintoist and Buddhist ”  category, or a separate  “ multiple 
religions ”  category (see Box  4.2 ).   

 The categories of a nominal variable may be identifi ed with number labels but the 
number labels are not metric. Since there is no implied ranking among nominal variables, 
arithmetic operations on them have no meaning. Subtracting a 2   =   Boroll from a 3   =   Ustoll 
does not create a 1   =   Entisol. It seems absurd that we need mention this, but this mistake 
has been made in statistical tests assessing the degree of difference between observations 
with regard to some attribute. 

  Ordinal  measurement is the second level. An ordinal variable is one which is nominal 
with the added property that the categories of the variable have an inherent order. There 
is no inherent order to the categories of Soil, so it is not ordinal. Class Rank in Table  4.1  
is ordinal, however. 

 Another example of an ordinal variable is military rank; individual military personnel 
can be categorized as private   =   1, lance - corporal   =   2, corporal   =   3, etc. Similarly, houses 
may be assessed in the following way: uninhabitable   =   1, inhabitable but in need of 
repair   =   2, fair condition   =   3, good condition   =   4, excellent condition   =   5. If any attribute 
is ranked it is an ordinal variable. There may be many observations at a given rank in the 
order, or the observations may be ranked such that there are only a few observations, or 
one, at each rank of the variable. 

 A frequently used ordinal variable is the Likert scale. Usually a question is asked of a 
respondent in a survey to which the answer is Strongly Agree, Agree, No Opinion, Disagree 
or Strongly Disagree. These categories may then be assigned number values, such as 
Strongly Agree   =   1, Agree   =   2 etc. The numbering may also be reversed. Which category 
is highest or lowest does not matter as long as there is an inherent order to the categories. 
The number labels are the ranks of the categories. They provide the position of the category 
in the order. This example is that of a fi ve point Likert scale. It can be made a seven point 
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  Box 4.2    Measurement Affects the Value of the Variable 

    In November of 2005 an ABC News/ Washington Post  poll asked respondents,  “ In 
making its case for war with Iraq, do you think the Bush administration told the 
American public what it believed to be true, or intentionally misled the American 
public? ”  Fifty - fi ve percent went for misled. Would a majority of American adults 
think the Bush administration lied if the measure had been exhaustive; that is, if it 
had permitted  “ don ’ t know ”  or  “ no opinion ”  as a response? Did this majority think 
that they had been misled prior to being asked if they had been? 

 Survey questions often generate invalid and unreliable data because of bad ques-
tions, which do not permit mutually exclusive or exhaustive answers. If asked,  “ do 
you think someone lied because …  ” , how do you answer if you think that they lied, 
but not for the reason given? Or what if you do not think they lied? And, did they 
have an opinion before the respondents were asked the question? In many cases they 
did not, and so the measurement or observation actually created the attribute for 
the observation unit. 

 Seemingly objective surveys can give meaningless results and measure things that 
do not exist. If manufacturers are asked to rank the importance of location factors 
in locating their factory, they will rank factors highly that they were only made aware 
of via the list in the questionnaire. Factors that are really important to them but not 
listed will not be revealed. 

 Attitudinal and values data are most susceptible to creation or bias as a result of 
observation. Where there was no opinion before the question was asked, and  “ no 
opinion ”  is not a choice, an attribute is being created. When people are asked about 
things they know nothing about, and  “ don ’ t know ”  is not a response category, an 
attribute is being created. Even with such categories there are problems: answering 
 “ no opinion ”  or  “ don ’ t know ”  may be embarrassing to the respondent. Respondents 
want to give answers that please the researcher. A recent attempt to redo the famous 
Kinsey report on sexual behaviors had only 1% of adult respondents admitting to 
being primarily gay. Apparently something we know to be prevalent goes out of 
existence when it is measured. 

 These issues are not confi ned to the social or behavioral sciences. Physicists have 
known for a century that some things do not exist until humans observed them, and 
that the nature of an object is changed by the act of measurement. To observe short -
 lived sub - atomic particles, protons are smashed into each other at high velocities, 
and the recorded electromagnetic traces of what emerges are identifi ed as this or that 
particle. Do these entities exist when we do not observe them? Would their nature 
be different if they were created some other way?  

Likert scale by adding the categories, Slightly Agree and Slightly Disagree. This can increase 
variation in the responses because the number of ranks is now 7. It also increases precision 
but not necessarily accuracy. 

 If a variable has values that not only place observations in a certain order, but also 
indicate the magnitude of difference between two observations, then it is at the  interval  
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level of measurement. As an example, the difference between 30 degrees F and 60 degrees 
F is 30 degrees, and that temperature difference is exactly the same as the temperature 
difference between  − 30 degrees and  − 60 degrees, or between 180 and 210 degrees. Likewise, 
the difference between 1940  AD  and 1990  AD  is 50 years, as is the difference between 250 
 BC  and 200  BC   –  50 years in each case is the same period of time. In contrast, using the 
5 - point Likert scale, the difference between Strongly Agree and Agree is a difference in 
rank of 1 and the difference between Agree and No Opinion is also a difference in rank of 
1. But the two differences in opinion are probably not the same. If we used a 7 point scale, 
is the difference between Strongly Agree and Agree (= 1), the same as the difference 
between Agree and Slightly Agree (= 1), and are these differences twice that of the differ-
ence between Agree and No Opinion (= 2)? That is unknown. Obviously, if you add 
Strongly Agree   =   1 to Agree   =   2, you do not get 3 (= No Opinion). So for ordinal data we 
know how to rank, but we do not have a consistent metric, as we do for interval variables 
like temperature or time. 

 If the order of the magnitude of difference between two values of a variable can also be 
stated, and it has real meaning, then the variable has a  ratio  level of measurement. Ratio 
variables shown in Tables  4.1  to  4.3    include Age, Annual parental income, Dist KC, Rain, 
Farm area, Cap ex, Pop80, CBR, IMR, and GDPpc. A county with an annual average rain-
fall of 30   inches has three times as much rainfall as one with 10   inches a year. This is what 
is meant by order of magnitude. The variable has a true zero. The value zero means no 
rainfall. A true zero means there is no quantity of that attribute, even if no observation 
could conceivably have this value of a variable (e.g. 0   ft height of an individual). Unless 
temperature is measured as degrees Kelvin, zero does not mean that a substance contains 
no heat energy. A temperature of 100 degrees C is not twice as hot as 50 degrees C, nor is 
2000  AD  twice as late as 1000  AD . Temperatures, measured as degrees Celsius or Fahrenheit, 
and historic time are interval variables, but they are not ratio variables. The order of mag-
nitude of difference cannot be stated. The Kelvin temperature scale, however, does have a 
true zero, and on that scale 400 degrees is twice as hot as 200 degrees. In general it means 
that a substance has twice as much heat energy as another, although temperature does not 
actually measure energy content. 

 All measures can be lowered in level. A ratio variable can be made ordinal one, and an 
ordinal variable can be made nominal. Information is lost doing this, however, sometimes 
with consequences (see Box  4.3 ). Consider for example the K ö ppen climate classifi cation 
system. If we use this polytomous nominal variable instead of the continuous data that 
goes into its construction (namely temperature, precipitation, and seasonality), we have 
lost some of the fi ne grained variability that is included in its climate categories. Finally, 
you can only change a lower level of measurement into a higher one by changing the unit 
of observation. An individual may be measured as male or female (nominal), but percent 
of the population of counties that is male is a ratio variable.   

 If the values of a metric variable can be stated to an infi nite degree of precision 
then the variable is continuous. Thus rainfall can be measured as 3.7   inches or 
3.7120485985388958   inches. The number of people in a country only comes in whole 
units; so this variable is discrete. Only a fi nite number of values are possible. The distinc-
tion between discrete and continuous is generally of no signifi cance. Discrete variables 
measured at a ratio level of measurement are treated statistically as if they were 
continuous.   
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  Box 4.3    Bad Classifi cations 

    In the fi rst half of the nineteenth century geographers copied the natural sciences 
and engaged in a great deal of classifi cation to gain some understanding of the phe-
nomena they were studying. Carl Linnaeus ’ s famous eighteenth - century classifi ca-
tion of plants based on their morphology was infl uential in this regard. He discovered 
that his plant groupings refl ected real differences in other scientifi c criteria; that is, 
differences in form refl ected real species differentiation. In geography, some famous 
classifi cations include Whittlesey ’ s world agricultural types, and Thornthwaite ’ s 
climate classifi cation. Regionalization across many different variables proceeded 
apace. The idea was to maximize the homogeneity of the multiple attributes within 
a spatial boundary and to maximize the heterogeneity between the attributes of other 
areas. 

 In the rush to regionalize, however, geographers started to overlook the fact that 
their classifi cations of space are measurements, and that they were arbitrarily making 
continuous phenomena discrete (converting ratio data into the Corn Belt or the 
Central Business District). The term  “ natural boundary ”  came to be used a lot, and 
the fact that attributes are transitional or continuous across those boundaries was 
simply ignored. The idea of  “ natural regions ”  also came into existence. Regions had 
unique assemblages of attributes, and a major task was to ascertain why they had 
these characteristics, that is, what made them different from other regions. Pretty 
soon the regions became  “ reifi ed ”  (made real), even though they were an artifi ce of 
measurement and the result of taking continuous phenomena and converting them 
to discrete categories. Only later were geographers to see that the data they collected, 
or that governments collected for them, could not be argued to exist as  “ natural ”  in 
any way. 

 A social parallel to geography ’ s bad classifi cations is found in Linnaeus ’ s own 
categorizations of humans. He came up with the concept of race based on skin color 
and region of origin, and assigned other attributes to the races  –  European, Asiatic, 
African, and American. A later classifi cation by Linneaus ’ s prot é g é , Johann Friedrich 
Blumenbach, added a fi fth race  –  Malay (which was said to include Pacifi c Islanders 
and Australian Aboriginals). As Stephen Jay Gould  (1994)  reports:

  By moving from the Linnaean four - race system to his own fi ve - race scheme, Blumenbach 
radically changed the geometry of human order from a geographically based model 
without explicit ranking to a hierarchy of worth, oddly based upon perceived beauty, 
and fanning out in two directions from a Caucasian ideal. The addition of a Malay 
category was crucial to this geometric reformulation … .With this one stroke, he pro-
duced the geometric transformation from Linnaeus ’ s unranked geographic model to 
the conventional hierarchy of implied worth that has fostered so much social grief ever 
since.   

 The popular view of race defi ned according to skin color does not refl ect a real 
or signifi cant biological distinction between humans (Diamond  1994 ). This is why 
we often see the term written in quotation marks (i.e.,  “ race ” ). Dividing a continuous 
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measure into discrete groups has reifi ed a minor difference between individuals into 
an enormous difference with harmful social consequences. Socially speaking,  “ race ”  
is still a meaningful measure insofar as many humans think of themselves and act 
toward others as if it exists. But would people today opt to have a racial identity if 
science had not created the measure in the fi rst place?  

  Issues in Interpretation 

  Language  m atters 

 Why would we elect to describe the world in textual form, and offer an interpretation of 
the meaning it presents to us, when we have the option of measuring its variations and 
 “ getting on ”  with some science? An answer lies in the idea that the languages we use to 
describe the world are not neutral in how that world works. This reply points to a host of 
issues surrounding the question of representation, that is, how we  re - present  the world as 
a concrete reality. For many geographers working since the poststructuralist and cultural 
turns of the 1990s, processes of representation establish the parameters within which ele-
ments of the world (see ontology, Chapter  2 ) are named, classifi ed, and related to one 
another. Without attention to the social powers behind such processes, and to the inherent 
openness and indeterminacy of language, we would be forced to conduct our trade with a 
realist (or  “ mirror ” ) model of realist representation, unaware of the role that politics, ideol-
ogy, and hegemony (e.g., the status quo) have in framing reality. We would also overlook 
the slippages and elisions in our always situated and partial descriptions of the world. 

 If, on the other hand, we open ourselves up to the gaps between reality and its repre-
sentation, and indeed to the impossibility of ever fully and impartially grasping the richness 
and complexity of reality within the limited domain of language, then we begin to see 
through the  “ naturalizations ”  that give space the appearance of transparency, or that 
convey upon it the status of truth and objectivity. Importantly, in de - naturalizing space 
by pointing to its representational character, we do not at the same time mean to deny 
material geographies. Rather, we recognize that space both embeds and conveys social 
meaning (Natter and Jones  1997 ). 

 If, fi nally, we act in the world on the basis of these understandings, then surely the world 
is at least partially  “ socially constructed ”  through them. So to ignore the role of representa-
tions (visual, textual, or whatever) in the production of space and in the construction of 
meanings about space, is to miss a large part of the geographic enterprise. But how do we 
go about making methodological choices in the face of the interpretative challenge that 
representation invites?  

  The  c ommunication  m odel 

 In the broadest sense, interpretative research in geography begins with a three part model 
composed of the addressor, the message, and the addressee (Adams  2009 ). We can repre-
sent these components in a connected way as follows:



 Measurement and Interpretation 55

  Addressor  →  Message  →  Addressee   

 The  communication model  states that there is someone who, or something that, produces 
a message for an addressee, and that the person who receives the message somehow has to 
make sense of it in order for understanding to take place. This last component is the 
interpretative moment, but it is only one aspect of the model. In fact, there are a host of 
theoretical, methodological, and analytic implications that ensue from it. These variously 
affect how we select objects of analysis (or units of observation) in geography, and how 
we develop questions surrounding them. Geographers concerned with interpretation tend 
to fi nd that their  “ messages ”  are qualitative in character, usually textual or visual, but this 
does not mean that they are only interested in description or understanding. Many geog-
raphers (e.g., critical realists, see Chapter  2 ) doing interpretative research are just as inter-
ested in explaining how the world works as their fellow scientists whose research relies on 
large data matrices fi lled with numbers. 

 Let ’ s begin with some concrete examples of this model in action, as depicted in 
Table  4.4 . It illustrates a wide range of  “ messages ”  available for geographic research; 
for each one, it also includes a listing of potential addressors and addressees as examples. 
Note the variety of textual and visual communications possible, from political speeches 
and print advertising to videos posted on websites. Also see the diversity of actions 
taken as messages, such as street protests (these too are fi lled with symbolic content: they 
operate as  “ sign systems ” ). With some thought you can doubtless come up with many 
more examples.   

 A question you might ask yourself, however, is this: How is research into messages of 
these sorts geographical? Doesn ’ t something have to vary in order for it to be geographical? 
How could these examples really be part of the discipline of geography? The answer, as 
alluded to above, is that we live in a world of interpretation, and how we engage meanings 
has an impact on how we organize the world, live and move through it, and alter it, for 
better or worse. We are literally born into a world of signs, words, pictures, and symbolic 
actions  –  most of our life is about negotiating these signs, making sense of them, and using 
them in our daily geographic activities. 

 As Table  4.4  shows, various places, parts of nature, built environments, regions, nations, 
even the Earth itself (Cosgrove  2001 ) are constantly represented, both textually and visu-
ally, in commercial and other forms of maps, photography, video, fi lm, prose, poetry, 
journalism, and oral descriptions. A whole host of questions can be developed to analyze 
the underlying geographies of these representations, including: 

   •      How are the spaces in the message(s) portrayed? Negatively or positively, developed or 
under - developed, modern or traditional, civilized or barbaric, safe or dangerous, 
orderly or unruly, exciting or boring, natural or artifi cial, wasteful or sustainable, egali-
tarian or exploitative?  

   •      What wider social and political connotations are linked to these portrayals? Are people 
with certain social characteristics (age, gender,  “ race, ”  non - western) positively or nega-
tively associated with these portrayals?  

   •      Given that any representation relies equally on decisions about what is  not  to be 
included, what was left out of the narrative (story) or the photographic frame? Not only 
what is, but what is not represented?  



  Table 4.4    Assorted examples of the communication model 

   Addressor(s)     Message(s)     Addressee(s)  

  Newspaper 
conglomerates, 
business journalists  

  Nightly business reports, 
stock tables, economic 
editorial  

  Businesspersons, government offi cials  

  Retail industry fi rms, 
advertising fi rms  

  Radio and television 
commercials, print 
advertising  

  Shopping public, divided on cultural 
and economic criteria  

  Architects, developers, 
planners  

  Buildings, suburban 
developments, 
streetscapes  

  Motorized, bicycling, and ambulatory 
publics  

  Entertainment fi rms, 
software industry  

  Video games    Game playing public, divided on 
socio - demographic criteria  

  Political parties, 
politicians, military -
 industrial complex  

  Political speeches, signs at 
pro - war rallies  

  Voting public, divided on political 
criteria  

  Screenwriters, directors, 
entertainment fi rms  

  Television episodes, fi lms    TV and movie watching public  

  Musicians, 
entertainment fi rms  

  CDs, music videos, 
downloadable songs  

  Music listening publics, divided on 
 “ taste ”  and  “ genre ”   

  Unions, labor organizers    Plant shutdowns    Concerned public, business owners, 
government offi cials  

  Fashion designers, dress 
companies, retail 
fi rms  

  Hemlines, necklines, body 
types  

  Fashion conscious member of the same 
or opposite sex  

  Property owners     “ No Trespassing ”  signs    Potential intruders  
  Anarchists, 

revolutionaries  
  Rallies against globalization, 

slogans against  “ the 
man ”   

  Corporations, capitalists, other potential 
anarchists  

  Refugees, victims of 
atrocities and natural 
disasters  

  Accounts of atrocities, 
descriptions of events  

  Global public opinion, newsmakers, 
politicians  

  Professors, teaching 
assistants  

  Course content    Enrolled students  

  Non - governmental 
organizations, 
non - profi ts  

  Philanthropic materials, 
donation websites  

  Concerned public willing to give to 
various causes  

  Bloggers    Testimonies, opinions, 
deliberate falsehoods  

   “ Blogosphere, ”  public opinion makers  

  Cartographers    Maps and cartographic like 
products (GPSs)  

  Publics in need of wayfaring assistance, 
government agencies, businesses, 
spies  

  Government census 
agencies, census takers  

  Census data    Publics in need of socio - demographic 
and other data  

  Nature photographers    Nature photographs    Publics ready to purchase images of 
pristine nature  

  Pollsters    Political opinion data    Politicians, general public, news 
personnel  
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   •      How do the elements of the representation fi t together to make a whole? How does the 
represented space  work , as a space? Does the portrayal come off as a coherent and tidy 
whole, fi tting together like a puzzle, or is something intentionally juxtaposed to jar the 
addressee into rethinking her or his relationship to place, society, or environment?  

   •      How does the message fi t or not fi t within other representations of its genre? Does it 
explicitly or implicitly draw from, repudiate, make ironic gestures toward, or otherwise 
comment on previous representations of its sort?    

 Another set of questions that you might ask about representational geographies revolve 
around the addressors, or  “ authors ” : Who made the representation, and why did they do 
so? Why did they include X but not Y, and why did they infl ect the image or language in 
this or that way? If, moreover, we place the addressor within larger social, cultural, eco-
nomic, political, and even geographic contexts, then what does that tell us about them? 
Whose larger interests (institutional, class - based, nation - centered) are being served, and 
with what purpose? In this way, and with the knowledge that no representation is ever 
neutral, that no photograph or newspaper article (much less a video game, a  “ No 
Trespassing ”  sign, or a political speech) is ever  “ just a representation, ”  we come to a series 
of questions about addressors that go directly to their wider purpose. This includes their 
class, gender,  “ race, ”  and national origin backgrounds, as well as their situatedness as 
geographic actors, including the spaces they hail from and purport to represent. 

 Finally, there emerges from this communications model a set of questions related to 
the addressee. These  “ audience ”  type questions revolve around issues of reception: What 
kind of audience did the addressor imagine they would reach with the message? How is 
that audience part of a specialized community of interpreters (based on location, scientifi c 
knowledge, or social characteristics, for example)? What is the impact of these larger con-
texts, including the everyday geographies of reception, upon the audience? How do some 
audiences resist, reframe, or misunderstand messages? While all these questions apply to 
intended addressees, they also apply to unintended audiences, such as those who encounter 
the message unexpectedly, secretly, or even purposively as part of a research project. Thus, 
even the researcher is part of the audience, and within that role he or she needs to put not 
only the addressor and the message under investigation (which is normally part of the 
research enterprise), but also the relationships these have with herself/himself. Of such 
relationships, ethical researchers must ask: What is the social - cultural - political - economic -
 geographic  “ distance ”  between me and the addressor? How do these distances infl uence 
my interpretation of the intentions of the addressor and the message? Am I reading too 
little, too much, or too differently given these different contexts? In short, researchers 
cannot afford to stop analysis at simply the addressor or the message itself; they must 
interrogate the situational contexts within which their interrogations emerge.   

  Conclusion 

 The processes of gathering measurements and interpretative materials on the world 
follow directly from the process of observing that world (see Chapter  3 ). In this chapter 
we have provided the student with a set of meso - level concepts and directions for gathering 
 “ data, ”  in the broadest sense. Some of this data is quantitative in character, and relies on 
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measurements that vary in their degree of precision, accuracy, reliability, and validity. 
Some of them are interpretative in nature, and prompt questions about meaning  –  its 
origins, character, and deployments  –  and the work it does in the world. Thought broadly, 
these are both part of the wider scientifi c enterprise: explaining and understanding the 
world.   
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    Exercise 4.1   Measure and Interpret Your Friends! 

 This is a  “ mixed method ”  exercise. Collect together a half dozen of your friends, room-
mates or classmates. Create a data table for them in the style of Table  4.1 . Include these 
variables: age, gender, number of years in current place of residence (i.e., in current town 
or city), number of years with car in current place of residence, current distance traveled 
to school, current distance traveled to work (if not applicable, enter 0). For all variables 
except gender, calculate the averages of these measures. Describe their variability in rough 
terms: which variables tend to have the most widely dispersed values, and which variables 
tend to be more clustered? 

 Now ask each of your respondents to draw a  “ mental map ”  of their town or city. The 
map must be drawn on a regular sheet of paper, and they have fi ve minutes to complete 
it. They should give as detailed and as accurate a map as they can in the allotted time. Once 
they are done, do a content analysis of the map. First, score each map in terms of the 
number and types of structures shown (entertainment, retail, other businesses; institutions 
and schools; homes and apartments); count the number of streets, parks, intersections, 
and major landmarks, as well as the number of external orientations provided (compass 
points, directions to other cities, surrounding mountains, etc.). Second, on the basis of this 
analysis, produce an ordinal scale value for the quantity and quality of information pro-
vided on the map (e.g., rank order as  “ poor, ”   “ fair, ”   “ good, ”   “ excellent ” ). 

 Now compare your quality and quantity values to the other measurements you have 
collected. Do you see any associations between the quantity and quality of the mental maps 
with age, gender, years in residence, length of time with automobile access, length of 
journey to school and to work? How else might you account for the varying level of infor-
mation on the maps? Are any of the respondents geographers? Did they do better on the 
exercise than those without geographic training?  
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    Introduction 

 Putting a plan of research into action is not a straightforward task, for this is the point at 
which theory (conceptions of how the world is; see the section on  “ Ontology, ”  Chapter  2 ) 
meets practice (efforts to validate or challenge those conceptions). Bearing this in mind, 
in this chapter we address six crucial matters that all researchers (whether human or physi-
cal geographers) must consider as they begin the process of empirical investigation: 

   •      What is the purpose of the research?  
   •      How do we understand our objects of analysis?  
   •      How do we operationalize the research process (for example, do we use a case study 

approach)?  
   •      What is the relationship between the questions we pose and the answers we generate 

through research?  
   •      What implications are there of using different types of data collection?  
   •      What value might there be in comparative approaches to research?    

 These questions do not stand alone and cannot be posed or answered in a conceptual or 
philosophical vacuum. Indeed, although we might try to avoid issues of philosophy and 
simply  “ get on with the research, ”  good research cannot be conducted in a philosophical 
or epistemological void. In fact, given that research is a process by which we make claims 
about how the world is, any such claims can only make sense when interpreted through 
particular epistemological or philosophical lenses; that is, what we understand to be a 
 “ causal relationship ”  or a  “ valid statement ”  is shaped as much by the epistemological 
framework within which we work as it is by any empirical evidence we may discover  “ in 
the fi eld. ”  (The term  epistemology  refers to the frameworks of knowledge through which 
we come to know the world; for example,  “ positivism, ”   “ realism, ”   “ idealism, ”  etc. Thus, 
epistemology addresses the nature of knowledge, including its presuppositions and what 
leads us to believe certain statements are  “ valid ”  or  “ truthful. ”  This contrasts with, but is 
related to, the term  ontology , which is concerned with the nature of  “ being ”  and what 
objects actually exist (are real).) 

 Before considering the aforementioned matters further, two key issues need to be out-
lined. First, in broad terms there are two quite different approaches to understanding the 
world: one that argues that research is about  “ revealing ”  its underlying nature, and one 
that maintains that research  “ constructs ”  the world through the narratives it produces. 
Researchers adopting the former approach assume that there is an objective world  “ out 
there ”  and that the job of research is to  “ disclose ”  this world to us. To do so, they might 
use quantitative and/or qualitative methodologies and may draw upon different episte-
mologies, such as  positivism  or  realism  (see Chapters  2  and  3 ). Through engaging in 
research, they claim to be getting closer to the ultimate  “ truth ”  of how the world is struc-
tured. For their part, researchers adopting the latter,  “ constructivist ”  approach equally may 
employ quantitative and/or qualitative methods and draw upon different epistemologies. 
However, where they differ is that they argue that one can never know for certain how 
close one has come to  “ the truth ”  of how the world works, since to do so would require 
knowing what the truth is before starting the research  –  a case of putting the cart before 
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the horse. Consequently, researchers using this second approach tend not to make claims 
of having discovered  “ the truth ”  or that they have revealed the  “ real ”  nature of the world. 
Rather, they contend that they are constructing  “ narratives ”  about the world. Such narra-
tives can be evaluated as being more or less coherent and/or more or less consistent with 
empirical observations of the world, but they make no claim to having taken us closer to 
some pre - existing (capital T)  “ Truth ”  about the world. 

 Second, different epistemologies draw upon different knowledge bases when making 
claims about the world. For example, positivism is based upon the premise that the only 
valid statements a researcher can make about the world derive from direct observation. 
Conversely, realism is based upon the premise that not everything that shapes how the 
world works is necessarily observable. Thus, while the effects of exercising political power 
may be observable, power itself is not directly observable. Likewise, humanistic approaches 
contend that, rather than relying upon observation,  “ experience ”  and  “ understanding ”  
( verstehen    –   understanding the intention and context of human action) can serve as valid 
bases for creating knowledge. Hence, we may know something intuitively and create inter-
pretations of the world based upon that knowledge, even if we cannot necessarily observe 
and test it (as when we  “ know ”  what it is like to be  “ happy ”  or  “ sad, ”  without being able 
to observe empirically the variables that would determine which of these states of feeling 
we are experiencing). These issues are important because they cut to the heart of debates 
in the physical and social sciences about the bases for making valid claims about the world, 
and whether physical and social sciences require different methodologies for understand-
ing the world or, conversely, whether there is a unifying methodology to knowledge pro-
duction, such as  the scientifi c method  (see Box  5.1 ).    

  What is the Purpose of Research? 

 At fi rst glance, this question might seem a strange one, for most of us probably assume 
that the purpose of research is to tell us about the world around us. Certainly, that is an 
important function of research, but a little more thought reveals that there are other aspects 
to this question that deserve consideration and that can dramatically affect how research 
questions are chosen and operationalized. For example, some traditions within geography 
argue that the purpose of research is only to interpret the world to discover its inherent 
truths, although this instantly raises the question of whether the way we go about interpret-
ing the world impacts what we think we can say about it and whether we can, in fact, 
provide interpretations that are simply  “ na ï ve refl ections ”  of the way the world is. Other 
traditions have argued for the practice of what is called  “ emancipatory science ” ; that is, 
they argue that the goal of research should not simply be to produce  “ value - free ”  know-
ledge that passes no moral or political judgments but, rather, to produce knowledge that 
is designed to transform the extant conditions of the world. This latter perspective is 
perhaps most famously expressed in Karl Marx ’ s (1845)  Theses on Feuerbach , wherein he 
stated that  “ The philosophers have only interpreted the world in various ways; the point, 
however, is to change it ”  (Ludwig Feuerbach (1804 – 72) was a German philosopher). 
Critics of this position have argued that it simply reduces science to the level of ideology, 
and that there needs to be a separation between  “ facts ”  and  “ values. ”  Its defenders, however, 
contend that failing to take an advocacy stand does not imply that one remains unbiased 
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  Box 5.1    The Scientifi c Method 

    The scientifi c method is a process by which we acquire new knowledge and refi ne 
our existing understanding about a  phenomenon  we observe. It involves observa-
tion, use of existing knowledge to develop hypotheses to explain the observed phe-
nomenon, experimentation to test those hypotheses, and careful analysis of the data 
gathered during experimentation to reach valid conclusions. Because the scientifi c 
method is considered a means for developing knowledge, an integral component of 
the procedure is the communication of results to other researchers so that they can 
perform independent tests of the hypotheses through further experimentation. 
Therefore, the scientifi c method is an iterative approach in which our understanding 
of phenomena and the underlying causative relationships are continuously tested 
and refi ned. Thus, for example, a biogeographer studying cactus population dynam-
ics might observe the absence of seedlings in a locale. Noticing an abundance of 
rodent burrows and knowing the tendency for rodents to browse on young cacti, the 
researcher may hypothesize that the absence of cactus recruitment is caused by 
rodents, whose browsing prevents seedlings from becoming established. The 
researcher may test this hypothesis by conducting a census of the rodent population 
to determine the population pressure (hence potential browsing pressure) and by 
establishing both control and experimental rodent - exclosure plots that are, in all 
other respects, identical to each other. If rodent populations are high and cactus 
seedlings are able to become established in the exclosure plots, but not in the control 
plots, the researcher could logically conclude that browsing by rodents is preventing 
cactus regeneration.  

and neutral but, rather, that one is committed, whether consciously or not, to the status 
quo. For the defenders of emancipatory science, then, one can be both objective, in the 
sense that research (whether in human or physical geography) is designed to reveal the 
world as it really is,  and  partisan, in the sense that knowledge is produced with the intent 
of acting effectively to change the world. 

 A second concern revolves around the issue of whether research is designed to look for 
spatial patterns in phenomena, or whether it is designed to understand matters of causality. 
This distinction harkens back to the philosophical question of whether or not it is possible 
to claim that a particular action  caused  another. Thus, for most positivists,  “ action A ”  is 
said to cause  “ event B ”  if  “ event B ”  occurs with some frequency after  “ action A ” ; this is 
termed the  “ regularity ”  approach to causality. However, for realists, even if it occurs with 
some regularity, just because  “ event B ”  occurs after  “ action A ”  does not mean one can 
claim  “ action A ”   caused   “ event B. ”  Likewise, the absence of a causal relation between 
 “ action A ”  and  “ event B ”  cannot be assumed just because  “ event B ”  does not occur after 
 “ action A, ”  for there may be countervailing forces preventing  “ event B ”  from occurring 
(for example, while under normal circumstances striking a match will cause it to burn, 
lack of oxygen [a countervailing force] means it will fail to light). In the geographical realm, 
this means that whereas geographers infl uenced by positivist epistemology might contend 



64 Andrew Herod and Kathleen C. Parker

that research to fi nd causal relationships involves looking for spatial regularities in particu-
lar phenomena, those infl uenced by realism argue that just because two phenomena are 
coincident in space does not imply that they are causally related, while their lack of spatial 
coincidence does not mean they are not causally related. In other words, depending upon 
the contexts within which they occur, similar processes may produce different outcomes/
geographic patterns, and similar outcomes/geographic patterns may be produced by dif-
ferent processes (see Box  5.2 ). Consequently, for realists the starting point has to be the 
search for causal mechanisms; that is, their focus is on processes and structures rather than 
on outcomes and patterns.    

  Objects of Analysis 

 How we conceive of the objects we intend to study (landforms, cities, ecosystems, the 
location of corporate headquarters, etc.) can have a signifi cant impact upon the research 
process and its outcome. For instance, Hacking  (2002)  has shown that how researchers 
classify individual humans can signifi cantly shape their behavior and that, in turn, this 
behavior can challenge such classifi cations. Hence, classifying someone as a criminal may 
lead them to act in a criminal manner, while their behavior pattern may sometimes cause 
us to reconsider and redefi ne the category  “ criminal. ”  Such considerations in - and - of 
themselves relate to fundamental ontological questions about the nature of objects of 
study, and  hermeneutical  questions about the meaning we ascribe to particular objects. 
For example, are the objects of study discrete entities that exist independently of each other, 
such as alpine glaciers and mountains? Or do they exist only in relation to other objects, 
in which case separating them from these other objects or their surroundings can trans-
form their very nature? (Slaves, for example, can only be slaves as a result of their relation-
ship with another object, namely a slave - owner  –  the one cannot exist without the other.) 
Furthermore, at the level of meaning (rather than existence), our understanding of par-
ticular objects, such as slaves and alpine glaciers, may only have signifi cance because of 
our ability to contrast and connect them with other objects, such as slave - owners and 

  Box 5.2    Equifi nality 

    Equifi nality occurs within systems when a certain outcome can result from several 
different sets of initial conditions, or through the action of different processes. 
Hence, in geomorphology, similar landforms may develop under contrasting envi-
ronmental parameters whereas in human systems diverse suites of historical infl u-
ences may lead to the emergence of similar agricultural practices among traditional 
farmers. In cases where equifi nality arises, teasing apart the subtle distinctions among 
scenarios becomes a major challenge to understanding causative factors generating 
the observed phenomenon. This is exemplifi ed by the debate that surrounds global 
warming, which arises, at least in part, because a number of different processes, both 
natural and human - induced, can lead to increased planetary temperatures.  
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mountains. It is important to note, however, that sometimes these two levels, that of exis-
tence (the  “ ontological ”  level) and that of meaning (the  “ hermeneutic ”  level), coincide. 
Thus, slaves can only exist if slave - owners do (the ontological level), while our understand-
ing of what a slave is only makes sense if we have a concept of what a slave - owner is with 
which it can be compared (the hermeneutical level). On other occasions, however, the 
ontological and the hermeneutical levels operate separately; thus, alpine glaciers and 
mountains may exist independently of each other, although our conception of the one may 
help us make sense of the other. 

 Such questions may appear esoteric, but they have great signifi cance for how research 
is conducted and especially for the practice of abstraction, which refers to the manner in 
which we conceptually isolate particular objects of study so that we may better understand 
the causal relationships between them by fi ltering out what are considered to be  “ contex-
tual ”  factors. Thus, abstracting should produce what Sayer  (1984)  has called  “ rational 
abstractions, ”  that is abstractions in which the causal linkages between objects are retained, 
rather than  “ chaotic conceptions ”  (i.e., abstractions in which causal linkages are broken 
and/or unrelated objects/phenomena are associated with one another). The only way to 
know whether one has identifi ed rational abstractions or chaotic conceptions is through 
empirical investigation. For instance,  “ the service sector, ”  which is often an object of 
analysis, is really a chaotic conception, because it places in a single category ( “ the service 
sector ” ) many different types of activities (serving hamburgers, managing fi nancial infor-
mation for a large bank, being a personal assistant to a union boss) that have little in 
common. In this way, explanations of decreased union activity that point to the growth of 
the  “ service sector ”  may miss entirely the intricacies of causal chains that would be main-
tained through rational abstractions (e.g., whereas fast food employers are generally anti -
 union, and hence their employees are less able and likely to engage in traditional union 
politics, this is less likely the case for the personal assistant, who is also in the service sector). 
Likewise, seeking to explain the cause(s) of population decline in neotropical migratory 
birds by looking only at factors that affect their breeding grounds in North America, and 
ignoring processes (such as deforestation) that impact their wintering grounds south of 
the Tropic of Cancer, conceptually isolates the wintering and breeding environments. 
Neither of the latter two approaches provides rational abstractions because the service 
sector lumps together different objects and activities into a single category, and the con-
nection that migration creates between the different environments is ignored. Such con-
siderations are important for two fundamental reasons. 

 First, they infl uence whether we focus our analyses upon objects in - and - of - themselves, 
or whether we seek to understand such objects in relation to other objects (and, if so, which 
ones). For instance, if we wished to understand why particular countries are  “ underdevel-
oped, ”  we might decide to focus our attention upon the characteristics of the countries 
themselves, by looking at how their economies or political systems are organized, or their 
rates of population growth. However, such an approach fails to recognize that the ways in 
which such countries fi t into the broader global economy can have a signifi cant impact 
upon their mode of economic development, a shortcoming that may lead to different sets 
of conclusions. Focusing attention upon the characteristics of the countries, then, locates 
the cause of their lack of development within the countries themselves (e.g., a high birth 
rate), whereas focusing on the connections these countries have with the broader global 
economy shifts the explanation to other factors, such as how global commodity markets 
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operate or how colonial practices underdeveloped their economies. Equally, to understand 
the cause of gully incision at a given location, we might decide to examine the physical 
characteristics of the underlying hillslopes and the processes that act on them. But while 
this approach may provide insight into the site - specifi c aspects of gully formation, it does 
not account for large - scale phenomena, such as land use or climate change, that may have 
also infl uenced gully development. Signifi cantly, then, in both human and physical geog-
raphy the cause(s) of locally manifested conditions may lie outside the local area, and we 
should be open to this possibility in our research design. 

 Second, these considerations have implications for how we conceptualize the spatial 
integrity of human and physical landscapes. Three primary ways of conceptualizing space 
have infl uenced geographic thought and shaped ideas about how landscapes are 
structured: 

  1     The Newtonian view, in which space (and time) are absolutes and objects move around 
in them (space is merely a container for social/natural objects).  

  2     The Leibnizian view, in which space and time are constituted through the interactions 
between objects (space does not exist prior to the social/natural relationships that bring 
it into being).  

  3     The Kantian view, in which space and time are simply mental frameworks for imposing 
order on the world (spatial structures are mental constructions) (see Curry  1996 ).    

 Once again, these may seem esoteric distinctions, but they too have signifi cant implications 
for research. Hence, if we take a common geographical unit of analysis, such as the region, 
we can see that each approach conceives of regions in quite different ways. For those who 
follow a  Kantian  approach, regions are simply convenient mental devices for dividing up 
the world but do not exist in any ontological sense. For those following a  Newtonian  
approach, regions are real but they serve as little more than spatial boxes within which 
social and natural processes unfold; that is, the process of region formation is not con-
nected to the natural and social processes that occur within the region. Finally, for those 
who adopt a  Leibnizian  approach, regions are real things, created by social/natural pro-
cesses; consequently their spatial resolution changes (regions may grow or contract in size) 
as the various social and natural processes constituting them unfold. 

 These distinctions also have methodological implications, for whereas both the Kantian 
and Newtonian conceptualizations allow for landscapes to be divided up analytically into 
smaller and smaller parts (space is seen as more or less infi nitely divisible) or amalgamated 
together into larger and larger parts, the Leibnizian approach implies that a certain analyti-
cal coherence must be maintained and that arbitrarily dividing or amalgamating various 
parts of the landscape into  “ regions ”  does not result in sound abstractions. The result is 
that simply delineating an area on a map as one ’ s  “ region of study ”  in accordance with the 
Kantian or Newtonian approach has the potential to create spatially chaotic conceptions, 
either by placing objects together that happen to have propinquity but which are uncon-
nected by processes, or by separating places connected by processes that are located far 
from each other. Thus, an analysis of the  “ New York region ’ s ”  fi nancial geography that 
focuses solely on the northeastern United States will exclude places that are intimately 
connected to New York ’ s fi nancial institutions yet are physically distant (e.g., London), 
but it will include places that are physically close to New York yet which have little 
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connection to its fi nancial institutions. Likewise, characterizing the southwestern United 
States as forming a vegetative region because the pre - Columbian cultures there all used 
fi re to manipulate botanical resources ignores both important contrasts among vegetation 
types that are caused by natural fi res and spatial and temporal variations in the cultural 
practices of the people that inhabited the region before Europeans arrived. Of course, in 
some ways mapping such rationally abstracted regions necessitates that the cart be placed 
before the horse (how can we know what a rationally abstracted region is before we have 
done the research that shows us how places are connected?), but this is a question that 
speaks to the methodological problem of drawing boundaries rather than to the ontological 
question of whether regions really  “ exist. ”   

  Case Studies? 

 When thinking about how to begin one ’ s research geographers typically face the question 
of whether to use an  extensive  or  intensive  approach to data collection. This decision has 
implications for making broader claims about the world. For its part, extensive research 
requires a large sample of observations and seeks to identify patterns in the phenomenon 
of interest, often through the use of inferential statistics or numerical analysis (see Chapters 
 18  and  19 ). As such, repeated data sampling may be used to confi rm or refi ne any patterns 
that are detected. While this approach may identify general trends, it has relatively weak 
explanatory power because neither correlation nor consistent association demonstrates 
causation. In contrast, the objective of intensive research is to determine how processes 
operate to produce an observed pattern. This approach typically relies on smaller samples, 
such as case studies, and may involve qualitative methods to characterize social processes 
or detailed measurements to uncover specifi c physical processes (Box  5.3 ).   

 Generally speaking, how  “ extensive ”  and  “ intensive ”  approaches are regarded is depen-
dent upon the research model (epistemology) to which a researcher adheres. For those 
who contend that the goal of research is to make generalized statements about how the 
world works, cases studies serve as specifi c examples of the processes that operate at a 
broader scale, although these processes may not lend themselves to generalization because 
of (local) idiosyncrasies in the way they operate. Such a viewpoint is common among 
researchers who adopt a positivist epistemology, where the goal of research is to develop 
laws. However, for other researchers who, for example, follow a realist epistemology, case 
studies are not meant to be empirical generalizations. Rather, they are used to throw light 
upon the processes that operate at broader scales; that is, case studies are used to determine 
issues of causality and process, and are not intended to be representative of broader 
patterns. 

 This distinction, then, between whether or not using a case study approach serves as a 
valid basis for creating knowledge, has its origins in epistemological differences of opinion. 
Specifi cally, given that positivism understands causality to be demonstrated through the 
regular, temporal occurrence of events ( “ event B ”  always occurs after  “ action A ” ), case 
studies are seen to be too particular and not suffi ciently replicable and/or generalizable to 
provide much insight into causal relationships between actions/processes and outcomes; 
that is, they simply do not represent a large enough sample of observations. For realists, 
on the other hand, who view causality not in terms of the regularity with which  “ event B ”  
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  Box 5.3    More on Correlation and Causation 

    In physical geography, Hack ’ s law refers to the empirical relationship between the 
length of the main channel of a stream (L) and the area of its basin (A), and can be 
expressed as: L   =   1.4   A 0.6 . Although data collected over a broad area that encompasses 
substantial variation in L and A may fi t the relationship, data points plotted on a 
graph often show appreciable scatter about the line representing Hack ’ s law, particu-
larly if streams have been sampled over a small area. Such empirically derived mor-
phometric laws have been criticized because they are statistically based and merely 
demonstrate correlational relationships  –  as opposed to being based on an intensive 
analysis of physical processes that shape drainage networks, such as fl uvial dynamics, 
sediment transport, and channel development. Furthermore, the relationship 
between stream length and basin area is often scale - dependent. 

 In human geography, an intensive approach may involve conducting interviews 
with corporate executives to understand the reasons for closing a particular manu-
facturing facility. Thus, whereas a researcher might conduct a correlation analysis 
for metropolitan areas that relates plant closure rates to wage and unionization levels, 
such an extensive approach will tell us little about the causal forces for specifi c plants. 
Consequently, we may have to conduct interviews with various corporate decision -
 makers to determine what factors led them to close their plant, factors which may 
be quite different from those affecting others (for instance, whereas most fi rms ’  
respondents may have indicated in the survey that it was a downturn in the economy 
that led them to shutter their plant, the specifi c fi rm executives interviewed may 
indicate that their local plants were closed as a result of their company being pur-
chased by a competitor).  

occurs after  “ action A ”  but, rather, in terms of how  “ action A ”  and  “ event B ”  are connected 
through particular mechanisms, case studies are the only way to get beyond the statistical 
association between two events and into the nitty - gritty of causality. 

 The methodological starting points of these two approaches are also quite different. 
Thus,  “ [e]xtensive research focuses on  taxonomic  groups, that is groups whose members 
share similar (formal) attributes but which need not actually connect or interact with one 
another ”  (Sayer,  1984 : 221). Accordingly, individual members  “ are only of interest in so 
far as they represent the population as a whole. ”  For example, a researcher may examine 
the characteristics of a subset of university students, carefully replicating a university ’ s 
student body in terms of sex, race, disability, age, etc., with the intent of having the subset 
say something about the broader population of students of which it is presumed represen-
tative. On the other hand,  “ [i]ntensive research focuses mainly  …  on groups whose 
members may be either similar or different but which actually relate to each other structur-
ally or causally. ”  For example, the researcher may focus upon certain individuals, who may 
or may not be  “ representative ”  of the broader student population, because their experi-
ences might inform us about particular aspects of student life, such as the challenges faced 
by disabled students. Thus, in the latter approach,  “ [s]pecifi c, identifi able individuals are 
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of interest in terms of their properties and their mode of connection to others ”  rather than 
their representativeness, and  “ causality is analyzed by examining actual connections ”  
rather than by  “ relying upon the ambiguous evidence of aggregate formal relations among 
taxonomic classes. ”  These different objectives mean that in extensive studies the procedure 
for selecting the sample must be decided upon ahead of time and adhered to rigorously to 
ensure that the sample population is representative. By contrast, in intensive studies the 
individual members of research populations need not be  “ representative ”  and may be 
selected as the researcher proceeds, based upon what the unfolding research reveals about 
the nature of the causal relationship(s) between the objects of analysis. Neither approach 
is necessarily superior to the other; rather, the different approaches reveal different things 
about the world to us. Nor is the adoption of an  “ extensive ”  and  “ intensive ”  approach 
mutually exclusive; the different approaches can be complementary when used, for 
example, in an iterative manner at different stages in a research project to address related 
questions. So, for example, the discovery of statistically signifi cant differences of opinion 
between white males and non - white females on a hot button political topic may be inter-
esting to us, but it does not necessarily mean that those gender and  “ race ”  characteristics 
are directly causal in nature. The real causes might lie in the socio - economic contexts 
within which the survey respondents were raised, the patterns of socialization that took 
place at the family dinner table, or the different personal experiences they had while nego-
tiating the world while being coded as  “ white male ”  or  “ African American female. ”  
Likewise, a biogeographer studying how genetic variation and structure in pines vary with 
different disturbance regimes might initially conduct a broad survey of pine populations 
across the species range to determine the population age, disturbance agent, and genetic 
variability of each. In addition to informing the research question, this extensive sampling 
may reveal a subset of populations that could then become the focus of more intensive 
data collection to determine within each population spatial patterns of genetic relatedness, 
genetic contrasts among different cohorts, the population age structure, and spatial pat-
terns of recruitment relative to windthrow gaps and fi re, thereby providing a more com-
plete picture of the stand - scale processes that underlie the observed patterns of genetic 
variation.  

  On the Relationship between Questions and Answers 

 A further consideration when seeking to implement a program of research is the matter 
of how questions shape the answers we get. This issue relates to how the theoretical con-
structs we use to interpret data affect the process of interpretation and whether, in order 
even to ask questions, we need to have some conception of a likely outcome. There are 
three different positions on this issue. First, some approaches to research (such as positiv-
ism) argue that research can and should be  theory - neutral ; that is, how we ask questions 
and understand what we fi nd should be unaffected by the theoretical framework we adopt. 
Such approaches assume that the process of interpreting  “ the facts ”  is unproblematic and 
that everyone, regardless of their theoretical perspective, will interpret things unambigu-
ously and in the same manner. However, although some scientists argue that it is possible 
to engage in unproblematic interpretations, they often fail to recognize how their claims 
to objectivity are tied to their own perceptions of  “ the facts. ”  Thus, as Stephen J. Gould 
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noted ( 1996 : 106):  “ Science is rooted in creative interpretation. Numbers suggest, con-
strain, and refute; they do not, by themselves, specify the content of scientifi c theories. 
Theories are built upon the interpretation of numbers, and interpreters are often trapped 
by their own rhetoric. They believe in their own objectivity, and fail to discern the prejudice 
that leads them to one interpretation among many consistent with their numbers. ”  

 A second approach to this issue suggests that questioning and answering is  theory -
 determined ; that is, how we ask questions and understand what we fi nd are determined 
by the theoretical framework we adopt. At the heart of this approach is the belief that 
mutually exclusive epistemologies structure the way we observe and interpret the world. 
It is important, though, to distinguish between the theory - determinance of meaning and 
of observation. Thus, the philosopher of science Paul Feyerabend explored how the study 
of meaning was theory - determined; the term  “ mass, ”  for example, means different things 
in classical and relativistic mechanics. In contrast, Thomas Kuhn, who directed attention 
to the theory - determined nature of observation, argued that our theoretical framework 
actually determines how we see the world. If we accept the idea that observation is theory -
 determined, however, then we must also accept that it may not be possible to compare 
directly two or more opposing theories that seek to explain the same phenomena, nor for 
someone immersed in one particular theoretical approach to interpret the data generated 
by another (Longino  1990 : 26 – 7). 

 With regard to the process of observation, the art critic John Berger ( 1972 : 8) has argued 
that there are culturally - specifi c  “ ways of seeing ” :

  The way we see things is affected by what we know or what we believe. In the Middle Ages 
when people believed in the physical existence of Hell the sight of fi re must have meant 
something quite different from what it means today. Nevertheless their idea of Hell owed a 
lot to the sight of fi re consuming and the ashes remaining  –  as well as to their experience of 
the pain of burns.   

 Equally, how researchers have been trained to observe the world shapes how they see 
it. Hence, Sayer ( 1984 : 51 – 2) argues that a biologist looking down a microscope may see 
quite different things than a layperson does; bacteria as opposed to blobs, for example. 
That is:

  The distinction between the observable and the unobservable is therefore not simply a func-
tion of the physical receptivity of our sense organs: it is also strongly infl uenced by the extent 
to which we take for granted and hence forget the concepts involved in perception.   

 The fi nal approach views questioning and answering as  theory - laden , and suggests that 
even though how we ask questions and understand what we fi nd are shaped by the theo-
retical framework we adopt, they are not determined by it. To put this another way, such 
an approach argues that the theory we use to interpret a particular situation or set of  “ facts ”  
certainly shapes how we view them and what we understand them to be, but it does not 
determine what we fi nd. This must still be established empirically. Hence, as Sayer ( 1984 : 
68) states,  “ whereas a scientist ’ s theoretical framework may shape what s/he understands 
money to be, in order to fi nd out how much of it s/he has in their pockets, s/he must still 
actually look. ”  
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 These issues might appear abstruse but they have signifi cant implications for conduct-
ing research, because they relate to the matter of whether or not research conducted under 
one epistemological approach can  “ talk ”  to research conducted under another and what 
this means for the ability of researchers steeped in one tradition to evaluate the results of 
workers who adhere to another. For instance, if we believe that data interpretation can be 
conducted in a  “ theory - neutral ”  manner, then we are more likely to adopt a rhetorical 
position which claims that all data can be interpreted and made sense of using a single 
epistemological approach; that is,  “ the facts can speak for themselves ”  and, through these 
 “ facts, ”  we can objectively evaluate competing theoretical positions. If, however, we sub-
scribe to an epistemological position which contends that data can only be interpreted 
within the context of a particular theoretical framework (the theory - determined position), 
then it is more likely that we will adopt a rhetorical stance that dismisses objections with 
the retort that critics  “ simply do not understand ”  (or are incapable of understanding) the 
data in the same way the researcher does because the critics have adopted a different or 
 “ the wrong ”  theoretical framework. By way of contrast, adopting a position that accepts 
that the process of questioning and interpreting data is theory - driven will likely yield a 
rhetorical position in which different perspectives are seen as capable of talking to each 
other (at least to a degree), and in which different theories may be evaluated according to 
some common set of criteria (for example, how well they live up to their own predictions 
or how well they follow their own rules for validity).  

  Approaches to Data Collection 

 To a signifi cant degree the approach to data collection taken in the research process will 
itself depend on whether the researcher uses an inductive or deductive approach to know-
ledge production. These two approaches differ primarily in the degree of confi dence one 
has about the premises that reinforce the conclusion(s) of the research. For their part, 
 deductive  approaches typically start with a theoretical framework in which premises are 
derived from defi nitions, laws, formal logic, or mathematical expressions. In a valid deduc-
tive argument, if the premises are true, the conclusion cannot be false. This is not the case 
with  inductive  approaches, in which premises involve a greater degree of uncertainty 
because although observations of previous events may allow us to identify regular patterns, 
which may serve as the basis for predicting future events, we cannot be certain that the 
next observation will be consistent with the previous observations. Hence, based upon past 
experience we can fairly confi dently infer that the Sun will rise tomorrow, although one 
day in the future (when our Sun fi nally dies) we will be wrong. For this reason inductive 
research often relies on inferential statistics and probability to quantify the degree of cer-
tainty involved in a conclusion. One approach that seeks to move beyond such limitations 
is termed  abduction . It involves searching for patterns in phenomena in order to suggest 
hypotheses that might reasonably explain new or unpredicted data. Developed by the 
nineteenth - century philosopher Charles Peirce, abduction is the process whereby a person 
develops a rational conjecture about what may be happening in a particular context, using 
a set of logical operations to determine a hypothesis, with the approach being continuous 
and cumulative. For example, from a Peircean perspective the shift from a view that per-
ceived the Earth to be fl at to one that saw it as round did not involve throwing out  “ old 
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knowledge ”  but, rather, adding new observations until enough inconsistencies were found 
in the explanatory power of the fl at - Earth perspective. These inconsistencies could lead to 
modifi cations to the existing perspective so that it can accommodate and explain the new 
facts, or a new perspective entirely (round - Earth) could be developed. Thus, as Senglaub 
et al. ( 2001 : 11) have put it:  “ Abduction assumes the role of idea generation while deduc-
tion evaluates the hypotheses and induction provides the mechanisms for justifying a 
hypothesis with data. ”  

 As with the case of extensive and intensive research, many research questions can be 
addressed using either a deductive or an inductive approach, and neither is necessarily 
superior to the other. Rather, the approach used will refl ect the existing theoretical frame-
work and the researcher ’ s perspective as much as it does the focus of the research topic. 
Such matters, however, do have important implications for how data are gathered. For 
example, researchers adopting an inductive approach may begin by  “ mining data ”  to 
determine which, if any, variables have associations with each other. This may sometimes 
provide interesting insights, but na ï ve data mining by researchers who regress every vari-
able against every other one to see if any are correlated in statistically signifi cant ways is 
generally a poor model for research, in part because it tends to substitute the  “ law of large 
numbers ”  for clarity of thought about causality. (This  “ law ”  suggests that if we look at 
enough variables the chances are that some will show a degree of correlation; in fact, it is 
quite likely that statistically signifi cant ones will be revealed even when there is not a real 
correlation, much less a causal relation!) Such an approach may also reveal spurious cor-
relations, which may have predictive power but little explanatory power. A classic in this 
regard is the infamous  “ Hemline Index ”  discovered by University of Pennsylvania econo-
mist George Taylor in the 1920s. He purported to show that the length of women ’ s skirts 
is related to stock prices, a correlation that may allow one to predict (perhaps even with 
some degree of accuracy) market trends by observing women ’ s fashion but that tells us 
little about how markets actually operate. Similarly, there are correlations between arm 
length and shirtsleeve length, and ones between ice cream sales and summertime shark 
attacks. If, however, we were to believe that such correlations constituted causal relation-
ships, we would expect that wearing long - sleeved shirts would make our arms grow, or 
that sharks prefer feeding on people who eat ice cream. 

 Conversely, deductive approaches typically begin with a set of premises, with the goal 
being for the researcher to seek out specifi c data that either support or contradict a par-
ticular conceptual/theoretical position. These data may be drawn from the results of 
experiments, or from archival documents or interviews with individuals who might be 
expected to have particular insights on certain matters. This raises several important issues, 
namely: how are the data interpreted?; do researchers see only what they want to see so as 
to advance support for a particular position?; are the initial premises, in fact, valid?; and 
how does a researcher account for the unexpected (although in the context of this latter 
issue, the deductive and inductive approaches to knowledge production are both suscep-
tible to similar limitations, though for somewhat different reasons)?  

  Comparative Analysis 

 At some point in the process of preparing to conduct research, the issue of whether or not 
to engage in comparative analysis may present itself. Inevitably, opinions diverge about 
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the value of comparative analysis and whether we should engage in it. For some, compara-
tive analysis ’ s goal is simply to illuminate the broader spatial patterns that are thought to 
refl ect particular natural or social processes. In this sense, comparative research is designed 
to elucidate whether or not similar processes play out in geographically (spatially) different 
contexts, with the intent of determining whether or not specifi c processes or phenomena 
can be generalized so that some law - like statement can be made about them. Hence, after 
examining the controls on vegetation patterns on alluvial fans in semiarid environments, 
one might investigate fans in humid climates to determine whether the relationships that 
are apparent in deserts extend to other environments. Conversely, for others the goal of 
comparative research is not to determine how generalized particular processes or phenom-
ena are but, rather, to use different sets of surroundings to provide insights on particular 
processes in the search for causality. Comparative research conducted in this tradition 
recognizes that similar patterns in different places may result from dissimilar processes 
and, likewise, that just because different places lack similar phenomena does not mean they 
are experiencing dissimilar processes (contextual factors may cause similar processes to 
play out differently in different places). Viewed from this standpoint, the purpose of com-
parative research, then, is to ascertain how the existence of similar and/or different phe-
nomena/processes in different places serves to illuminate deeper phenomena/processes, 
such as the nature of capitalist accumulation or biological evolution. Thus, comparative 
research in this vein may reveal how two places at either end of a multinational corpora-
tion ’ s supply - chain can experience quite different economic conditions, even though they 
are tied together through the same corporate structure, or how the process of evolution is 
shaped by different physical environments.  

  Conclusion 

 This chapter has addressed several  “ epistemological, ”   “ philosophical, ”  and  “ methodologi-
cal ”  questions that are important to consider as one begins to think about operationalizing 
a research project. These philosophical issues cannot be separated from their methodologi-
cal counterparts, for how we investigate and make sense of the world is deeply shaped by 
our understanding of  “ causality, ”   “ validity, ”   “ objectivity, ”  and a host of other factors. Such 
questions are not just important for determining how a research project might be imple-
mented, but also for evaluating and interpreting its results.   

     References 

    Berger ,  J.   ( 1972 )  Ways of Seeing .  London :  Penguin .  
    Curry ,  M. R.   ( 1996 )  On space and spatial practice in contemporary geography . In  Concepts in Human 

Geography ,   Earle ,  C.  ,   Mathewson ,  K.  , and   Kenzer ,  M. S.  , eds.  Lanham, MD :  Rowman  &  
Littlefi eld ,  3  –  32 .  

    Gould ,  S. J.   ( 1996 )  The Mismeasure of Man .  New York :  Norton .  
    Hacking ,  I.   ( 2002 )  Mad Travelers: Refl ections on the Reality of Transient Mental Illnesses .  Cambridge, 

MA :  Harvard University Press .  
    Longino ,  H. E.   ( 1990 )  Science as Social Knowledge: Values and Objectivity in Scientifi c Inquiry . 

 Princeton :  Princeton University Press .  
    Sayer ,  A.   ( 1984 )  Method in Social Science: A Realist Approach .  London :  Hutchinson .  



74 Andrew Herod and Kathleen C. Parker

    Senglaub ,  M.  ,   Harris ,  D.  , and   Raybourn ,  E. M.   ( 2001 )  Foundations for Reasoning in Cognition - Based 
Computational Representations of Human Decision Making .  Albuquerque, NM :  Sandia National 
Laboratories .   

  Additional Resources 

    Baker ,  V. R.   ( 1996 )  Hypotheses and geomorphological reasoning . In  The Scientifi c Nature of 
Geomorphology ,   Rhoads ,  B. L.  , and   Thorn ,  C. E.  , eds.  New York :  Wiley ,  57  –  85 . Examines the 
applicability of a philosophy of science based on physics to fi eld - based disciplines, like geology, 
and discusses the development and testing of hypotheses in geomorphological inquiry.  

    Chalmers ,  A. F.   ( 1999 )  What Is This Thing Called Science?  Indianapolis: Hackett Publications. A 
clearly written introduction to the nature of science that has been widely read since it was fi rst 
published in 1975.  

    Chorley ,  R. J.   ( 1962 )  Geomorphology and general systems theory .   US Geological Survey, Professional 
Paper  500B . This paper discusses systems theory in the context of geomorphology and empha-
sizes analysis of relationships of landforms to the broader systems of which they are a part.  

    Chorley ,  R. J.   ( 1978 )  Bases for theory in geomorphology . In  Geomorphology: Present Problems and 
Future Prospect ,   Bembleton ,  C.  ,   Brunsden ,  D.  , and   Jones ,  D. K. C.  , eds.  Oxford :  Oxford 
University Press ,  1  –  13 . Discusses uses of systems theory in the physical sciences and summarizes 
several bases for the development of theory.  

    Frodeman ,  R.   ( 1995 )  Geological reasoning: geology as an interpretive and historical science .  Geological 
Society of America Bulletin   107 :  960  –  8 . Frodeman reviews the philosophy of science as it relates 
to geology and argues that geology has developed a set of logical properties (geological reason-
ing) that have enhanced its nature as an interpretative and historical science.  

    Giere ,  R. N.   ( 1988 )  Explaining Science: A Cognitive Approach .  Chicago :  University of Chicago Press  
(Chapter 8,  “ Explaining the revolution in geology ” ). This chapter shows how the process of 
research and making scientifi c discoveries can be shaped dramatically by the social, geographi-
cal, and historical context within which researchers work.  

    Haines - Young ,  R.  , and   Petch ,  J.   ( 1983 )  Multiple working hypotheses: equifi nality and the study of 
landforms .  Transactions of the Institute of British Geographers   8 :  458  –  66 . The authors explore 
the concept of  “ equifi nality ”   –  the notion that similar landforms may result from different 
processes  –  and address the issue of the relationship between process and form, specifi cally with 
regard to matters of causality.  

    Keat ,  R.  , and   Urry ,  J.   ( 1982 )  Social Theory as Science .  London :  Routledge  &  Kegan Paul  (Chapters 
1 – 4,  “ Conceptions of science, ”   “ Positivist philosophy of science, ”   “ Realist philosophy of 
science, ”   “ Forms of conventionalism. ” ) Four chapters that provide a comprehensive overview 
of these different epistemologies (and how they view the world) and a good introduction to the 
tenets of positivism and realism.  

    Massey ,  D.   ( 1999 )  Space - time,  “ science ”  and the relationship between physical geography and 
human geography .  Transactions of the Institute of British Geographers   24 :  261  –  76 . Massey argues 
that because geographers adopting a positivist epistemology have long viewed the fi eld of 
physics as the appropriate model of science for research, they have incorrectly theorized time 
and space. Thus she advocates a different model of science and a different way to think about 
space, time, and what she calls  “ space - time. ”  Doing so, she maintains, may reveal a commonality 
of research approach in physical and human geography.  

    O ’ Hear ,  A.   ( 1989 )  An Introduction to the Philosophy of Science .  Oxford :  Clarendon Press . A compara-
tively jargon - free introductory treatment of the philosophy of science that explores the major 
debates about the nature of science.  



 Operational Decisions 75

    Peet ,  R.   ( 1998 )  Modern Geographical Thought .  Oxford :  Wiley - Blackwell  (Chapter 2,  “ Existentialism, 
phenomenology, and humanistic geography ” ). This chapter explores some tenets of humanistic 
approaches to geography.  

    Phillips ,  J. D.   ( 1999 )  Methodology, scale, and the fi eld of dreams .  Annals of the Association of 
American Geographers   89 :  754  –  60 . Phillips examines the relationship between method and 
results in physical geography, and specifi cally argues for a more sophisticated understanding of 
how scalar issues impact research.  

    Rhoads ,  B. L.  , and   Thorn ,  C.   ( 1994 )  Contemporary philosophical perspectives on physical geography 
with emphasis on geomorphology .  Geographical Review   84 :  90  –  101 . The authors argue for 
philosophical awareness among physical geographers, and stress the value of adopting method-
ological diversity. They suggest that knowledge of the tenets of social constructivism, postposi-
tivist empiricism, and scientifi c realism (philosophical approaches typically thought of as being 
associated with human geography) can be benefi cial to physical geographers because they chal-
lenge traditional assumptions about how we interpret the world.  

    Sayer ,  A.   ( 1982 )  Explanation in economic geography .  Progress in Human Geography   6 :  68  –  88 . This 
article discusses the implications of adopting a realist approach in social science inquiry and 
addresses the notions of chaotic conceptions, rational abstractions, and models of causality.              

    Exercise 5.1   Making Operational Decisions 

 A good way to become familiar with the issues this chapter addresses is to design a research 
project. This exercise provides an opportunity for you to work in groups (of two to four) 
to design a research project that explores the geography of a particular process or phenom-
enon in the community where your college or university is located. This may involve 
analyzing its physical or its human geography (or both). Doing this will help you learn to 
formulate clear research questions; understand the role that an investigator ’ s epistemologi-
cal framework plays in shaping his/her methodology; and learn to develop a specifi c 
methodological plan for data collection and analysis that directly addresses the research 
question and permits valid conclusions to be drawn about it. Specifi cally, you should 
develop a plan for investigating your community using at least two different epistemologi-
cal frameworks (perhaps a positivist and realist approach; see Chapters  2  and  3 ). 

 The fi rst step is to articulate clearly the question you wish to answer. The question 
should be suffi ciently specifi c to offer guidance as you develop your methodology and 
make decisions about the type of data you seek to acquire. For example, if you were con-
ducting research into your community ’ s environmental problems, what specifi c sets of 
questions would you want to ask?  “ We want to look at environmental problems in our 
community ”  is  not  a research question.  “ Does our community experience poorer environ-
mental quality than that of the nation as a whole? ”   is  a research question, though it leads 
to a number of subsidiary questions: How might we measure environmental quality locally 
and nationally? Are different measures of environmental quality equivalent and, if not, 
how should we weigh them? How might we determine the factors that lead to poorer 
environmental quality? 

 The second step is to formulate a plan for collecting information that addresses your 
research question. As you begin to think about your research project, consider some of the 
advantages and disadvantages of the different epistemologies you have chosen, how you 
might need different types of data to answer different types of questions, and what sources 
of data may be available to you. Depending upon your research question, you may have 
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to use: archival sources (such as maps, historical documents, or perhaps personal letters 
that speak of historical impacts on the environment, the locations of particular industrial 
facilities, or the former positions of rivers and streams); data you collect yourself through 
experimentation and/or observation (such as taking samples to measure water or air pol-
lution); or data from government sources (such as the census or the national environmen-
tal protection agency: see Chapter  11 ). If, on the other hand, you are conducting research 
into, say, whether people feel safe in different parts of the community, you might need to 
use quite different data sources. These might include interviews with residents and local 
community leaders (politicians, community activists, assault center volunteers, etc.) to 
determine their perception of different neighborhoods (which would require you to think 
about how these people would be chosen and what you would ask them; see Chapter  12 ) 
and police statistics on crime (perhaps to compare people ’ s perceptions with the actual 
geography of crime). 

 Finally, consider whether your data will truly address your research questions and 
provide clear answers. As simple as this might sound, if you do not pay attention to design-
ing your research methodology, you may spend considerable time collecting data, only to 
fi nd, upon analysis, that the data do not directly inform your research questions. If, for 
example, you are particularly interested in assessing whether the environmental quality of 
surrounding neighborhoods was physically changed by the construction of a landfi ll, you 
would ideally need to acquire information about the environmental variables of interest 
to you over a time sequence, and place your data within the broader context of other 
potentially relevant land - use changes that might also have occurred during the same time 
period. Limiting your data collection to the current time period and the immediate vicinity 
of the landfi ll might permit you to  describe  the current quality of the area around the site, 
but you would be unable to address any of the past changes in environmental quality (or 
land use) that have occurred. In short, if it is designed well your research project should 
answer clear, unambiguous questions posed by an investigator who understands the infl u-
ence that the epistemological framework will have on his/her research. You should have a 
carefully developed methodology for data collection that permits conclusive research 
results to be obtained.  
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    Introduction 

 Geographers are motivated by a curiosity about the Earth ’ s human and physical aspects. 
They have and will continue to contribute important theoretical ideas about how the world 
works, but to the extent that this work ultimately relies on information derived from 
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observations, geography as a discipline has a strong empirical focus. As Gersmehl and 
Brown ( 1992 : 78) suggest, the purpose of geographic observation is to  “ record the traits 
and locations of features with enough precision for valid pattern visualization and analy-
sis. ”  One of the most intellectually challenging facets of geographic research concerns the 
issue of how best to represent different aspects of the world. Representation commonly 
involves measurement, the process of assigning a number to different objects in a popula-
tion (both human and non - human objects, including spatial partitions). Measurement 
functions as a conduit for information and helps link the empirical and the theoretical (see 
Chapter  4 ). Often, however, the  population  as a whole is much too large for us to obtain 
information about in its entirety and must necessarily be sampled. Even  censuses   –  catalogs 
of entire populations  –  can contain  samples . During the year 2000, for example, the US 
Census Bureau attempted a count of every person in every housing unit; each person was 
asked basic information such as age and gender. Information on educational attainment 
and length of residence, however, was derived from a sample of one - in - six persons and 
housing units. Sampling thus involves selecting a small piece of reality or a small number 
of objects from a population for specifi c investigation. This chapter summarizes the 
methods geographers use to sample the world, and discusses some of the inherent limita-
tions in sampled data. The chapter also describes secondary data and some of its limitations 
as well as data standards and data errors.  

  The Target Population 

 In keeping with the objectives of a research project (see Chapter  5 ), the fi rst step in sam-
pling is to identify the  “ target population ”  that is of interest to us and about which we wish 
to draw conclusions. For example, if we are interested in the narrative explanations that 
homeless people give in accounting for their predicament, then the target population might 
be homeless people. The target population should be suffi ciently specifi c to permit each 
individual component to exhibit the same defi ning characteristics, and for this reason the 
target population may also be identifi ed on the basis of location (whether, for example, 
we are interested in the cause of homelessness on a national, regional or local scale, or in 
an urban or rural setting), the time period involved, and other signifi cant characteristics 
(such as age group or gender if we are interested in the causes offered by a specifi c popula-
tion). Similarly, rather than attempting to calculate the sinuosity of all rivers in the United 
States, for example, a researcher might choose to focus on  “ alluvial rivers of the Great 
Plains ”  or  “ small mountainous rivers. ”  There are no fi rm guidelines or rules for selecting 
the target population about which one wishes to draw conclusions. In most cases logic and 
experience dictate that it will be prescribed by the purpose of the research, existing litera-
ture, and how the researcher understands the objects of analysis (see Chapter  5 ), but 
constraints imposed by logistics, cost, and time also often place practical limits on how the 
target population is defi ned. 

 Once the target population has been defi ned it is necessary to identify the method by 
which access can be gained to it by delimiting a  “ sampling frame, ”  or physical representa-
tion of the target population, which may take the form of a list that provides access to the 
target population. The list should enumerate all the members of the target population 
from which the sample is to be selected, but there are clearly problems associated with the 
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completeness of coverage afforded by any list. Such a list simply may not exist, be diffi cult 
to compile, or exclude or under - represent some members of the population the researcher 
is interested in. For example, by defi nition, homeless people have no home, so it is not 
possible to locate them through postal codes, the electoral register or any other list based 
on street addresses. Also, if the telephone directory is used as a basis for identifying a target 
population, households without a traditional telephone or who have chosen not to have 
their phone number listed will be excluded. Normally lists should not be outdated, dupli-
cate, misidentify, or over - represent components of the target population. Area sampling 
frames  –  those based on geographic partitions  –  provide indirect access to a target popula-
tion because the individuals who reside within them (such as a census tract or block group) 
are identifi ed in advance of the method used to access them. Thus a researcher who has a 
map of showing all the rivers crossing the Great Plains must still identify the alluvial ones, 
and from that select a sample. For this reason area and list sampling frames are sometimes 
utilized in conjunction with one another. 

 Having defi ned the target population and identifi ed a sampling frame a researcher may 
additionally have to identify the  sampling unit  about which data will be collected and 
around which the sampling process will revolve. Sampling units are typically individual 
components of the sampling frame, such as households in a city or pebbles on a beach that 
have the potential to be clearly identifi ed and unambiguously selected. In some cases the 
sampling unit will also contain a  “ respondent ”  who provides the necessary information, 
and a  “ unit of analysis ”  on which information is collected. Thus, a researcher evaluating 
the health of preschool children in an inner city housing development might fi nd that a 
list of addresses is the sampling frame, the physical structure the sampling unit, a parent 
or guardian the respondent, and the child the unit of analysis.  

  Sampling Methods 

 The next step is to select the method that will be used to obtain a representative sample of 
the target population from the sampling frame. In this context, the term  “ representative ”  
implies that, except for random error, any information derived from sampling the target 
population will be the same as the information derived from a census of the target popula-
tion. Random errors are unpredictable variations in magnitude and sign (that is they may 
be either positive or negative) that affect the reproducibility of results by imparting vari-
ability to individual measurements (but not to the average measurement for the group as 
a whole), and are often a product of inherent limitations in the equipment or technique(s) 
the researcher is using. In practice, because they are usually small and positive or negative 
in equal proportion, if it is assumed that the values in a large sample are dispersed accord-
ing to the normal distribution (see Chapter  17 ), repeat measurements can be used to 
investigate their effect. In that case, since the mean,
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 is the most probable value of a repeat measurement (where  n  is the number of measure-
ments) and the standard deviation,
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 is a measure of the dispersion of the repeat measurements about the mean, the 

standard deviation (or error) of the mean,   σ σ=
n

, which serves as a measure of the 

overall amount of uncertainty in the repeat measurements, decreases as the number of 
measurements increases (in proportion to the square root of the number of measure-
ments). Simply put, even though it may not always be practicable, random errors can be 
reduced by repeated sampling and averaging over a large number of observations. Systematic 
errors, by contrast, cause an observation to consistently deviate from its true value by a 
fi xed amount. They are commonly introduced by imperfections in the equipment or 
technique(s) a researcher is using. Because systematic errors often have a consistent sign 
and magnitude, they are often referred to as  “ sampling bias. ”  

 Bias introduced through the operational actions of a researcher who, for example, only 
selects people with blonde hair to interview or shiny black pebbles on a beach to collect 
(note that researchers are presumed to be competent  humans , and mistakes, muddles, and 
lapses do not constitute bias). These can usually be minimized by adopting a standard 
procedure and training the researcher to adhere to it. Bias that is introduced by a device 
used to measure a property can be avoided by carefully calibrating, setting up and operat-
ing measurement devices and, in a more general sense (since questionnaires are a form of 
measurement device; see Chapter  12 ), by ensuring that, for example, respondents are not 
embarrassed, asked to hypothesize, given the opportunity to paint themselves in a better 
light, or prompted to express certain opinions. Most often, however, bias is introduced at 
the point when the target population is defi ned and/or the sampling method is selected. 
In the former case, as we have seen, this can be the result of over -  or under - representing 
the target population in the sampling frame. For example, since they are part of the popu-
lation of homeless people to which our research fi ndings are to be applied, we could sample 
the homeless population of a city by interviewing the residents of shelters; but this approach 
will exclude any population subgroups that the shelters do not cater for as well as any 
homeless people who choose not to go to a shelter. Populations of interest to geographers 
also often vary in both space and time so that, for example, the circumstances that led to 
a person being a resident of a shelter for the homeless might be expected to vary from 
season to season and from place to place. Spatial and temporal variations also often occur 
in a systematic manner. For example, the pattern of scour and fi ll in a river channel as 
water discharge increases during a fl ood event is different in pools, which scour at high 
fl ows, and on riffl es, which fi ll. Thus, a researcher sampling downstream of a pool, where 
the highest bed load transport rates occur prior to the fl ood peak, will observe a different 
relation between the bed load transport rate and water discharge during a fl ood event to 
that documented by a researcher sampling downstream of a riffl e, where the highest bed 
load transport rates occur during the falling stage of the fl ood hydrograph (bed load is 
sediment that moves in almost continuous contact with the river bed). 

 The goal of all sampling is to obtain an unbiased (representative) sample of the target 
population, and the methods used to accomplish this fall into two categories: probability 
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and non - probability sampling. The essential difference between the two methods is that 
in probability sampling every component has an equal (or known) opportunity of being 
selected, whereas in non - probability sampling every item does not. In the former case, 
because components are randomly selected from the target population it is also possible, 
for example, to accurately estimate the chance (probability) that a component will be 
included and how different the sample is from the target population. For this reason non -
 probability sampling methods typically are used to obtain descriptive comments about the 
sample itself rather than to make general comments about the target population as a whole; 
for example, to generate hypotheses in exploratory studies. 

 A basic assumption of non - probability sampling is that the characteristics about which 
a researcher wishes to enquire are evenly distributed throughout the target population; any 
sample of the target population can be considered representative if this is the case, leaving 
a researcher free to arbitrarily select components from the target population. A common 
method of non - probability sampling is convenience (haphazard or accidental) sampling 
in which components are drawn from the target population simply on the basis of their 
accessibility; such as the people at the front of a queue waiting to purchase tickets to, or 
the spectators seated in the front row at a sporting event. In most cases the advantage of 
convenience will be offset by the lack of information a researcher has about the represen-
tativeness of the sample, but this is not always the case if the target population is known 
to be homogeneous (in which case any of its components should yield similar informa-
tion). For example, any water sample obtained from a reservoir in which the water is well 
mixed can be used to determine whether or not the water supply is contaminated. Other 
non - probability sampling methods are: volunteer sampling; snowball sampling;  purposive  
or judgment sampling; and quota sampling. In the case of volunteer sampling no sampling 
frame is used and, as the name implies, the participants make all the decisions by volun-
teering to be components of the sample population. Snowball sampling is typically used 
when the target population consists of a hard to reach group, such as an ethnic minority, 
when the only way a researcher has of contacting its members is to ask those people who 
have been located (by whatever means) if they know of anyone else with the same charac-
teristics. In the case of purposive sampling researchers use their judgment to select a sample 
they believe is representative of the target population, so that objectivity (or the lack of it) 
becomes a critical issue since a large bias can be introduced if a researcher ’ s preconceptions 
about the target population are inaccurate and/or are at the heart of the selection process. 
Maximum variation (diversity or heterogeneity) sampling is a variant of purposive sam-
pling that attempts to represent all the extremes of the target population. The assumption 
is that, if the components of the sample population are deliberately selected because they 
are as different from one another as possible, the aggregate information obtained will be 
typical of that gained from the target population as a whole. Quota sampling attempts to 
be even more representative of the target population by replicating its structure and sam-
pling a predefi ned number (quota) of components in mutually exclusive sub - groups that 
have been selected on the basis, in the case of people, for example, of age or gender, or 
lithology, in the case of beach pebbles. It remains that, since the characteristics of the target 
population about which a researcher wishes to be informed are assumed to be evenly 
distributed, the components of the sample population are selected arbitrarily (that is they 
do not have an equal or known chance of being selected) and so it is not possible to make 
statistical inferences about the target population from which they are drawn. 
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 By contrast, probability sampling uses a random selection method to set up a process 
or procedure that assures the different units in the target population have equal probabili-
ties of being selected. This eliminates bias and in so doing allows us to calculate each unit ’ s 
probability of inclusion, determine errors and make inferences or general conclusions 
about the target population as a whole. Ideally the sample should measure and represent 
all of the variation present in the population. Random sampling with replacement occurs 
when the researcher places a measured observation back into the pool (or population) to 
be measured. This is done so that the probability of an observation being sampled remains 
constant. For example, assume a population of 100 individuals from which a researcher is 
to make 50 observations. If the researcher was conducting a simple random sample without 
replacement, the probability that any individual would be selected for measurement would 
initially be .01 (or 1 out of 100). However, by the 25th measurement, the probability of 
any individual being measured would be .013 (or 1 out of 75). By the 50th measurement, 
the probability increases to .02 (or 1 out of 50). Therefore, as you increase the number of 
observations  –  without replacing the measured individuals  –  the probability increases that 
a single individual will be selected for measurement. This problem is solved if you simply 
replace each measured individual in the population.  Random samples  can be generated 
in a large variety of ways. Spreadsheets, such as Microsoft Excel, and other software pro-
grams can generate random numbers given a set of parameters. For example, random 
numbers from a phone book can be generated using the number of pages, columns per 
page, and lines per column. GIS and other software can also generate random numbers or 
points in a user - defi ned area. One drawback to random sampling is that small pockets or 
areas of differences may not be sampled. In other words, there is a possibility that observa-
tions selected may be unrepresentative of the entire population (Burt and Barber  1996 ). 
This is especially a concern when the random sample is small, and there are very small 
pockets of extreme variation found within the population. 

 Other sampling designs help to minimize this effect by not allowing the composition 
of the sample to be left entirely to chance.  Systematic samples  are chosen according to a 
rule (every 5 km, for example). This kind of sampling involves systematically sampling an 
area or individuals. For example, assume you were using soil point sampling in a large fi eld 
to determine average soil pH. If you generate simple random points to calculate your 
average you might not account for pH in all portions of the fi eld. Conversely, a systematic 
collection of points (one point every 10 meters, for example) would help to ensure that all 
parts of the fi eld are sampled. A stratifi ed sample is implemented when researchers know 
that the population contains different sub - populations and he/she samples within each of 
these. Stratifi ed sampling helps to ensure that all of the variation present in a group is 
measured in the sample. This is done fi rst by determining any specifi c groups or sub -
 groups that may exhibit different characteristics than the rest of the population. For 
example, when conducting a political poll, it might be necessary to ensure that all socio -
 demographic groups (income, race, gender, etc.) are sampled to refl ect the real opinion of 
the people. In a  stratifi ed sample  the samples can be done either randomly or systemati-
cally within each sub - population. 

 Sampling with probability proportional to size is done to ensure that the probability of 
being selected is not dependent on the size of a group or sub - group being sampled. For 
example, assume you are collecting surveys from several cities and towns within a state. 
This scheme helps maintain the probability that if you are one of 500,000 people within a 
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large city that you have the same probability of being selected if you were one of 500 people 
in small town. When there are natural groupings within a population, cluster sampling 
can be employed. Clusters are fi rst defi ned within a population, and a sample of these 
clusters is collected. Cluster sampling is especially useful for marketing research when 
specifi c groups are of interest. In terms of effi ciency, stratifi ed samples are best and cluster 
samples are worst, with random samples somewhere in the middle of the two (Burt and 
Barber  1996 ). 

 Sometimes the sampling scheme can be broken into several stages. Multi - stage and 
multi - phase sampling usually take members of an original sample and sample these indi-
viduals more extensively. This enables researchers to more completely understand what 
they are studying. For example, assume you collected surveys from 100 individuals that 
described their feelings about global climate change. Of the 100 people initially surveyed, 
you randomly selected 25 of them for more in depth questioning. These additional 25 
people surveyed may shed additional light on global warming. 

 When every individual in a sample carries the same weight, the sampling design is  “ self -
 weighted. ”  Most sampling schemes use this kind of weighting. However, there may be 
times when different weights must be given to different individuals or observations within 
a sample. For example, assume that you are examining socio - demographic characteristics 
in different neighborhoods throughout a city. Depending on the number of individuals 
you are able to measure in each neighborhood, you may weigh some higher than others. 
Assume that you are not able to sample many households within a  “ wealthy ”  neighbor-
hood, while you were able to sample many more households within a  “ less - than - wealthy ”  
neighborhood. In this case, you might decide to weigh the  “ wealthy ”  neighborhood mea-
surements more than those from the other neighborhood. Whenever a decision like this 
is made, you should always describe why you did what you did and hopefully ground your 
decisions in the literature.  

  Determining the Sample Size 

 Another issue with samples is the number of observations necessary for a given study. The 
determination of the appropriate  sample size  is important because often the most costly 
(time and money) part of a project is sampling. Sample size is contingent on the amount 
of variation that exists in the population being studied, the actual size of the population, 
and the types of questions being asked. Other factors that determine the sample size for a 
given project are the level of precision required and the needed confi dence level. Level of 
precision is the range where the true population parameter is thought to be, and it is 
sometimes referred to as  “ sampling error. ”  Level of precision is often referred to as a per-
centage (as in samples of likely voters reported with  “ plus or minus 4 percentage points ” ). 
Confi dence level is based on the central limit theorem that states that when a population 
is repeatedly sampled, the average of the samples is the true population parameter (see 
above). Also, these individual values (of each sample) are normally distributed about the 
mean of the population. Therefore 95% of the sample values will fall within two standard 
deviations of the population parameter. So, if a 95% confi dence level is selected, it is 
assumed that 95 times out of 100 that the sample value will have the true population value 
within its precision.  Degree of variability  refers to the amount of variation present in the 
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population. Generally speaking, the greater the variability in the population, the larger the 
sample size needs to be so that all of the variability is measured (Agresti and Finlay  2009 ; 
IFAS  2008 ). 

 After considering each of the aforementioned criteria, you can then begin to determine 
the sample size required for a study. This can be done through a census, a published table, 
or a formula. A census involves measuring all possible objects in a population. Censuses 
are usually not possible when the number of possible objects or individuals is large. 
However, for smaller populations  –  e.g., a college class or a church congregation, it is 
usually feasible to measure all individuals within the population. Published tables can also 
provide guidance for sample size. These tables are often calculated using common equa-
tions. For example, equation  6.3  can be used to guide the number of samples where the 
confi dence level is 95% and the proportion in the population is 0.5:

    n
N

Ne
=

+1 2
    (6.3)  

where  n  is the number of samples required to sample the population  N  with precision  e  
(such as 3%, 5%, etc.; IFAS  2008 .). Other equations have been developed to determine 
sample size for specifi c studies. For example, to estimate the number of sample points 
necessary to determine the accuracy of a classifi ed map one can use equation  6.4  based on 
binomial probability theory:
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where  p  is the expected percent accuracy of the map,  q  = 100 -  p ,  Z  is the Z - score 95% 
confi dence, and  E  is the allowable error (Jensen  2005 ). 

 After deciding what your sample size should be, you may now begin sampling your 
population. While sampling sounds like a simple process (especially when you are conduct-
ing a  “ simple random sample ” ) care needs to be taken to ensure that your sampling 
methods are consistent throughout the process. For example, after collecting the fi rst 50 
of 100 surveys you decide that you would like to omit one of the questions in a 20 question 
survey and modify two others. This is not good because the last 50 surveys would not be 
consistent with the fi rst 50. This would make it very, very diffi cult to compare the respon-
dents. If there is some methodological fl aw in the survey then all 100 should be given the 
opportunity to complete the same survey.  

  Representing Geographic Data 

 Geographic data typically comprise measurements of features on or near Earth ’ s surface. 
A fundamental challenge is to decide what features need to be represented, in what form, 
and in what detail. For example, consider an urban landscape consisting of a myriad of 
heterogeneous objects, such as houses, roads, bridges, pavements, shops, offi ces, industrial 
buildings, etc., positioned in different physical settings (fl oodplains, hillsides, etc.). All of 
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these human and natural features may be surveyed on the ground or documented using 
remote sensing technology (e.g., NSGIC  2006 ; see Chapter  10 ), but each typically will have 
to be characterized or classifi ed before it can be represented and/or portrayed on a map 
(see Chapter  16 ). Real features such as buildings and city parks, for example, can be rep-
resented as polygons, but invented features that one cannot perceive when looking at the 
urban landscape, such as the lines that show the elevation of land, piezometeric (ground-
water) and other  “ surfaces, ”  may also need to be represented. Using the terminology 
applied in a GIS (see Chapter  22 ), spatial data consist of points, lines, and polygons (vector 
data) or a matrix of cells or pixels with identical dimensions (raster data), the base units 
being the geographic ( x ,  y ) coordinates that defi ne the object(s) of interest: coordinates 
are points; connected points are lines; and lines with the same beginning and end points 
are polygons or areas (similarly, one can think of raster data as regularly spaced points). 
Some components of the mosaic of features are omnipresent and vary continuously 
through space (and time), and our ability to measure and represent these variations enables 
us to understand their respective role(s) and relation(s) to one another and what happens 
as they change. To do this we may make measurements at discrete points, that may be 
selected randomly or dispersed at regular intervals along a line or transect, or within a 
prescribed area. Such measurements inevitably capture only a part of the real variation and 
often must be interpolated to create a continuous surface or delimit a feature, and can be 
made in the context of a spatial, temporal, or thematic frame of reference; to characterize 
variations that occur from place to place (such as the different soil types that occur within 
a given area), or from time to time (such as the amount of traffi c at a given intersection 
at different hours of the day or on different days of the week), and the relationships that 
occur between different features (such as that between climate, soil type, and vegetation), 
respectively. For example, precipitation is usually measured at widely spaced locations (see 
Chapter  8 ), whereas measurements of land surface elevation made during a ground survey, 
or generated by photogrammetric and other remote sensing techniques are much more 
closely spaced (see Chapter  10 ), but these discrete point measurements must be interpo-
lated to create a continuous surface. 

 Irrespective of what is being measured, information or  metadata  (that is, data about 
data) about location, time and attribution should accompany each measurement. This 
information is necessary to fi x the measurement ’ s position in a coordinate system by 
specifying, for example, the latitude, longitude and time it was made, and provide relevant 
details about particular characteristics of a feature, instrument or observing practice that 
may be required to remove inconsistencies that occur between measurements (Longley et 
al.  2005 ; Chang  2010 ). If metadata are lacking it may limit how a measurement can be 
used. Crucially, then, for a measurement to have general utility it is necessary to fi x its 
position in space and time. When researchers collect primary data they should always note 
and record metadata so that other people and/or agencies can use the data with 
confi dence.  

  Secondary Data Sources 

 Data may be obtained through either through primary data collection or accessing second-
ary data sources. Researchers exert control over primary data collection, and primary data 
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collection is often done for a specifi c purpose or project (see discussion above about 
samples). Secondary data sources include data that have already been acquired, processed, 
and/or analyzed in some fashion (see Chapter  11 ). These kinds of sources could be in the 
form of existing maps (digital or analog), databases, charts, and tables. Secondary sources 
are normally used when the cost of doing primary data collection becomes prohibitive or 
when the data are historical. While it is possible for a single researcher or a team of 
researchers to conduct a local survey or undertake local fi eld work, a large cross - sectional 
census, a panel study, or a longitudinal data collection effort are typically funded by gov-
ernment sources and made available for numerous types of analysis. Generally, these kinds 
of data sources were not acquired for the specifi c purpose of a given study, so care must 
be taken in how these kinds of data are implemented and used. In every case, metadata 
should describe the genesis, processing, and analysis of the data. Metadata are extremely 
important with secondary data sources because they describe why the data were collected 
(e.g., for what purpose), how the data were measured (e.g., instruments used, calibration 
of the instruments, what kind of remote sensing classifi cation), and how the data were 
processed and/or analyzed (e.g., thematic overlay, database analysis, statistical interpola-
tion, radiometric calibration, etc.). In addition, any error estimations or accuracy assess-
ments performed on the data are generally provided. Each of these data characteristics is 
extremely important and will help to determine if the data are appropriate to use in a given 
study. 

 When no metadata are provided, extreme care must be taken because of the lack of 
knowledge as to how the data were acquired, processed, and analyzed. Usually one can be 
relatively safe using secondary data produced by governmental organizations (such as the 
United States Geological Survey, United States Bureau of the Census, etc.) because these 
data must conform to uniform accuracy standards. More care must be taken when the 
secondary data were provided by agencies or companies that do not adhere to any accuracy 
standard.  

  Data Standards 

 Data standards are important to maintain uniformity within a single and across multiple 
datasets. Many agencies and governmental organizations have set standards that data must 
conform to before being used for spatial analysis or distribution to the public. Ideally, data 
should be acquired in standardized ways so that the data can be used by the largest number 
of organizations or people. These standards ensure that spatial data have been checked for 
accuracy and can be used with confi dence. In addition, standard values for land cover 
classes or other mapped phenomena should be used. For example, the United States 
Geological Survey (USGS) has a set standard of land cover classes at multiple scales. When 
classifying land via remote sensing techniques it is often best to adhere to these standard 
values because it allows a larger number of people or agencies to use and more easily 
interpret the data for comparisons over time and space. 

 It is not uncommon for different agencies or companies to replicate the same or very 
similar datasets, but this redundancy can waste time and money. Unfortunately, even 
though two datasets seem very similar, it is often not possible to share the data because 
their sampling and data collection protocols were not the same or were inadequate for 
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another agency ’ s needs. For example, a local planning agency may need a transportation 
infrastructure database. A state transportation department may need the exact same data-
base. However, each of the agencies may digitize the roads with different protocols or 
different defi nitions of roads. Further, each agency may collect slightly different road 
attributes. Ideally, these two agencies could collaborate and determine a common set of 
rules and protocols so that each could benefi t from their combined efforts. If multiple 
agencies, offi ces, or researchers require the same data it is often useful to share the data as 
this adds value to the data and prevents the wasting of time and money. For example, the 
USGS Land - Use classifi cation system is used by many local and state governments as 
the base classes for any classifi cation (Jensen  2005 ). By following standard regimes  –  like 
the USGS classifi cation system  –  data become more transferable between agencies or orga-
nizations. This is also true when collecting attributes for features. Another example of data 
sharing and data requirements is described in Box  6.1 .    

  Box 6.1    Polls and Margins of Error 

    Polls are common during election years or to gauge public opinion at any time on 
virtually any issue. Margins of error are provided with these polls to determine 
whether there is an actual statistical difference between the groups. For example, 
assume that a recent poll declares that 46% of 500 people polled are planning to vote 
for the Democratic Party presidential candidate and 43% are planning to vote for 
the Republican candidate (with 11% undecided). However, the poll ’ s margin of error 
is calculated to be 4.3% (95% confi dence). Therefore, the two percentages of people 
planning to vote for the two candidates are not statistically different. Often, television 
news anchors and others declare that a poll like this one describes a  “ statistical dead 
heat. ”  The fi rst step to calculate a poll ’ s margin of error is to determine its standard 
error using equation  6.5 ,
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where  p  is usually conservatively 50%. Then, the level of confi dence is determined 
(e.g., 90%, 95%, 99%, etc.), and a z - score is looked up in the table of area under a 
standard normal curve. This value (e.g., 1.645 for 90%; 1.96 for 95%; 2.575 for 99%) 
is then multiplied by the standard error to determine the margin of error. The 
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. A poll ’ s margin of error decreases as the number of respondents 

increases, and increases as the confi dence level increases. Most polls use the 95% 
confi dence level when determining margin of error.  
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  Errors and Accuracy 

 All data, whether collected by the researcher for a specifi c purpose (primary data) or 
acquired by the researcher from a separate data source (secondary data) usually contain 
some error. The accurate manipulation of data requires an assessment of the error and the 
level of uncertainty associated with the data. The types of errors and the degree of uncer-
tainty vary with the type of data collected, how they were collected, and the original 
purpose for collecting the data. For example, when collecting Global Positioning System 
data one must take into account the location error associated with this data and the quality 
of the GPS unit. Without understanding the limitations of the data used in research, the 
likelihood of making incorrect conclusions increases. 

 With any type of measurement there are two principal and related questions that must 
be asked: fi rst, how  valid  is our measurement or measuring instrument; and second, how 
 reliable  or accurate is it? Validity basically asks:  “ are we measuring what we think we are 
measuring? ”  And reliability (or accuracy) asks:  “ what is the relationship between our 
measurement and reality? ”  (Also see Chapter  4 .) If a sensor on a satellite is incorrectly 
calibrated, then the data it streams back may be invalid and not reliable. Another issue 
with sample data is whether the sample adequately represents the population from which 
it is drawn. Let ’ s assume that we want to measure the impact of religion on presidential 
voting patterns for the entire US and, for some odd quirk in how the sample data was 
collected, rural areas are over - sampled. Will our generalization to the entire population be 
accurate? 

 Error is introduced into data in two ways:  inherent error  and  operational error  
(Kitchen and Tate  2000 ). Inherent error is associated with the collection process, such as 
in incorrectly calibrated instruments, poorly worded and structured surveys, operator 
error during digitization or geocoding, incorrectly entering attribute data into a database, 
or imprecise locational measurements. Operational error results from the manipulation of 
the data once they have been collected.  

  Conclusion 

 Sampling is an important step in the process of doing geographic research. Whether 
research starts out as inductive or deductive, at some point we want to link together our 
ideas (theories) of how the world works with what we observe. Sampling is one of the 
crucial steps in this process. How we sample our data is also important because it infl u-
ences how we interpret our observations, and what type of mathematical manipulations 
and statistical analyses are appropriate. Finally, sampling is a key component of the research 
process that moves us beyond the particular to the general because sampling enables us to 
set up standards for comparisons.   
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    Exercise 6.1   Common Spatial Sampling 

 You will probably be called on to perform sampling throughout your college and profes-
sional careers. Below are two examples of the kinds of sampling that you may need. 

  1     Open Google Earth (or another mapping program) and type in the following coordi-
nates: 40.096414 N 111.613927 W and then zoom to these coordinates (click on the 
magnifying glass icon). Assume that the agricultural fi eld to the north of this subdivi-
sion is being considered by the City Council to be rezoned as Commercial in prepara-
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tion for a big box retailer. You have been assigned to determine how people living in 
this neighborhood feel about this rezoning, and the Council has designed a survey to 
help you with your job. Of course, budgets are limited, and you do not have enough 
money and time for everyone living in the subdivision to complete the survey. How 
would you sample the people in this subdivision to determine how they feel about the 
potential rezoning?  

  2     Type in the following coordinates: 39.381851 N 87.430233 W and then click the mag-
nifying glass. Assume that you have been charged with sampling soil pH throughout 
this fi eld. What would be the best way to sample the fi eld? What are some of the limita-
tions of using other sampling strategies?     
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  Introduction 

 The physical landscape is the framework of hills, mountains, plains, valleys, rivers, coasts, 
and other land surface features which humans now inhabit and gain their livelihood from. 
Research into the physical landscape primarily is concerned with the evolution of these 
landforms (or components of the physical landscape); how they change both naturally and 
as a result of human activity, the rate at which those changes occur and the factors that 
control them. Investigations may focus on the geometry of the landforms themselves, the 
material(s) they are composed of, and/or the processes that shape them. The processes 
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involved ultimately are driven by climate and tectonic forces. But these fundamental forces 
typically are modifi ed by other (local) factors, such as vegetation cover and human activity, 
so that changes to landforms occur at different rates in space and time. Instruments and 
observations may provide direct insight into the rate and cause of recent change but long 
term change, which occurs over centuries or millennia, must be deciphered indirectly, by 
dating sediment deposits or erosion surfaces, or by deriving information from models that 
portray components of the physical landscape and the processes that change them. 
Increasingly, because of concern about the way in which human activities are impacting 
climate, attention is being directed to the prediction of change that might occur to the 
physical landscape in the future, as well as to understanding the changes that have occurred 
in the past. In either case, however, knowledge of the relationships that exist between form 
and process, and the factors that cause them to vary is required to explain how the physical 
landscape changes through time. 

 Using examples drawn primarily from studies of hillslopes and rivers, which are omni-
present features of the physical landscape, this chapter introduces some approaches and 
techniques for obtaining and analyzing data about landforms and the processes that create 
them. First, ways of representing the geometry of the physical landscape, its forms, features, 
and patterns are discussed. Some of the physics that underpins geomorphological processes 
is then outlined (geomorphology is the science of the study of landforms). This provides 
a signpost to those parameters that must be measured in order to understand how different 
geomorphological processes function to create landforms. We shall see that, when observed 
through time, these processes often operate episodically as they overcome thresholds, and 
leave their imprint on diverse components of the physical landscape that, for example, 
range in scale from the fabric of sediment deposits to entire river systems.  

  Form and Pattern 

 In its most elemental sense, the physical landscape can quantitatively be represented by 
fundamental parameters such as altitude (the variation of altitude across a given area 
constitutes relief), slope angle and aspect (the direction a slope faces), and latitude. Location 
on the Earth ’ s surface is determined by  “  x  ”  (northing or latitude),  “  y  ”  (easting or longi-
tude) and  “  z  ”  (altitude) co - ordinates (see Chapter  19 ). Depending on the scale of the 
investigation and the resources available, various methods may be used to collect data on 
these fundamental  “ geospatial ”  parameters. They include  “ fi eld surveys ”  undertaken using, 
for example, a theodolite, an electronic distance measuring (EDM) device, or a global 
positioning system (GPS), and remote sensing techniques (see Chapter  10 ) involving aerial 
and satellite imagery. Topographic maps and Digital Elevation Models (DEMs) are digests 
or representations of geospatial data that provide the basic information required for char-
acterizing and classifying the morphology of the physical landscape in two or three dimen-
sions. Information derived from a topographic map or DEM can be used to identify 
patterns that can be used to characterize and classify different types of terrain, and may 
also reveal the processes responsible for creating them, as is demonstrated by the uses to 
which the globally consistent digital elevation data collected by the Shuttle Radar 
Topography Mission (SRTM) have been put. Such terrain classifi cations may be based on 
detailed information about distinctive attributes of the physical landscape obtained through 
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fi eld survey (such as recurring patterns of topography, soils and vegetation), but more 
usually they rely on fundamental morphological information, such as whether a hillslope 
is convex, concave or rectilinear and the rate of change of plan or profi le curvature. These 
attributes are important because they control the concentration and dispersal of water and 
sediment across the physical landscape (for example, the plan shape of hillslopes favors 
convergence of water and sediment in hollows and divergence on spurs) and infl uence the 
relationship between erosion processes, such as landsliding, and landscape evolution 
(Montgomery et al.  1998 ). Other topographic attributes of the physical landscape that are 
important to the movement and distribution of water include primary characteristics, such 
as the catchment or contributing area (the area from which rivers and streams collect and 
convey water towards a given point). These attributes infl uence the volume of water fl ow 
(runoff) from the land surface, and can be represented by indices, such as the topographic 
wetness index ( TWI    =   ln( a  /  b  tan    β  where: ln is the natural logarithm;  a  is the local upslope 
contributing area;  b  is the unit contour length; and  β  is slope), that is a measure of the 
degree to which water can accumulate at a site; sites where the index is higher, due to a 
large specifi c catchment area ( a  /  b ) or low slope, are more likely to be saturated with water 
than dry. 

 Geomorphological maps provide a representation of the features and forms that make 
up the physical landscape. Most geomorphological maps are developed for small areas at 
quite large scales (typically between 1   :   5,000 and 1   :   50,000), and they commonly contain 
information about terrain conditions that can be used in land use planning or for envi-
ronmental impact, resource, or natural hazard assessments. Ground shape (morphology) 
is recorded through fi eld survey, which is often supplemented by information derived from 
remote sensing (see Chapter  10 ), and the land surface is subdivided into planar units 
partitioned by gradual changes or sharp breaks in slope delineated by decorated lines and 
other symbols. The initial morphological map (see Figure  7.1 ) may be embellished with 
information about the origin and age of individual landforms, the nature of the materials 
they are composed of and the processes acting on them, so that the resulting geomorpho-
logical map can also be used to record information about natural resources and hazards 
and landform genesis. One way in which this can be done is to employ an interpretative 
scheme which uses key features of the physical landscape to predict other conditions and 
processes. Soil landscape modeling, for example, relates the  “ soil  catena  ”  (the sequence of 
different soils that occur down a hillslope) to slope form and process, while the  “ nine - unit 
land surface model ”  associates the topographic position of different components of the 
physical landscape, from drainage divide to river bed (see Figure  7.2 ), with the dominant 
processes that are presumed to operate in those positions (Dalrymple et al.  1968 ). Process 
domains that identify the areas in which certain processes can operate may also be char-
acterized by terrain conditions and identifi ed using digital elevation data (Montgomery 
and Dietrich  1992 ).   

  Processes 

 If landforms represent the anatomy of the physical landscape, processes correspond to the 
physiology. Each depends on the other. The processes affecting the physical landscape are 
both endogenic and exogenic (driven by energy from within or received at Earth ’ s surface, 



     Figure 7.1     A photograph and morphological map of landform elements, Waitaki Valley, South 
Island, New Zealand. In the foreground of the photograph is a gully and alluvial fan complex. The 
modern alluvial shingle fan is treated as one element and is separated from higher fan remnants 
by breaks of slope and cliffs. The higher and older fan remnants form terraces separated by risers 
demarcated by concave and convex breaks of slope. The steeper hillslope units are defi ned by 
summit ridges and spurs and concave breaks or changes in slope at their base. Mapping form 
elements in this way helps in identifying the history of landform development as, for example, 
indicated by fan remnants suggesting that through time conditions have alternated between those 
favoring fan formation and those favoring degradation. In this example fan degradation can be 
related both to periods of climatically driven reduction in forest cover and episodic tectonic uplift.  
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     Figure 7.2     The nine unit landsurface model  (after Dalrymple et al.  1968 ) . The fi gure shows the 
hypothetical range of slope process - units and their sequential position within the slope altitudinal 
profi le. Not all units will be represented in every landscape. Slope units are distinguished by the 
dominant processes, form and direction of water and sediment fl ux (whether into the slope, 
downslope or along the valley axis), and because they are also distinguishable on the basis of slope 
angle they can also be represented on morphological maps.  

V

V

respectively).  Endogenic processes  cause large - scale deformation of Earth ’ s crust by oro-
genesis (mountain building, which occurs in association with faulting, folding, metamor-
phism and plutonism along the boundaries of Earth ’ s tectonic plates) and epeirogenesis 
(uplift or depression of Earth ’ s crust that occurs in the absence of folding or faulting and, 
for example, produces plateaus and ocean basins). In combination with diagenesis and 
lithifi cation (the chemical, physical, or biological changes sediment experiences after depo-
sition, as it is compacted and becomes solid rock) these processes create the geological 
framework that resists exogenic processes.  Exogenic processes  encompass weathering (the 
 in situ  breakdown or disintegration of rock by physical and chemical processes); gravita-
tional mass movements (such as rockfalls,  landslides , and earthfl ows) and the processes 
of erosion (which involves both entrainment and transport of material by wind, liquid 
water and ice) that operate in different (for example, coastal, desert, glacial, periglacial and 
riverine) environments. The  “ effectiveness ”  of these processes (that is their ability to shape 
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the physical landscape) depends on the resistance of the geological framework (as modifi ed 
by weathering) and the  “ power ”  of the event concerned, and is governed by how much 
material is moved (magnitude) and at the rate this happens (frequency). Weathering itself 
involves the  in situ  breakdown of rock by mechanical processes, such as freeze – thaw activ-
ity, wetting and drying, heating and cooling and salt crustal growth (physical weathering), 
chemical decomposition, involving chemical reactions such as solution and oxidation 
(chemical weathering), and biological activity which may be mechanical (such as root 
growth) or chemical (organic acid production) in nature. Rock properties and climate are 
the principal infl uences on weathering, which acts on exposed surfaces to produce debris 
of all sizes, from boulders to clays and solutes. Physical and chemical weathering dominate 
in cold and warm, moist climates respectively. Weathering rates can be determined either 
by measuring the amount of alteration that has occurred or the amount of material that 
has been removed by mass movements and erosion processes. The development of the 
physical landscape can be viewed in terms of whether or not the rate of weathering exceeds 
the rate of material transport, that is whether the overall rate of  denudation  by the pro-
cesses that remove relief is limited by the rate of rock weathering or by the rate at which 
the weathered material is removed (where the capacity to remove material exceeds weath-
ering rates bare rock surfaces might be expected to predominate, whereas in the reverse 
situation the weathered material can accumulate on hillslopes and soil formation can 
take place). 

 A driving force is required to move material, be it the soil and rock fragments that 
mantle hillslopes or individual sediment particles on a stream bed. On hillslopes, this force 
or  “ shear stress ”  is due to the weight of the material that is directed down the hillslope, 
and is the product of the material ’ s mass, the acceleration due to gravity and the sine of 
the slope angle. No movement occurs unless the resistance generated by the material in 
question is overcome. On hillslopes, resistance to movement, represented by the material ’ s 
 shear strength , is determined by the slope angle (and increases as the slope angle decreases), 
inter particle contacts (friction) and cohesion (due to molecular attraction). The steepest 
angle that cohesionless material can attain and still remain stable is termed the  angle of 
repose  or  angle of friction  which, depending on the size, shape, and consolidation of the 
material involved, varies between 30 °  and 35 °  for dry, unconsolidated sand and gravel, 
respectively. Mass movements occur when the slope is too steep for the material on it to 
resist the pull of gravity. Typically this occurs not because the slope angle changes, but 
because the material ’ s resistance to movement is affected, for example, by the deterioration 
in root strength that occurs after vegetation is destroyed by humans or wildfi res, or the 
increase in moisture content that occurs during intense rain storms. In the case of the fl ow 
of water in streams, the driving force may either be represented by the  boundary shear 
stress , which is the product of the density of water, the acceleration due to gravity, water 
depth, and the slope of the water surface, or  “ unit stream power ”  (the amount of energy 
expended per unit area of the stream bed), which is the product of boundary shear stress 
and water velocity. Slopes are usually small in rivers, so the resisting force is simply a func-
tion of a sand or gravel particle ’ s weight and the friction due to inter - particle contacts. 
There are similar expressions for the driving force due to the fl ow of ice and wind over the 
land surface and wave action on beaches. 

 Some of the parameters required to quantify the driving and resisting forces can be 
derived from high resolution DEMs, others are easy to measure in the  “ fi eld, ”  where data 
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collection typically is accomplished using standard procedures, such as those developed by 
the US Geological Survey for measuring the discharge of a river ( http://pubs.usgs.gov/twri/
twri3a8/pdf/TWRI_3 - A8.pdf ), or from  “ samples ”  analyzed using standard laboratory and 
computational procedures (see Box  7.1 ). It remains, however, that a considerable amount 
of time and effort must be expended to obtain such information, and for this reason many 

  Box 7.1    Particle Size Analysis 

    Size is a fundamental physical property of sediment which can be used to describe, 
compare, or interpret different types of particulate matter (for example, the nomen-
clature for soil texture depends on particle size  http://soils.usda.gov/technical/aids/
investigations/texture/ ). The techniques used for particle size analysis depend on the 
type of material being analyzed; thus, for example, the size of coarse gravel particles 
can be determined by direct measurement, that of fi ne gravel and sand by dry sieving, 
and the size of silt and clay by sedimentation analysis. 

 The technique usually applied to gravel particles involves measuring the length 
of the intermediate ( b  - ) axis of a total of 100 particles, selected because they lie 
beneath the intersections of a sampling grid with a fi xed spacing or are touched by 
the foot at each step taken in a pass across the sampling site. Dry sieving is a com-
monplace mechanical method of particle size analysis in which an air or oven dried 
sample (typically about 2   kg in weight) is placed on a nest of wire mesh screens, the 
openings in which decrease in size from top to bottom, stacked above a pan. The 
nest of sieves is agitated in a mechanical shaker for a few tens of minutes, and the 
weight of sediment retained on each sieve and in the pan recorded. Sedimentation 
analysis involves determining the diameter of a particle from its settling velocity 
(which according to Stokes ’  Law depends on the particle density and diameter and 
the fl uid density and viscosity) in a water - fi lled column. The  “ pipette method ”  is an 
inexpensive but time consuming way (because clay particles take several tens of 
hours to settle) of doing this. Typically 20   g of sediment is suspended in 1000   ml of 
distilled water and allowed to settle in a column. Repeated sampling at a fi xed time 
interval and depth below the water surface will entrap fi ner and fi ner particles, the 
diameter of which can be determined from the temporal variations in particle con-
centration in the samples. The process may be accelerated if changes in suspended 
sediment concentration at different depths down the column can be monitored as 
the particles settle and this is the principle instruments such as the  “ SediGraph ”  
employ. Detailed descriptions of the standard laboratory procedures for particle size 
analysis can be found at  http://pubs.usgs.gov/twri/twri5c1/pdf/TWRI_5 - C1.pdf . 

 These techniques may be implemented individually or sequentially after a sample 
is split. They yield information about the size of individual particles from which 
statistics, such as the median particle size, that characterize the sample may be 
derived. Particle size data are presented as a histogram or cumulative frequency 
curve, the construction of which may be simplifi ed if an equal - increment size scale, 
such as the phi,  ϕ , scale (where:  ϕ    =    − log 2   D  (mm)   =    − 3.3219 log 10   D  (mm), and  D  
is the specifi ed particle diameter) is employed for the  x  - axis.  
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fundamental data are only available for specifi c points in the physical landscape. To deter-
mine discharge (the volume of water fl owing past a given location in a river system in a 
given time), for example, measurements must be made of the width, depth, and velocity 
of the water at many horizontal and vertical locations across the river and, because the 
water level (stage) changes over time, the discharge must be measured at many different 
stages before a relationship (rating curve) between stage and discharge can be established 
that permits the discharge at that location at any point in time to be calculated. The rating 
curve must also be updated periodically because, as the fl owing water interacts with the 
material forming the channel boundaries, erosion and deposition of sediment changes the 
channel profi le.    

  Thresholds 

 Research to determine critical values ( thresholds ) for movement is common to all process 
studies over a wide range of scales and levels of abstraction. For example, rainfall intensity 
and duration can be analyzed to determine the values that trigger shallow landslides on 
soil mantled hillslopes. This may require empirical data, for example, information about 
when and where landslides occurred and the rainfall conditions at the time, so that condi-
tions which produced no response can be separated from those that initiated landslides 
(see Figure  7.3 ). Alternatively, the force required to initiate motion can be deduced from 
physical principles. Thus, for example, the topographic wetness index can be modifi ed to 
determine the relative saturation of the soil profi le (the ratio of the thickness of the satu-
rated soil,  h , to the total thickness of the soil profi le,  z ), which is a function of the steady -
 state (constant) rainfall,  R , specifi c catchment area, soil transmissivity,  T  (the rate at which 
water passes through the soil), and the local slope,  θ , such that  h  /  z    =    R   a  /  bT  sin    θ  
(Montgomery et al.  1998 ). In the case of translational failures (slips) that occur along a 
single plane parallel to the soil surface, where the ratio of depth of the failure plane below 
the soil surface to the length of the failure plane is small ( ≤ 10%), the criterion for slope 
failure is  ρ  s   g z  sin    θ    cos    θ    =    C  ′    +   [ ρ  s     −    ( h  /  z )  ρ  w ]  g   z  cos 2     θ    tan    ϕ  where:  ρ  s  is the density of 
the soil;  C  ′  is the cohesion of the soil, including root strength;  ρ  w  the density of water; and 
 ϕ  is the angle of friction of the soil. Combining and rearranging the expressions for the 
relative saturation of the soil profi le and the criterion for slope failure permits the critical 
steady - state rainfall,  R crit  , required to initiate landslides to be specifi ed:
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(7.1)     

 Such thresholds are referred to as  “ extrinsic thresholds, ”  that is, they are produced by the 
application of an external force. Note, however, because factors (such as the local geology) 
infl uence landsliding that neither the empirical data nor model framework account for, 
landslides can and do occur at times and in locations where the threshold for slope failure 
should not ordinarily be exceeded and  vice versa . Such a situation may also arise because 
an  “ intrinsic threshold ”  has been crossed, that is, a change in the phenomenon of interest 
occurs in the absence of any change in the external forces. There are two categories of 
intrinsic threshold. An  “ internal threshold ”  may be exceeded when, for example, at some 
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point in time a slope becomes unstable because weathering has reduced the shear strength 
of the materials it is composed of. Alternatively a  “ geomorphic threshold ”  can be exceeded 
if a change in the morphology of a landform leads to instability. For example, a cut - slope 
failure may be initiated when erosion undermines the base of a sea cliff or river bank and 
the overhang collapses. Human activities, such as road and building construction may also 
undercut slopes as may the retreat of glacial ice, on a longer timescale. 

 It is also possible to characterize thresholds on the basis of when and how processes 
operate (a temporal threshold), such as by determining the critical rainfall required to 
initiate landslides, or where processes operate and where they cannot (a spatial threshold). 
In the latter case a domain of process operation may be determined by specifying  “ pre-
conditions ” . Thus, for example, a hillslope may be considered unstable if tan    θ     ≥    tan    ϕ    =   
[C ′  / ( ρ  s   g z  cos 2     θ )] and stable if tan    θ     <    tan    ϕ    =   [C ′  / ( ρ  s   g z  cos 2     θ )]   +   [(1    −    ( ρ  w  /  ρ  s )] tan    ϕ . 
Montgomery et al.  (1998)  show how the critical rainfall can be computed for locations 
with slopes between these two bounding preconditions using topographic data derived 

     Figure 7.3     Occurrence of landslides in Wellington, New Zealand, 1974. As a slope gets wetter 
the water content may become suffi cient to trigger landslides (critical water content). This fi gure 
separates water content by source  –  rainfall on a given day ( y   –  axis) and water that has 
accumulated in the slope of over a preceding time period ( x   –  axis). In this case, accumulated 
water is represented by summing effective rainfall (rainfall minus evapotranspiration) that has 
occurred over ten days preceding a daily rainfall event (plotted as antecedent excess rainfall). 
When antecedent excess rainfall is high, relatively small rainfall events are capable of triggering 
landslides. One outlier on the graph is an exception to the distinct threshold separating landslide 
conditions from stable conditions and may represent a situation where leaking water pipes 
contributed to the water content of the slope  (after Crozier  1999 ).   
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from digital elevation models and site - specifi c fi eld measurements of soil properties (a 
description of the physically - based digital terrain model can be found at  http://calm.geo.
berkeley.edu/geomorph/shalstab/index.htm ). Preconditions may also be determined by 
comparing the distribution of mapped landslides with the distribution of other factors, 
such as slope angle or lithology, that refl ect the forces acting on or resistance of the land-
scape. Spatial thresholds are also recognized for fl uvial erosion. For example, Montgomery 
and Dietrich  (1992)  showed that stream channels usually only occur on hillslopes when 
certain combinations of drainage area and valley gradient length are met (the smaller the 
drainage area the steeper the valley gradient must be for a stream channel to be initiated), 
and that there is therefore a topographic threshold between channeled and unchanneled 
regions of the landscape. 

 We have already seen how landscape development may be infl uenced by the rate of 
weathering. In rivers there are also preconditions for sediment transport, which are set by 
the size and amount of sediment available for transport. In most rivers, for example, only 
during large fl oods are all particle sizes set in motion and transported according to their 
relative proportions on the stream bed (note that the term  “ fl ood ”  routinely is applied to 
any storm - generated peak in river discharge and may not always involve overbank fl ow). 
During smaller events, by virtue of their greater weight, large particles may remain stable 
and shield small particles from the fl ow, so that the transport rate of sediment depends on 
both absolute and relative particle size. In many rivers the supply of sediment that is avail-
able for transport also limits the sediment transport rate. In consequence, only when there 
are no constraints on either the supply or amount of sediment available in the channel can 
the amount of coarse sediment moved by saltation or traction (as bed load) be directly 
related to the available stream power. Supply also exerts a strong infl uence on the amount 
of fi ne sediment that rivers transport in suspension. The suspended sediment concentra-
tion (mass of sediment per unit volume of water) fundamentally is determined by the 
river ’ s ability to disperse the sediment through turbulence and the settling velocity of the 
sediment (which, for water of specifi ed density and viscosity, is a function of particle size 
and shape). Suspended sediment concentration often is determined by sediment gaugings 
made at the same location (gauging station) as water discharge is measured, using a sam-
pling device that is lowered down from the water surface to the bed and back up to the 
surface (descriptions of different sampling devices can be found at  http://pubs.usgs.gov/
of/2005/1087/pdf/OFR_2005 - 1087.pdf ). To obtain the suspended sediment discharge the 
concentration of sediment collected by the sampler (determined by fi ltering the sediment 
from the water, and measuring the volume of the former and the mass of the latter) is 
multiplied by the water discharge. Suspended sediment concentration may be expressed 
as a continuous function of water discharge by using concurrent measurements of sus-
pended sediment concentration and water discharge made over a number of years to derive 
a sediment rating, which when it is combined with the water discharge record, can be used 
to determine a river ’ s long - term suspended sediment yield. Like other relations that involve 
large variable ranges, the rating is usually derived by plotting concurrent measurements of 
suspended sediment concentration,  C s  , against water discharge,  Q , on a log – log graph (see 
Figure  7.4 ), and the underlying relation often exhibits a simple power form ( Cs    =    aQ b  ; 
where  a  and  b  are empirical coeffi cients). Scatter in the data is homoscedastic (that is, it 
is independent of discharge) and is a product of variations in sediment supply that in the 
short term may, for example, be attributed to differences in the rate at which sediment is 
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produced on hillslopes and delivered to stream channels during fl oods or throughout the 
year and, in the long term, to variations in climate and tectonics. Thus, continuous rela-
tions between suspended sediment concentration and water discharge for individual fl oods 
are highly variable and often characterized by hysteresis (that is two or more values of 
suspended sediment concentration are associated with a given discharge measured during 
the rising and falling stage of the fl ood, respectively). A discussion of the relationship 
between suspended sediment and water discharge and the methods used to characterize it 
can be found at  http://water.usgs.gov/osw/techniques/OFR_87_218.pdf .    

  Magnitude and  f requency 

 Like most other geomorphological processes, the processes that produce sediment on 
hillslopes and deliver it to stream channels (including sheet and stream bank erosion and 
landsliding) do not operate continuously. Instead they operate episodically when given 
conditions occur and/or thresholds are crossed, and are associated with events of specifi c 

     Figure 7.4      A  Relation between suspended sediment concentration and water discharge for the 
Waipaoa River, New Zealand. Open circles are individual gaugings obtained over a 40 year period, 
the thick solid line is a rating model with the simple power form  C s     =   0.001 Q  1.3 , and the thin solid 
lines track the relation through individual runoff events.  B  Relation between the cumulative 
long - term suspended sediment yield and fl ood frequency. Compiled for a 23 year period of 
record. About 50% of the suspended sediment load of the Waipaoa River is transported by fl oods 
that recur at least once a year, and 86% is transported during fl oods with a return period of less 
than 10 years  (after Hicks et al.  2004 ).   
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magnitude and frequency. Landsliding, for example, is a highly discontinuous and inher-
ently episodic process that usually only occurs during large (high magnitude), compara-
tively rare (low frequency) rainstorms. Sheet and stream bank erosion, by contrast, typically 
contribute sediment to stream channels during rainstorms of all frequencies and magni-
tude (small, unexceptional as well as large, atypical rainstorms), and these ubiquitous 
erosion processes thus appear to operate more continuously. 

 The effectiveness of an event, or sequence of events, can be assessed not only in terms 
of the amount of change but also the amount of work accomplished. In the long term, the 
amount of work undertaken by a series of events of a given magnitude is a product of the 
effect that a discrete event of that magnitude has on the landscape and the frequency with 
which it recurs. Consider, for example, the amount of work a river accomplishes by trans-
porting suspended sediment. Recall that the suspended sediment concentration may be 
expressed as a continuous function of water discharge and used to determine a river ’ s 
long - term suspended sediment yield and, by integrating the suspended sediment rating 
curve with water discharge during individual fl oods, event suspended sediment yields. In 
this manner, over a given period of record, the amount of suspended sediment transported 
by fl oods of a given magnitude or  return period  can, for example, be computed as a per-
centage of the long term suspended sediment yield (see Figure  7.4 B). Research on rivers 
suggests that large fl oods transport only a minor proportion of the annual suspended sedi-
ment load and that most work is accomplished by relatively frequent events of moderate 
discharge (magnitude) that occur at return periods of less than fi ve years (see Box  7.2 ). In 
turn, the most effective discharge, that is the discharge that over a period of years transports 
the largest fraction of the annual suspended sediment load, has a relatively short (1.2 to 
2.0) year recurrence interval and is also the fl ow responsible for determining the size and 
shape (morphology) of river channels. This may not always be the case though in situations 
where a threshold must be crossed before sediment is released, for example, by landsliding 
from hillslopes and delivered to stream channels, or in high - capacity stream channels that 
have an overabundance of suspended sediment.   

 In addition to using observational records,  magnitude – frequency  behavior may also 
be evaluated from inventories of events, such as landslides, complied from aerial photo-
graphs, or the record of hillslope erosion and large magnitude events preserved in sediment 
deposits. Studies performed using such data, which because they span longer periods of 
time than the instrumental record incorporate many more events, reinforce the notion 
that large systems with many components may to evolve into a poised, critical state, where 
minor disturbances induce events of all sizes. Evolution to the critical state occurs solely 
because of internal dynamical interactions among individual system components; that is, 
the critical state is self - organized (a system may be viewed as a structured set of objects 
and/or attributes, for example, a hillslope is an object and hillslope gradient an attribute). 
The classic example is that of a sand pile, which maintains a critical angle of repose and 
on which avalanches (events) of all sizes occur. For systems in a self - organized critical state, 
model calculations predict a power - law behavior. Landslide area mapped from aerial pho-
tographs has a power - law magnitude versus frequency distribution, as do magnitude –
 frequency distributions of lacustrine sediments attributed to landsliding and turbidites 
(sediment deposits created by underwater avalanches) that were deposited over thousands 
and millions of years, respectively. Self - organized criticality is an appealing frame of refer-
ence, because for systems to evolve into a self - organized critical dynamical state there must 
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  Box 7.2    Flood Frequency and Probability 

    Observations of discharge are required to estimate how often a river fl oods. To cal-
culate the annual return period of a fl ood it is necessary to ascertain what the largest 
discharge was during a given year. The annual peak discharge may be estimated or 
measured directly, but it is more usually obtained by from a stage – discharge relation-
ship (rating curve). Data from many years of record (shorter data records give rise 
to more uncertainty) are then used to derive a fl ood frequency curve, which is con-
structed by ranking the peak discharges in descending order of their magnitude (a 
ranking of 1 being assigned to the largest discharge). The recurrence interval,  T , for 
a given peak discharge is ( n    +   1) /  m : where  n  is the number of years of observations, 
and  m  is the magnitude ranking of the discharge. If it is assumed that the data are 
log - normally distributed (see Chapters  17  and  18 ), the annual peak discharge can be 
plotted against its recurrence interval on log – normal graph paper and a trend line 
added to highlight the relationship (detailed instructions for producing fl ood fre-
quency curves are to be found at  http://pubs.usgs.gov/twri/twri4a2/pdf/twri_4 - A2_a.
pdf ). As it is projected from the trend line, the stage for a fl ood with a given recur-
rence interval such as the  “ hundred year fl ood, ”  a term that is often used by planners 
and in the news media, can be back - calculated from the stage – discharge relationship, 
and the depth of inundation on the fl ood plain determined by transferring the eleva-
tion data to a topographic map or DEM (a fl ood hazard map can be created by 
interpolating the fl ood profi le between gauging stations). The recurrence interval of 
past events can also be used to forecast the probability of an event occurring in the 
future. The probability,  p , that a fl ood with a given discharge will occur is 1 /  T ; thus, 
for example, a fl ood with a recurrence interval of 100 years has a 0.01 (1 in 100) 
probability or 1% chance of occurring in any given year, and the probability of an 
event being equaled or exceeded,  P T  , at least once in the next,  n  years, is 1    −    p  n  . The 
probability of a fl ood occurring or being equaled or exceeded does not, however, 
depend on past occurrences and so does not imply that the  “ hundred year fl ood ”  
will only occur once every hundred years, or that such an event is  “ overdue ”  if the 
recurrence interval has been exceeded. While this statement is correct in principle, 
it is based on the assumption that the conditions that produced the existing record 
of fl oods will continue into the future. However, in a world of rapidly changing 
environmental conditions, including deforestation, climate change and urbaniza-
tion, frequency – magnitude relationships derived from the historical record may 
have little bearing on the future frequency – magnitude behavior of process systems. 
The concept of an event ’ s return period and its associated probability of occurrence 
can also be applied to earthquakes, severe weather, wave height, drought, and wind 
speed among other event - based processes. Earthquakes provide one exception to 
converting return periods to constant annual probabilities. For certain types of 
earthquakes, stress release (earthquake magnitude) is a function of time since the 
last earthquake. Stress accumulates through time and thus, the annual probability of 
a hundred - year return period earthquake, for example, increases each year, with time 
since the last event.  
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be a separation of time scales (the external process responsible for driving the system is 
necessarily much slower than the internal relaxation process), a requirement that presup-
poses the existence of a threshold, the angle of repose of the sand pile, for example. Other 
frames of reference also can be used to describe  complex behavior  in systems where the 
outputs are not proportional to the inputs across the entire range of inputs. These include 
the notion of complex response and chaos theory; in the former case a stimulus may give 
rise to multiple outcomes and in the latter initial differences or minor disturbances tend 
to persist and grow over time. In some complex systems different initial conditions evolve 
to similar endpoints (equifi nal or attractor states). The source of these nonlinearities 
includes controls and relationships, such as thresholds effects and hysteresis, which can be 
readily observed (Phillips  2003 ).   

  Process – Form Relationships 

 Relationships between the form (morphology) of the physical landscape and the processes 
that created it are inevitably complex, because the landforms of which it is comprised 
refl ect the imprint of processes that operate over a range of spatial and temporal scales. 
Thus, for example, Church and Slaymaker  (1989)  linked the increase in suspended sedi-
ment yield in drainage basins up to 3    ×    10 4       km 2  in area in British Columbia to the remo-
bilization of sediments deposited during the Quaternary (the time span covering Earth ’ s 
recent glaciations). This is contrary to the decline in suspended sediment yield that is 
normally observed as basin area increases and relief, which sets the overall denudation rate, 
declines. Historical studies that focus on changes in landform characteristics over time 
spanning thousands to millions of years cannot rely on direct measurement of the pro-
cesses that produce changes, but instead seek to reconstruct or retrodict past forms in order 
to establish how and at what rate change occurred. In some instances the succession of 
forms through which the physical landscape evolves can be derived from an  ergodic  
sequence, in which landforms with different ages found at different locations are arranged 
chronologically to create a time (or topographic) series. However care needs to be exercised 
when using this approach because it assumes that differences in form are simply a function 
of time. In the time period represented there may have been signifi cant changes in one or 
more of the controlling variables; that is, in climate, tectonics, sea - level, etc. 

 The way in which processes affect the physical landscape over time depends on the 
degree of stability (equilibrium) of the system, thus it may either be assumed that the 
processes and the forms they give rise to are in equilibrium, or that they are not. An equi-
librium hillslope, for example, is one in which the driving and resisting forces acting on it 
compensate one another, such as in the case where slope angle equates with the angle of 
repose, or  “ rock mass strength, ”  of the material the slope is composed of. In the former 
case, relationships (where changes in the patterns and processes involved sometimes scale 
with variations in size, that is they are  “ allometric relations ” ) can be established between 
the characteristics of contemporary landforms in different locations that may help explain 
the changes that occur through time. Whereas, in the latter case fi eld observations permit 
different  “ evolutionary ”  stages to be identifi ed, and similar landforms of different ages that 
occur in different locations to be arranged in chronological order; a case in point being 
the time sequence of landform development (the Geographical cycle) derived by William 
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Morris Davis (1850 – 1934). Although as we have seen in Chapter  3 , care must be taken to 
ensure that observations are rigorously evaluated and not simply interpreted in a way that 
is designed to lend support to a pre - existing theory. 

 Tectonic processes, which operate over timescales of millions of years, are responsible 
for creating a wide range of landforms including very large distinctive terrains such as the 
ranges of fold mountains that have developed in response to the horizontal (compressive) 
motion between two adjacent tectonic plates and thickening of Earth ’ s crust; the elevation 
of which through the principle of isostasy (buoyancy) is determined by the thickness and 
rigidity of the crust, as well as by spatial variations in erosion processes, such as fl uvial 
incision and landsliding. The rate of rock uplift often appears to be balanced by the rate 
of incision, which thus regulates relief; whereas hillslope angles either may be proportional 
to the rate of river incision (higher rates of incision give rise to steeper hillslopes), or 
maintain a threshold angle of stability and be independent of the rate of river incision 
(Burbank et al.  1996 ). In the latter case high sustained rates of tectonic activity (note that 
a rate of rock uplift of a few millimeters per year translates into a vertical displacement of 
several kilometers per million years) may give rise to a  dynamic equilibrium  topography; 
that is, a situation where although local relief may be increasing or decreasing, overall relief 
remains essentially constant over time. This comes about because erosion rates increase 
with increasing elevation, so that the overall increase in the elevation of a mountain range 
slows over time to the point where the long term rate of river incision (or glacial erosion) 
matches the rate of rock uplift. On a somewhat smaller scale the linear, elongate valleys 
(graben) bounded by mountain ranges (horst) that give rise to the topography of the Basin 
and Range province of the southwestern United States are, like rift valleys, a product of 
extension, thinning and faulting of the crust (horst and graben are produced by parallel 
faulting, and half - graben by vertical movement along a single fault). The basins were down -
 faulted as the ranges were uplifted, eroding as they rose. Rivers disperse the sediment 
which, because of the closed (interior) drainage pattern, accumulates in the adjacent 
valleys. The end result is a series of small isolated mountains (inselbergs) that rise abruptly 
from a surrounding, almost level plain. 

 Climate is also infl uenced by tectonic processes. For example, uplift of the Himalayas 
and Tibetan Plateau is thought to have caused the Indian and Asian monsoon to develop 
some 8 or 9 million years ago, and orographic precipitation may cause high erosion rates 
on the windward side of mountain ranges. It is also possible that high rates of precipitation 
and erosion may drive active faulting in fold mountain ranges, so that climate also infl u-
ences tectonics (Wobus et al.  2005 ). For this reason it is not always clear whether tectonics 
or climate regulates long - term erosion rates. Nevertheless, in the last 2 to 4 million years, 
as the climate changed from a non - cyclic to a cyclic mode characterized by rapid oscilla-
tions between glacial and interglacial conditions, the global sedimentation rate (a proxy 
for erosion rate) appears to have increased. The rapid (Quaternary) changes in climate that 
occurred over a few hundred thousand years may also have had a signifi cant impact on 
unglaciated landscapes. In regions where there is active uplift, topography appears to refl ect 
the current climate and any relict features the wettest conditions previously experienced, 
whereas in stable regions the overall pattern of climate change has the potential to affect 
the contemporary geomorphology (Rinaldo et al.  1995 ). Elsewhere glaciation has had a 
signifi cant impact on topography. Entire landscapes have been shaped by glacial deposition 
and massive water discharges that may also have infl uenced climate by switching the 
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deep - ocean density driven, thermohaline circulation between its glacial and interglacial 
modes. Glaciers are also highly effi cient erosive agents, to the extent that they may exert 
the ultimate control on the height of tectonically active mountain ranges; that is they func-
tion as a  “ buzzsaw, ”  so that regardless of the rate of rock uplift, the equilibrium line 
(snowline) altitude in many glaciated mountain ranges parallels the summit elevations of 
the ranges, and the overall landscape looks the same. 

 The future effect the mega drivers of erosion (climate and human activity) may have is 
likely to depend on terrain conditions and the scale at which they are most effective, but 
there already exists compelling evidence that, on a global scale and over long time periods, 
human activity has caused a sharp increase in erosion from a long term natural rate of 
16   Gt year  − 1  during the Pliocene to current losses of 75   Gt year  − 1  from cropland (Wilkinson 
and McElroy  2007 ), and that the accumulation of post - settlement alluvium on large fl ood-
plains represents the greatest geomorphic change currently being experienced on Earth 
(far exceeding former inputs from Pleistocene glaciations or from current alpine erosion). 
So clearly the physical landscape is in the process of adjusting to signifi cant anthropogeni-
cally induced changes to the forces and buffers that control landform process and form. 

 To study and model process – form interactions over long (geological) time periods, a 
combination of age information derived from a variety of different dating methods (see 
Box  7.3 ), topographic information obtained from DEMs, and information about rates of 
earth surface sediment transport gained from theory or observation are required. Laboratory 
and fi eld observations are important, not only because they provide fundamental informa-
tion that can be used to derive  “ fl ux laws ”  that place limits on the amount of material 
fl owing through a unit area in a given time and can be incorporated in numerical models 
of landscape evolution, but also because they provide the basis for linking process and form 
in the modern world. If  relaxation times  are short, links between process and form may 
be manifest through a morphological relationship, such that between the gradient of a 
slope and the size of the debris of which it is composed. The action of some processes also 
creates distinctive topography; for example, in mountainous terrain, fl uvial and glacial 
erosion produce V -  and U - shaped valleys, respectively. More commonly, as discussed 
previously, processes are treated as shear stress that act on the different earth materials 
and, when the resultant force exceeds the resisting force, promote erosion, transport and 
deposition. In other words, geomorphologists use Newtonian physics to describe the 
behavior of material at Earth ’ s surface; they also accept that, as the laws of thermodynamics 
imply, geomorphological processes use and transform energy (which is conserved) and 
landforms evolve towards an equilibrium condition. This approach to characterizing rela-
tionships between process and form is exemplifi ed by the work of Grove Karl Gilbert 
(1834 – 1918), and Arthur N. Strahler (1918 – 2002). For example, a century ago G. K. Gilbert 
showed how the convex – concave form of hillslopes (see Figure  7.1 ) refl ects the gradual 
transition in process dominance (from soil creep to soil wash) as the distance from the 
drainage divide increases, and some 40 years later A. N. Strahler demonstrated how, in an 
area of uniform climate, geology, and vegetation, hillslopes maintained a characteristic 
mean maximum angle (time - independent form) that was adapted to maintain the pro-
cesses of erosion and transport in a steady state.   

 The assumption that process and form are in equilibrium has also permitted relation-
ships between different aspects of river morphology (such as width and depth) and the 
quantity of water or the amount and type of sediment that the channel conveys to be 
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  Box 7.3    Analytical Dating Methods 

    To understand how the physical landscape evolves geomorphologists require infor-
mation about long - term erosion rates or when events occurred. Terrestrial  in situ  
cosmogenic nuclides can, depending on the nuclide involved, be used to determine 
the ages of bedrock and sedimentary surfaces and quantify erosion rates over time-
frames of 200 to 8 million years. Cosmogenic nuclides are formed by the interaction 
of cosmic rays produced by the sun with nuclei of atoms at the surface of mineral 
grains in rock and sediment that is exposed to the atmosphere. The interaction 
produces nuclides that are either stable (noble gases) or unstable and subject to 
decay, such as  10 Be,  14 C,  26 Al and  36 Cl. The dating techniques rely on knowing the 
rates of nuclide accumulation and decay, which vary with the altitude and latitude 
of the sampling site. Information about the basic principles involved and examples 
of how cosmogenic nuclides are used to date surfaces and sediment and determine 
erosion rates can be found at  http://cnef.earthsciences.dal.ca/NewFiles/tcnweb/
index.html  

 Fallout radionuclides such as  7 Be,  137 Cs and  210 Pb have much shorter half - lives, 
ranging from 53 days to 30 years and can be used to date and source sediment and 
quantify sediment transport processes over time periods of one to two hundred 
years.  7 Be is formed by cosmic ray spallation of nitrogen and oxygen within Earth ’ s 
atmosphere, and is rapidly incorporated into sediment after it is washed out of the 
atmosphere and transferred to the terrestrial environment.  210 Pb is an isotope in the 
 238 U series that is derived from the decay of  222 Rn (a gas, the daughter of  226 Ra which 
occurs naturally in soils). It is introduced into the atmosphere by the diffusion of 
 222 Rn from the soil. Fallout from the atmosphere creates an excess or  “ unsupported ”  
amount of  210 Pb that cannot be accounted for by decay of the  in situ  parent  226 Ra. 
 137 Cs is a thermonuclear by - product. Fallout from the atmosphere is fi xed in the 
upper portions of the soil profi le and is dispersed by soil erosion. Information about 
the use that can be made of fallout radionuclide measurements can be found at 
 http://www.fao.org/docrep/X5313E/x5313e00.htm#Contents  

 Radiocarbon dating is a well known and widely used dating method that can be 
applied over about the past sixty thousand years. In Earth ’ s upper atmosphere nitro-
gen is bombarded by cosmic radiation and broken down into an unstable isotope of 
carbon,  14 C; which when it is transferred to the ground surface behaves like  12 C and 
 13 C and, through photosynthesis, becomes fi xed in the biosphere. During the lifetime 
of an organism the ratio of  12 C to  14 C remains constant, but when it dies the ratio 
gradually decreases (the half - life of  14 C is 5,730 years). Methods used to measure 
residual  14 C activity include Gas Proportional and Liquid Scintillation Counting and 
Accelerator Mass Spectrometry:  http://www.c14dating.com/meths.html   
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defi ned. For example, in alluvial rivers, the morphology of which is governed by the size 
and quantity of the material they transport,  “ hydraulic geometry ”  relations describe how 
characteristic properties of the channel and fl ow change as discharge increases downstream 
(typically, the width and depth of the channel increase while velocity remains constant or 
declines). The appeal of such relations, which often show remarkable consistency on a 
global scale, is that they can be used to characterize the adjustments that occur in terms 
of simple (power) functions that, inasmuch as they rely on surrogates for process (such as 
discharge), are convenient approximations of a much more complex reality. Indeed the 
apparent universality of some empirical relations has led to their adoption as  “ laws ”  that 
govern the way the physical landscape evolves. One such example is  “ Hack ’ s Law ” , the 
relationship between mainstream channel length, L, and drainage basin area,  A  (in this 
case area is used as a surrogate for discharge),  L     ∝     A h   where: the exponent  h  varies between 
0.5 and 0.6 (Montgomery and Dietrich  1992 ).  

  Conclusion 

 The two fundamental prerequisites for an understanding of the physical landscape are: an 
ability to analyze and represent its diverse forms and features; and a methodology for 
measuring, recording, and analyzing the behavior of land - forming processes. Research into 
the temporal and spatial relationships between form and process helps us understand those 
factors that control the landscape system, how the physical landscape works, and how it 
evolves. That knowledge, in turn, may allow us to model and predict both the behavior of 
processes and the response of the physical landscape to environmental change that has 
occurred in the past and may occur in the future, not the least of which are the changes 
attendant upon rapid global changes in population pressures and climate. Transferring this 
knowledge to other settings also allows us to understand how, for example,  “ landscapes ”  
on the sea bed or Mars evolve (Perron et al.  2003 , Straub et al. 2007).   
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    Exercise 7.1   Frequency Analysis 

 Frequency analysis is used to estimate the probability of the occurrence of a given event, 
such as a rainstorm or fl ood. A recurrence interval (or return period) is the probability 
that a given event will be equaled or exceeded in any given year. The following equation 
is used to determine the recurrence interval ( R i  ) when there is a magnitude associated with 
the data (such as the discharge of a riverine fl ood):

    R n mi = +( )1     (7.2)  

where  n  is the number of years of record and  m  is the magnitude ranking (determined by 
sorting the discharge record in descending order). The probability ( P ) of an event with 
recurrence interval ( R i  ) is:

    P Ri= 1     (7.3)  

and the probability ( P T  ) that a given event will be equaled or exceeded at least once in the 
next  r  - years is:

    P PrT = −1     (7.4)   

 (Probabilities can be expressed as a percentage, ratio, fraction or decimal.) 
 Construct a fl ood frequency curve using the tabulated record of the peak discharge of 

the Waipaoa River, New Zealand (Table  7.1 ) (plot the data points on log – linear graph 
paper and fi t a regression line to them). Use the relation to determine, for example, the: 

  1     Return period of a discharge of 1500   m 3    s  − 1  and 3000   m 3    s  − 1   
  2     Discharges that have returns periods of 5   yr and 50   yr.  
  3     A  “ 100 - year fl ood ”  is an event in which the peak discharge is attained on average once 

every 100 years. What discharge would be associated with a 100 - year fl ood in the 
Waipaoa River?  

  4     What are the implications of using this method to determine the recurrence interval 
of the 100   yr fl ood?  

  Table 7.1    Annual maximum (peak) discharge (m 3    s  − 1  [cubic meters per second]) of the Waipaoa 
River, at Kanakanaia 

        0     1     2     3     4     5     6     7     8     9  

  1930                                    1,520    1,728  
  1940    814    580    758    1,430    2,240    386    1,280    1,210    3,600    1,161  
  1950    2,800    1,120    1,200    1,210    1,860    1,640    1,560    1,120    510    770  
  1960    2,410    1,140    1,270    440    430    1,500    890    670    980    480  
  1970    970    1,290    680    1,010    890    720    1,680    970    830    450  
  1980    2,580    870    2,240    530    1,830    1,490    1,080    1,100    4,000    1,210  
  1990    1,350    380    760    560    830    650    2,030    1,470    546    415  
  2000    621    565    1,872    811    747    3,446    1,245    317    1,596    1,606  
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  5     The probability of such a fl ood occurring in the next (or any) year is 1 in 100 or 1%, 
but what is the probability of a 100 - year fl ood occurring in the next 100 years?  

  6     What cannot be determined about the next 1 in 100 year fl ood?       

  Exercise 7.2   Landslide Triggering Rainfall 

 By correlating climate and landslide occurrence it is possible to identify the conditions 
which produced landslides and those that did not. The threshold separating these condi-
tions (Figure  7.3 ) is referred to as a  “ maximum probability threshold, ”  above which rain 
events always produce landslides. Climate is represented by two parameters: antecedent 
excess rainfall ( AER ) and daily rainfall ( R ). To compute the  AER  and discriminate between 
those conditions that cause landslide occurrence and those that do not, we also need to 
know the potential evapotranspiration ( Ev ), the maximum amount of water that can be 
held in the  regolith  (120   mm for Wellington, New Zealand), the amount of water in the 
regolith ( M ), and the drainage rate from surplus precipitation (which it is assumed declines 
exponentially from a value of 0.84). On a day to day basis, the amount of water in the 
regolith is:

 
   M M R Evtoday yesterday today today= + −( )     (7.5)  

where  R     −     Ev  can be either negative (in which case  M  today     <     M  yesterday ) or positive (so that 
 M  today     >    M yesterday ), and  M  can  never exceed , the maximum value of 120   mm. The excess 
rainfall ( ER ) is:

 
   ER M R Etoday yesterday today today= + −( )( ) −120     (7.6)   

 Negative values make 0 (zero) contribution to the AER, which is computed as the sum of 
the excess rainfall (positive values) multiplied by the drainage rate from surplus precipita-
tion on each of the previous ten days:

    AER ER ER ER ERtoday = + + +0 87 0 84 0 84 0 841
2

2
3

3
10

10. . . .…   
  (7.7)  

where  ER  1    =   yesterday,  ER  2    =   the day before yesterday  … 

   1     Use the data in Table  7.2  from the Kelburn climate station in Wellington, New Zealand, 
to determine the  AER  on June 4 through 9, 1996 (the amount of water in the regolith 
on May 24 was 117.7   mm)  –  insert the tabulated values in a spreadsheet; add fi ve addi-
tional columns (headed  R     −     Ev, M, ER,  positive  ER,  and  AER ); and calculate  R     −     Ev , 
etc. for every day from 25 May onwards.  

  2     On the basis of the threshold shown in Figure  7.3 , are landslides likely to have occurred 
in Wellington on any of the six days in question?      

 Figure  7.3  can also be used to quantify the amount of rain required to generate 
landslides on any given day. The threshold line bisects the  y  - axis at  ∼ 50   mm and the  x  - axis 
at  ∼ 80   mm. Its slope is therefore 50/80 (0.625) and so, for any given  AER , the amount of 
rain required to generate landslides is (80    −     AER )  ∗  0.625. Table  7.3  gives the precipitation, 



  Table 7.2    Precipitation and evapotranspiration at Kelburn, 
Wellington 

   Date     Rainfall   (R, mm)     Evaporation   (E, mm)  

  24 - May - 96          
  25 - May - 96    0    1.1  
  26 - May - 96    26.3    3.2  
  27 - May - 96    1.0    2.2  
  28 - May - 96    0.8    0.6  
  29 - May - 96    0.4    1.3  
  30 - May - 96    0    1.3  
  31 - May - 96    0    2.0  
  1 - Jun - 96    0    1.9  
  2 - Jun - 96    26.3    0.7  
  3 - Jun - 96    1.8    0  
  4 - Jun - 96    0    0.5  
  5 - Jun - 96    0.9    0  
  6 - Jun - 96    0    1.2  
  7 - Jun - 96    0.4    0.1  
  8 - Jun - 96    0.2    0.6  
  9 - Jun - 96    6.3    0  

  Table 7.3    Precipitation at Kelburn, number of landslides in 
Wellington and antecedent excess rainfall 

   Date     Rainfall (mm)     No. landslides     AER (mm)  

  1 - Jul - 96    0.2    0    4.37  
  2 - Jul - 96    0    0    3.67  
  3 - Jul - 96    6.6    0    3.08  
  4 - Jul - 96    10.0    0    2.59  
  5 - Jul - 96    10.5    2    7.97  
  6 - Jul - 96    27.0    4    15.52  
  7 - Jul - 96    11.3    1    35.71  
  8 - Jul - 96    0.2    2    39.49  
  9 - Jul - 96    1.0    0    33.17  
  10 - Jul - 96    0    1    27.87  
  11 - Jul - 96    25.3    11    23.41  
  12 - Jul - 96    59.2    21    40.91  
  13 - Jul - 96    7.1    4    84.10  
  14 - Jul - 96    0    2    70.64  
  15 - Jul - 96    9.5    7    59.34  
  16 - Jul - 96    3.9    7    56.40  
  17 - Jul - 96    0    1    50.14  
  18 - Jul - 96    2.3    2    42.12  
  19 - Jul - 96    0.5    1    36.89  
  20 - Jul - 96    2.3    0    30.99  
  21 - Jul - 96    0.3    0    27.96  
  22 - Jul - 96    5.9    3    23.74  
  23 - Jul - 96    2.8    7    24.90  
  24 - Jul - 96    43.7    27    23.10  
  25 - Jul - 96    0    10    54.60  
  26 - Jul - 96    16.3    12    45.86  
  27 - Jul - 96    9.2    4    51.80  
  28 - Jul - 96    4.1    3    49.89  
  29 - Jul - 96    0    7    44.85  
  30 - Jul - 96    0.4    0    37.67  
  31 - Jul - 96    2.0    3    31.65  
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antecedent excess rainfall and number of landslides that occurred in Wellington in 
July 1996. 

  3     Copy these data into a spreadsheet and calculate the amount of rain required to initiate 
landslides in Wellington on each day in July 1996.  

  4     Using appropriate graphs to illustrate your answer and bearing in mind the accuracy 
of input parameters, how well does Figure  7.3  defi ne the threshold for landslide occur-
rence in Wellington?  

  5     What other factors might affect the occurrence of landslides in the city of Wellington?       
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    Introduction 

 Historically, climatology was claimed as a sub - discipline of both geography and atmo-
spheric science. Current interest in climatology extends well beyond these two disciplines 
to all branches of the physical and human sciences, in part because of increased societal 
awareness of the potential impact of, and Earth ’ s vulnerability to, climate variability and 
change. There is no universally - accepted defi nition of climatology, and given the wide -
 ranging interests of climatologists it seems unlikely that one will emerge in the near future. 
However, the American Meteorological Society ’ s  Glossary of Meteorology  defi nes climate 
as  “ The slowly varying aspects of the atmosphere – hydrosphere – land surface system ”  and 
climatology as  “ The description and scientifi c study of climate ”  (American Meteorological 
Society  2000 ). These defi nitions go beyond the often popular conception that  “ climate is 
the average of weather ”  and that climatology is simply a descriptive endeavor. Rather, 
climatology is also concerned with the physical processes responsible for climate and its 
variability and with the impacts of climate on natural and human systems. 

 The different philosophical paradigms outlined in earlier chapters have not been exten-
sively debated by climatologists, who for the most part work within a positivist framework 
and use the scientifi c method (see Chapter  3 ). For this reason, this chapter focuses on the 
data and methods that are used in climatological research and highlights some of the major 
data sources and fundamental issues that need to be considered when climate data are 
analyzed.  

  Climate Data 

 The many facets of Earth ’ s climate are described using a wide variety of variables (also 
referred to as  “ climate elements ”  or  “ climate parameters ” ). Three variables, maximum 
temperature, minimum temperature, and precipitation accumulation, are at the core of 
many climatological analyses. Air pressure, humidity, wind direction and speed, visibility, 
etc. are other examples of climate variables. Often these primary variables are used to derive 
additional variables that are useful for specifi c applications. One example is  “ growing 
degree days ” , which is a temperature - dependent measure of heat accumulation that can 
be related to plant, insect, and disease development. Information about specifi c atmo-
spheric phenomena such as cloud type, the frequency of fog or severe weather (including 
strong winds, large hail, and tornadoes), or the tracks followed by tropical or mid - latitude 
cyclones may also be analyzed. An essential point, however, is that because the goal of 
much climatological research is to understand better the linkages and interactions within 
Earth ’ s climate system, investigations are rarely limited to a single climate variable or 
atmospheric phenomenon. 

  General considerations when taking or interpreting 
climate measurements 

 Climate variables and atmospheric phenomena can be measured directly (referred to as  in 
situ  observations), or they can be observed using remote sensing techniques. Most remote 
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sensing techniques monitor the properties of electromagnetic waves emitted or refl ected 
by objects, such as gas molecules or water droplets in the atmosphere. The amount of 
precipitation recorded using a standard rain gauge is an example of an  in situ  observation, 
whereas a precipitation estimate made on the basis of the quantity of microwave energy 
emitted by radar and refl ected back to the source by precipitation - sized droplets or ice 
crystals in the atmosphere constitutes a  remotely - sensed observation . Researchers may 
sometimes acquire information about particular climate variables or atmospheric phe-
nomena by designing a fi eld experiment specifi cally for that purpose, an example being 
the Atmospheric Boundary Layer Experiments (ABLE) in southern Kansas (USA) whose 
broad goal is to better understand processes in the lower atmosphere (see  http://www.
atmos.anl.gov/ABLE/  for more information). In other cases a researcher may rely on 
archives containing historical observations of climate variables that national or interna-
tional meteorological organizations, such as the National Oceanographic and Atmospheric 
Administration (NOAA), National Climatic Data Center, United Kingdom Met Offi ce, or 
World Meteorological Organization (WMO), have compiled from routine measurements 
made at one or a number of observation locations over a period of years or decades (for 
examples of climate information available in national archives see  http://www.metoffi ce.
gov.uk/climate/uk/  and  www.ncdc.noaa.gov ). In fact, the extensive use of archived obser-
vations is a hallmark of climatological research. 

 In all instances, careful consideration must be given to the research design (see Chapter 
 5 ). The specifi cs will inevitably vary between different projects, but issues relating to the 
type of data involved and the methods used to analyze them must be addressed by research-
ers who design their own fi eld experiments as well as by those using archived data. Typically 
the relevant climate variables and spatial and temporal scales of investigation must be 
specifi ed. For example, if the objective is to evaluate the risk to plants of damage by frost, 
observations of daily minimum temperature alone may be required, whereas if it is 
to evaluate the risk of heat stress to humans more frequent observations of both tempera-
ture and humidity, as well as other parameters that affect human comfort, such as wind 
speed and levels of solar radiation, are likely to be required. Some climate variables can 
also be expressed in different ways. Consider, for example, atmospheric humidity which 
may be expressed as  “ relative humidity ”  (a measure of how close the atmosphere is to 
saturation),  “ absolute humidity ”  (the amount of water vapor present in a unit volume of 
air),  “ specifi c humidity ”  (the ratio of the mass of water vapor present to the total mass 
of air), or as  “ mixing ratio ”  (the ratio of the mass of the water vapor present to the mass 
of dry air). Human comfort may be adequately described by the fi rst term (relative 
humidity), whereas to determine the altitude at which condensation begins (a prerequisite 
for cloud formation) it is useful to know the specifi c humidity or mixing ratio of an air 
parcel. 

 The horizontal and vertical dimensions of a phenomenon affect the density and areal 
coverage of the observations needed to investigate it. Orlanski  (1975)  suggested that atmo-
spheric phenomena may be classifi ed as microscale (less than 100   m), local scale (100   m to 
3   km), mesoscale (3 to 100   km), synoptic scale (100 to 3,000   km) and planetary scale (larger 
than 3,000   km). One carefully placed instrument may be suffi cient for measuring a 
microscale phenomenon, such as the heat fl ux from an urban roof top, whereas hundreds 
of instruments are required to study a planetary - scale phenomenon such as  ENSO (El Ni ñ o 
 –  Southern Oscillation) . The sensitivity and response time of the instrument must also be 
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considered. Microscale atmospheric phenomena with short time scales usually require 
more frequent observations compared to larger scale phenomena. Thus, for example, wind 
gusts on city streets may need to be monitored at time scales of seconds or fractions of a 
second, whereas hourly wind observations may be suffi cient when investigating mesoscale 
low - level wind maxima such as the jets that are frequent in the Great Plains region of the 
United States. Other considerations when taking atmospheric observations are outlined in 
Box  8.1 .   

  Metadata  (data about data) are essential if observations are to be shared with or used 
by others. The WMO recommends, that at a minimum, metadata should include a descrip-
tion of the type and condition of an instrument; its surroundings, exposure, height above 
the ground surface and the degree of interference from other instruments or objects; 
changes that have occurred to it and/or its replacement(s); and observation protocols.   

  Inhomogeneities in Archived Data 

 Despite the apparent widespread availability of archived data, it is not always clear whether 
climatology is  “ data rich ”  or  “ data poor ”  as the archived climate records have a number 
of severe limitations. One limitation is that the spatial and temporal resolution of archived 
observations are not detailed enough to address many contemporary research questions. 
Coverage of Earth ’ s surface is uneven; comparatively few observations have been made 
over tropical areas, polar regions, or the oceans. Also, records often do not extend far 
enough back in time for climate variability and change to be accurately detected. The length 
of the climate record varies by climate variable and location. Quasi - global observations of 
surface temperature and precipitation roughly date to the mid 1800s, whereas routine 
upper - level observations began around 1940 (Winkler  2004 ). 

 Another limitation of archived climate measurements is that most observational net-
works were initially designed for short - range weather prediction rather than for climate 
monitoring. The requirements for these two applications are quite different; for example, 
accuracy and precision are important for weather forecasting, whereas temporal and spatial 
consistency is a primary concern for climate monitoring. The installation of new instru-
ments with greater accuracy and precision, while very useful for weather prediction, can 
pose problems for climate monitoring as the changes in instrumentation introduce incon-
sistencies (usually referred to as  inhomogeneities  in the climatology literature) into the 
climate record. Ideally, there is a long (a minimum of one year) overlap period when 
measurements are taken with both the new and old instrumentation so that correction 
factors can be calculated, but in practice this often does not happen. 

 Multiple other sources of inhomogeneities in climate records also exist, ignorance of 
which can lead to erroneous interpretations of climate observations. Studies have suggested 
that changes in station location, even a change on the order of only a few hundred meters, 
may introduce considerably more bias than that associated with instrument changes 
(Guttman and Baker  1996 ). Changes in instrument exposure, such as increased urbaniza-
tion or even the growth of a nearby tree, also can introduce artifi cial trends into the 
observations. 

 Differences in observation practices also need to be considered when analyzing archived 
climate data, particularly a well - known, but diffi cult to correct for, inhomogeneity known 
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  Box 8.1    Climate Research Checklist 

    All climatological research requires that careful attention be paid to experimental 
design. A  “ checklist ”  (Table  8.1 ) is provided below to assist students and others new 
to climatological analysis in taking measurements of the atmosphere. Although pri-
marily designed for fi eld measurements, the checklist is also broadly relevant when 
utilizing archived climate observations. The checklist is, of course, not exhaustive, 
and considerations specifi c to your research project should be added.    

  Table 8.1    Climate research checklist 

   Question     Explanation     Why important?  

  What is the research 
objective(s)?  

  Research objectives need to be 
clearly stated at the 
beginning of every project.  

  The research objectives guide 
the type and number of 
climate variables included in 
the analysis.  

  What is the spatial 
scale of the climate 
phenomenon being 
studied?  

  Climate phenomena occur at 
scales ranging from 
microscale to planetary scale 
(see text).  

  The spatial scale determines the 
necessary density and areal 
coverage of observations. 
Remember that spatial scale 
refers to both horizontal and 
vertical dimensions.  

  What is the temporal 
scale of the climate 
phenomenon under 
study?  

  Temporal and spatial scale are 
often related as microscale 
and local scale climate 
phenomena tend to have 
shorter durations compared 
to synoptic and planetary 
scale phenomena.  

  The temporal scale determines 
the frequency of observations.  

  What instruments can 
be used to measure 
a particular climate 
variable, and how 
does the sensitivity 
of alternative 
instruments differ?  

  Many different instruments 
have been developed to 
measure a given climate 
variable. Sensitivity is the 
response of an instrument to 
a signal.  

  Less sensitive instruments may 
not provide the accuracy 
needed to address the 
research objectives, but highly 
sensitive instruments 
generally require more 
frequent calibration and are 
more costly.  

  What is the 
instrument ’ s 
 “ footprint ” ?  

  An instrument  “ sees ”  only a 
portion of the surrounding 
environment. The area 
sensed, or footprint, depends 
on the characteristics of the 
instrument such as its fi eld 
of view and the elevation at 
which it is installed.  

  It is necessary to know the 
footprint in order to correctly 
situate the instrument and to 
interpret the measurements.  
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Table 8.1 Continued

   Question     Explanation     Why important?  

  What is the 
instrument response 
time?  

  Response time is the time 
taken by an instrument such 
as a thermometer to respond 
to a change in the variable 
being measured (e.g., 
temperature).  

  If the instrument response time 
is too slow, important details 
of the climate phenomenon 
may be missed and the 
measurements may be 
misleading. If the response 
time is too fast, more detail is 
recorded than is needed.  

  How will the 
instrument be 
calibrated?  

  Calibration is the process of 
relating the magnitude of 
the output of a measurement 
instrument to the magnitude 
of the input (American 
Meteorological Society 
 2000 ). A standard needs to 
be established against which 
all instruments in an 
observing network are 
calibrated. Calibration 
usually occurs both in the 
laboratory and in the fi eld.  

  Uncalibrated or mis - calibrated 
instruments lead to 
inaccurate measurements. 
Measurements from 
instruments at different 
locations cannot be compared 
if they are not calibrated to 
the same standard.  

  How might the 
measurements 
degrade with time?  

  Instrument drift is a gradual 
and unintended change in 
the reference value of an 
instrument with time. Drift 
is usually caused by 
deterioration of instrument 
parts or when an instrument 
becomes dirty.  

  Instruments need to be 
routinely maintained and 
frequently recalibrated.  

  What types of 
systematic 
measurement errors 
can be expected?  

  Systemic error is the part of 
the inaccuracy of a 
measuring instrument that is 
due to a single cause or 
small number of causes 
(American Meteorological 
Society  2000 ).  

  It may be possible to calculate 
bias factors to adjust for 
systematic error.  

  What is the 
geographical 
representativeness 
of the measurement 
site?  

  A measurement is usually 
considered to be 
representative of the 
surrounding area, although 
the size of that area varies.  

  To increase the area that a 
measurement is 
representative, it is necessary 
to site the instrument such 
that microclimate variations 
are minimized, usually done 
by placing instruments in fl at 
open areas with uniform 
surface characteristics.  
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Table 8.1 Continued

   Question     Explanation     Why important?  

  What is the 
instrument 
exposure?  

  Instrument exposure is simply 
the physical location of the 
instrument; the surrounding 
environment can have a 
large effect on the 
representativeness of the 
measurement (American 
Meteorological Society 
 2000 ).  

  Instruments should be installed 
away from obstacles such as 
tall trees or nearby buildings 
that may interfere with the 
measurement. Exposure may 
change with time.  

  What post - processing 
of measurements is 
required?  

  Many of today ’ s instruments 
are electronic and 
measurements are recorded 
automatically every fraction 
of a second. These 
measurements often need to 
be reduced and summarized.  

  The appropriate averaging 
period for the measurements 
depends on the research 
objectives.  

  How will the data be 
stored?  

  The quantity of atmospheric 
observations is voluminous 
even for short fi eld 
experiments.  

  Procedures for data storage 
should be determined at the 
onset of a research project.  

  What metadata need 
to be recorded?  

  Metadata are data about data.    Metadata are essential, especially 
if observations are to be 
shared by others.  

as  “ time of observation bias. ”  Many temperature measurements are taken by volunteer 
observers who select an observation time that is convenient to them. Most often they fi nd 
early morning or late afternoon times (before or after their work day) to be most conve-
nient, and they record the maximum and minimum temperature that occurred during the 
24 - hour period ending at the observation time. Unfortunately, early morning and late 
afternoon correspond to the typical time of day of the lowest and highest temperatures, 
respectively. If an observer records maximum temperature at 4 pm local time, for example, 
the warm afternoon temperatures may be the highest temperature not only for that  “ obser-
vational day ”  but also for the following 24 - hour period. Thus, locations with afternoon 
observation times tend to have warm biases compared to stations with a midnight - to -
 midnight observation time, whereas those with morning observation times tend to have 
cold biases (Baker  1975 ). In addition to time of observation bias, different observing prac-
tices in different countries introduce additional complications especially for continental 
or global scale climate analyses; for example, in most European countries temperature and 
humidity observations are taken at a height of 2   m above the ground surface, whereas 
in the United States they are made at 1.5   m. Although this difference may seem small, 
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temperature typically changes rapidly with height near the Earth ’ s surface, and conse-
quently small variations in the elevation of the sensor can have a substantial infl uence on 
the observed temperature. 

 Given the potential inhomogeneities in climate records, an essential fi rst step of any 
climatological analysis is to carefully inspect the observations for homogeneity. While 
never easy, this task is simplifi ed somewhat if metadata are available. In this situation, the 
common approach is to compare the period of record when changes (such as an instru-
ment change) are known to occur to that at a nearby station with no change, and to cal-
culate an adjustment factor. Peterson et al.  (1998)  provide an excellent review of the many 
different methods used to detect inhomogeneities in the climate record.  

  Sources of Archived Data 

 Finding the most appropriate retrospective climate data set for a particular research ques-
tion may require considerable effort. Some, but not all countries, have data centers that 
archive and distribute climate data sets, although not all climatological data sets are freely 
available. An example of a national data set is the surface observations of the United States 
Historical Climatology Network (USHCN)  http://www.ncdc.noaa.gov/oa/climate/
research/ushcn/ushcn.html . The network is comprised of approximately 1,200 stations 
selected on the basis of their long period of record, small percentage of missing data, and 
modest number of changes in station location, instrumentation, and observing time. 
Another well - known data set is the central England temperature record (HadCET)  http://
hadobs.metoffi ce.com/hadcet/ . Observations from multiple stations were combined to 
produce composite monthly average temperatures extending from 1659 to present (com-
posite daily values begin in 1772). Two global data sets of surface temperature for land 
areas that are widely used in climate studies are CRUTEM3  http://www.cru.uea.ac.uk/cru/
data/temperature/  and the Global Historical Climatology Network (GHCN)  http://www.
ncdc.noaa.gov/oa/climate/ghcn - monthly/index.php . The data are gridded monthly tem-
perature anomalies, calculated as deviations from 1961 – 1990 mean values, with a 5 °  lati-
tude by 5 °  longitude resolution. The HadCRUT3 data set  http://hadobs.metoffi ce.com/
hadcrut3/diagnostics/global/nh+sh/ , by contrast, incorporates both sea - surface and land -
 based observations. Data sets that combine  in situ  observations with remotely - sensed 
observations provide even greater spatial coverage; an example being the Global 
Precipitation Climatology Project (GPCP)  http://cics.umd.edu/ ∼ yin/GPCP/main.html , 
which provides estimates of monthly mean precipitation from 1979 onwards at 2.5 °  lati-
tude by 2.5 °  longitude resolution. 

 These data sets are only a few examples of archived climatological observations. 
Whatever the type or source of archived climate data, it is important to remember that it 
is the user ’ s obligation to inspect the data for completeness, inhomogeneities, and possible 
errors. Failure to do so may result in meaningless or misleading analyses.  

  Research Methods in Climatology 

 Research methods range from the simple to the complex. The methods used in climate 
research are constrained only by the researcher ’ s knowledge and imagination. Two common 
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approaches in climate research  –  statistical analysis and numerical modeling  –  are briefl y 
discussed. 

  Statistical methods 

 Zwiers and von Storch ( 2004 : 666) summarized the many ways that statistical procedures 
have been employed in climatological research. In their words,  “ the use of statistics is 
pervasive in the climate sciences not only for the extraction and quality control of data but 
also for the synthesis of knowledge and information from that data. ”  Applications of sta-
tistics include: data retrieval and post - processing of remotely - sensed observations such as 
radar measurements; estimating climate parameters from proxy records of climate depen-
dent phenomena such as the growth rings of a tree (see Chapter  9 ); quality control of 
observational data including tests for inhomogeneities; spatial and temporal interpolation 
of atmospheric observations; medium and long - range climate forecasts; forecast verifi ca-
tion; the identifi cation of modes of variability in the climate record such as the  North 
Atlantic Oscillation  (NAO) (the fl uctuation in sea - level pressure between the low pressure 
typically found in the vicinity of Iceland and the subtropical high pressure known as the 
Azores High); the detection of  climate change ; synthesis of observations and/or model 
output; and hypothesis testing. 

 The statistical methods used by climatologists extend from the simple descriptive sta-
tistics used to summarize data (see Chapter  17 ) to the techniques, some of which are very 
sophisticated, that are used to make inferences about the characteristics or relationships 
of the climate of a location or region (see Chapter  18 ). Regardless of the simplicity or 
sophistication of a statistical method, researchers must be aware of the assumptions under-
lying the methods themselves and the nature of the climate data to which the methods are 
applied. For this reason it is worthwhile to highlight some idiosyncrasies of climate data 
that can complicate the application of statistical techniques and/or may violate their under-
lying assumptions. For example, some climate elements are  vector  quantities. A vector 
quantity, such as wind, has both magnitude and direction, and is consequently more 
complicated to analyze than  scalar  quantities, such as temperature, that only possess a 
magnitude. For example, it is not possible to calculate a simple arithmetic mean of a vector 
quantity. Of course the mean wind speed can be specifi ed, but this is an incomplete 
description of the wind as it contains no information about wind direction. An alternative 
is to separate the horizontal wind into two components ( u  and  v  where  u  is the zonal, 
west - east component of the wind and  v  is the meridional, north - south component). These 
components can then be used to calculate the  resultant  wind, or vector mean, of a series 
of wind observations. The magnitude of the resultant vector, or the vector average wind 
speed, is not the same as the simple average of the wind speeds, or scalar average 
wind speed. Nor is the direction of the resultant vector the same as the prevailing wind 
direction (the direction from which the wind most frequently blows). When analyzing 
wind observations or for that matter any vector quantity, researchers need to carefully 
consider, in light of their research objective(s), which measure is most relevant. 

 Any statistical analysis of climate observations must consider the area for which a 
measurement is representative. Measurements of atmospheric phenomena rarely are con-
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sidered to be point estimates, even though the fi eld of view of the instrument taking the 
observation may be only a few square centimeters or meters. The outer cylinder of a 
standard rain gauge, for example, has a small diameter (127mm in the United Kingdom 
and 203mm in the United States), but the representative area assigned to a gauge may, 
depending on the surrounding terrain, extend several hundred kilometers. In some situ-
ations, this can lead to misinterpretation as precipitation events can begin and end 
abruptly, and large spatial gradients exist because some locations experience precipitation 
while other nearby locations do not. Not surprisingly, spatial interpolation (fi lling in the 
space between measurements to create a continuous data set) is a complex undertaking 
in climatology since observation locations are rarely distributed uniformly in space and 
some climate variables, such as precipitation, are not as spatially and temporally continu-
ous as others. 

 A number of statistical methods assume that variables are normally distributed. Although 
some climate variables, such as temperature, closely approximate the symmetrical Gaussian 
(normal) distribution, others, such as precipitation, are not normally distributed. 
Precipitation amounts, especially daily totals, tend to be highly skewed with a large number 
of days with no precipitation and only a few days with heavy precipitation. Often precipita-
tion is better represented with Gamma or similar distributions. Another common assump-
tion in statistics is stationarity. The mean and variance of a stationary process do not 
change with time or position. Climate data often exhibit temporal trends that violate this 
assumption. This means, for example, that defi ning climate  “ normals, ”  which are an esti-
mate of the  “ expected value ”  of a climate variable and are often used for design, planning, 
and decision making purposes, may be more diffi cult than one might initially assume. A 
climate normal is defi ned by the WMO as a 30 - year average updated every 10 years. Recent 
studies, such as that of Huang et al.  (1996) , recommend that because of trends in climate 
variables a shorter averaging period should be used and climate normals should be updated 
more frequently. Climate data are also correlated in space and time and the  “ degrees of 
freedom ”  (usually calculated as the number of data elements,  N , minus the number of 
statistical parameters, for example  N   –  1; see Chapter  18 ) for statistical testing need to be 
reduced to account for this correlation. Not adjusting the degrees of freedom for spatial 
and/or temporal autocorrelation increases the likelihood of rejecting a null hypothesis 
when, in fact, it is true. Although a number of methods have been proposed for dealing 
with what is often referred to as the  “ multiplicity problem ”  (Wilks  2006 ), unfortunately 
many researchers often fail to make the necessary adjustment. 

 Statistical analyses, as already noted, have been used for a variety of applications but 
one area worth highlighting is  climate classifi cation , a historically important component 
of climatology. Climate classifi cation has two primary aims. The fi rst is to group together 
locations with similar climates, the rationale being to summarize spatial variations in 
climate and suggest causes for the observed differences; probably the most well known 
example is the K ö ppen - Geiger classifi cation ( http://koeppen - geiger.vu - wien.ac.at/ ) which 
is based on observations of average annual and monthly temperature and precipitation 
and the seasonality of precipitation. The second aim is to group together similar atmo-
spheric circulation patterns in order to forecast weather and climate and study changes in 
circulation with time, an example being Lamb ’ s catalogue of daily weather patterns for the 
British Isles which can be accessed at  http://www.cru.uea.ac.uk/cru/data/lwt.htm . In recent 
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years, subjective methods of climate classifi cation have for the most part been replaced by 
computer - assisted approaches that rely heavily on multivariate statistics to group locations 
with similar climates or days/months with similar circulation patterns. An example is the 
automated catalog of mid -  tropospheric  airfl ow developed by Huth  (2001)  for Europe. 
Principal components analysis, a multivariate statistical technique frequently used in both 
physical and human geography, was applied to daily observations of the elevation of the 
500 hPa pressure surface (which represents the half way point in the atmosphere in terms 
of density) to isolate the primary modes of the circulation. Component scores were then 
computed that measure the association between each case (or day in the case of Huth ’ s 
study) and each component (circulation mode). The scores were grouped using another 
common multivariate technique known as cluster analysis and the fi nal clusters represent 
the primary mid - tropospheric airfl ow patterns over Europe. Similar classifi cations have 
been developed for other regions and/or other climate variables such as sea - level 
pressure.  

  Numerical modeling 

 Numerical models are physically - based models developed using the principles of conserva-
tion, the fi rst law of thermodynamics, and the laws of motion. That is, numerical models 
use physical laws to govern their behavior, and they play an extremely important role 
in meteorology and climatology (the history of numerical weather forecasting is briefl y 
summarized at  http://celebrating200years.noaa.gov/foundations/numerical_wx_pred/
welcome.html#ahead ). Recently,  ensemble modeling  has become an important approach 
in numerical modeling. In the past, atmospheric scientists assumed that there was a  “ best ”  
prediction based on a  “ best model ”  and accurate and complete data. Ensemble modeling, 
by contrast, recognizes the chaotic nature of the atmosphere, the imperfect nature of 
numerical models, and the inability to measure the atmosphere both completely and 
accurately. Multiple runs of numerical models (i.e. an  “ ensemble ” ) are performed with 
slightly different initial conditions, and the range of projections provides an indication of 
uncertainty in the forecast (see Gneiting and Raftery  (2005)  and  http://www.hpc.ncep.
noaa.gov/ensembletraining/  for more information). 

 A group of  climate models  that has received considerable attention in recent years is 
the complex, three - dimensional global Atmospheric General Circulation Models (AGCMs) 
developed to study climate processes, natural climate variability, and the climatic response 
to anthropogenic forcing such as increased  greenhouse gas  emissions. Often these models 
are coupled with Ocean General Circulation Models (OGCMs) to create coupled 
 Atmospheric Ocean General Circulation Models  ( AOGCMs ) (see McGuffi e and 
Henderson - Sellars  (2005)  for more information on climate models). Most of today ’ s 
AGCMs and AOGCMs are run in what is referred to as transient mode, in that greenhouse 
gases in the atmosphere are allowed to increase with time. Selected output from 
several AOGCMs are available from the  Intergovernmental Panel on Climate Change  
(IPCC) Data Distribution Center at  http://www.ipcc - data.org/ . Box  8.2  provides an 
example of how a group of geographers have used numerical models to derive climate 
change scenarios for different locations in Michigan, USA.     
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  Box 8.2    Multiple Data Sources for Studying Climate Change 

    A recent investigation of the potential impacts of climate variability and change on 
agriculture and tourism in Michigan provides an example of the use of climate data 
from multiple sources. One component of this research project was to create a suite 
of future climate scenarios at the local scale. These scenarios were developed using 
a process referred to as statistical downscaling. The fi rst step in the downscaling 
process was to use historical climate observations to generate statistical relationships, 
referred to transfer functions, between the large - scale atmospheric circulation and 
local climate. The primary predictor variables representing large - scale circulation 
were the height of the 500   hPa surface, specifi c humidity at 850   hPa, and mean sea -
 level pressure. These variables were obtained from a relatively new data set known 
as the NCEP/NCAR Reanalysis. Local temperature and precipitation were obtained 
from the volunteer United States Cooperative Observing Network. The 15 stations 
for which scenarios were developed were chosen based on the quality of their obser-
vational records. Prior to the analysis, the Michigan Offi ce of the State Climatologist 
evaluated the daily time series at these stations for homogeneity including (a) inspect-
ing the station histories for changes in location, time of observation, and instrumen-
tation, (b) fi ltering the series for obvious errors, and c) applying a homogeneity test 
to the time series. 

 Multiple transfer functions were developed using several regression - based tech-
niques. After the transfer functions were evaluated against observations reserved for 
a testing period, they were applied to coarse - scale simulations for 1990 – 2100 from 
four AOGCMs. The models used were CGCM2, HadCM3, ECHAM4, and NCAR 
CSM 1.2, developed in Canada, Great Britain, Germany, and the United States, 
respectively. For each AOGCM, two simulations were available that refl ect different 
increases in greenhouse gases by the end of the century. The end result was a large 
suite of climate scenarios for each location. 

 Figure  8.1  shows the projected increase in the median value of growing degree 
days (GDDs) for 20 - year overlapping periods for one of the locations (Eau Claire, 
Michigan). GDDs are a derived variable calculated from subtracting a base tempera-
ture from the daily mean temperature. For this example, the base temperature is 5 ° C 
(41 ° F), which is often used to calculate growing degree days for small grain crops 
(e.g., wheat). All the scenarios project that the annual heat accumulation will increase 
during the twenty - fi rst century, suggesting that the growth stages of agricultural 
crops will occur earlier in the growing season and that crops will reach maturity 
earlier. Also, the growth and development of many insect pests are temperature 
dependent, and extra heat accumulation may increase of the number of generations 
per season of an insect pest. The uncertainty surrounding the projected change 
increases in the latter part of the century, as can be seen from the greater spread of 
the scenario ensemble.    
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  Detecting Climate Change: An Example of the Analysis of 
Climate Data 

 The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 by the 
WMO and by the United Nations Environment Programme (UNEP) to provide impartial 
information about climate change (it does not conduct any research or monitor climate). 
Its fourth (2007) assessment report stated that  “ warming of the climate system is unequivo-
cal ”  and  “ most of the observed increase in globally averaged temperatures since the mid -
 20th century is very likely due to the observed increase in anthropogenic greenhouse gas 
concentrations ”  ( http://www.ipcc.ch/pdf/assessment - report/ar4/wg1/ar4 - wg1 - spm.pdf ).
Thus climate change resulting from increased greenhouse gases may already be impacting 
Earth ’ s environment and human activity ( http://www.epa.gov/climatechange/science/
stateofknowledge.html#ref ), and this important scientifi c and environmental issue, and the 
uncertainty and controversy surrounding it, highlights both the importance and the limita-
tions of climate observations. 

 Several key data sets have been used to detect climate change; one of the most important 
being the series of measurements of atmospheric carbon dioxide that have been made at 
Mauna Loa Observatory, Hawaii, since 1958 (Figure  8.2 ). These observations, character-
ized by a marked increase in carbon dioxide concentrations since measurements began, 
are one indicator of the effect human beings can have on the planet they inhabit. 
Anthropogenic emissions of so - called  “ greenhouse gases, ”  including carbon dioxide but 
also other gases such as methane and nitrous oxide, are believed to be the primary reason 
for the recent observed increase in globally - averaged temperatures.   

     Figure 8.1     Projected change in the median value of the number of growing degree days 
(base 5 ° C) per year for Eau Claire, Michigan. The heavy lines show the largest and smallest 
changes as projected by a 64 - member ensemble of climate scenarios. The projected changes 
of 50 percent of the scenarios lie between the 25th and 75th percentile. The use of a 
scenario ensemble provides an estimate of the uncertainty surrounding future climate 
change. Example provided by the Pileus Project, Michigan State University. For more 
information see  www.pileus.msu.edu   
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     Figure 8.2     Trend in monthly average of carbon dioxide (CO 2 ) concentration in air samples 
obtained at Manua Loa Observatory, Hawaii. The data used to construct the graph and supporting 
information can be found at ( http://scrippsco2.ucsd.edu/home/index.php )  
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     Figure 8.3     The Northern Hemisphere temperature curve constructed by Folland et al.  2001   
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 Compilations of mean surface (land and/or ocean) air temperature were assembled in 
the early 1980s and have been regularly updated since that time. One of the best known 
of these data sets is the Northern Hemisphere temperature curve developed by climatolo-
gists at the University of East Anglia (UK) (Jones et al.  1982 ). Annual mean temperature 
is expressed in terms of a departure (or anomaly) from the mean temperature for a fi xed 
time period (see Figure  8.3 ). The data themselves and the methods used to analyze them 
have been criticized; nevertheless, this and similar data sets, which have been expanded to 
include the land and ocean surfaces of the entire globe, reveal an increase in global mean 
temperature of 0.74 ° C  ±  0.18 ° C over the last 100 years and almost double that rate of 
warming during the past 50 years ( http://www.ipcc.ch/pdf/assessment - report/ar4/wg1/
ar4 - wg1 - chapter3.pdf ).   
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     Figure 8.4     Estimates of annual Northern Hemisphere mean temperature are plotted as 
anomalies from the 1961 – 90 average temperature after Mann et al.  (1999) . Temperature estimates 
based on reconstructions from proxy data are shown with a thin line and those from the 
instrument record are shown by a thick line. The data as well as information about the methods 
used to derive them are available at  http://www.ncdc.noaa.gov/paleo/ei/ei_cover.html   
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 A somewhat controversial temperature series is Mann et al.s  (1998)   “ hockey stick ”  
graph, an expanded version (Mann et al.  1999 ) of which was highlighted in the third IPCC 
assessment report. The signifi cance of this graph is that it suggests that the relatively recent 
trend in Northern Hemisphere average temperature is highly unusual in as much as the 
rate of warming is greater than that experienced at anytime in the last millennium (Figure 
 8.4 ). The graph, which received its name from the sharp discontinuity that occurs around 
1900 (prior to which time the trend is relatively fl at) and the ensuing increase in tempera-
ture that combine to resemble the shape of a hockey stick, was compiled using instrumental 
records and proxy data derived from a wide range of sources, such as tree rings and ice 
cores, obtained from around the globe (see Chapter  9 ). Concern about the validity of the 
 “ hockey stick ”  graph revolves around the issues of data quality and the methods used to 
merge proxy data derived from different sources. However, a report published in 2006 on 
 “  Surface Temperature Reconstructions for the Last 2,000 Years  ” , authored by the special 
committee established by the National Research Council (USA), concluded that Northern 
Hemisphere surface temperature reconstructions for the past thousand years yield gener-
ally consistent results ( http://books.nap.edu/openbook.php?record_id=11676 & page=1 ).   

 A well - known time series that serves to illustrate the uncertainty surrounding climate 
observations has been compiled from global satellite temperature measurements from 
1979 to the present (Spencer and Christy  1990 ). The data were obtained by Microwave 
Sounding Units (MSUs), mounted on polar orbiting satellites, that measure radiance (the 
energy passing through or being emitted by a given area) from which temperature esti-
mates for different layers in the lower atmosphere are derived. Information about the data 
may be found at  http://www.ncdc.noaa.gov/oa/climate/research/msu.html . These mea-
surements have a broad spatial coverage, but the process of constructing a temperature 
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record is a complex undertaking, not least because of changes in local observing time and 
a decay of orbital height caused by drag on the satellite by the atmosphere. There have 
been numerous recalculations of the satellite - derived temperature series, and although 
earlier versions suggested that the recent warming of the lower atmosphere was not as rapid 
as surface temperature observations suggest, more recent research reveals a better agree-
ment between the satellite measurements and surface - based temperature observations 
(Mears and Wentz  2005 ).  

  Conclusion 

 The use of climate observations by geographers can be expected to expand along with their 
interest in the linkages between climate and other physical and human processes. Taking 
fi eld observations can be challenging, and attention must be paid to the research require-
ments, the nature of the climate phenomena being studied, and the specifi cs of instrument 
and site characteristics. Using and interpreting archived climate data can be equally taxing 
because inhomogeneities occur in the data, and their spatial and temporal resolution as 
well as the period of record are not always appropriate for the questions that are being 
posed. Regardless of how obtained, when analyzing climate data researchers also must be 
aware of the inherent assumptions and limitations of the statistical methods and models 
they use. Nevertheless, it is only through the careful treatment and analysis of climate 
observations, along with reconstructions of climate variables from proxy sources and the 
results derived from statistical and numerical models, that an understanding can be gained 
of the way in which Earth ’ s complex climate system has operated in the past and the way 
it may function in the future.   
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    Exercise 8.1   Statistical Characteristics of Temperature 
and Precipitation Observations 

 This exercise is intended to introduce you to the statistical characteristics of daily tempera-
ture and precipitation observations and draws on methods that you were introduced to in 
earlier chapters. 

  1     Obtain a time series of daily temperature and precipitation observations that is at least 
20 years in length for a station located close to your university. Speak with your profes-
sor and/or a climatologist on campus about local sources of climate data. Also, check 
the national climate archive for your country for available data.  

  2     Find the available metadata for these temperature and precipitation time series. Also 
obtain any available photographs or aerial images of the site. [Hint: Google Earth is an 
excellent source of aerial imagery for present - day site conditions.] What types of instru-
ments were used to measure temperature and precipitation? At what heights were the 
instruments installed? Has the type of instruments and their installation heights 
changed over the record period? What is the land cover of the area surrounding the 
instrument site? Have the site conditions changed with time?  

  3     Enter the data into a spreadsheet such as Excel. Carefully check the time series for 
missing observations. What percentage of observations are missing?  
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  4     Create histograms of daily mean temperature and daily precipitation totals. If daily 
mean temperatures are not included in your data set, fi rst calculate the daily mean for 
each day from the average of the maximum and minimum temperature reported for 
that day. You will need to experiment with bin sizes for the histogram. Keep the bins 
small enough so the details of the distributions are clearly evident.  

  5     Inspect the histograms for the two variables. Based on the histograms, do both of the 
variables appear to be normally distributed? Why or why not? If you have access to 
statistical software, calculate one or more of the better known measures for evaluating 
normality (e.g., the K - S test). Do the test results agree with your visual inspection?  

  6     Speculate on why these variables are, or are not, normally distributed. One factor to 
consider is whether the variable has upper or lower bounds.  

  7     Plot the monthly average temperature and the monthly average precipitation for the 
period of record. You can calculate the monthly means within the spreadsheet, or 
alternatively you can use the published climatological normals for the station (if avail-
able). Which of the two variables has a stronger annual cycle? Speculate on the reasons 
for any differences in the strength of the annual cycle.  

  8     Plot the daily mean temperatures for the last year of the record. Closely inspect the 
plot. What does the graph of daily mean temperature tell you about the temperature 
variation during that year?  

  9     Using the spreadsheet functions (or writing a small program), calculate the average 
temperature for the period of record for each day of the year. In other words, calculate 
the average temperature for January 1, January 2, etc. where the average is the sum of 
all the daily mean temperatures for that day divided by the number of years of data. 
Then calculate daily temperature  anomalies  by subtracting the daily average from each 
day ’ s mean temperature. Plot the daily anomalies for the last year of the record. What 
does the graph of daily temperature anomalies tell you about the temperature variation 
during that year? Which graph did you fi nd the most informative? The graph of daily 
mean temperature or that of daily temperature anomalies? Why?     

  Exercise 8.2   Urbanization and Temperature Observations 

 Changes in land use and land cover are thought to be an important contributor to climate 
change, at least on the local and regional scale but likely at the hemispheric and global 
scales as well. This exercise explores the infl uences of urbanization on temperature 
observations. 

  1     Obtain temperature observations for two stations in and near a large urban area of 
your choice. One station should be located close to the urban core and the second 
should be located in the rural environment close to the periphery of the urban area. 
Both should have at least 20 years of maximum and minimum temperature observa-
tions. Carefully check the time series for missing observations.  

  2     What metadata are available for these stations? At a minimum, you should know the 
latitude, longitude and elevation of the stations and the period of record. See if you 
can also fi nd out whether the stations have been moved or if the instrumentation has 
changed during the period of record. At what height have measurements been taken 
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and what is the land use/land cover of the measurement site? How have the site condi-
tions, especially those for the urban site, changed with time?  

  3     For both stations, use a spreadsheet to calculate the average minimum temperature 
for each year of the observational record. Plot the time series of annual average 
minimum temperature for both stations on the same graph. Do you see any trends 
in the annual average minimum temperature? Are the trends the same for both sta-
tions? You may want to use the line - fi tting function of the spreadsheet to help estimate 
trends.  

  4     Now plot the time series of annual average maximum temperature for both stations 
on the same plot. Do you see any trends in the annual average maximum temperature? 
Are the trends the same for both stations? Is there any difference in the trends for 
annual average maximum temperature compared to annual average minimum tem-
perature? If so, speculate on the possible reasons for this.  

  5     Based on your observations above, is there any indication that urbanization may be 
impacting the temperature of the station near the urban core? If so, has the infl uence 
of urbanization increased with time? To help answer this last question, calculate for 
each year the difference in the average minimum temperatures at the two stations and 
plot the differences. An increase or decrease with time in the temperature difference 
between the stations would suggest changes with time under the infl uence of urbaniza-
tion. Create a similar plot for annual average maximum temperature.  

  6     Do the plots above suggest that the differences in annual maximum and minimum 
temperature between the two stations (calculated above) increase or decrease fairly 
uniformly with time? Or are discontinuities or breakpoints seen in the plots? If the 
latter, do the discontinuities correspond to any of the known inhomogeneities in the 
data such as a location change of one of the stations?  

  7     Time permitting, perform the analyses above separately for the winter and summer 
seasons. Is the infl uence of urbanization on temperature larger for the winter season 
or for the summer season? Speculate on the reasons for any differences between seasons.     

  Exercise 8.3   Isolating Climate Trends from Time Series 

 The goal of the following exercise is to illustrate the challenges of isolating climate trends 
from a time series with a high degree of variability. 

  1     Obtain a time series of temperature that is at least 50 years in length for a station of 
your choice. Speak with your professor and/or a climatologist on campus about local 
sources of climate data. Also, check the national climate archive for your country for 
available data.  

  2     Check the available metadata for the station for possible inhomogeneities including 
stations relocations or instrument changes. Also inspect the time series for missing 
observations.  

  3     Using a spreadsheet program, calculate the average temperature of each year of the 
time series from the daily temperature values. [Note: Depending on your data source, 
the annual means may already be available.] Plot the time series of annual mean tem-
perature using a line graph. Comment on the degree of interannual variability. In other 
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words, does the average annual temperature vary considerably from one year to the 
next? Or is the amount of interannual variability relatively small?  

  4     Does there appear to be a trend in the time series of annual temperature? Or is any 
trend masked by the degree of interannual variability? If a trend is evident, what is the 
sign of the trend (i.e., positive and negative)? Is the trend uniform over the entire period 
of record?  

  5     Using the smoothing function or moving average options available in the spreadsheet, 
apply a three - point smoothing function to the time series data. A three - point smoother 
replaces the annual value for a particular year with the average of the temperature for 
that year and the two surrounding years. Are you now better able to identify trends in 
the temperature time series? Next try a 5 - point smoother, a 7 - point smoother, and so 
on. How does the degree of smoothing of the time series change your perception of 
the trends in the time series?  

  6     Using the smoothed time series that you feel best illuminates the trends in the time 
series, add a trend line to the plot (you can do this using the spreadsheet program). Is 
the overall trend positive, negative, or neutral?  

  7     Print a copy of the plot of the smoothed time series. Mark on the paper copy those 
subperiods of the record when average annual temperatures appear to have increased, 
those when average annual temperatures appear to have decreased, and those when 
average annual temperatures were relatively constant with time. Do any of the break-
points (times when the trend changes sign) correspond to known inhomogeneities in 
the data series?  

  8     Compare the time series plot for your location to the Northern Hemisphere tempera-
ture curve shown in this chapter. Do the times of increasing (decreasing) temperature 
for your location correspond with the upward (downward) trends seen for the Northern 
Hemisphere temperature curve? What does this comparison suggest regarding local 
versus hemispheric temperature change?     
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    Introduction 

 Vegetation is defi ned as all the plant life in a specifi c place or time period (Barbour and 
Billings  2000 ). Vegetation can be described in terms of the species of plants that are found, 
the morphology, life history, and physiognomy of the dominant plants or the general 
structure of the vegetation. The type of vegetation growing in a specifi c location is related 
to factors such as climate, topography, geology, soil conditions, natural disturbance, and 
anthropogenic disturbance. Due to the importance of vegetation and its linkages with the 
environment and human activities, geographers have long been interested in the classifi ca-
tion of vegetation and the processes that structure vegetation over global, regional, and 
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local spatial scales (MacDonald  2003 ). The scientifi c classifi cation of the earth into biomes, 
regions with similar vegetation and climate regimes, was of great interest to early biogeog-
raphers such as Alexander Von Humboldt (1769 – 1859) and Alfred Russell Wallace (1823 –
 1913) 150 years ago. Today, there are a number of vegetation classifi cation systems in use 
around the world, as well as many theories and models of how vegetation responds to 
disturbance and environmental change over different spatial scales. Any vegetation 
classifi cation system, or consideration of how environmental change or disturbance 
impacts vegetation, must be based upon, supported with, or tested by, data on present 
or past distribution that are collected in the fi eld in a systematic and scientifi c manner 
(see Chapter  3 ).  

  Quantifying Vegetation 

 One way to quantify vegetation is to examine the present or past species composition of a 
vegetation type. Species composition is defi ned as a list of plants found in a particular 
region of the world or study site. Species composition and  abundance  can also be exam-
ined from a specifi c time period for historic studies of vegetation. Biogeographers have 
quantifi ed the species composition of regions around the world by collecting and identify-
ing plants in different vegetation types. At a global spatial scale, this has resulted in the 
identifi cation of a number of biogeographic  fl oristic provinces , which contain many 
endemic species that are unique to each region. Geographers also quantify species compo-
sition by adding up the number of different species encountered in a study area, often 
referred to as  species richness , and biogeographers have long been interested in patterns 
of species richness across a number of  environmental gradients . 

 A second way to quantify vegetation is to examine the structure or physiognomy of the 
dominant vegetation canopy. This is a two - dimensional view or profi le of plants in an area. 
All terrestrial ecosystems can be classifi ed based on structure into a few simple classes such 
as forest, woodland, shrub, herbaceous - grassland, and desert communities (Figure  9.1 ). 
Forest communities are tracts of land dominated by trees with at least 70% canopy closure 
like tropical rainforests or the deciduous forests of the eastern United States. Open forests 
with less than 70% canopy closure are referred to as woodlands, such as the oak woodlands 
in California and Texas or the eucalyptus woodlands in Australia. Shrub communities are 
dominated by multi - stem, woody plants that generally reach a height of 2 meters. Many 

     Figure 9.1     Profi les of forests, woodlands, shrub, herbaceous - grassland, and desert communities  
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shrub communities have closed canopies like the chaparral in California or open canopies 
with isolated shrubs and herbaceous ground cover, such as the mesquite shrub communi-
ties in Texas. Herbaceous communities are generally composed of relatively continuous 
cover of annual or perennial herbs, grasses, and grass - like species. Those dominated by 
species in the grass family are generally classifi ed based on plant height, including the short 
grasslands in the drier regions of the western United States and the tall grasslands in the 
more humid regions of the eastern United States. Grasslands in the tropics are referred to 
as savannas. Finally, desert communities are found in arid regions, with less then 25   cm of 
annual rainfall, where shrubs and/or herbaceous plants cover 50% or less of the soil surface. 
These simple structural patterns for terrestrial vegetation occur throughout the world 
(Walter  1985 ).   

 There are a number of general questions and research approaches related to the past 
and present distribution of vegetation that are of widespread interest to geographers today. 
Although geographers address spatial questions and use a variety of fi eld techniques to 
examine past and present vegetation patterns and processes, some basic terms and methods 
are widely used by all researchers.  

  Past Vegetation 

 Research on past vegetation by geographers has generally focused on changes in vegetation 
types since the late Pleistocene (after the peak of the last great ice age about 20,000 years 
ago) and on changes in vegetation as it relates to past climatic conditions or disturbance 
regimes. Some geographers remove sediment cores from lakes and peatlands (highly 
organic material found in marshy areas) to reconstruct vegetation in the recent to more 
distant past (Edwards and MacDonald  1991 ; MacDonald and Edwards  1991 ). These cores 
can contain wood, leaves, seeds, charcoal, and microscopic pollen from plants that lived 
in the region thousands of years ago. Fossil pollen is one of the most important types 
of evidence used by biogeographers. The sub - fi eld of fossil pollen analysis is called  paly-
nology . Because many plants depend on the wind to transport pollen and produce large 
quantities of airborne pollen, pollen grains and spores are often very resistant to decay, 
particularly in anaerobic environments, and can be preserved for millions of years in lake 
sediments, marine sediments, and peats. Many pollen grains are distinctive in shape, size, 
and other features and the palynologist can use these features to determine the family, 
genus, or species of the plant that produced the pollen (Figure  9.2 ). Studies have shown 
that different plant communities produce different and distinctive pollen assemblages 
(Roberts  1998 ). Lines of evidence such as large plant fossils or pollen can be used to recon-
struct the species composition of the vegetation of an area through time. Other geographic 
studies collect cores and disks from living and dead trees in order to count the annual 
growth rings and reconstruct vegetation changes over the past few centuries. The term 
 dendrochronology  is applied to such studies. Many trees, such as most species of pines or 
oaks, grow in seasonally variable climates and produce annual growth rings. The rings are 
formed by couplets of large cells (earlywood) formed at the start of the growth season and 
small cells formed near the close of the growth season (latewood) (Figure  9.3 ). Each couplet 
represents one year of growth and counting the couplets allows one to calculate the age of 
the tree. Both sediment core and tree - ring studies provide evidence of past climate and 



     Figure 9.2     Different types of pollen grains showing typical shapes and arrangements of pores 
and openings  

equatorial

equatorial

Equatorial

Equatorial

polar
polar

Equatorial

Equatorial

Polar

Polar

Equatorial

Polar

Equatorial

PolarPolarPolar

Bisaccate
pine

Tricolpate 
maple

Trilete
sphaguum

Tetrad
heath

Monolete
fern

Triporate
birch

Tricolporate 
chestnut

     Figure 9.3     Cross sections of a tree with annual rings with early and late wood  
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other environmental conditions which are useful in understanding the environment in 
which vegetation grew in the past.   

  Sampling and  fi  eld  e quipment 

 The two basic approaches most commonly used by biogeographers to study past vegeta-
tion, analysis of sediments and analysis of tree - rings, require very different methods and 
equipment. Analyses of sediments are generally conducted on cores of sediment taken from 
existing lakes and peatlands. A number of different sediment coring devices are used to 
obtain samples from soft lake sediments and peat. Russian and Hiller samplers are pushed 
into the sediment and then rotated to capture a section of the sediment adjacent to the 
core barrel (Figure  9.4 ). The Livingtone piston - corer is pushed into the sediment and 
captures the sediment within the barrel as the corer descends; it can be used in situations 
where the depth of lake water and sediment does not exceed 20 meters. An airtight piston 
in the barrel creates an air seal as the core barrel penetrates the sediment, holding them in 
place while the corer is extracted. Coring devices used in deeper sites use the power of 
gravity to push the core barrel into the sediment to obtain a short core of the upper sedi-
ments. Frozen - fi nger corers are used to sample disaggregated sediments, particularly when 
there are fi ne structures such as annual layers (called varves) present that it is desirable to 
preserve. The core barrel is fi lled with dry ice and an agent such a trichloroethylene, and 
the super - cooled barrel is inserted or dropped into the sediment. The sediment freezes 
onto the outer surface of the corer and is retrieved in a frozen state.   

 Tree - ring samples are usually collected from living trees through the use of an incre-
ment borer. This device is essentially a thin metal tube with a threaded head that is screwed 
into the side of the tree at a 90 - degree angle to the long axis of the trunk. A small cylindri-
cal sample of wood is captured inside the corer (Figure  9.5 ). The wood sample is removed 
and stored in a plastic soda straw. If the corer is long enough to penetrate from the bark 
to the pith at the center of the trunk, it will capture all annual growth rings and other 
features formed since close to the time of the germination of the tree. For studies of paleo-
climate, or when knowing the exact year of initial establishment of the tree is not impor-
tant, the core is taken at about 1.5 meters from the ground. However, when studying issues 
such as tree recruitment, the core may be taken closer to the base of the trunk in order to 
sample rings formed when the tree was still young and short in stature. Dead trees and 
downed snags of dead wood are often sampled by removing disks of the trunk. These disks, 
which are generally 2 to 10   cm thick, are obtained using handsaws and powered chainsaws 
in the fi eld.    

  Site  s election 

 The laboratory analysis of fossil plant material or tree - rings can take a great deal of time 
and therefore it is important to be careful in the selection of sampling sites. The exact lake 
chosen to core or stand of trees sampled will often depend on the research question being 
addressed. Different types of lakes or different stands of trees from the same region can 
tell us different things about past environment. In general, small lakes and peatlands 
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capture sediment and/or plant fossils from the local area surrounding them. This is even 
true for fi ne airborne material such as fossil pollen. In small lakes or forested peatlands the 
proportion of locally derived pollen in the sediments tends to be relatively high compared 
to pollen carried from some distance away. Studies which attempt to reconstruct past 
vegetation at a very local scale often obtain sediments from very small lakes of a few hect-
ares or less. In some cases researchers obtain sediments from small damp hollows in forests 
that cover only a few meters. Large lakes capture a higher proportion of extra - local pollen 
and are more useful for reconstructing past regional vegetation. Lakes with large rivers 
fl owing into them may contain fossils from very large source areas. 

     Figure 9.4     A sediment coring device (Russian corer) that can be used to obtain samples from 
lakes and peats  http://www.epa.gov/ORD/SITE/reports/600r01010/600r01010.pdf   
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 Many tree - ring studies are conducted to examine the relationship of climatic change 
on tree recruitment or mortality. In these cases, the trees are sampled from stands at the 
forest edge near the tree species range limits. Such sites might include a high elevation 
alpine treeline if the relationship between temperature and forest vegetation is being 
studied. In other cases, trees might be sampled at dry sites at the edges of grasslands and 
deserts to study the infl uence of moisture stress on tree populations. For studies of tree to 
tree interactions, such as the impacts of root and canopy competition, one might sample 
trees growing in dense stands in the middle of the forest.  

  Laboratory  p reparation and  a nalyses 

 The analysis of plant  macrofossils  and pollen requires relatively sophisticated laboratory 
facilities for processing the sediments to isolate the fossils. Good quality stereo microscopes 
and/or compound microscopes (400x magnifi cation minimum for pollen grains which are 
only about 10 – 200    μ m in size) and extensive reference collections of plant and pollen 
samples are necessary to allow identifi cation (see Additional Resources). The ages of the 
samples are usually determined by radiocarbon dating if the materials are older than 200 
years and younger than 40,000 years. Chronologies for samples deposited over the past 
200 years are often obtained by  210 Pb dating of the surrounding sediment (see Chapter  7 ). 

 Once the plant macrofossils or pollen are isolated, identifi ed, and dated they can be 
used to infer what the past vegetation cover in the vicinity of the site was like. For example, 
the bottom - most sediments from many small lakes in southern Ontario, Canada and 

     Figure 9.5     Tree corer and tree ring core  
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adjacent New York State contain the fossil wood, cones, and needles of black and white 
spruce ( Picea glauca  and  Picea mariana ) (Szeicz and MacDonald  1991 ). Abundant fossil 
pollen from spruce is also found in these deposits. Radiocarbon dates show that these 
fossils were deposited some 13,000 years ago at the end of the last ice age. These trees do 
not grow in these regions today, but occur in the boreal forest located hundreds of kilo-
meters to the north. Their fossils provide evidence that 13,000 years ago there was a boreal 
forest dominated by spruce growing in an area that today supports deciduous forests 
dominated by trees such as maples ( Acer ) and oaks ( Quercus ) (see Box  9.1 ).   

  Box 9.1    The Pollen Diagram 

    An important consideration in pollen analysis is how to numerically analyze and 
present the raw pollen counts in order to provide a reasonable description of past 
vegetation. The main tool used for the presentation and interpretation of fossil pollen 
data from an individual site is the fossil pollen diagram (Figure  9.6 ). The basic fossil 
pollen diagram presents the relative abundance (% ’ s) of different pollen and spore 
types graphed against a vertical axis representing depth of the sediment section or 
age (years before present  –   BP ). Qualitative or mathematical approaches are then used 
to divide the pollen record into stratigraphic zones. In each zone the pollen percent-
ages for the different taxa are similar to each other and show marked differences 
from the pollen percentages from other portions of the core. The example given here 
is from a small lake in Ontario, Canada that shows an early boreal forest vegetation 
dominated by spruce being replaced by pine forest and then various types of mixed 
deciduous and conifer forest dominated by trees such as oak, maple, beech and 
hophornbeam and ironwood.    

     Figure 9.6     Pollen diagram from Decoy Lake, Ontario (after Szeicz and MacDonald,  1991 )  
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 When tree - ring samples are taken back to the laboratory, they are dried and then sanded 
to produce extremely smooth surfaces. The thin wood samples obtained from tree - ring 
cores are generally glued to wood supports to keep them from breaking during sanding 
and analysis. The rings are counted and their widths are measured using a stereomicro-
scope linked to a computerized sample holder. In some cases the samples are X - rayed and 
the variations in wood density analyzed and recorded. 

 Simply counting the rings from the inner side of the bark to the center of the tree can 
provide a rough indication of the age of the tree. However, in many cases the rings of trees 
from the same stand or region show common patterns of variations in width over time, 
and this variation can be used to verify the dating of the tree rings. A great many trees 
show a general pattern of large rings near the pith and smaller rings towards the trunk. 
This is usually a biological growth feature that is not related to the external environment 
and is statistically removed from the data. Following removal of the growth trend there 
are often patterns of individual years or groups of years that are represented by particularly 
large or small rings and these patterns can be found in many samples from trees in the 
same stand or region. Such variations found in many trees are usually the result of external 
factors such as climatic variations. For example, periods of extreme cold produce small 
rings in trees that grow near the arctic treeline. Dendrochronologists use such repeated 
patterns to verify the ages they assign to rings in individual samples. In addition, if the ring 
pattern in a piece of deadwood can be matched to the pattern in a sample from a living 
tree, the time at which the dead tree lived and formed rings can be ascertained. The dating 
of tree samples by comparing ring widths or densities is called cross - dating. The variations 
in ring widths are also often used to reconstruct past climate. 

 Once samples from living trees are aged by dendrochronological techniques the timing 
at which they became established can be estimated. If most of the samples were established 
at the same time, this can infer that the stand was created following a disturbance such as 
a fi re or that it has become established during a period of particularly favorable climatic 
conditions. Similarly, if many pieces of deadwood found at a particular stand date to the 
same period, it can be inferred that they died due to some disturbance such as a bark beetle 
infestation, or due to a period of particularly unfavorable climate. Many studies by bioge-
ographers have used tree rings to determine the timing and frequency of disturbance events 
or the sensitivity of tree populations to climate change. For example, a dendrochronologi-
cal study of larch trees ( Larix sibirica ) growing near the arctic treeline in northern Siberia 
showed that many of the currently living trees became established during a prolonged 
period of warmer summer temperatures that commenced in the early twentieth century 
(MacDonald et al.  1998 ). In contrast, most of the dead trees in the stand died during 
a long period of intense cold in the mid - ninetenth century. This study highlighted the 
sensitivity of these tree populations, located at 70 degrees north latitude (they are some of 
the northern - most trees in the world), to even relatively small temperature variations.   

  Contemporary Vegetation 

 Geographers are interested in processes such as how natural and human disturbances can 
change species composition and structure of vegetation communities. They also develop 
and deploy tools such as satellite imagery and geographic information systems (GIS) in 
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efforts to map local, regional, and global vegetation patterns (MacDonald  2003 ). This is 
done in order to test theories concerning what environmental factors infl uence the distri-
bution of contemporary vegetation. Geographers are also interested in measuring and 
modeling the rate of land - cover change to identify which plants may become endangered 
due to their inability to migrate fast enough to keep pace with anticipated future climate 
change or habitat destruction. 

 There are a number of protocols and terms that geographers should be aware of when 
dealing with species composition and structure of vegetation. All plants are reported in 
geographical research by their  scientifi c names  such as family, genus, and species. All plant 
family names end in  “ aceae ”  like the Poaceae (grass family), Orchidaceae (orchid family), 
or Pinaceae (pine family). Genus and species names are written in italics or underlined. 
For instance, the scientifi c name of the Black Oak is written as  Quercus nigra  or  Quercus 
nigra . Species lists are simple lists of the scientifi c names of species in a vegetation type. 
Most species lists are organized alphabetically by family name, then alphabetically by genus 
and species (Table  9.1 ).   

 Several general terms are used to classify vegetation structure. Individual plants 
can be classifi ed into three common life - forms: trees, shrubs, and herbs. Trees refer to 
woody plants taller then 2   m with a single trunk. Shrubs, in contrast, are multi - stemmed 
plants that are generally less than 2   m tall. Herbs refer to small herbaceous (not woody) 
plants such as grasses and wildfl owers. Sometimes grasses and grass - like plants are 
referred to as graminoids while wildfl owers are referred to as forbs. There are a number 
of terms that apply to the community structure of vegetation. Species  density  is the 

  Table 9.1    Examples of species list from Florida shrub 

   Family     Scientifi c name  

  Apocynaceae     Asclepias curtissii   
  Asteraceae     Chrysopsis fl oridana   
  Asteraceae     Palafoxia feayi   
  Caryophyllaceae     Paronychia Americana   
  Cistaceae     Helianthemum corymbosum   
  Cistaceae     Lechea deckertii   
  Clusiaceae     Hypericum reductum   
  Commelinaceae     Callisia ornate   
  Cyperaceae     Bulbostylis ciliatafolia   
  Ericaceae     Lyonia fruticosa   
  Fabaceae     Dalea pinnata   
  Fabaceae     Galactia regularis   
  Oleaceae     Osmanthus megacarpus   
  Pinaceae     Pinus clausa   
  Poaceae     Aristida gyrans   
  Polygonaceae     Polygonella robusta   
  Scrophulariaceae     Seymeria pectinata   
  Selaginellaceae     Selaginella arenicola   
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number of individuals per unit area. However, it is sometimes hard to measure the 
absolute density of each individual plant. Therefore some shrub and herbaceous com-
munities are sometimes quantifi ed by the percent  vegetation cover  or the percentage of 
vegetation covering a ground area.  Biomass  is the amount of living matter in an area 
and vegetation biomass is the amount of above ground and below ground living plant 
matter in an area. The most precise way to measure biomass is to cut the vegetation, 
heat it in an oven to remove the water content, and weight it. This is very labor intensive 
so many geographers use other methods to approximate biomass. For forest communi-
ties, basal area is the most common way to assess biomass. Basal area is the total cross -
 section area of tree trunks per unit area. Basal area is generally quantifi ed by measuring 
the  diameter at breast height  of trees (DBH) and expressed as the area of the trees per 
hectare (m 2 ha  − 1 ) or (m 2 /ha). 

  Field  e quipment and  m aterials 

 Several straightforward pieces of fi eld equipment are needed to study present vegetation. 
Fifty - meter fi berglass tape measures are commonly used to delineate the boundaries of a 
study area. Flexible 2   m tape measures can be used to measure the circumference of trees 
and shrubs and also the height of plants. A special tape measure called a  ‘ diameter tape ’  is 
calibrated to measure the diameter of trees instead of the circumference, and is commonly 
used in forestry research. Datasheets should be prepared before going into the fi eld and 
should contain information on the location of the study area and other pertinent informa-
tion about a site including climate, elevation, geology, soils, and disturbance data (see 
Chapters  7  and  8 ). Datasheets are generally formatted for the fi eld method that will be 
employed so that a fi eld researcher can easily record the vegetation characteristics that are 
being measured. The site characteristics are generally collected for descriptive purposes or 
for testing specifi c hypotheses. Finally, a notebook for voucher specimens should also be 
brought into the fi eld. Voucher specimens are dried specimens of plants collected in 
the fi eld to aid in the identifi cation of species. When working in an area or region where 
there is high diversity or the possibility of identifying a new species, voucher specimens of 
plants are collected in the fi eld and sent to a local or international herbarium where they 
are mounted on special herbarium paper and given to a taxonomic specialist for 
identifi cation. 

 A variety of fi eld methods can be used to study all the world ’ s vegetation types (Bonham 
 1989 ). These include the line transect, belt transect, point - centered quarter method, 
and quadrat or plot. In particular, we examine how line transects, belt transects, and plots 
are established, what data is recorded with each method, and the advantages of each 
method.  

  Line  t ransect 

 A line transect entails placing a tape measure straight through an area and recording the 
species and structure of the plants encountered at selected intervals or intercept points 
along the transect (Figure  9.7 ). For instance, a 50   m tape measure can be placed in a straight 
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line through a herbaceous community like a grassland (Bonham  1989 ). A small pole or 
stick is then placed directly over the interval location or intercept point on the tape 
measure. Data on the plant that is encountered or  “ hit ”  by the pole when it is lowered over 
the point are recorded. Along a short line transect of 10   m it is possible to record the plants 
encountered every 50   cm along the line transect, resulting in a total of 20 intercept points, 
whereas along a 50   m line transect one might record the number of plants encountered 
every 1   m, for a total of 50 intercept points along the line transect. If no plants are encoun-
tered at a point intercept along the transect, for instance the pole is lowered and hits bare 
soil or rocks, then no vegetation is recorded. The life - form or height of each plant encoun-
tered can also be recorded at each intercept point. The length of the line transect and the 
number of points recorded along the line transect depends on the amount of time one is 
able to spend in the fi eld. Line transects are usually undertaken in herbaceous communities 
where it is often diffi cult to count the number of individuals in an area. This method is 
also ideal for shrub communities with plant heights less than one meter because it is easy 
to estimate vegetation cover.    

     Figure 9.7     Examples of a line transect, belt transect, and quadrat or plot  
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  Belt  t ransect 

 Belt transects entail the establishment of a narrow rectangle strip in a study area (Figure 
 9.7 ). For instance, a belt transect can be 1   m by 10   m or 2   m by 10   m or 2   m by 50   m. The 
size of the transect depends to a certain extent on the density of the vegetation, but belt 
transects of 2   m by 50   m or 20   m by 50   m are common (Whittaker  1975 ). Many vegetation 
surveys use multiple belt transects through a vegetation type in order to survey a larger 
sample area. For instance, ten belt transects that are each 2   m by 50   m can be established 
20   m apart in one vegetation type. Beginning at one end of the transect data, plant species 
and location data are recorded for each plant rooted within the transect. For shrubs or 
trees within the belt transect, the diameter at breast height (DBH) of each tree or shrub 
can be recorded along with data on the plant height. Belt transects are ideal for creating 
vegetation profi les of an area by fi rst drawing the location of each stem along a transect, 
then drawing the height and shape of each plant species. Belt transects are an excellent 
method for quantifying vegetation in shrub and forest communities where the individual 
stems for each plant are easy to identify. This method has the advantages of being easy to 
establish in one vegetation type and the linear shape also ensures that a large sample of a 
vegetation type is undertaken. The belt transect also provides a better estimate of species 
richness within a habitat type than other fi eld methods such as square plots of equal size.  

  Quadrat or  p lot 

 A quadrat or plot refers to a square with all sides of equal length (Figure  9.7 ). The term 
quadrat and plot are interchangeable, but quadrats are generally smaller than plots. 
Geographers usually examine a plot of 1 hectare, or 100   m by 100   m, in forests, plots of 10   m 
by 10   m in shrub communities, and smaller plots of 1   m by 1   m in herbaceous communities. 
When surveying large plots such as 1 hectare or larger, researchers generally subsample the 
plot, or divide it into smaller subplots (e.g., 10   m by 10   m) that are more manageable to 
survey. This insures that no species or individuals are missed when surveying a large area. 
Many researchers will establish  “ nested ”  or smaller plots within a larger plot to survey for 
different plant life forms. For instance, a 100   m by 100   m plot can be established to survey all 
trees with a DBH of 10   cm or greater and four small 10   m by 10   m plots can be established 
within the plot to survey the shrubs or herbs. This provides a sample of the understory 
without exhaustively surveying the entire 100   m by 100   m area. Plots have a number of 
advantages over line or belts transects. For forest communities, they can provide high - 
resolution data on species richness and the density of individuals within a sample area. Plots 
are most often used for long - term studies of vegetation and vegetation change because they 
can easily be resampled. In addition, certain spatial patterns of individual species like 
clumping are more easily identifi ed in plots as compared to line or belt transects.  

  Data  a nalyses 

 Once the fi eld measurements have been collected the results can easily be analyzed. Species 
richness is estimated as the total number of different plant species encountered at intercept 
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points along the line transect or as the total number of species encountered in transects or 
plots. Density can be calculated as the total number of individuals encountered in the 
sample area. Species frequency is the number of times a species was encountered and is 
expressed as a percentage. For line transects, species frequency is quantifi ed as the number 
of times a species was encountered divided by the total number of intercept points. For 
belt transects and plots, species frequency is quantifi ed as the number of times a species is 
encountered divided by the total number of plants recorded in the sample. Basal area can 
be calculated as the total cross section area of the trees per unit area using the same formula 
to calculate the area of a circle (Table  9.2 ). Divide the diameter at breast height by two to 
calculate the radius, then square the radius, and multiply it by Pi (3.14). Species importance 
values can also be calculated from belt transects and plots. This is done using a simple 
formula that quantifi es the relative density, relative frequency, and relative dominance 
(measured as basal area) of each species in a sample (Table  9.2 ). The importance value of 
each species in a sample can then be calculated by adding the three values. When two or 
more samples are taken it is possible to compare how similar two communities are with a 
similarity index. To calculate the similarity of two vegetation types it is only necessary to 
know the total number of species found at both sites and the number of species at each 
site (Table  9.2 ). This provides an estimate of the percentage similarity between two sites 
or vegetation types.     

  Conclusion 

 The study of vegetation by biogeographers applies the perspectives of both space and time 
to understand the form and functioning of the earth ’ s plants. Almost all life on the planet 
depends upon the thin cover of vegetation. Not only do plants capture solar energy 
through photosynthesis to power the food - chain, but they also provide habitat for animals 

  Table 9.2    Formulas for vegetation surveys 

   Element     Formula  

  Basal area    3.14    ×    (radius of tree) 2   

  Relative density  
  
   

individuals of species

total individuals of all species

×100

   

  Relative frequency    
   

frequency of species

sum of frequency of all species

×100

   

  Relative dominance    
   

basal area of species

total basal area of all species

×100

   

  Importance value    Relative density   +   Relative frequency   +   Relative dominance  

  Index of similarity  
  
   

2× the no. of species that occur in both samples

total speciees in sample total species in sample 1 2+
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and many resources for people, ranging from wood and fi ber to pharmaceutical products. 
The state of the world ’ s vegetation is a major concern today. Vegetation loss and frag-
mentation due to human land - use and climatic changes due to global warming place 
stresses upon vegetation and require careful and informed management strategies to miti-
gate such loses. Biogeographers, through the use of paleoecological techniques such as 
pollen analysis and tree - ring analysis, can help in understanding the natural dynamics of 
vegetation, responses to past climatic and environmental changes, and the prehistoric 
impacts of people. Through modern survey techniques, biogeographers document the 
present distributions of plants and vegetation formations, detect recent changes and 
provide critical information on the current distribution of the planet ’ s biodiversity. 
Carefully conducted paleo - vegetation studies and modern vegetation surveys provide data 
that is not only useful today, but can be drawn upon by future biogeographers, ecologists, 
and resource professionals to help in their efforts to understand and conserve plant species 
and vegetation communities.   
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    Exercise 9.1   Dendrochronology 

 Although modern research in techniques such as plant fossil analysis and tree - ring analysis 
requires sophisticated equipment and facilities, it is possible to undertake preliminary 
dendrochronological analysis using a scanned image of a tree core and a ruler with milli-
meter marks. A tree ring core sample and an enlarged subset of the core are provided in 
Figure  9.8 . This tree ring core was extracted from a Big Cone Douglas Fir ( Pseudotsuga 
menziesii ) in the San Gabriel Mountains, California, in the winter of 1997. Note the dif-
ference in color between the latewood and earlywood. It can be assumed that the outer -
 most ring represents the last year ’ s growth season because it was sampled in the winter. 
Quantify each year towards the center of the enlarged tree core beginning at the last year 
of the core. Then measure the total radial distance from the outside of the bark to the 
center and measure the width of each ring in mm.   

 First, identify the age of the enlarged sample in years based on the number of rings. 
Then, calculate the average annual radial growth rate of the tree by dividing the total radial 
distance from the center to outer bark by the number of rings counted. Identify the years 
during which there might have been an extreme drought based on the number of small 
rings and the number of years when there might have been extreme amounts of rain. 
Finally, compare results of ring width with the annual variations in precipitation and 
summer temperatures in the region. Is there an association between ring width and pre-
cipitation? Are climate patterns such as pronounced changes during El Ni ñ o years (i.e., 
1982 – 83) present?  
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     Figure 9.8     A tree ring core of Big Cone Douglas Fir ( Pseudotsuga menziesii ) collected during the 
winter of 1997 in the San Gabriel Mountains, California  
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  Exercise 9.2   Vegetation Surveys 

 We will use a vegetation survey to quantify the species richness, fl oristic composition, and 
structure of endangered tropical dry forests from Hawaii, and create an index of similarity 
between two fragments of forest. Data on one of the largest and best preserved tropical dry 
forests in Hawaii are provided in Table  9.3 . The data from Manuka State Park on the island 
of Hawaii includes all trees within a 2   m    ×    50   m belt transect (100   m 2 ) with a diameter at 
breast height  ≥ 2.5   cm. The fi rst column identifi es the distance encounter along the belt 
transect and the second column is the scientifi c name of the species. The islands of Hawaii 
were historically known as the Sandwich Islands, which is why most species names end in 
 sandwicensis . The third column is the diameter at breast height in cm of all stems in the 
transect. Note that there are multi - stems for a number of plants when measured at breast 
height. The last column is height of each tree in 2   m cohorts. A second 2   m    ×    50   m transect 
was collected from Kaluakauila Gulch, Oahu. This site contained fi ve species ( Cordyline 
fruticosa ,  Diospyros sandwicensis ,  Leucaena leucocephala ,  Nestegis sandwicensis ,  Psydrax 
odoratum ).   

 To quantify the species richness, fl oristic composition, and structure of endangered 
tropical dry forest in Hawaii, you fi rst summarize the level of species richness for the site. 
Second, create a species list of all plants encountered and the density of each individual 
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  Table 9.3    Field data on tropical dry forest from a 2   m    ×    50   m belt transect for tree  ≥ 2.5   cm   DBH 

   Meters     Species     DBH (cm)     Height (m)  

  0     Nestegis sandwicensis     3.7    6  
  10     Aleurites moluccana     4.7    4  
  13     Aleurites moluccana     2.7    4  
  15     Diospyros sandwicensis     3.2    6  
  15     Nestegis sandwicensis     2.6    4  
  17     Nestegis sandwicensis     3.1    12  
          15.8      
  17     Aleurites moluccana     4.1    4  
  18     Nestegis sandwicensis     2.9    4  
  27     Nestegis sandwicensis     12.2    10  
  28     Nestegis sandwicensis     8.9    10  
  31     Nestegis sandwicensis     3.8    10  
          4.0      
          3.5      
          16.4      
  32     Diospyros sandwicensis     2.8    6  
  34     Nestegis sandwicensis     3.6    14  
          12.3      
  36     Nestegis sandwicensis     19.6    14  
          2.7      
          5.7      
  36     Psychotria hawaiiensis     5.7    10  
  39     Psychotria hawaiiensis     3.8    6  
  40     Nestegis sandwicensis     5.9    6  
  42     Nestegis sandwicensis     4.2    6  
  43     Metrosideros polymorpha     20.1    14  
  44     Nestegis sandwicensis     6.5    8  
  45     Nestegis sandwicensis     2.5    4  
  46     Wikstroemia sandwicensis     6.5    6  
  47     Wikstroemia sandwicensis     3.8    4  
          2.8      
  47     Nestegis sandwicensis     3.0    4  
  49     Nestegis sandwicensis     3.4    4  

species per 100   m 2 . Third, identify the number of multi - stem trees, total stand density, total 
number of tree  ≥ 10   cm   DBH, basal area in cm, and mean tree height. Draw a two dimen-
sional profi le of the vegetation based on the data provided. Finally, using the similarity 
index in Table  9.2 , calculate the similarity between the two sites. Which trees are most 
abundant or rare? What are the largest trees? Is it possible to determine which trees are 
non - native/exotic to Hawaii? How similar are the two sites and which has the highest 
species richness?  
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  Introduction 

 Geographers often need to map the distribution of phenomena such as vegetation, land-
forms, structures, or patterns of urban and rural land use, in both the present and historical 
past. A viable means to accomplish this task is to utilize remote sensing technology, image 
processing, and interpretation procedures: areas which geographers have made substantial 
research contributions. The term  remote sensing  was coined in the 1960s by Evelyn Pruitt 
(1918 – 2000), a geographer who held a civil service appointment in the Offi ce of Naval 
Research (ONR), which was then a major sponsor of geographic research (Jensen et al. 
 1989 ). Remote sensing of the environment involves collecting data about the features or 
phenomena that comprise the Earth ’ s surface and atmospheric environments, without 
being in direct contact with the features or phenomena in question. This is achieved by 
capturing  “ electromagnetic radiation ”  (EMR) using sensors mounted on aircraft or satel-
lites; it is these  platforms  that enable the remote (that is detached or separated) nature of 
the data collection. The EMR captured by the sensor ranges from very short wave ultravio-
let rays, through the optical wavelengths, to longer microwave (radio) wavelengths. Passive 
remote sensing involves EMR that is refl ected or emitted naturally, and may have origi-
nated from the sun and then been refl ected off material or matter on Earth ’ s surface or in 
the atmosphere. Active remote sensing makes use of EMR that is generated artifi cially (by 
radar or laser, for example) and refl ected from natural or built environments. Normally, 
the EMR is sampled spatially, in a manner that enables a two - dimensional image (or 
picture) to be created, from which a researcher can extract geographic information. In 
some cases remotely sensed imagery, such as the aerial photographs or satellite images that 
are used widely in textbooks, the news media, and on the Internet, may simply provide a 
visual representation (or map) of an area of interest and the features contained in it. In 
others it can provide quantitative measurements of a locally specifi c phenomenon, such 
as surface temperature or elevation. 

 Although it can trace its beginning to 1839, when the camera was invented, remote 
sensing is a relatively modern technology. Systematic aerial photography became widely 
available during the 1950s and global data from Earth observation satellites began to 
be collected in the 1970s. Today, both spatially continuous and contiguous views of large 
areas of the Earth ’ s surface and atmosphere are possible. Remotely sensed data are com-
prehensive, synoptic (that is many features can be observed simultaneously), and can 
be collected effi ciently and non - invasively, even from areas that are inaccessible or inhos-
pitable to ground - based observations. However, false information or artifacts may be 
introduced whether in data collections, image processing, or  image interpretation . 
Moreover, remote observations can sometimes be less detailed and precise than similar 
measurements made on the ground. Historical information about geographic features or 
conditions can also only be limited by the quality and availability of archived imagery 
captured in the past. 

 This chapter emphasizes the utility of remote sensing for geographic research by provid-
ing an overview of the physical principles involved in remote sensing, the types and sources 
of images, and the fundamentals of image interpretation. Light detection and ranging 
(LIDAR) and interferometric synthetic aperture radar (IFSAR) technologies provide the 
basis for creating topographic maps and the digital terrain data sets that are used in a 
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Geographic Information Systems (GIS) environment (see Chapter  22 ). However, the scope 
of this chapter is limited to passive, optical and imaging remote sensing of the Earth ’ s 
terrestrial (land surface) environment. Examples are drawn primarily from analyses 
of terrestrial phenomena. Some of the uses of remotely sensed data are discussed in 
Chapter  8 . It is the author ’ s hope that this chapter will spark student interest in what is a 
dynamic subfi eld of geography that experiences rapid change.  

  Electromagnetic Radiation ( EMR ) 

 Since it is EMR that enables information about the Earth ’ s surface to be extracted, it is 
helpful to introduce some information about its generation, transfer, and interaction. 
Radiation involves the transfer of energy, but unlike conductive and convective energy 
transfers, EMR transfer can occur in the absence of a material medium (that is, it can be 
transferred through the vacuum of outer space). EMR is made up of electric and magnetic 
fi elds that travel at the speed of light, and have a characteristic wavelength and frequency. 
What causes EMR to be emitted is a change in the electrical charge of matter, which can 
result from atomic - level changes in energy states or molecular - level motions such as vibra-
tion and rotation. The majority of geographic remote sensing is based on the passive 
imaging of solar refl ective EMR, primarily in the wavelength range between 0.3 and 3.0 
micrometers ( μ ); that encompasses the longer portion of the ultraviolet (0.3 – 0.4    μ ), the 
visible (0.4 – 0.7    μ ), near  infrared  (0.7 – 1.4    μ ) and shortwave infrared (1.4 – 3.0    μ ) wavelength 
bands of the EMR spectrum (Jensen  2007 ). 

  Passive optical  remote  sensors  on aircraft or satellites capture EMR that refl ects off or 
is emitted from Earth surface materials and scatters off atmospheric constituents; the 
refl ected or emitted surface radiation is the signal of interest and the scattered atmospheric 
radiation constitutes  “ noise. ”  Noise occurs because EMR from the Sun passes through the 
atmosphere on its path to the surface and then, upon being refl ected, passes through 
the atmosphere again before reaching the sensor. Atmospheric constituents, such as gas 
molecules, aerosols and particulates, as well as water in its liquid and solid forms (in 
clouds, for example,) have the ability to absorb (intercept) and/or scatter (redirect) EMR. 
 Scattering  impacts solar refl ected radiation because it diffuses the direct solar irradiance, 
reduces the amount of refl ected solar radiation traveling to a sensor, and redirects solar 
radiation into the view of the sensor.  Absorption  impacts long wave emitted radiation by 
reducing the magnitude of emitted radiation leaving a surface and limiting the regions of 
the EMR spectrum that can be used for sensing Earth surface properties. 

 The characteristic pattern of the amount of EMR that is refl ected or emitted by a surface 
material or object at varying wavelengths is known as its  “ spectral signature. ”  Extracting 
information about the composition or condition of surface features from the  spectral  
signatures represented in remotely sensed data is further complicated because, although 
the amount of refl ected EMR leaving a surface is primarily a function of the  refl ectance  
properties of the surface materials, it is also infl uenced by the magnitude and direction of 
the solar  irradiance  and the view direction of the remote sensor. The amount of emitted 
longwave radiation leaving a surface is primarily a function of the surface temperature and, 
to a lesser extent, the emissivity of the surface involved.  



158 Douglas A. Stow

  Types and Sources of Remotely Sensed Imagery 

 A wide variety of types and sources of remotely sensed imagery are in the public domain, 
and the key to selecting the appropriate image type is to match the spatial, temporal and 
attribute aspects of the researcher ’ s information requirements with the spatial, spectral, 
 radiometric , and temporal characteristics of the available imagery and the system(s) used 
to acquire it. As with most geographic data, the important specifi cations associated with 
these characteristics pertain to two properties: (1) resolution or grain; and (2) extent or 
coverage. Specifi cally, spatial resolution is a measure of the amount of surface detail a 
sensor can detect; spectral resolution is determined by the number and location of wave-
length bands in the EMR spectrum that a sensor measures and the width of those bands; 
radiometric resolution is the sensitivity a detector has to variations in refl ectance; and 
temporal resolution refers to the frequency with which data can be collected, which is 
mostly determined by the platform ’ s mobility. The number and location of wavelength 
bands in the EMR spectrum are also the determinants of spectral coverage, so one data 
property typically must be traded - off relative to the other and thus, for example, high 
spatial resolution usually comes at the expense of limited coverage, and  vice versa . An 
overview of the information content of different types of imagery contain can be found at 
 http://www.fas.org/irp/imint/niirs_ms/msiirs.htm . 

 Primary distinctions between the different types of imagery available are made on 
the basis of platform (airborne or satellite) and sensor type (photographic or digital). 
Radiometers and spectrometers, for example, quantitatively measure EMR over a wave-
length band or discrete wavelength of the EMR spectrum, respectively, while cameras 
image an entire fi eld of view. Both analog and digital sensors can operate from either 
airborne or satellite platforms, but the most commonly available imagery is obtained using 
particular platform - sensor combinations. Thus although airborne digital cameras and 
linear array sensors that measure refl ected or emitted EMR are increasingly being utilized 
to capture high spatial resolution images of land areas, the most common airborne imagery 
is aerial photography captured by cameras mounted on fi xed platforms, such as airplanes, 
helicopters, airships or balloons that operate at relatively low altitudes (usually between 
1,000 and 21,000   m) and tend to be more mobile than satellites. Aerial photography is 
often of the highest possible spatial resolution, but normally has limited spatial coverage 
(aerial photographs typically cover an area of between 1.5 and 15   km 2 ). 

 Satellites, by contrast, provide coverage of much larger ground areas, but with a lower 
spatial resolution. Landsat images, for example, are 185    ×    170   km and have a spatial resolu-
tion of between 80 and 15   m. Examples of Sun - synchronous (or polar orbiting) satellites, 
such as Landsat 7, tend to provide high spatial resolution images less frequently (such as 
once every 16 days), while geostationary (equatorial orbiting) satellites, such as NOAA ’ s 
GOES satellites or the EUMETSAT ( http://www.metoffi ce.gov.uk/satpics/latest_IR.html ), 
provide much more frequent images (at hourly intervals, for example), but have a broader 
fi eld of view and a coarser spatial resolution (Jackson  2009 ; Kramer  2002 ). Commercial 
satellite sensors provide very high spatial resolution images for smaller areal extents and 
at a substantial cost (Baker et al.  2001 ) 

 Photographic sensors on aircraft platforms are completely analog systems that capture 
imagery on fi lm when it is exposed to particular wavelengths and processed as negatives 
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  Box 10.1    State - of - the - Art Airborne Sensors 

    While large format fi lm cameras have provided most of the aerial imagery for  pho-
togrammetry  and GIS applications, large format multispectral imaging systems 
(LFMIS) provide a cost - effective alternative to generating high - fi delity and high 
spatial resolution imagery. Large format fi lm cameras can provide large area coverage 
with high detail at a relatively low cost, although the radiometric range is more 
limited and the spectral quality is lower than LFMIS due to fi lm characteristics and 
scanning. 

 LFMIS provide large format imagery with the benefi ts of direct digital image 
acquisition, which include: (1) higher radiometric resolution; (2) reduced operating 
costs per frame/image since no fi lm purchase, processing, or scanning is required; 
(3) greater spectral coverage with blue, green, red, and near - infrared wavebands 
acquired simultaneously; and (4) direct digital processing fl ows which may include 
the use of GPS - AINS and direct geo - referencing. The availability of larger format 
CCD arrays, innovative image array technologies, larger hard drive capacities, and 
faster digital processing have made large format digital imaging more attractive. 

 Large format digital sensors are those that are capable of acquiring an image frame 
containing at least 36 megapixels. Commercially produced large format LFMIS 
employ either push - broom line or frame arrays. The ADS40, DMC, and UltraCam X  
have been on the market longest and are the most commonly available systems. 

 Most LFMIS are employed to generate orthoimagery or image maps, which means 
that sensor and terrain - related distortions have been corrected and that image 
conforms to an Earth coordinate system (i.e., pixels have geographic coordinates). 
The spatial resolution of such orthoimages tends to range between 0.1 to 1.0   m. 
Orthoimages are very useful for direct mapping of Earth surface features, as well 
as an image backdrop for GIS analyses. Orthoimages derived from LFMIS can be 
displayed as single waveband grey tone, true color, or false - color infrared images. 
The fi gure associated with Exercise 10.2 is an example of a LFMIS image captured 
by the DMC sensor on a fi xed - wing aircraft that is shown in false - color infrared 
format.  

and photographs. The height and the focal length of the camera lens determine the scale 
of the photo. Such images can have a very high spatial resolution and fi delity (that is, they 
can be accurately rendered without distortion or information loss). Their spectral range, 
however, is limited to the visible and near - infrared regions of the EMR spectrum and, 
although other fi lm formats can be used, the standard image is 9 inches wide. Aerial pho-
tographic fi lm, which is available in black and white panchromatic, black and white infra-
red, true color, and false color infrared formats, can be electronically scanned to produce 
digital images, but higher spectral and radiometric qualities are achieved with digital 
sensors that may use analog detectors to measure EMR levels, which are then converted 
to digital numbers that can be stored in a computer memory and transferred electronically 
as part of a raster data set (a two - dimensional array of cells comprising pixels, the smallest 
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picture elements, of which each have a value in a pre - defi ned range). The resulting digital 
images are more readily corrected, enhanced, and converted into GIS compatible forms. 
Most satellite imagery is captured by digital imaging radiometers, since it is diffi cult to 
retrieve photographic fi lm from a satellite.  

  Acquiring Image Data 

 Although remote sensing can provide substantial cost effective benefi ts over conventional 
ground - based data collection methods, students should not harbor unrealistic expectations 
when it comes to obtaining imagery to meet specifi c needs. Often, it will not be possible 
to locate images that are freely available in the public domain for exactly the time(s) and 
location(s) of interest. That being said, the Internet is the fi rst place one should start search-
ing for appropriate imagery. For example, Google Earth and the NASA Zulu site provide 
global coverage of imagery that may be viewed and often downloaded for free over the 
Internet. A tutorial that describes how Landsat images from the latter site can be down-
loaded into a GIS format can be found at  http://education.usgs.gov/common/lessons/
nasa_zulu.html . Another source for public domain imagery, including global coverage of 
satellite data and historical aerial photography for the United States, is the Earth Resources 
Observation and Science (EROS) Data Center of the US Geological Survey (USGS)  http://
eros.usgs.gov/ . In the UK, the Dundee Satellite Receiving Station maintains an archive of 
images from both polar and equatorial orbiting satellites  http://www.sat.dundee.ac.uk/ , 
and  Intute  draws together a variety of imagery and other resources  http://www.intute.ac.
uk/sciences/worldguide/ . If particular spatial or spectral characteristics or current imagery 
is needed, data must typically be purchased from a commercial vendor. 

 EOSDIS (Box  10.2 ) is an excellent source of imagery and other geospatial Earth observa-
tion data sets. Most of these data sets are free and readily available through web - based 
portals such as EOS Data Gateway (EDG)  http://redhook.gsfc.nasa.gov/ ∼ imswww/pub/
imswelcome/  and GloVis  http://glovis.usgs.gov/ . What is unique about the EOSDIS is that 
EOS data are freely available to students, educators, and researchers in a variety of formats, 
from raw image data, to geometrically and/or radiometrically corrected images, to maps 
of Earth science properties derived from sophisticated models.   

 NASA - funded science teams and scientists around the world are exploiting EOS to study 
the Earth by observing the atmosphere, oceans, land, ice, and snow, and their infl uence 
on climate and weather. A key to gaining a better understanding of the global environment 
is exploring how the Earth ’ s systems of air, land, water, and life interact with each other. 
By using satellites and other tools to intensively study the Earth, NASA hopes to expand 
understanding of how natural processes affect us, and how we might be affecting them. As 
a bonus, EOS data and studies will yield improved weather forecasts, tools for managing 
agriculture and forests, and information for fi shermen and local planners.  

  Image Processing 

 Once acquired, it may be necessary or useful to process remotely sensed images prior to 
interpretation. Since aerial photographs are interpreted in hard copy form, processing is 
typically performed in a photo laboratory. By contrast, processing performed in the digital 
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  Box 10.2    NASA Earth Observing System 

    In the early 1980s, scientists and managers at the US National Aeronautics and Space Administration 
(NASA) initiated a comprehensive Earth observation system, called Mission to Planet Earth, that primar-
ily relied on satellite sensors and ground receiving and processing centers. In the early 1990s NASA 
established the Earth Science Enterprise (ESE), a comprehensive program to study the Earth as an envi-
ronmental system. The ESE has three main components: (1) a series of Earth - observing satellites called 
the Earth Observing System (EOS); (2) an advanced data system called the Earth Observing System Data 
and Information System (EOSDIS); and (3) teams of scientists who process, study, and synthesize 
EOS data. 

 Phase I of the ESE consisted of focused satellite and Space Shuttle missions, and airborne and ground -
 based campaigns. Phase II began in December 1999 with the launch of the fi rst EOS satellite called Terra 
(formerly called AM - 1). A coordinated series of polar -  and equatorial -  orbiting satellites have and will 
be launched to provide long - term global observations of the land surface, biosphere, solid Earth, atmo-
sphere, and oceans (see Figure  10.1  and  http://eospso.gsfc.nasa.gov/eos_homepage/mission_profi les/
index.php )    

     Figure 10.1     NASA ’ s Earth Observing System mission profi les (1997 – 2004)  http://eospso.gsfc.nasa.gov/eos_
homepage/mission_profi les/docs/mission_profi le.pdf   
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domain can be undertaken using commercially available software. The most important 
image processing requirement for many research projects involves the geometric correc-
tion and geographic referencing of an image (Jensen  2005 ). Geometric correction and 
 geo - referencing  are necessary because remotely sensed images have inherent geometric 
distortions, due to displacements that arise from variations in the terrain being viewed, 
platform orientation, and sensor imperfections, so that when they are acquired they are 
not always directly planimetric (or map - like) (McGlone et al.  2004 ). This means that to 
generate maps from images and/or to incorporate image - derived products into GIS data-
bases, an image must be geo - referenced to an earth coordinate system. With an appropriate 
level of instruction, this may be accomplished using a GIS or image display software 
package, but it is also possible to obtain (sometimes at extra cost) digital orthophotography 
or orthorectifi ed satellite image data from a public image archive or commercial source. 
Contrast or color enhancements that involve maximizing the grey level or color range 
within digital images can greatly facilitate visual interpretation, and spatial enhancements 
that sharpen or smooth digital images and bring out details or trends are also supported 
by many software packages. It is also possible to modify the scale of a digital image, and 
with access to the appropriate software, correct and enhance its spatial and radiometric 
characteristics.  

  Interpreting Remotely Sensed Images 

 Image interpretation is the act of analyzing remotely sensed images and extracting useful 
information about a scene (the Earth surface area represented in an image) (Simonett 
et al.  1983 ). Interpreting images is both an art form and a science. Humans have innate 
interpretative abilities and there are at least eight elements of image interpretation that 
allow us to perform image interpretation (although it is not necessary to consciously 
employ or exploit them all in the process of interpreting an image). In increasing order of 
complexity, these interpretative elements are: tone or color; texture; shape; size; height; 
shadow; pattern; and context. In addition, there are four general types of image interpreta-
tive tasks that a student researcher may wish to accomplish. In order of complexity these 
tasks are: 

   •       Detection : Locating the occurrence of a particular type of feature or phenomenon; a 
binary or dichotomous search process (e.g., detecting plant stress or landscape changes).  

   •       Identifi cation : Same as for detection, only determining the types of features or phenom-
ena (e.g., identifying land use categories or vegetation types).  

   •       Measurement : Quantifying the length, area, or number of occurrences of objects (e.g., 
measuring the length of a road segment or counting the number of dwellings in a 
neighborhood), once such objects have been detected or identifi ed.  

   •       Analysis : Examining spatial relationships and geographic attributes of a scene, often by 
incorporating information derived from detection, identifi cation, and measurement of 
scene objects and phenomena (e.g., analyzing the socio - economic characteristics of a 
neighborhood or the soil erosion potential of a ranch).    

 The tools and strategies used for image interpretation vary, depending on whether the 
images are in analog (hardcopy) or digital form. The most common hardcopy images are 
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aerial photographs, which are not normally geo - referenced. As for a map, the spatial scale 
of an aerial photograph is specifi ed by a representative fraction (the ratio of the length of 
a feature on an image to its actual length on the ground), which is expressed as a dimen-
sionless ratio per unit image length, such as 1:10,000 - scale or 1/10,000 - scale. However, it 
is common practice for local government agencies in the United States to use dimensioned 
scale equations in non - metric units, 1 inch   =   2,000 feet for example. Dimensioned 
scale equations can be readily converted to a dimensionless representative fraction by 
converting the units of one side of the equation to match the units of the other side, so 
that 1 inch   =   2,000 feet    →    1 inch   =   24,000 inches    →    1:24,000 - scale. Since the representa-
tive fraction increases when the denominator (the scale factor) decreases, a large - scale 
image will portray a smaller areal extent with greater spatial resolution than a small - scale 
image. There is no inherent representative fraction associated with a digital image that is 
displayed on a computer monitor, since the spatial scale changes as the operator zooms in 
and out. 

 Hardcopy images are usually interpreted with the aid of analog optical viewing tools 
and magnifi cation devices that enhance the intricate spatial details recorded on aerial 
photographic fi lm, and aerial photographs often have a 60% overlap that enables a pair of 
images to be viewed stereoscopically (Campbell  2002 ). A stereoscope viewer is a device 
that permits each of the interpreter ’ s eyes to simultaneously view the overlapping portion 
of a pair of two - dimensional photographs, creating the illusion of depth, so that the inter-
preter  “ sees ”  the landscape in three dimensions. Being able to see topographic features and 
terrain variations in stereo is an effective way of visualizing landscape relationships and is 
often used to map terrain - controlled features such as landforms or vegetation. A zoom 
transfer scope is an optical device that allows analog images to be optically magnifi ed and 
warped so that differences in scale and projection can be accounted for, and they can be 
aligned and superimposed directly on a planimetric base map; this obviates the need to 
geometrically correct and geo - reference aerial photographs. A digital GIS layer can also be 
generated from any analog map if it is digitally encoded by scanning or digitized by hand. 
Point, line, and polygon objects can also be counted, measured and/or digitized interac-
tively, and the objects displayed in a graphics or overlay plane and/or saved to a digital fi le. 
Information attributes, such as the category names, of these spatial objects must be encoded 
manually, but if the image has been geo - referenced then the fi le of image - digitized features 
and their encoded attributes can be integrated into a GIS database. 

 Digital images can be displayed on a computer monitor or printed onto a variety of 
hardcopy media. Computer - based image processing and display systems enable interactive 
viewing, processing, and interpretation, in a very fl exible and effi cient manner known as 
 “ on - screen interpretation ”  (Jensen  2005 ). While the fairly novice student may not attempt 
to exploit semi - automatic image interpretation (e.g., image classifi cation or object recogni-
tion) and quantifi cation capabilities of digital image data and image processing software, 
 “ on - screen interpretation ”  can be very powerful, the purpose of more automated 
approaches is to generate and update geo - spatial data sets in a faster, cheaper, more repeat-
able, and more reliable manner (Landgrebe  2003 ). While the reliability of semi - automated 
approaches is improving, some form of manual, interactive editing, and quality checking 
of resultant products is required. 

 Up to three different wavelength bands, enhanced images, or dates of imagery can be 
displayed simultaneously in the three color planes (red, green, and blue) of a computer 
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image display (Figure  10.2 ). A single band, panchromatic (i.e. broad visible wavelength 
band) satellite image can be displayed simultaneously in all three color planes to yield a 
grey tone (i.e., black  &  white) image. A true color image is displayed when red, green, and 
blue wavelength bands are displayed in red, green, and blue color planes, respectively. 
When other waveband - to - color plane combinations are displayed, the resultant images are 
called false color composites. The most common is the false color infrared composite, 
where near infrared, red, and green wavelengths are displayed in red, green, and blue color 
planes, respectively. This is the same color representation as color infrared aerial photo-
graphs, such that healthy green vegetation appears bright red and inorganic urban surfaces 
(e.g., concrete and roofi ng materials) are portrayed in blue - gray.   

 A multitude of image analysis and mapping tasks can be performed with digital images 
displayed on a computer monitor. Image displays are considered volatile, meaning that 
the image being displayed at any one time is temporary, unless it is saved and stored 
in a new computer fi le. An analyst can conveniently modify the scale and tone/color of a 
digital image, and with the particular software, correct and enhance spatial and radiometric 
characteristics. Since spatial scale changes by digitally zooming in and out, there is no 
inherent representative fraction associated with an image displayed on a computer monitor. 
Once an image is suitably enhanced and displayed, a student researcher can visually inter-
pret the image on the computer monitor, as they would with a hard copy image. Point, 
line, and polygon objects can be counted, measured and/or digitized interactively by con-
trolling the cursor with a computer mouse or trackball. These objects are displayed in the 
graphics or overlay plane of the computer display monitor, and can be saved to a digital 
fi le. Information attributes (e.g., category names) about these spatial objects must be 
encoded manually. If the image had been geo - referenced then a fi le of image - digitized 

     Figure 10.2     Digital image color display conventions. (R   =   red color plane, G   =   green color 
plane, B   =   blue color plane)  
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features with encoded attributes is essentially a GIS layer that can be integrated into a GIS 
database. Similarly, a dated GIS fi le can be overlaid graphically with a more current geo -
 referenced image and then be updated interactively through this  “ heads - up digitizing ”  
approach.  

  Objectives of Image Analysis 

 Most image analysis is conducted in support of one or more of four general types of geo -
 spatial objectives: (1)  reconnaissance ; (2)  inventory ; (3)  mapping ; and (4)  monitoring  
(Simonett et al  1983 ). Each of these objectives is explained below in the context of geo-
graphic research, with specifi c examples provided with the four application scenarios. 

  Reconnaissance 

 This involves conducting an initial survey of a landscape, often to gain appreciation of the 
geographic setting or context. Remotely sensed images enable a student researcher to 
obtain a qualitative perspective of the biophysical environment or a  “ sense of a place ”  
about a cultural landscape. This can be achieved for study areas that are poorly accessible 
or too far away to be conveniently visited on the ground. Image - based reconnaissance may 
support ground - level observations by enabling a different viewing perspective, or support 
direct observations from an aircraft, by providing documentation of what was observed in 
fl ight. Airborne videography is particularly useful for the latter case, since voice informa-
tion can be recorded along with the video image data. Imaging requirements in support 
of reconnaissance are not usually stringent, due to the qualitative nature of interpretation 
and less challenging objectives. This means that readily available archive and/or on - line 
image sources, or taking hand - held airborne imagery are viable options. Examples of 
reconnaissance that might be conducted by a student researcher with the aid of remotely 
sensed imagery are: (1) assessing the extent of damage from a natural hazard event incurred 
by a city (see scenario no. 1 in Table  10.1 ); (2) determining the geomorphic setting of a 
watershed or region; and (3) understanding the distribution and characteristics of urban 
and rural settlements within a county, state, or country. The information product can be 
a map or descriptive text, that defi nes the extent of fl ooding and/or provides a qualitative 
analysis of damage to buildings and structures (see for example,  http://www.fema.gov/
hazard/fl ood/recoverydata/katrina/katrina_la_maps.shtm ).    

  Inventory 

 An inventory of a study area involves an accounting of its land surface features. Such an 
objective is quantitative in nature and may be achieved by means of statistical sampling. 
Remote sensing based inventories are commonly conducted for natural resources such 
as forest timber or agriculture crops (Lillesand and Kiefer  2007 ; Ustin  2004 ). Student 
researchers may also wish to inventory built or other cultural features such as buildings or 
roads with high spatial resolution imagery. Even human resources (i.e., population) can 



  Table 10.1    Four application scenarios 

   Project objective     Image data     Image interpretation     Information product  

  1   Assess the 

geographic extent 

and spatial pattern 

of damage 

resulting from an 

earthquake in 

Mexico  

  Quickbird satellite 

imagery (true color 

with 0.6   m spatial 

resolution) provided 

pro bono through 

DigitalGlobe 

commercial 

imagery website  

  On - line download 

and computer 

display, with visual 

interpretation and 

qualitative analysis 

of damage to 

buildings  

  Descriptive text  

  2   Analyze spatial 

and temporal 

patterns of beach 

recreational use 

and associated 

automobile 

transportation for 

a coastal county  

  Color digital images 

captured at very high 

spatial resolution with 

a hand - held digital 

camera on a low -

 altitude, high - wing 

aircraft; a sample of 

segments along the 

coastal strip that 

include beaches and 

adjacent parking lots 

are imaged  

  Hard copy prints of 

images are used to 

count beachgoers 

and automobiles in 

public parking lots  

  Statistical estimates 

of total number 

of beachgoers and 

automobiles for 

entire length of 

county ’ s coastline  

  3   Analyze forest 

fragmentation and 

possible impacts 

on endangered 

animal species for 

tropical forests 

covering a large 

watershed in 

Southeast Asia  

  Landsat Enhanced 

Thematic Mapper Plus 

(ETM+) digital image 

data obtained in 

geo - referenced format 

from researchers at the 

World Wildlife Fund  

  On - screen 

interpretation of 

false color 

composite image 

display of ETM+ 

wavebands and 

heads - up digitizing 

of forest and 

non - forest patches 

(e.g., clear cuts)  

  Digital GIS layer 

and hard copy 

map of forest and 

non - forest areas  

  4   Examine wildfi re 

frequency and 

extent within the 

western US  

  Terra MODIS 

multispectral digital 

imagery (250 and 

500   m spatial 

resolution) captured 

annually since 2000 in 

early summer; ordered 

free of charge from the 

NASA Land Processes 

Distributed Active 

Archive Center  

  Internet download 

and computer 

display, on - screen 

interpretation of 

multi - temporal 

MODIS images 

(one year apart) 

and heads - up 

digitizing of fi re 

scar boundaries  

  Maps and areal 

statistics on fi re 

scars burned since 

previous year  
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be estimated through image analysis (Ridd and Hipple  2005 ). Since inventories involve 
enumerative estimates or listing of objects or resources, which can never be exact when 
conducted over large areas, a complete or  “ wall - to - wall ”  sampling may not be required. 
Some type of spatial sampling scheme can be implemented, such as sporadic image cover-
age of the study area and the use of transects or dot grids overlaid on each image. Examples 
of inventories that might be conducted by a student researcher with the aid of remotely 
sensed imagery are: (1) counts of automobiles in parking lots for transportation studies 
(see scenario no. 2 in Table  10.1 ); (2) quantifi cation of total stream length in a watershed; 
and (3) estimation of areal extent of land used for grazing in a state or country. In addi-
tion, the United State Environmental Protection Agency (EPA) has a variety of national, 
spatially contiguous environmental monitoring initiatives that use remotely sensed data 
both to inventory different properties across large regions and evaluate the status of large 
regions by sampling a subset of the total area, details of which can be found at  http://www.
epa.gov/cludygxb/html/natinv.htm .  

  Mapping 

 This is a common objective of many studies that utilize remotely sensed imagery, but the 
imaging requirements in support of mapping can be stringent. Two essential requirements 
are that the imagery is geo - referenced imagery, or at least can be co - registered to a base 
map using, a zoom transfer scope for example, and that the coverage is continuous. These 
requirements are necessary to ensure that a map derived from remotely sensed imagery 
represents the positional and attribute characteristics of objects or phenomena in an accu-
rate and precise manner (Congalton and Green  2008 ). Examples of mapping that might 
be conducted by a student researcher with the aid of remotely sensed imagery are: (1) 
delineation of forest and non - forest patches for habitat analyses (Ustin  2004 ) (see scenario 
no. 3 in Table  10.1 ); (2) identifi cation of urban land uses; and (3) regional - scale portrayal 
of geologic structural features in support of tectonic studies (Rencz  1999 ). See for example, 
 http://daac.gsfc.nasa.gov/geomorphology/ .  

  Monitoring 

 This entails time - sequential observations of land surface areas, normally with an interest 
in assessing landscape change. For remote sensing, this generally means that multiple 
images captured at different times are acquired and interpreted. Monitoring can be 
achieved with multi - temporal imagery from either a reconnaissance, inventory, or mapping 
perspective. The image requirements for monitoring are stringent; the multi - temporal 
images must be geo - referenced and co - registered (that is, spatially aligned in a relative 
positional sense). Examples of monitoring that might be conducted by a student researcher 
with the aid of multi - temporal imagery are: (1) determining the location and extent of 
wildfi re scars (see scenario no. 4 in Table  10.1 ; also such monitoring can be conducted in 
real time  –  see, for example,  http://www.ssd.noaa.gov/PS/FIRE/hms.html ); (2) estimating 
the number of new residential dwellings built in a given time period; and (3) assessing 
changes in agricultural practices in a developing country.   
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  Calibration and Validation 

 The interpretation of remotely sensed imagery as well as information products, be they 
inventory statistics or maps derived through such interpretation, are most reliable when 
supported by ground - level observations. Such observations can be used to train an inter-
preter to detect or identify objects or phenomena in images (a form of calibration), and 
to test the reliability or determine the accuracy of an image - derived product (a form of 
validation) (Congalton and Green  2008 ). Whether they are used for calibration or valida-
tion, ground observations used in support of remote sensing are often referred to as 
 “ ground reference data ”  or  “ ground truth ”  (although the latter, popular term is a misno-
mer that should be avoided, since ground observations can also contain errors or uncer-
tainties and do not necessarily represent true states or conditions). The collection of 
ground reference data should follow a spatial sampling scheme that minimizes samples 
and maximizes reliability and representativeness (see Chapter  6 ). Since this can be equally 
or more time consuming and as expensive as acquiring and interpreting remotely sensed 
data, very high spatial resolution imagery may be substituted for ground observations for 
training purposes, or for making assessments about the accuracy of information products 
derived from coarse resolution imagery.  

  Conclusion 

 Remote sensing provides an effi cient and exacting means for researchers to derive geo -
 spatial data and extract geographic information about the Earth ’ s surface and atmosphere. 
With a modest amount of information about the different types and sources of imagery 
that are available, it is possible for any informed individual to access remotely sensed 
imagery in support of their research needs, and many fundamental geo - spatial data and 
information requirements can be met through the visual interpretation of remotely sensed 
images. Although this requires little advanced training, digital imagery and image process-
ing software is becoming more accessible, and this allows for more effi cient and reliable 
interpretation and digital encoding of geo - spatial data. It is also important to remember 
that remote sensing is a rapidly advancing technology and the availability, cost and char-
acteristics of remotely sensed imagery change constantly. Most of these changes are posi-
tive; meaning that higher quality imagery is being made available, in more convenient, 
timely and cost - effective forms.   
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    Exercise 10.1   Exploring Landsat Images 

 Go to this website for color Landsat images set aside for this exercise:  http://geography.
sdsu.edu/People/Pages/stow/book.html . The fi rst two images are from a Landsat 5 Thematic 
Mapper (TM) image captured October 7, 2002 (top) and a Landsat 7 Enhanced Thematic 
Mapper Plus (ETM+) image captured October 7, 2005 (bottom). These images are 
displayed as false color infrared composites and have been geometrically and radiometri-
cally processed. The image scene covers portions of eastern San Diego County, California 
and Baja California, Mexico. These anniversary date images were both captured in early 
autumn, which is normally the peak of the dry season in the annual cycle of this 
Mediterranean - type climate zone. Notice how color hues are not as red (meaning less 
vegetation cover) in the image from 2002, one of the driest years on record, relative to that 
of 2005, one of the wettest years on record. The topography of the scene is highly variable, 
as geologically, it falls within the Peninsular Range Batholith, which is composed mostly 
of granitic rocks. 

 Explore these Landsat TM/ETM+ images and particularly examine the following scene 
features described below (that are marked on the image by the corresponding letter 
symbols). 

   (a)     The US - Mexico international border is accentuated by the juxtaposition of land use 
types on either side of the border, as well as by the border fence and wide unpaved 
border road used for border security purposes.  
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   (b)     The cities of Tecate, Baja California (south of border) and town of Tecate, California 
(north of the border at the international port of entry) are seen mostly as a blue grey 
color. Parks and other areas of landscape vegetation are seen as red and pink patches. 
See Exercise 10.2 for more information about Tecate.  

   (c)     A burn scar is evident on the 2005 ETM+ image, appearing as a mostly contiguous 
grey patch interspersed by a few unburned vegetation patches observed in pink. From 
the 2002 TM image we can see that the fi re occurred in sparsely vegetated coastal 
sage scrub and grassland vegetation.  

   (d)     A burn scar 2002 has begun to recover by 2005, through regrowth of shrub and 
herbaceous vegetation.  

   (e)     Some of the non - vegetated and non - burned patches (i.e., small, bright, non - linear 
features that do not appear red or dark grey) are outcrops of granite rock.  

   (f)     Tecate Peak has an elevation of around 1,200   m and a portion of its shrubland vegeta-
tion cover was burned (part of the burn scar seen in c.).  

   (g)     The bright red sinuous and curvilinear features are riparian corridors, composed 
mostly of broadleaf trees, that follow the small ephemeral streams of this semi - arid 
region.  

   (h)     Hauser Mountain is composed mostly of dense chaparral shrubland vegetation, 
which is portrayed in dense red color on the false color imagery (particularly in the 
wet 2005 year).  

   (i)     A large stand of coastal sage scrub vegetation is seen on the images as a brown patch 
with mottled pink pattern. Also known as soft chaparral, coastal sage scrub vegetation 
is dominated by drought deciduous sub - shrubs that had limited leaf cover in October 
when these images were captured.     

  Exercise 10.2   Remotely Sensed Built Environments 

 For this exercise, scroll further down the website ( http://geography.sdsu.edu/People/Pages/
stow/book.html ) for two very high spatial resolution (ground sampling distance   =   15   cm) 
orthoimages of Tecate, a small (population approximately 60,000) city in Baja California, 
Mexico that fronts the US – Mexico border. The multispectral image data from which these 
images were derived were captured with the Digital Mapping Camera airborne digital 
multispectral sensor by Digital Mapping, Inc. The images are subsets of the same DMC 
image portrayed in true color (top) and false color infrared (bottom). The small city of 
Tecate is seen as mostly blue grey color. The city is home to the Tecate Beer brewery and 
the historical Rancho la Puerta Spa and Resort. Notice the small town of Tecate, California 
just north of the border, at the international port of entry. The street pattern is regular and 
rectilinear. Landscape vegetation is mostly sparse. The following built features are found 
within the small enlarged subset images that are delineated on the larger subset image. 

   •       Left : Spaced rural residential land use. A large ranch style residential structure is 
adjacent to a garage or parking structure. Irrigated landscape vegetation consisting of 
large lawns and trees surround these structures.  

   •       Center : Multiple family residential land use. Large apartment type buildings surround 
a concrete patio area that is rimmed by trees. Smaller single family residential structures 
are seen below.  
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   •       Right : Single family residential land use with low -  to middle - income housing. The dark 
linear feature with the rectilinear bend is the border fence. The neighborhood streets 
south of the border are both paved (concrete) and unpaved, while the border security 
enforcement road north of the border is completely unpaved. Irrigated landscape 
vegetation is evident but not ubiquitous.    

 Address the following questions: 

  1     What spectral - radiometric differences are most apparent between the built environ-
ment and the adjacent rural landscape?  

  2     Compare the true color and the false color infrared (CIR) images. What features can 
be better distinguished in false CIR rather than true color format?  

  3     Considering the types of buildings and the road network depicted, what are the main 
types of land uses found within this scene?  

  4     Based on housing density/type and the spatial distribution of vegetation, what socio -
 economic characteristics would best describe this urban area (e.g., low/high income, 
single family homes, etc.)?     
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    Introduction 

 Secondary data are data that researchers do not create themselves but use in their research. 
Compared to primary data that are generated over the course of fi eldwork (that involves, 
for example, measuring water quality or interviewing respondents), secondary data are 
already created by someone else. Secondary data providers include government agencies 
and private companies or such sources as published scientifi c studies, archives, or col-
lections. Most commonly, the term secondary data refers to relatively large databases 
that individual researchers would not be able to gather themselves, such as census data, 
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newspaper archives, resource inventories, or satellite imagery. Although called secondary, 
these data inform a great deal of academic work and are central to entire subdisciplines in 
the social and environmental sciences. Moreover, the importance of secondary data in 
research and policy development is likely to increase with time. This is because information 
technologies have facilitated an explosion of a wide range of both environmental and 
socio - economic digital information as well as methods for its analysis. Widely available 
and accepted as legitimate, secondary data has come to infl uence in important ways 
what kind of knowledge we produce and how. The ubiquity of secondary data, especially 
within the global north, demands that we carefully evaluate its potentials and limitations 
before integrating it into any research project or using it to answer specifi c research 
questions. 

 This chapter addresses some of the issues related to the use of secondary data by geog-
raphers. We point to the wide variety of secondary data and their many sources and discuss 
the important advantages and limitations of secondary data. We also address some issues 
of particular importance to geographers; namely,  ecological fallacy  and the  Modifi able 
Areal Unit Problem (MAUP)  as they relate to secondary data. Finally, we illustrate the 
need to engage creatively and critically with secondary data by focusing on non - standard 
approaches to analysis that use  mixed  research methods. In so doing we draw on examples 
from our own and our students ’  work in urban geography and resource management.  

  Many Kinds and Sources of Secondary Data 

 Secondary data includes many different kinds of information about natural and human 
processes that is collected by various government agencies, non - government organizations, 
or corporations. Examples of such data include population census data, health statistics, 
school attainment scores, weather monitoring data, remotely sensed images, ocean surface 
temperature measurements, fi sh stock abundance calculations, quantities of hazardous 
materials released into the environment, results from public opinion polls and other popu-
lation or business surveys, as well as data often presented in map form such as voting 
patterns, land use, or elevation. 

 In the United States, much secondary data is collected and distributed by government 
organizations such as the Census Bureau, Environmental Protection Agency (EPA), 
National Institute of Health (NIH), National Oceanic and Atmospheric Administration 
(NOAA), and United States Geological Survey (USGS) to name but a few. In addition, 
numerous private agencies collect and sell large amounts of data. They include real estate 
and environmental consulting fi rms, insurance and fi nancial companies, marketing com-
panies, and so on. Finally, a number of private agencies re - process government collected 
data, often doing much of the work that is required before such data can be effectively 
analyzed, or they operate as distributors for data products the government may not be 
interested to produce in great quantities. 

 Secondary data clearly encompasses disparate information that originates in a wide 
variety of sites. As such, one must assume that such data will vary greatly in terms of 
its form and type, its spatial or temporal coverage, and the categories or classifi cations 
through which it is organized. In many cases, these qualifi cations will determine the utility 
of a given dataset for a particular research project. In addition, each collection method, 
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technique of recording and aggregating, and resultant dataset is embedded within the 
historical and social context of the agency or corporation that developed it. For example, 
National Marine Fisheries Service (NMFS) data are collected and recorded as a means to 
quantitatively assess fi sh stock abundance. This focus clearly emerges from the service ’ s 
historic mandate to manage fi sheries resources such that maximum yield can be obtained 
rather than, for example, maintaining fi shing communities. This service ’ s core dataset is 
thus primarily concerned with the quantity of different types of fi sh in the sea. Sea sampling 
of fi sh populations is done using a spatial grid with a resolution appropriate for statistical 
sampling, but which is too coarse for community level studies. The information gathered 
is both  quantitative  and  qualitative  (that is it consists of numerical measurements as well 
as refl ecting differences in kind), but because the information is stored in a database, the 
latter information is limited to short string descriptors rather than, for example, the 
detailed text one might generate from fi eldwork (that is contained in fi eld notes). Also, 
while the temporal coverage of the core NMFS data sets is impressive (several decades), 
much of the data that would be useful to social scientists (such as the crew size on fi shing 
vessels) has only been collected since 1994. Finally, NMFS data that might aid socio - 
economic analysis are organized by the category of fi shing vessel rather than by individual 
industry participants. This makes socio - economic analysis at the level of the fi sherman 
(concerning, for example, issues related to employment, job description, wages and ben-
efi ts, work tenure) virtually impossible to accomplish. While NMFS is tasked with collect-
ing data relevant to fi sheries in the US, it is clear that the data collected are of limited use 
to social scientists interested in the scale of community, questions of employment, or 
socio - economic change over time. 

 Secondary data thus vary greatly, are produced by a wide range of organizations and 
refl ect the idiosyncratic history of those organizations. Yet, there are many issues that are 
common across datasets. This is especially true insofar as information is increasingly stored 
within digital databases that share principles of organization, methods of query, and forms 
of reporting. 

  From  p aper to  d igital  d atabases 

 Just a few decades ago secondary data existed only on paper; all transformations and cal-
culations were made by hand or using a calculator. Paper was the medium on which the 
data were stored and used to provide the results of any query, analytical operation, or 
interpretation. Today much secondary data, especially in post - industrial societies, is 
created, stored, analyzed, and distributed digitally. Digital spreadsheets and  relational 
databases  have come to replace printed tables. The implications are profound. For example, 
the volumes of data that are created and stored have increased dramatically, datasets can 
be accessed much faster, datasets residing in various locations can be remotely linked to 
act as a single database via the Internet, and very large databases can be easily imported, 
visualized, and analyzed with various software packages that include statistical analytical 
programs and geographic information systems (see Chapter  22 ). 

 Digital secondary data are most often structured in databases, organized as one or 
multiple tables which can be logically related according to shared attributes (termed a 
relational database). In these tables, rows represent individual cases such as, weather 
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stations, land parcels, or census tracts, and columns (or fi elds) represent their quantitative 
or qualitative characteristics or variables. While there is much secondary data that are not 
organized in relational databases, there is clearly a movement in that direction even for 
those data not normally associated with a tabular form or even digital storage. For example, 
newspaper articles are now mostly organized in digital form and indexed as cases within 
a database. The same sort of search and query operations that could return, for example, 
all sea sample sites where a particular number of juvenile cod were observed (or not) by 
a NMFS scientist could, given a very different database, return all newspaper articles pub-
lished in the last fi ve years that mention the crisis in cod fi sheries and the loss of local 
livelihoods. Even archives of visual information such as photographs and maps are being 
organized via relational tables and ruled by the same principles and logics. 

 Overall, the amount of digital information has grown dramatically in the last two 
decades and will continue to do so in the future. Despite being called secondary, these 
types of data are becoming the  “ primary ”  source for many research projects. As such, it is 
important to understand their advantages and fundamental limitations as well as the poli-
tics surrounding secondary data production, distribution, and use.   

  Advantages of Secondary Data 

 Among the obvious advantages of secondary data, we will briefl y consider are their 
scale and size, professional quality and accessibility, and their association with spatial 
referencing. 

 These attributes of secondary data provide opportunities for particular forms of analysis 
that simply would not otherwise exist. Yet, as many historians of science have made clear, 
the type of data collected, their scale and form, their categories and classifi cation schemes 
will advance the interests of some but not all. For example, we may point to how NMFS 
datasets are aligned with the interests of a corporate and large scale fi shing industry; indeed, 
the close relationship between economic power and state sponsored data collection is not 
uncommon (or undocumented). Yet, a close examination of any dataset can reveal its 
potential to do unintended or unimagined work, and variables within NMFS datasets can 
be re - interpreted by social scientists in new ways. For example, the number of crew 
members on a vessel is collected as an indicator of fi shing pressure, an important variable 
in biological assessments of fi sh stocks, but that same variable could be re - interpreted and 
used as an indicator of employment and its change over time, despite its being buried 
within a table concerned with fi sh stocks rather than socio - economic analysis. The issue 
of to whom secondary data can be an advantage, whether it be corporate vessel owners, 
crew member or labor organizations, is never fi xed; the advantage is that secondary data 
are open to those willing to spend the time to  “ get to know ”  the data and who can then 
take advantage of its scale, legitimacy, and accessibility. 

  Scale 

 Most secondary data, because of their extensive spatial coverage and the amount of infor-
mation collected, simply have no substitute. Individual researchers or even research teams 
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could not possibly produce datasets of comparable size or scale. Government population 
censuses, for example, cover national territories and entire populations. They generate 
hundreds of variables for detailed spatial units and do so as often as every ten years. 
Real estate databases, too, describe housing stock in great detail and, in some countries, 
local real estate databases are integrated through the Internet such that hundreds of 
thousands of properties can be queried. Inventories of resources, such as fi sheries, are 
not only nationally collected but integrated into international systems of data collection 
and reporting, such as the Food and Agriculture Organization (FAO) of the United 
Nations fi sheries databases, that make global environmental analyses possible. In addition, 
some secondary datasets contain data that are nearly technically impossible to achieve 
without considerable government investment, including the products of remote sensing 
(see Chapter  10 ). 

 Data collection often begins with individual cases and small areas; data are then aggre-
gated to include multiple cases and larger spatial units. In the past, when data were stored 
on paper, aggregations were fi xed. For example, mapped census data would have been 
aggregated to one type of spatial unit, a census tract, such that it would literally only exist 
at that scale (in addition to the raw data). With digital databases, aggregation levels are no 
longer fi xed and, in most cases, the data provider or researcher must, themselves, specify 
the appropriate and desired level of aggregation given the project at hand; thus it is possible 
to delimit census blocks and block groups in addition to census tracts. Furthermore, if the 
spatial scale of a secondary dataset is received at a fi xed level or in static map form, such 
as census data at the state level (when one ’ s project focuses on local communities), the 
agency that created the data may also make the data available at other scales, at a fi ner 
spatial resolution such as county, zip code, or census tract. Indeed data often exist in a 
form that can be output at a variety of scales that differ from the scale of standard data 
products.  

  Legitimacy 

 Information contained in secondary datasets is usually organized consistently making it 
well suited for many types of quantitative or statistical analysis, which is often the very 
reason for collecting such data. In addition, secondary data usually are created by specially 
trained professionals who pre - test questions and verify categories in order to produce 
standard and comparable information, both across time and space, that can be used to 
examine trends or compare information across similar areal units, such as counties or 
provinces. The standardized format of secondary data also allows researchers to design 
data collection projects that add to or can be compared with existing secondary datasets. 

 Importantly, the professional systems of collection, assembly, storage, and retrieval that 
constitute secondary data confer a legitimacy that is widely recognized and works to 
empower secondary data, make it rhetorically convincing, and allow it to convince in 
ways other datasets cannot. For example, many datasets are derived from dubious informa-
tion that is self - reported by businesses, individuals, or resource users. Yet, once aggregated 
in a consistent and organized form, such information, despite its origins, becomes the basis 
for formal scientifi c analyses. In fi sheries, for example, log books are a form of self - 
reporting where vessel captains report fi sh catch, discards, trip location, and other variables 
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to NMFS. While fi shermen ’ s individual stories are often derided as anecdotal or 
exaggeration, their log book entries are made believable via the technical systems within 
which they are embedded. Similarly, we observe that a great deal of the digital spatial data 
(map layers) currently available in secondary databases were digitized from paper maps 
that might be decades old, interpolated from sparse control points, or simply geocoded 
incorrectly (such as the location of the Chinese embassy in Belgrade). Yet, such layers, once 
in digital form, appear to exude accuracy and instill confi dence in the analyses being 
performed.  

  Accessibility 

 Importantly, the largest and most comprehensive datasets, such as census data, are often 
produced by public agencies and are publicly available at a low or no cost. This makes 
them accessible to academics but also analysts working for NGOs and grass - root organiza-
tions who can analyze these data with respect to their needs or political causes (Elwood 
 2006 ). Overall, such democratization of digital technologies and information serves to 
empower a variety of social actors beyond the state and corporations. The increasing acces-
sibility of secondary data also facilitates their use as an exploratory fi rst step in research 
projects that then focus on primary data collection. Widely available, affordable, and easy 
to use, secondary data can be used to more effi ciently target costly and time - consuming 
primary data collection. Among other things, they are often used to identify places and/or 
populations for more in - depth qualitative or quantitative study. In one project, for example, 
we used census data to identify neighborhoods within New York City that contain large 
numbers of Spanish and Russian speakers. In addition, municipal level information (avail-
able from the New York Department of Education website) was examined to estimate the 
number of immigrant students attending the public schools within those same areas. Taken 
together, these data made it possible to identify neighborhoods where recent immigrants 
with young children reside. These populations then became the target of a major interview -
 based research project that focused on the multiple economic practices of immigrant 
households. 

 Nevertheless, while seemingly ubiquitous from the perspective of the global north, there 
are limits to the accessibility of secondary data. In particular, a large gap exists in the rela-
tive abilities of rich and poor countries to access, produce, utilize, and control digital 
information. As this gap refl ects differences in economic and political power, the advanced 
post - industrial societies have obvious advantages. Countries of the global south, however, 
are increasingly conscious about the need to narrow the digital divide and, as digital tech-
nologies become more affordable and easy to use their governments are launching their 
own data collection projects. International corporations, too, fi ll their digital data banks 
with information about new resource, labor, and consumption markets in the global south. 
It would seem that, for better or worse, the digital coverage of the world is rapidly expand-
ing and providing ever more sources of information for research. 

 As geographers, we note also that the growing accessibility of digital secondary data is 
closely linked to the growth of geomatic technologies such that access to secondary data 
increasingly implies access to geo - referenced data. Much of the data in secondary datasets 
is either collected by spatial units, such as census tracts or electoral districts, or includes 
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other locational information such as street address or geographic coordinates. These 
data, therefore, can be visualized, explored, and analyzed using Geographic Information 
Systems (GIS). 

 Working with secondary data has many advantages; including those of scale(s) and 
magnitude, widespread legitimacy, and their ever growing accessibility, which make them 
an incomparable source of both social and environmental information to the geographer. 
And yet we cannot uncritically rely upon secondary data. It is important to remember that 
the advantages of secondary data should be evaluated relative to their limitations which 
can be, at times, severe.   

  Limitations 

 Despite the many advantages of secondary data, their use may, ironically, narrow research 
opportunities and decrease the quality of fi ndings. In this section, we will discuss the limi-
tations of secondary data that can, without critical interrogation, hamper one ’ s project. 
We will discuss how secondary data simply are not explicitly created for your particular 
project, how datasets may become internally inconsistent over time or across space, how 
what appears as full coverage may be based on sampling, how such data may not represent 
the population that you think it does, and how its precision must be balanced with issues 
of privacy, errors, and locational inaccuracy. 

  Data  c reated for  w hich  p urposes? 

 Using secondary data means that we use the data created by someone else and for their 
own purposes to answer our specifi c research questions. Even large multiuse datasets are 
structured according to some original purpose. Census data, for example, is obtained for 
voting or taxation purposes and NMFS data is for the biological assessment of fi sh stocks. 
Embedded in the data, the initial design infl uences and limits our research questions, 
methods, and fi ndings. For example, it would be very diffi cult to study some aspect of 
global climate change that has not been already incorporated into pre - existing global 
datasets. The latter compile many but certainly not all variables of interest to researchers 
of global climate change. Similarly, a social scientist researching poverty must rely on a 
particular defi nition of income that has been built into particular census categories. That 
is, a census will typically report a household ’ s offi cial monetary income but is unlikely to 
include other types of economic activity, such as informal and/or unpaid production of 
goods and services that may be important for coping with poverty. Domestic work, infor-
mal work for cash, in - home childcare, and exchanges between households and within a 
community are as important for social reproduction as formal wages, yet they are absent 
from census data. 

 As in the case of social scientists ’  use of NMFS databases, categories designed for one 
purpose may be creatively re - interpreted for another. This reinterpretation is, however, 
limited by the history and context of the agency or organization which is then refl ected 
in the databases they create. Clearly, secondary datasets are initiated and maintained 
for particular purposes and, therefore, may only be useable if researchers can creatively 
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reinterpret existing data or, as in all too many cases, modify their original research ques-
tions to fi t the data. The use of secondary data has the capacity to limit analytical possibili-
ties such that original research questions may, in the end, remain unanswered.  

  Data  c ollection  p ractices  c hange 

 Large - scale data collection practices do not stay constant and researchers who use second-
ary data have no control over these changes. Even in such a uniform and consistent data 
set as the United States census, analytical categories (variables) or the boundaries of spatial 
units such as census tracts may change from one decade to another. In addition, new 
variables are often added and existing spatial units (dis)aggregated. Consequently, making 
longitudinal (time) comparisons becomes diffi cult, as is discussed with reference to the 
Modifi able Areal Unit Problem (MAUP) below (Box  11.1 ), and sometimes simply impos-

  Box 11.1    Ecological Fallacy and the Modifi able 
Areal Unit Problem 

    While the inherent limitations of secondary datasets are cause for concern, so too is 
the relationship between secondary datasets and a number of spatial analytic issues. 
In particular, we examine secondary data and their propensity to increase the occur-
rence of ecological fallacy as well as their relationship to the Modifi able Areal Unit 
Problem (MAUP), both of which are important concerns for geographers. 

        Ecological  F allacy 

 Ecological fallacy refers to the assumption that all individuals in a group share the 
average characteristics of that group. In the case of spatial data, we should be careful 
to not assume that all people residing in a particular geographic area, such as a census 
tract or school district, have properties identical to the average for the area as a whole. 
The following example developed by a graduate student illustrates this problem. The 
objective of this student ’ s research was to fi nd out whether differences in the recy-
cling behavior of New Yorkers are determined by differences in their attitudes toward 
and knowledge about recycling. Individuals from areas with low and high levels of 
recycling answered questions about their attitudes toward recycling. Their recycling 
behavior, however, was only assessed using the so - called  “ diversion rate, ”  or percent 
diverted from disposal, estimated for each district in the city. Survey respondents 
were assumed to recycle less or more based upon the average statistic for their district 
rather than their actual behavior, which is a case of ecological fallacy. Avoiding it 
involves asking the respondents directly about their recycling behavior. Secondary 
databases make the occurrence of ecological fallacy more likely insofar as a wealth 
of data resembling the data the researcher needs, in this case recycling behavior, 
already exists and is readily accessible across multiple spatial units.  
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  Modifi able  A real  U nit  P roblem ( MAUP ) 

 Another common analytical problem for geographers is the Modifi able Areal Unit 
Problem (MAUP) which refers to the effect of political boundaries on spatial data and 
its analysis. In particular, these boundaries are social constructs that may have little to 
do with the phenomenon under study. In the United States, for example, the effect 
of state and especially county boundaries on the diffusion of diseases, residential 
segregation, or migration may be very limited and yet data are frequently collected, 
analyzed, and mapped using such boundaries. In other words, we often identify 
patterns in data based upon boundaries that are unrelated to the phenomena in 
question. 

 Two other aspects of the MAUP are important to consider (Wong  2004 ). First, 
the boundaries of units for which the data are collected change with time making it 
diffi cult or impossible to compare datasets that describe the same territory but in 
different time periods. The dramatic changes in administrative boundaries in 
Moscow (discussed previously), which are the basis for organizing socio - economic 
data represent an extreme case of MAUP. Second, the scale at which data is presented 
and analyzed can affect one ’ s results. For example, analyzing the same census data 
at different scales (the level of census blocks, census block groups, or census tracts) 
may yield different statistics and different spatial patterns (see Exercise 11.2). An 
awareness of the effect of choosing one or another spatial scale is vital. In some cases, 
choosing a single scale for analysis will precisely address the problem at hand, while 
in other cases analysis at multiple scales will be necessary to capture those processes 
that manifest themselves differently at different scales. 

 Thus, for example, the geographic evidence for connections between Soviet - era 
structures of political and economic control (economic ministries and Komsomol 
headquarters) and subsequent capitalist development (new private banking and 
fi nancial fi rms) is only visible at the fi nest spatial resolution of a single street addresses. 
Only at this scale is it possible to see the concentration of new enterprises within the 
very locations and offi ces of Soviet - era structures of power, and at coarser resolutions 
this locational coincidence is not visible. 

 A study of access to open space in New York City conducted by a graduate student 
illustrates the necessity of a multi - scale approach. Open space ratios that measure 
access to open space (see below for details) and their correlations with socio - 
economic variables were calculated at three levels: that of the community board 
district (CBD), census tract, and the neighborhood (measured as open space within 
walking distance). While a number of socio - economic variables were signifi cantly 
correlated with open space at the scale of the CBD (positive in the case of median 
household income and negative in the case of percent people of color), the same 
variables could not be used to predict access to open space at fi ner spatial scales. 
At those scales, associations were more complex. For example, at the neighborhood 
level both wealthy and poorer neighborhoods had access to open space but in 
wealthy neighborhoods there were large open spaces (urban parks), whereas poorer 
neighborhoods had access to only very small open spaces.     
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sible. For example, after the Soviet Union collapsed, the new administration of Moscow 
reduced the number of major districts from 33 in 1992 to only 9 in 1993. This was done 
in order to radically modify and break away from Soviet era power structures. As a result, 
it was no longer possible to directly compare the socio - economic situation in Moscow 
before and after the transition to capitalism because all socio - economic data was tied to 
one of two incomparable spatial systems. Unfortunately, very important and interesting 
research opportunities were lost by the change in data collection and organization 
(Pavlovskaya  2002 ).    

  Full  c overage or  i nterpolated  s ample? 

 Despite their size and scale, few databases fully cover the populations they claim to repre-
sent. Most often, variables are estimated from selected  samples  and, therefore, may be 
subject to sampling errors and biases. As a census, the United States Bureau of Census 
provides full coverage every 10 years. Only 1 in 6 households, however, fi ll out  “ the long 
form ”  that solicits some of the most important socio - economic data. Similarly, the 
so - called micro - data from the census (Public Use Microdata Sample or PUMS) provides 
detailed information about housing units and people in them (as opposed to geographic 
areas such as census blocks, block groups, or tracts). While it enables the tabulation of 
information in the ways that the regular census dataset does not, the fi ndings are valid only 
if the sample is adequate and includes a statistically valid number of cases (see Chapter  6 ). 

 In the case of fi sheries, NMFS sea sampling of fi sh stocks is organized at a spatial resolu-
tion that is appropriate for a regional inventory and regional - wide regulatory mechanisms 
that might, for example, place limits on catch size. The resolution at which NMFS samples, 
however, makes the assessment of local fi sh stocks and habitats diffi cult at best. As a result, 
small - scale fi shermen whose fi shing practices are local fi nd it diffi cult to relate to NMFS 
pronouncements of stock health/demise and fi nd the ensuing region - wide regulations out 
of step with their local experiences or needs.  

   “ Silences ”  in  s econdary  d ata 

 Secondary datasets are fundamentally partial representations. They only contain informa-
tion about selected phenomena or their aspects and, therefore, always omit information 
about other phenomena or their aspects. The result is the effective silencing and disem-
powerment of processes, people, or places that are not represented. For example, only 
certain types of  “ formal ”  phenomena are described by socio - economic data that is regularly 
collected by state agencies. Such phenomena are, however, only the tip of the iceberg and 
other informal economic or social practices go undocumented and remain unseen within 
state sanctioned datasets (Gibson - Graham  2006 ). Similarly, while environmental processes 
and change over time are clearly affected by human activities, only some of these are 
accounted for in formal databases related to environmental management, thus hampering 
our estimation of the drivers of environmental change. For example, while commercial 
fi shing activities are carefully monitored relative to fi sheries management, recreational and 
subsistence fi shing is not, even though these activities are thought to have considerable 
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impact on particular fi sheries resources. Formal activities are accounted for and measured 
and, therefore, can be made part of a secondary database. Formal employment, formal 
health care services, formal childcare, formal consumption, formal resource harvesting and 
the like are clearly important to document; yet they cannot capture the totality of human 
experience. No consistent information exists concerning the informal household, net-
works, subsistence use of resources, or community economies. What or who is not included, 
the  “ silences, ”  in secondary datasets will clearly effect and limit our ability to construct 
explanations using secondary data. 

 Furthermore, datasets that do target a particular formal phenomenon may not represent 
it completely. The United State Census Bureau, for example, conducts an economic census 
of US businesses classifi ed into industries, such as real estate or professional services, and 
aggregated into geographic units; states, counties, and zip codes. This vast dataset allows 
one to research regional and local economies but it incorporates only those establishments 
with hired workers (paid employees) and, therefore, excludes many small businesses and 
all self - employed workers and many family businesses. Consequently, this dataset provides 
only limited insight into local economies and services.  

  What  v ariables  a ctually  m easure 

 While quantitative data, especially if distributed by government and professional agencies, 
seems objective, precise, and unambiguous, it is important to understand just how the 
variables are constructed and what exactly they may or may not measure. The most telling 
example is the concept of  “ race ”  as used in the United States census. Prior to the 2000 
census people could only choose one racial category; this prevented them from identifying 
with more than one race. The resultant statistics on race concealed the racial diversity of 
many individuals and oversimplifi ed the racial composition of the US population. In addi-
tion, the limited number of racial categories used by the census had a disciplining power 
insofar as they forced people to identify themselves and others in those terms  –  a powerful 
process that for centuries has worked to construct and maintain class and other hierarchies 
based on particular racial categories. 

 Analyzing health of individuals against other socio - economic or public health variables 
may also create problems. The state of health is often self - reported and, therefore, is a 
highly subjective measure that depends on how respondents understand the meaning of 
being in good or poor health. And yet, it is used in conjunction with other variables that 
are less subjective because they are not self - reported.  

  Categories 

 The ambiguity of data categories, in addition to the ambiguity of variables, is another 
important consideration. The research undertaken by one of our graduate students on the 
diverse economies of Arab American communities in the northeastern US exemplifi es this 
issue. To identify these communities she used census data, one of the only sources for such 
information. Yet, the census does not defi ne Arab Americans directly using a single vari-
able. Racial categories subsume Middle Easterners as  “ white. ”  Arab populations can, 
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however, be discerned in other ways using census data. For example, Arabs could be 
defi ned as those who speak the Arabic language, or those who come from a predominantly 
Arab country (national origin), or those who declare Arab as their ancestry. These 
defi nitions offer three overlapping but incongruent ways to count Arab Americans. 
Relatively recent immigrants are more likely to speak Arabic, national origin includes 
non - Arabic groups, and ancestry is an ambiguous category in itself. Using these defi nitions, 
the student produced maps that show three different although overlapping distributions 
of the Arab American population, which serve to emphasize that even such comprehensive 
datasets as the US census sometimes offer only a partial representation of the total 
population.  

  Privacy 

 The contradiction between the need for detailed data and the need to protect the privacy 
of individuals sometimes demands that researchers make important decisions about how 
their research may or may not proceed. For example, certain datasets contain sensitive 
information collected at the level of individuals or households. On the one hand, such 
detail might be essential to analysis. On the other hand, its utilization in research might 
actually disclose an individual ’ s private information. In order to avoid such a violation of 
privacy, the data are typically aggregated to relatively large spatial units which necessarily 
lead to information and accuracy loss. This is true for much health - related data as well as 
the Public Use Microdata Samples (PUMS) from the US population census. 

 Where high resolution data are available and their utilization is acceptable, they can still 
be problematic. For example, mapping detailed information on income, education levels, 
race, crime rates, etc., should be done carefully as it may lead to the stigmatization of 
particular people and places with implications for their economic and social well - being. 
In this case, researchers may decide to map their analytical results at scales which are 
smaller, that is using larger spatial units than the scale of the actual analysis (Cromley and 
McLafferty  2002 ).  

  Errors and  a ccuracy 

 Finally, all secondary datasets contain errors. Even professionally done surveys, including 
public opinion polls, may have unknown sampling problems and misrepresent the 
population in question. The United States Census Bureau, for example, consistently 
undercounts millions of mainly illegal immigrants as well as those at addresses not included 
in the census database. Some of these errors may systematically distort the population 
they represent thereby contributing to inaccurate policy decisions. For example, census 
undercounts of immigrant populations who satisfy the demand for cheap labor also 
politically disempower such working populations. In addition, where undercounting 
includes families with children, the demand for schools and other services may be 
underestimated. 

 There are also random errors that may not distort overall averages but do decrease the 
quality of the data and the researcher ’ s ability to work at fi ner resolutions. In particular, 
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errors at the data - entry stage, including typos in attribute information or mistakes in a 
spatial layer, are very common. For example, discrepancies in street addresses may result 
in the elimination of many records (in some cases as much as 40%) that cannot be matched 
to an address database via a process known as geo - coding. Similarly, the log book data 
from individual fi shing trips collected by NMFS are riddled with errors. While many errors 
are the result of poor data - entry (the NMFS hired companies that used prison labor to 
enter data from forms where entries were hand - written by fi shermen at sea) others derive 
from fi shermen ’ s deliberate misreporting. In addition, random errors may occur because 
of technological faults such as instrument calibration problems that reduce the quality of 
satellite imagery. 

 Locational errors are especially important in geo - referenced data. They can lead to the 
wrong conclusions concerning the spatial overlap of phenomena in question. For example, 
places may be erroneously identifi ed with some negative social phenomenon, as was dis-
cussed with reference to privacy, or their exposure to industrial hazards as measured within 
the Toxics Release Inventory (TRI) database may be underrepresented (Scott et al.  1997 ). 
Other important problems are the ecological fallacy and the modifi able areal unit problem 
(see Box  11.1 ).   

  Working with Secondary Data 

 While the advantages and limitations of secondary data must carefully be considered, they 
clearly contribute to and even expand the scope and power of standard forms of analyses 
such as  querying  (asking questions of the database and retrieving data that answer these 
questions) or statistical analysis. Such standard forms of database analysis are discussed in 
detail in a variety of introductory texts and we will not review them here (see Shekhar and 
Chawla  2003 ). Rather, we will briefl y discuss three strategies for creatively using secondary 
data, the goal being to suggest that secondary data can be used in ways that complement 
creative and critical analyses in geography. The three examples we provide include trans-
forming and adjusting secondary data to better correspond to one ’ s original research 
questions, designing new measures and indicators, and using secondary data in a  “ mixed ”  
method approach that combines quantitative spatial analysis with qualitative interview 
information. In addition, we will examine the opportunities offered by the emerging fi elds 
of  data mining  and  geovisualization . 

  Redesign the  d ata to  s uit  y our  r esearch  n eeds 

 As discussed above, categories and variables embedded within secondary datasets can 
infl uence and shape research strategies and fi ndings. To avoid this, we need to critically 
examine the data and, if necessary, update, revise, and/or combine it with primary data 
collection. Our research on access to open space in New York City is a good example. For 
analysis with socio - economic census data, the student obtained from the Department of 
Parks and Recreation a database indicating the location of open spaces in the city. The 
categories of open space in this database included  “ publicly accessible facilities of regional 
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importance ”  but excluded spaces that predominantly serve single communities such as 
 “ playgrounds, basketball and handball courts, and community gardens ” . And yet, the latter 
play a very important role in the daily recreation practices of New Yorkers. Without 
considering them, the analysis of access to open space would be incomplete. 

 Updating the database was a time -  and  - effort - intensive but necessary part of the 
research. The student acquired the additional datasets from several public agencies and 
NGOs and merged them with the original database, and the resultant map illustrates that 
there are noticeable differences in calculations of access to open space from the original to 
the updated database (see Figure  11.1 ). In many districts the difference exceeds 0.5 acres. 
This is a considerable discrepancy given city standards for defi ning severely underserved 
districts (1.5 acres per 1,000 residents or less). Updating the database also proved crucial 
for obtaining one of the key fi ndings of the study: namely that access to open space varies 
differently in relation to income and minority status depending upon the size of the open 
spaces available within walking distance.    

     Figure 11.1     Differences in the amount of open space in New York City (acres per 1,000 
residents); calculated by researchers and the Department of City Planning 
   Source :   Sara Hodges, 2004. MA thesis  “ Open space in New York City: A GIS - based analysis of 
equity of distribution and access ”  Hunter College, New York. Reprinted with permission. See 
 http://www.geo.hunter.cuny.edu/ ~ mpavlov/Articles/Ch11_Figures_H1_res.pdf  for full color maps.   
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  Design  y our  o wn  a nalytical  m easures 

 When working with secondary data, creative thinking during the analytical stage helps to 
avoid limiting ourselves to standard statistical measures. Indeed, secondary datasets can 
be manipulated to produce novel variables and measures that lead to illuminating fi ndings. 
Again our research on access to open space in New York provides a good example. Here, 
a new measure was designed to overcome the modifi able areal unit problem that was a 
result of measuring daily human patterns, such as the use of the urban parks, based upon 
arbitrary political spatial entities like the Community Board District (CBD). Traditionally, 
access is measured as a simple ratio at the level of CBDs and is expressed either as a percent 
open space or acres of open space per 1,000 residents in each unit. CBDs, however, are 
rather large entities and, for daily recreation, New Yorkers will only use open spaces within 
walking distance. In addition, this standard measure of access to open space is clearly tied 
to an arbitrary administrative boundary (the CBD) even though people disregard these 
boundaries and simply go to the nearest park or playground. We wanted to measure access 
to open space that accounted for how people use open spaces in their daily lives. 

 The literature suggested that children will utilize parks within a quarter - mile while 
adults will walk up to a half - mile. To avoid the effect of the CBD boundaries, the student 
converted the map of open spaces to a raster format with a cell size of 40 feet. This resolu-
tion roughly matches the size of a tax lot and, therefore, can account for even the smallest 
open spaces, such as community gardens. In addition, this cell size also approximates the 
size of a given residence from which access to open space might be measured. We then 
calculated for each pixel (a proxy for residential buildings) a sum in acres of open space 
within walking distance for quarter -  and half - mile radii. Instead of a single value per large 
district, we constructed a surface that refl ects much fi ner variations in access to open space 
(see Figures  11.2  and  11.3 ). These maps not only show access to open space in new terms 
using new measures, they also show that there are signifi cant (but ignored) differences in 
the amount of open space accessible to children and adult New Yorkers.    

  Mixed  m ethods: Mapping the  s ocial  l andscape of 
 fi  shing  c ommunities 

 In the above, data from a secondary database are transformed and re - worked into a new 
variable across a new space, the space of access to open space. In the case of fi sheries we 
similarly produced a new measure distributed within a new space (St Martin and Hall -
 Arber  2008 ). Fisheries science and management repeatedly represents the presence of 
fi shermen and fi shing communities on the ocean as aggregate fi shing effort expressed in 
terms of quantities of fi sh caught. While useful for region - wide estimations of remaining 
fi sh stock or future yields, the aggregation of effort to a single variable erases local differ-
ences and the dependencies of particular communities upon particular resources. 

 To express the presence of particular fi shing communities and their dependence upon 
particular fi shing grounds, NMFS biological datasets were examined to fi nd some way to 
map the social landscape of fi shing communities. Using the log book data, locational 
information by fi shing trip was tied to the vessel ’ s home port, which revealed where vessels 



     Figure 11.2     Children ’ s access to open space in New York City 
   Source :   Sara Hodges, 2004. MA thesis  “ Open space in New York City: A GIS - based analysis of 
equity of distribution and access ”  Hunter College, New York. Reprinted with permission. See 
 http://www.geo.hunter.cuny.edu/ ~ mpavlov/Articles/Ch11_Figures_H1_res.pdf  for full color maps.   
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     Figure 11.3     Adults ’  access to open space in New York City 
   Source :   Sara Hodges, 2004. MA thesis  “ Open space in New York City: A GIS - based analysis of 
equity of distribution and access ”  Hunter College, New York. Reprinted with permission. See 
 http://www.geo.hunter.cuny.edu/ ~ mpavlov/Articles/Ch11_Figures_H1_res.pdf  for full color maps.   
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from particular communities fi shed, and data on the number of crew and trip length were 
integrated to give a measure of labor time. For each trip the number of crew on board was 
multiplied by the trip length to create a new variable,  “ fi shermen days ”  that could be linked 
to particular locations or fi shing grounds. This new spatial variable was used to create 
individual and composite maps for a variety of communities showing the areas upon which 
they depended (see Figure  11.4 ). As part of a participatory research project, fi shermen from 
each community were then invited to correct or amend the maps, which have proved 
valuable as communities lobby for more localized assessments of fi sh stocks and for greater 
community input into stock management. The  “ mixed method ”  approach used in this 
work (statistical and GIS analysis of secondary data combined with participatory interviews 
and workshops) is an emerging and robust way to take advantage of secondary datasets, 
identify their limitations, and employ alternative methods to both address those limitations 
and, importantly, distribute the power of secondary data to communities and lay people 
generally.    

  New research  o pportunities in a  d igital  w orld 

 Secondary databases themselves, their attributes and the ubiquity, are making possible new 
forms and styles of analysis. Indeed, they are facilitating forms of knowledge production 
unique to secondary databases. In particular, new methods that deal with specifi c proper-
ties of large datasets have been employed in a number of fi elds, including geography and 
GIS. They fi rst appeared in marketing research that demanded new techniques for the 
integration and analysis of the growing but disconnected and non - systematized informa-
tion about consumers and their behavior. Statistically  “ mining ”  those databases promised 
to uncover yet unknown patterns in consumer behavior which could then be leveraged for 
corporate profi t. What is important is that these techniques reverse the traditional approach 
to research; instead of testing hypotheses, the new data mining algorithms aim to detect 
patterns that are not yet hypothesized or observed, patterns that uniquely emerge from 
very large digital databases. 

 Today, exploration of digital data is a cutting - edge research direction in geography and 
GIS. In addition to statistical approaches that mine spatial data (Shekhar and Chawla 
 2003 ), new geo - visualization approaches similarly allow for the recognition of patterns in 
secondary data.  Spatial exploratory data analysis  involves advanced data displays that 
combine maps with graphs and tables that help the researcher to visually examine the data 
and discover new spatial patterns (MacEachren  1995 ; Longley et al.  2005 ).   

  Conclusion 

 The quantity and magnitude of public and commercial digital datasets, and especially those 
with spatial information, has signifi cantly increased and will continue to do so. Secondary 
data are now and will remain important to geographic research as a primary source of 
information to a growing number of data - intensive applications. Using these data clearly 
gives a researcher important advantages in terms of data coverage, quality, and costs, as 
well as the opportunity to analyze phenomena that otherwise would be impossible to 
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     Figure 11.4     An extract from a map depicting the primary fi shing grounds (based on labor time) 
of small trawl vessels from particular communities/ports in New England (color coded outlines in 
the original correspond to port markers, see  http://fi sheries.rutgers.edu  for full color version). The 
outlines are superimposed upon a NOAA nautical chart. The map also contains a raster density 
surface based on the aggregate of all vessels.  

analyze, such as population distribution at a national scale. And yet, the important limita-
tions of secondary data such as the danger of data - driven research questions, incomplete 
representation of phenomena, ambiguity of categories, and issues of privacy should be kept 
in mind. In addition, geographers should clearly understand the potential ease with which 
secondary data can lead to ecological fallacy or MAUP. 
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 While the advantages and limitations of secondary data are important considerations 
for any form of analysis, we are enthusiastic about the possibilities for new and creative 
analytical techniques that secondary data facilitate. In addition, we should not be confi ned 
to the original purpose of any dataset; nor should we shy from manipulating and trans-
forming data to build new variables, measures, or maps; nor should we hesitate to combine 
secondary data analysis with other methods as in mixed methods research. While often 
associated with standard analytical techniques, secondary databases might usefully be 
thought of as vast territories to be explored, visualized, and understood using new critical 
and creative approaches.  
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    Exercise 11.1   Querying the Online  TRI  database 

 In your Internet browser, open the Toxics Release Inventory (TRI) site of the Environmental 
Protection Agency  http://www.epa.gov/tri/ . This site provides access to a public database 
with information on the toxic chemical releases and other waste management activities 
of certain industries in the US. The website provides tools that let you tabulate (summa-
rize) these data by geographic units (for example, states), industry, and type of released 
chemicals. It will also let you compile a report on TRI incidents in particular neighbor-
hoods defi ned by their zip codes. To fi nd out whether any releases occurred in your 
neighborhood or any other neighborhood of the US, type in the corresponding zip code. 
For example, typing in 80524   (Fort Collins, Colorado) reveals that in this area a factory 
that produces malt beverages released ammonia and polycyclic aromatic compounds into 
the air in 2004. 

 The TRI website is a user - friendly interface that allows you to query, in a variety of 
standard ways, an enormous government database spanning many industries, at a national 
scale, and over many years. To build multi - attribute queries look to the bottom of the 
results page where there is a link to the TRI Explorer home page. Using TRI Explorer, you 
can search over several years (1988 – 2004), by type of released chemical, by geographic 
location, and by industry type. To use these data in more creative and geographic ways 
(for example, to explore the correlation between releases and poor or minority areas), you 
can download the type and location ( x  and  y  coordinates) of toxics releases and import 
them into a GIS.  
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  Exercise 11.2   Mapping with American Fact Finder 

 One of the great features of the American Fact Finder, the interactive database of the 
United States Bureau of Census, is its ability to map census and related data. In this exer-
cise, we will map one census variable (median age) at different spatial resolutions (states 
and counties) and examine the effect of scale on how the data are visualized and can be 
interpreted (that is, the MAUP). 

 Open the American Fact Finder home page  http://factfi nder.census.gov/  in your browser 
and click on the link to the  “ Decennial Census ”  located in the left - hand banner under 
 “ Data Sets ” . When the page opens, make sure that the radio button for the  “ 2000 Census 
Summary File 1 (SF 1) ”  is checked on. This fi le contains data that cover the entire US 
population. Click on  “ Thematic Maps ”  in the right hand portion of the screen. You now 
can specify the geographic scale you wish to use for displaying data. To display the whole 
United States by state, select  “ Nation ”  as the geographic type and  “ United States ”  as the 
geographic area. Click  “ Next ” . On the next screen select the theme TM - PO17 Median Age: 
2000 (a specifi c variable from summary fi le 1). This variable, median age, will split the 
population in half. In other words, half of the population is younger and the other is older 
than the median age  –  the higher the median age, then the older the population of that 
area. The median age in the US in 2000 was 35.3 years. Click the  “ Show Result ”  button to 
load the map of median age by state. The map legend or key is on the left. It indicates what 
values are included into each of the fi ve categories shown with different colors. According 
to these values, the median age varies signifi cantly by state, with 10 years separating the 
younger populations (27.1 years in Utah) and older populations (38.9 years in West 
Virginia and 38.7 years in Florida). Besides Utah, the states of Texas, California, Idaho, 
Louisiana, Mississippi, Georgia, and Alaska have a relatively low median age (they are 
shown by the light yellow color). The  “  i ”   button activates the query function which you 
can use to fi nd out the median age value for individual states. Determine which states have 
the oldest population. 

 Let us now see whether displaying the same data by county changes the distribution of 
older and younger populations. In the drop - down box  “ Display map by ”  above the map, 
choose  “ County ”  instead of  “ State ”  as the spatial unit. When the new map loads, look at 
the legend and note that the minimum and maximum median age values have changed. 
At this spatial level, the median age varies from 20 to 58.6 years for individual counties, 
yielding a gap of almost 40 years instead of 10 years as in the previous map. While both 
statistics were computed from the same data, the county data retain more variation than 
does averaging to the state level. Examine the map and determine whether the  “ younger ”  
states (for example, Utah, Texas, California) are uniformly young? Do the  “ older ”  states 
have homogeneously old populations? What are the possible explanations for median age 
and its variation within different parts of the country? What erroneous conclusion from 
these data might you draw that would be an obvious ecological fallacy?  
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  Introduction 

 When I think about the challenges of using verbal research methods such as surveys, 
interviews, or focus groups, I remember a conversation I had before I went into the fi eld 
to do my dissertation research. I was up in the Rocky Mountains working as a fi eld assis-
tant for my friend and fellow graduate student, a geomorphologist. I was sitting by the 
bank of the stream that she was surveying for her research, feeling the sun on my back. In 
that quiet moment, I shared with her that I was worried about the challenges I might face 
when I left to do my fi eldwork in Turkey. Looking up from the fi eld journal where she 
was thoughtfully recording today ’ s observations, she responded,  “ At least you are survey-
ing people. You ask them questions, and they tell you the truth. You can never get 
the truth from a river. ”  I was struck by her comment because, as a human geographer, I 
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had naively assumed that what  she  did was based in  “ facts ”  and  “ truths, ”  while what  I  
did was far removed from such certainties. What my friend said didn ’ t assuage my worries, 
but it did give me a broader perspective on the problems that inhere in  “ surveys ”  of 
all kinds. 

 Even though we cannot expect people, any more than rivers, to tell us the truth, we still 
often do rely on talking to people to answer our research questions. What can you learn, 
what kind of research questions can you answer, from surveys, interviews, or focus groups? 
And what sorts of ideas about knowledge, experience, and representation are embedded 
within these  “ talking ”  methods? We may need to talk to people if we are trying to learn 
about things that we cannot observe for ourselves, such as how a new city ordinance was 
experienced among residents of a particular neighborhood. Interviewing might supple-
ment archival work if we need to learn about events and stories that haven ’ t been recorded 
in newspapers or other documents. Or we might choose to talk to people to learn about 
their everyday lived experiences. Most often, we choose to ask people questions if we are 
interested in what people think, know, or feel  –  or more accurately, if we are interested in 
 how people talk about what they think, know, or feel . Yet talking to people does not give us 
a clear window into their  “ experiences ”  or  “ perceptions. ”  After all, for our research subjects 
as for us, the way that we know and talk about our lives is always creative. Experience is, 
as feminist scholar Joan Scott  (1992)  has argued, a discursive product of contingent 
processes. 

 Talking methods give us access to the ways in which people represent themselves and 
the world in the context of a (very particular kind of) conversation. An interview is a form 
of conversation between the researcher and the research participant. The conversation can 
be unstructured, following the rhythms of an unfolding interpersonal exchange with 
perhaps only a few planned questions. Alternatively, an interview can be highly structured 
and formal, with the interviewer sharing little of herself and guiding the conversation with 
a set series of questions. Of course, anything in between these two polarities is also possible, 
and the form of interview conversations varies greatly. Focus groups are another form of 
conversation: a group conversation in which the focus group moderator may play a large 
or a small role in guiding the exchanges of participants. Finally, a survey can also be 
thought of as a conversation  –  but a very highly scripted one. Nonetheless, like the other 
two methods discussed in this chapter, a survey is also a context within which information 
is not simply being conveyed, handed over from one person to another, but rather is being 
created on multiple levels, including in the process of exchange. In short, the methods 
discussed in this chapter, as Mike Crang  (2003)  put it in one of his progress reports on 
qualitative methods in geography, tend to produce very  “ wordy worlds. ”  This isn ’ t neces-
sarily a bad thing, but it does mean that when we work with these methods we need to be 
aware that what we are working with, what we have gathered, are  words , statements that 
are shaped by conversational contexts and variously situated within wider discursive 
formations. 

 This chapter proceeds by discussing surveys fi rst and then interviews and focus groups 
together. Each discussion highlights the reasons for choosing each method, the selection 
of research participants, some of the basic logistics of using the methods, and data analysis. 
Of course these discussions are only introductory, and cannot substitute for in - depth 
engagement with the many good manuals that are available. They should, however, help 
you to recognize the strengths and limitations of these methods, and to identify the kinds 
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of things you will need to address if you do choose to use one or more of these methods 
in your own research.  

  Survey Research 

 Why do researchers conduct surveys? A  survey , or a standardized set of questions admin-
istered to a number of respondents, allows researchers to gather information about a 
population. In statistical terminology,  a population  is the group of all individuals under 
examination in a particular study. A research population can be defi ned in many different 
ways, such as,  “ all of those who work for a women ’ s NGO, ”  or  “ all of those who live in 
the city, ”  or  “ all of those who are the CEOs of textile companies. ”  A survey can answer 
questions about the distribution of characteristics (that is, measurable attributes) within a 
population and across particular sites (such as different urban neighborhoods) or popula-
tion subgroups (such as women, ethnic minorities, or young people). It can also answer 
questions about the relationships between and among these characteristics, sites, and sub-
groups. Unlike the other two methods discussed in this chapter, a survey does not leave 
room for spontaneous engagement with research participants, for supplementary explana-
tions, or for the emergence of narratives. Because a survey - based analysis usually begins 
with a tightly honed questionnaire and ends with tables and boxes representing data 
(whether descriptive or inferential), results from survey research always refl ect the catego-
ries with which the researchers began. Surveys and questionnaires are often used inter-
changeably, although, strictly speaking, the former is the process of assessing a sample/
population and the latter the instrument through which you do that. 

 A survey is a good choice for two purposes: (1) to represent in summary form basic 
characteristics of research subjects; or (2) to present fi ndings that are statistically valid and 
accurate for a population. The fi rst use is likely to be supplementary to an interview - based 
study. For example, you might ask your interviewees to also fi ll out a short survey form 
that you then use to compile and present summary data. In this case, the survey does not 
necessarily involve a  random sample  (discussed below), and in many ways analysis does 
not differ from interview research. The second use is more particular to the survey, since 
it is often very diffi cult (though not impossible) to conduct enough interviews to arrive at 
general conclusions about a population. An example of such a general conclusion is: 
 “ [T]hose who fi nd their jobs through personal contacts or through daily activity patterns 
tend to fi nd jobs that are located closer to home than are the jobs people fi nd through 
more formal means. ”  Susan Hanson and Geraldine Pratt ( 1995 ) derived this conclusion 
from their statistical analysis of 309 interviews (enough to be representative of the city) in 
Worcester, MA. In short, surveys are useful for making certain kinds of arguments that 
will be more or less convincing to different audiences (Lawson  1995 ) (see Box  12.1 ).   

 How convincing survey results are depends on the quality of the questionnaire and the 
sampling procedures.  Sampling  refers to the selection of research participants from within 
the target population (e.g., NGO workers, urban dwellers, or CEOs). This is done for 
practical reasons, since it is often too time consuming or too costly to survey each member 
of the population. If you intend to use your survey results to make general statements 
about a population, then you will need to construct a  random sample  in which each 
member of the population has an equal chance of being included within the survey. 
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Appropriate sample size depends on what is being studied (e.g., population averages or 
proportions), how close you wish your sample ’ s characteristics to be to those of the entire 
population, and how certain (or  confi dent , in statistical terms) you wish to be that your 
results are accurate for the population. A sample can be constructed in a simple random 
fashion (such as using an online website to generate a random set of numbers), or it can 
be stratifi ed. A  stratifi ed random sample  still uses random selection methods, but uses them 
within specifi c subgroups or geographical areas that are the target of the research. For 
instance, maybe you are interested in comparing how Whites and African Americans use 
public spaces in a small city in the US. Your sample need not be larger than about 400 
people for most analyses. And yet, what if Blacks comprise only 10 percent of the city resi-
dents? With a sample this size, you are likely to receive no more than 40 responses from 
this subgroup. If you are interested in how race, class, and gender intersect, you may fi nd 
yourself with numbers (e.g. 10 middle - class Black women) much too small to determine 
whether the differences you fi nd between groups in your sample refl ect inter - group dif-
ferences in the population, or are the result of chance. In other words, once you break your 
sample up into subgroups for analysis, your results will not be  signifi cant  in the statistical 
sense. Under such circumstances, you might create a stratifi ed sample that  over - represents  
residents in Black neighborhoods in the city. The careful construction of samples (whether 
simple, stratifi ed, or another design) requires a basic knowledge of the statistical principles 
that you can fi nd in introductory texts (Burt and Barber  1996 ). 

 Designing the questionnaire that will yield  valid  and  reliable  results is one of the most 
challenging, and most important, aspects of survey research. Surveys may be conducted 
over the telephone, in person, or in writing (using either regular mail or email). Depending 
on the study, one method might yield better results than another. For example, mail 
surveys often have very low  response rates  (i.e. ratio of responses to people contacted). 
Mail surveys also exclude those who are illiterate, while telephone surveys exclude those 

  Box 12.1    Should Women Count? 

    Survey research is often placed on one side and interviews and focus groups on the 
other side of a seeming divide between quantitative and qualitative methods. 
Throughout the history of the discipline of geography, both quantitative and qualita-
tive methods have at various times been central or marginal to geographic research. 
In the 1990s, feminist and poststructuralist approaches became associated with the 
renewed focus on qualitative methods in the discipline. These new approaches were 
critical of the masculinist notions of  “ science ”  that were embedded in the use of 
quantitative methods in geography. In 1995, a special section of  The Professional 
Geographer  (Volume 47, Issue 4: 427 – 66) invited a number of scholars to consider 
the question of whether quantitative methods had a place in the tool box of feminist 
geographers. While many different arguments were put forward, one of the impor-
tant points to emerge concerned the destabilization of the quantitative/qualitative 
binary, and the importance of using statistics to represent and counter social inequal-
ity and oppression.  
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who do not have phones. Whatever method you choose, the questionnaire should take no 
more than 45 minutes of your respondents ’  time to complete  –  and it is advisable that it 
take quite a bit less. After all, if a respondent quits in the middle, for analysis purposes you 
will have to toss the whole questionnaire. A survey usually begins by gathering basic infor-
mation, such as income, educational level, marital status, party affi liation, or employment. 
In addition to collecting information about respondents ’  characteristics or activities, 
surveys also ask simple questions about attitudes and perceptions. Respondents usually 
choose their answers from a list of options. For example, respondents may be presented 
with fi ve income categories to choose from, each represented by a range. Sometimes, 
respondents may be asked  “ open ended ”  questions, in which their answers are not imme-
diately categorized, but these too are usually short answers that are coded by the researcher 
later on. For example, respondents may be asked to name what they consider to be the 
biggest problem in their neighborhood. Later, the researcher can go through and code 
these answers according to general categories, such as infrastructure, crime, or green space. 
Another common form of survey question is the question that asks respondents to place 
themselves, or something they are rating, on a continuum. For example, a survey question 
might ask respondents to rate, on a scale of one to fi ve, where one is  “ never ”  and fi ve is 
 “ every day, ”  how frequently they read their local paper. Another strategy is to ask survey 
participants to respond to statements by registering their agreement or disagreement using 
a scale of one to fi ve, where one is  “ strongly disagree ”  and fi ve is  “ strongly agree. ”  However, 
one must be aware that there is a tendency, especially pronounced among less self - confi -
dent respondents, towards the  “ agree ”  end of the continuum. For this reason, it is advisable 
either to avoid this format or to include multiple statements, some positive and some 
negative, addressing the same problem. Writing good survey questions takes practice, so 
it is a good idea to study the techniques before attempting to write your fi rst survey (see 
references). Finally, it is always important that you pre - test your survey with a small 
number of respondents before taking it to the fi eld. After your pre - test participants answer 
the survey, ask them to discuss the questions with you. You may need to revise your survey 
after fi nding that it is too long, or that some of your questions are unclear, or that the 
answer choices are frustrating to respondents. 

 Survey data lends itself to statistical analysis, whether  descriptive  or  inferential . This is 
because survey data usually take a numeric form or, more often, are translated into 
numeric codes (e.g., female   =   1, male   =   2). Survey data that are gathered without using 
statistical sampling techniques (e.g., a short survey administered to interviewees or focus 
group participants for the purpose of gathering standard information from all respon-
dents) can be used to summarize characteristics of research participants. For example, the 
professions of all research participants might be represented in table form, broken down 
by gender and race. However, in the absence of a systematic statistical sample, you would 
not use these data to make inferences about a whole population. With a representative 
sample, statistics can be used to evaluate and generalize relationships, such as those between 
gender (or income, race, geographical location, etc.) and views regarding the effi cacy of 
different levels of government. While this example highlights the use of basic statistics to 
describe a relationship between two  variable s, survey data are also analyzed using inferen-
tial statistics to create models that assess the contribution of multiple variables (e.g., age, 
gender, income, and neighborhood) to particular outcomes (e.g., voting for a particular 
party). These are the strengths of a well constructed survey.  
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  Interviews and Focus Groups 

 The goal of interview or focus group research is usually not to generalize to a population, 
but instead to answer questions about the ways in which certain events, practices, or 
knowledges are constructed and enacted within particular contexts. Both interviews and 
focus groups provide opportunities for in - depth, fl exible engagement with research par-
ticipants. Focus groups are sometimes called  “ group interviews, ”  and indeed these methods 
share many characteristics, from the recruitment of participants to considerations of 
privacy and ethics. Focus groups are used to generate interchange and debate between 
respondents. Both methods can be used as part of an ethnographic study, as supplementary 
to survey or archival research, or as primary fi eld methods (Hay  2000 ). Despite their many 
commonalities, interviews and focus groups differ from one another in the data produced, 
the analytic methods best suited to these data, and the kinds of research questions these 
analyses can best answer. Interviews are often used for studies in which participants are 
 “ experts ”  from whom you hope to learn how certain practices, experiences, knowledges, 
or institutions work  –  or at least,  how your participants talk about  these things working. 
Interviewees may be public fi gures or individuals occupying particular positions (for 
example, NGO leaders, politicians, urban planners, or managers and employees of a par-
ticular fi rm). For respondents such as these, it might be both socially awkward and logisti-
cally diffi cult to create focus groups. Interviews are also the best choice if you are interested 
in learning about the life stories of your participants, or if you anticipate long and on - going 
conversations (whether spending several hours interviewing or conducting multiple inter-
views with the same person). 

 What focus groups do well is to produce interchanges between groups of people. Focus 
groups are especially appropriate for studies of how certain issues or experiences are talked 
about and debated. Focus group dialogues show how ideas, positions, and representations 
are taken up and put into play within a conversational setting. Because participants may 
support or challenge one another, focus groups can provide insight into how meanings, 
events, or experiences are contested. Focus groups may also be a good choice for decenter-
ing the researcher and engaging in feminist research methods (see Box  12.2 ). This is useful 
in generating empathy and understanding for different people and ideas, beyond simple 
pre - conceptions (Montell  1999 , Wilkinson  1998 ). It is important to keep in mind, however, 
that group interviews may be both uncomfortable and risky if your study involves asking 
sensitive questions. Further, focus groups are not the best method for learning about the 
individual characteristics or the life stories of participants.   

 The number of participants in focus group or interview research is highly variable. 
Interview research usually includes 10 to 30 participants, depending on whether the inter-
view material is supplementary (to archival, focus group, survey, or other research) or at 
the center of the project. For a study with multiple researchers and research assistants, the 
number of interviews may be much higher. Focus groups are comprised of 4 – 12 (but 
optimally 8 – 10) participants. Most of the marketing manuals and many of the social 
science how - to books on focus group research recommend that participants should not 
be previously acquainted, both so that participants can maintain anonymity and to encour-
age them to explain themselves more fully than they would with people known to them 
(Krueger  1994 ). Academic researchers, however, often conduct focus groups with people 
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who know each other, such as groups of friends, neighbors, or association members, and 
the numbers of participants may vary greatly. Each of these designs has its own strengths, 
and which is more appropriate depends on your study. In either case, it is recommended 
that groups be as homogeneous (along the lines of age, gender, ethnicity, etc.) as possible 
to maximize connections between people. Of course, which positionalities are important 
for determining the dimension of  “ homogeneity ”  will depend on the nature of the study. 
Also, the number of focus groups you will need to conduct will vary depending upon the 
range of viewpoints you wish to unearth. Multiple homogenous groups give the advantage 
of connectivity  and  breadth, but most researchers agree that there are quickly diminishing 
returns with focus groups, and that four or fi ve groups on the same topic with the same 
population (e.g., discussing the decline of tobacco farming with small farmers in central 
Kentucky) is usually enough to learn the range of a particular discussion. Focus groups 
usually last two to two and a half hours, while the length of interviews varies greatly. 

 In interview and focus group research, participants are chosen for their relevant position 
or situation in relation to the research question. The selection process begins with a careful 
assessment of the diversity of positions occupied within the fi eld of potential participants. 
In other words, if you are interested in how urban residents are talking about a recent 
incident of police brutality, you will need to consider the diversity of urban residents (in 
terms of age, race, gender, education, location, etc.) when deciding whom to interview and 
how many interviews you will need to conduct. To take another example, if you are inter-
ested in the effects of the work of a grassroots women ’ s organization in a particular com-
munity, you will need to assess the different positions that community members occupy 
in relation to that work, such as participant, benefi ciary, observer, outsider, detractor, etc. 
The wider the diversity and the more relevant it is with respect to your research topic, the 
more interviews or focus groups you will need to conduct. Incidentally, this is the same 
principle that underlies equations for determining sample size. 

  Box 12.2    Focus Groups as Feminist Method 

    Focus groups were used in marketing research for decades before social scientists 
became increasingly interested in their applications in the 1980s. By the 1990s, schol-
ars in a range of fi elds began to think about how focus groups could contribute to 
feminist qualitative research. Some have argued that, by encouraging participants to 
fi nd solidarities and recognize shared experiences, focus groups can be  “ conscious-
ness - raising ”  and empowering for research subjects. Further, focus group discussions 
can incorporate participants in a collaborative project that decenters the role of the 
researcher. In focus group research, the main interaction takes place among the 
participants in the group rather than with the researcher. This allows the participants 
more opportunity to frame the terms and categories of the discussion. For this 
reason, it has been suggested that focus groups are a more egalitarian conversational 
method. Of course, focus groups are not a panacea for the complicated problems of 
power and ethics that accompany all of the  “ talking ”  methods.  
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 Recruiting participants for interview and focus group research can be challenging. 
A research project may require contacting specifi c individuals (e.g. personnel of specifi c 
NGOs or fi rms, or government workers within a particular bureau). In this case, it is 
a good idea to confi rm that you will have access to your target interviewees (by, for 
example, contacting the institution in which you hope to conduct your research) before 
you complete your research proposal. Or you may be hoping to talk to people who fi t a 
general category (e.g., girls at a particular high school, or migrants from Mexico living in 
your city). In this case, you may need to use what is called the  snowball technique . 
Snowball sampling begins by fi nding an entry point (e.g., a friend ’ s daughter at the high 
school, or a migrant association in your city) and making contact with some members of 
the group. These contacts are then asked to provide names of others. This can work for 
either interviews or focus groups, though of course this method would lead to focus 
groups where participants are mostly acquainted with one another. Sometimes, if your 
research is on a group such as  “ all those who are using the wireless Internet in the park, ”  
you simply must approach people on the street and ask for some of their time. This is 
called  on site recruiting . You should always keep careful track of how your selection of 
participants evolved and be transparent about your methods when you write up your 
research. 

 While the success of a survey depends on a set of clear, ordered, relatively unambiguous 
questions, the success of interview and focus group research often depends on being ready 
to diverge from the question guide. Although the degree of structure in interview and focus 
group research varies, the most common choice is the  “ semi - structured ”  form. In semi -
 structured interviews or focus groups, the researcher enters with a  guide , that is, a set of 
possible questions arranged so as to proceed in the most natural and inviting way possible. 
There is often a warm up period, which in focus groups includes going around the room 
for introductions. Interviews are usually more productive if questions are phrased in terms 
of  “ what ”  and  “ how ”  (e.g.,  “ How did you become involved in the cooperative? ” ). These 
kinds of questions elicit description and place the interviewee on comfortable ground. 
 “ Why ”  questions are discouraged because they are seen as challenging, either of partici-
pants ’  knowledges (because they do not know why) or of their actions (because they feel 
asked to justify themselves). In focus groups, after initial introductions are complete, it is 
not appropriate to ask questions that must be answered by going around the room and 
taking turns. Instead, questions should be designed to foster discussion and debate. 
Questions prompting discussions of meaning (e.g.,  “ What does it mean to be from 
Istanbul? ” ) or other  “ brainstorming ”  tactics (e.g.,  “ What are some of the words people use 
to describe immigrants? ” ) work well in focus group settings. Both methods allow research-
ers to change or rearrange questions, and to ask follow up questions to extend participants ’  
narratives. And in both cases, the warm, respectful curiosity of the interviewer or modera-
tor is a key element in the success of the exchange. 

 Finally, because the choice of location can impact conversations,  where  and  when  inter-
views and focus groups take place is an important consideration. For example, if you 
interview housewives in their homes in the evening, what you will be told about the divi-
sion of labor in the household might be quite different from what you would learn talking 
to these subjects in the afternoon when their husbands are at work. A less obvious scenario 
might be one in which you have arranged to meet with recent migrants in an unused 
university classroom. Such a setting can be very intimidating for participants who have 
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not set foot in such places before, and this may have implications for the ease of the con-
versation that ensues  –  not to mention attendance. Locations should be selected to maxi-
mize the comfort and privacy of the research participants. It is also important to fi nd 
locations where there is not too much background noise, since most interviews and focus 
groups are recorded and then transcribed  –  a time consuming process under the best of 
conditions! 

 The analysis of focus groups and interviews should not be thought of as an isolated 
stage of the research project. Analysis permeates both the design of the research and takes 
place throughout the encounter with research participants. During the interview or the 
focus group, the researcher asks questions for further clarifi cation, refl ecting back her own 
understandings to the participants. By the end of each encounter, the researcher has already 
engaged in many acts of interpretation and analysis. The act of transcribing interviews and 
focus groups is also one of interpretation and, often, translation. The transcripts that result 
are not mere refl ections of the interview or focus group encounters, but new texts that 
have been assembled through these processes. 

 Interview and focus group conversations are coded and recoded throughout the process 
of designing and doing the research, transcribing the conversations, and conducting fi nal 
analyses.  Coding  can be a systematic process, in which themes, words, phrases, and inter-
pretations are fl agged within and across focus group and interview transcripts. Qualitative 
analysis software may be used to help organize this process. Once the coding process 
(however formal or informal) is complete, there are many different approaches to the next 
level of analysis (Denzin and Lincoln  1994 ). One of the most basic approaches is to  “ con-
dense ”  interviews by extracting themes and points and presenting them in summary form. 
Another systematic approach is  content analysis , in which themes, words, and phrases are 
tracked and analyzed within and across transcripts. In  narrative analysis , the researcher 
examines the stories told within the interview or focus group context and analyzes how 
they are put together, the resources they draw on, and the social work that they do. All of 
these methods may be used with either interviews or focus groups, though it is important 
to remember that in focus groups, the  “ unit of analysis ”  is not the individual quote, but 
rather the interchanges between group participants. 

 Interview and focus group conversations open up towards a horizon of possible inter-
pretations. These interpretations will depend both on the theoretical perspective of the 
researcher and the openness of the conversations to interpretation. Rather than searching 
for true, fi xed meanings, or trying to  “ reveal ”  the experiences or perceptions of the par-
ticipants, it is often more productive to explore how interview and focus groups texts 
unfold into broader discourses ( discourse analysis ). Doing so requires attention to the 
silences, paradoxes, and unspoken assumptions that bound and underlay these conversa-
tions. Such an analysis returns to the spirit with which we began this chapter on  “ talking 
methods, ”  setting aside the question of  “ truth ”  in favor of an analytic of process and the 
unfolding of dialogues and narratives within social contexts.  

  Conclusion: Doing Good Research 

 For survey research, there are clear standards for signifi cance, validity, and reliability. 
These standards do not produce  “ objective ”  results, but they do set internal standards 
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for survey research to live up to. What about interviews and focus groups? What 
are the measures of good interview or focus group research? While there are no equations 
that can assure that interview or focus group research is doing what it claims to do, there 
are standards of credibility. Research procedures should be transparent, the results 
evident, and the conclusions convincing. Convincing conclusions arise from thoughtful 
analyses that present a range of expressions (not just those that fi t most snugly with 
your thesis). Further, in order to be convincing, your analyses must connect to broader 
arguments and debates. Through transparency and argumentation, all of the  “ talking 
methods ”  can lend powerful insights into processes, events, and discourses that are of 
broad signifi cance. 

 Good research takes research ethics seriously. When research involves talking to people, 
it may present some risks for the participants. For this reason, it is often very important 
to assure the confi dentiality of your conversations. This may be diffi cult to do if your 
research participants are easily identifi able fi gures within a particular community. The level 
of protection required can be negotiated with your research subjects and depends also on 
the kinds of questions you will be asking. Importantly, it is your responsibility to represent 
your research subjects respectfully, even if your study is ultimately critical of their practices. 
Some researchers bring their analyses back to their interviewees and ask that they partici-
pate in the presentation of results. While this is one way to address the inequities of inter-
view research (see Box  12.3 ), it runs the risk of either censoring critical research (for 
example, research critical of the operations of a particular fi rm or organization) or of acting 
as a cure - all for researcher power differentials. Finally, it is always the researcher ’ s respon-
sibility to consider the effects of the research project, both in terms of the encounters that 
take place in the fi eld and the dissemination of the texts that result. After all, the  “ talking 
methods ”  are powerful tools for learning about the wordy worlds that we inhabit. Their 
effects should not be underestimated.     

  Box 12.3    Interviewing  “ Others ”  

    Whenever a researcher asks questions of others, she enters into a power relation with 
her research participants. After all, it is the researcher who has set the terms of the 
engagement and has initiated and framed the conversation. Usually, it is the researcher 
who has much to gain from the interaction, while the participant contributes without 
signifi cant reward. Compounding this embedded imbalance, the researcher may also 
occupy a position of higher social status than her participants. In other cases, if the 
researcher is  “ studying up, ”  the respondent may be of higher status. Each of these 
scenarios presents its own set of challenges, but in both cases the respondent should 
be treated as an expert whose knowledge is valued. While it may not be possible to 
undo the power differentials of the interview, researchers can acknowledge their own 
positionality and respect that of their respondents. Finally, it is always important to 
consider what you can give back to your research participants.  
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    Exercise 12.1   Giving Back 

 Think through what you as a researcher might be able to  “ give back ”  to the people that 
you want to work and research with, and the relative merits and drawbacks this process 
might entail. You might think in terms of policy recommendations, photographic essays, 
interview transcripts, or entire theses. In particular, pay specifi c attention to what exactly 
the results of your surveys, interviews, and focus groups mean for the people that you 
extracted the information and data from.  
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  Introduction 

 This chapter is written by six former undergraduate students (Debbie, Hannah, Helen, 
Hayley, Christina and Alice) and their lecturer (Ian). It ’ s an introduction to ethnographic 
research and its core method of  participant observation . Ian introduced us to this in a 
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second year research methods module. We ’ d never heard of it before. He told us it involved 
 “ being there, ”  participating in, but also observing, what happens in other people ’ s lives. 
We all chose to use it in the (undergraduate)  “ dissertation ”  research that we did during 
the summer vacation before our fi nal year. So we became experts on its use in a variety of 
projects. Debbie studied auditing culture in an international accountancy fi rm, and how 
this was affected by some new legislation. Hannah wanted to make sense of the moral panic 
in the UK over childhood obesity. Helen traveled to Cambodia to try to meet factory 
workers who had made one of her t - shirts. Hayley wanted to fi nd out what had been lost 
and gained in the Hollywood remake of a Japanese horror fi lm. Christina wanted to know 
how migrant factory laborers in her home town fi tted in with local people. And Alice tried 
to fi nd out why young girls were dressing in what were, for many, worryingly provocative 
 “ tweenager ”  fashions. 

 We ’ re writing this chapter together because our combined  “ expertise ”  might best help 
novice researchers appreciate what this method can involve fi rst time round. Rather than 
providing the kind of literature review plus illustration chapters that established academics 
often write, we ’ re going to talk through our own experiences of encountering and doing 
 ethnography  and participant observation. Most of this chapter is based on a two hour 
discussion we had about this with Ian. We want to give a sense of the hard work, creativity 
and nervous excitement that made it so worthwhile for us, as students. We ’ d like this 
chapter to allow you to step into our shoes, to imagine the kind of research that you might 
do using this method, and the kinds of problems that you might have to plan for and deal 
with. You ’ ll have to read a lot more than this chapter to appreciate what it ’ s all about. This 
is just a start.  

  Alice Takes Some Unusual Lecture Notes 

 We begin with an extract from Alice ’ s coursework for that second year module. She used 
participant observation to describe what it was like to attend a geography lecture at the 
university. She had to assume that her reader had never been to a university, let alone a 
lecture. The extract below sets the scene and describes the fi rst eight minutes (compared 
with fi ve to ten weeks of action in our dissertation research!). A good participant observa-
tion account is supposed to allow a reader to vividly imagine themselves in the author ’ s 
shoes. See how this works for you. It is customary for published participant observation 
accounts to be altered to hide the identities of the people under the microscope. Here, 
therefore, all proper names, dates and other identifying information have been altered. 
This is part of the ethics of participant observation research.

  Today ’ s lecture, on February 11, 2005, 2 – 3pm, was for a second year geography module. The 
lecture theater used is located in the Mechanical Engineering building at the university. This 
building has many lecture theaters of this size and is used by several departments for large 
scale lectures. The building is located on one edge of the campus and is built of brick, but not 
in the grand manner of those in the centre of campus. This building has a reputation as being 
uncomfortable, old,  “ a bit smelly ”  and generally that it should only be used by  “ those boring 
people that do Mechanical Engineering ” ! This year group of geography undergraduates have 
been lectured to in this theater since their fi rst year, and are familiar with its location and 
atmosphere. 
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 The theater has approximately 30 rows of benches and desks located in three sections, with 
two two - meter wide pathways of steps rising from fl oor level to the top of this  “ amphitheater ”  
style room. The benches and desks are made of heavy,  “ orangey ”  wood, with the desks being 
heavily graffi tied and scratched from years of use. The wood is slightly sticky to touch, in the 
way old, varnished wood is after too many coats. The benches have burgundy plastic cushions 
on them in two meter sections. These are attached to the bench by old, gold - looking pins. 
The cushions do not meet and have 15   cm gaps between them, making students sit in 
approximately groups of three to a cushion. Some benches are missing cushions, so instead 
the students sit on the hard, uncomfortable high - backed benches. At the fl oor of the benches 
and steps is a walkway into the theater and a large, wide four meter long desk made of the 
same heavy  “ orangey ”  wood. On the right hand end of the desk (from where I am sitting) 
near to the door, is a computer, keyboard and mouse linked to the projector hanging from 
the ceiling in the centre of the room. The projector transfers the  “ PowerPoint ”  images from 
the computer onto the six by four meter screen on the wall in front of me. Below this screen, 
behind the desk are large sliding green boards for chalk use. But these are rarely used. The left 
hand wall of the theater has windows stretching from the ceiling to approximately half way 
up the wall. The windows are always covered in thick, heavy green curtains that block the 
light. Small gaps appear where the curtains meet and it is possible to see one of the walkways 
out of campus. The curtains and windows meet the middle row of benches and form a panel 
that extends to the front of the room. 

 I arrived early for this lecture and waited outside, following the text messages from friends 
seeing if I was going and whether they should meet me there. I replied with the usual,  “ Yes, 
I am going. Yes I shall meet you outside. ”  This week, however, would be slightly different. Jo, 
a friend I usually sit with, was not coming. So, I was waiting for another friend, Gareth. I had 
told Jo I was going to do my participant observation practical on this lecture. I would be 
looking at the actions, reactions and processes that occurred in this usually very dull lecture 
 –  in which often many students leave in the break in the middle  –  and hoped it wasn ’ t because 
of this that she was not attending. Gareth and another friend Steph arrived at about 1:55 and 
immediately remarked,  “ God Al, you ’ re here early! A bit keen aren ’ t we? ”  My initial reaction 
was one of shock,  “ Have they found out what I ’ m doing already? ”  I passed off the comment 
with a quick  “ Oh, shut up ”  and we walked in. The lecturer was setting up at the front. He was 
fi ddling with the computer, so I imagined he was sorting out the PowerPoint presentation. 
The theater was already quite full. This was a surprise due to the mass  “ walk out ”  experience 
last week. It was quite noisy, with people chatting, walking up the steps, sitting down and 
removing coats, taking out paper and pens, etc. I led the three of us to our usual spot, three 
rows from the back on the left hand side. As I walked up the steps, I found myself avoiding 
eye contact. I almost felt that by looking at people they would know what I was up to. I sat 
next to a friend, Ben. Gareth then sat next to me and Steph next to him. I felt slightly uncom-
fortable already, a little hot and fl ustered from the walk here, and from the fact that the room 
was really hot. I got out my paper and pencil case. Gareth asked to borrow some paper and a 
pen as the lecturer began to speak. It was now 2:02pm. At this point, I started to note some 
things. I was concerned. What should I write? Where do I belong? Should I be describing what 
I feel or what I see? And do I need to ignore the lecturer or pay attention in case what he says 
affects the students? 

 My attention was drawn to the lecturer. He explained how this lecture was going to be an 
hour long and put the fi rst slide on the screen.  “ Another fun topic, ”  Gareth stated sarcastically 
as he leant over. Muffl ed voices around the theater, I imagined, pointed out the same fact, 
along with the slight excitement at it only being an hour long. Coughing and whispers followed 
as it appeared that the lecturer ’ s microphone was not working. He didn ’ t appear to notice this 
and simply continued, explaining the fi rst few slides. Gareth ’ s next comment was,  “ Oh great. 
We can ’ t even hear him. ”  He leant over again and, this time, looked at my notes. He imme-
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diately realized that I was not taking lecture notes, and must have seen his name on my pad. 
He quickly grabbed my pen and read the notes I had taken.  “ What are you doing? ”   “ Nothing. ”  
 “ Yes you are. This is your participant observation thing, isn ’ t it? ”   “ Nope. ”  I tried to battle on. 
 “ Yes it is! Oh, go on, I ’ ll help you. It ’ ll be well funny. ”  I gave in and quickly explained to him 
what I was doing and that he must shut up and pretend he does not know. Feeling really 
annoyed that he found out, and even more that I had had to reveal myself, I tried to regain 
my concentration. The microphone problems still continuing, I looked around at the students, 
all furiously scribbling down the slides. I seemed to be drawn to those I knew, though: various 
friends and associates were sat in different places around the room. As I did this, I uninten-
tionally caught some of their eyes and they mouthed  “ hi. ”  This made me feel even more 
vulnerable after Gareth ’ s discovery. Feeling slightly worried that I was only focusing on those 
I knew, my attention was drawn to the door. It was my friend Si arriving late. It was now 
about 2:08pm. The room stirred as Si, at six feet two, broad, with a shaved head, stormed in 
with a large sports bag. I knew he had been at badminton. People started to chat. I could hear 
little bits of laughter and movement. Gareth ’ s word  “ legend! ”  seemed to sum up how many 
people felt about Si ’ s continued lateness to this lecture. This caused me to laugh slightly. My 
uncertainty was then drawn to whether I was only observing or if I was now in fact participat-
ing in this situation.    

  Ian Starts  h is Lecture on  “ Ethnography
 and Participant Observation ”  

 Alice didn ’ t write this  “ live ”  in that lecture theater. Participant observation accounts 
usually start off as  “ scratch notes ” : bits of information, key quotations written down word 
for word, and reminders of things to elaborate upon later. These are the building blocks 
of detailed accounts that are written somewhere else later in the day, while the experience 
is still fresh. Participant observation ’ s data are pieces of creative writing based on what you 
see, hear, and feel under specifi c and often unpredictable circumstances. This data isn ’ t 
 “ collected. ”  It takes hours to write. And it ’ s tricky. That ’ s what Alice was fi nding out. Ian 
set that practical in a (boring) lecture. It was our introduction to participant observation, 
and how to do it  “ properly. ”  You might fi nd this useful.

  I usually put questions up on the screen, then answer them, ask some more, and off we go. 
For this lecture, the fi rst slide asked   “ What ’ s ethnography ” ?  I replied,  “ While  ‘ geography ’  means 
 ‘ earth - writing, ’   ‘ ethnography ’  means  ‘ people - writing. ’  This has been done by anthropologists 
and geographers for at least a century. And its central methodology is  ‘ participant observa-
tion. ’     ”   What ’ s participant observation?   “ It ’ s research that involves  ‘ being there ’  and  ‘ stepping 
into others ’  shoes, ’  as much as this is possible. It involves participating in and observing social 
life, and conveying this to others mainly through writing. ”   What ’ s this writing like?  Cloke et 
al. ( 2004 : 200 – 4) suggest that, to give an outsider a vivid sense of being somewhere, you need 
to include six  “ layers of description ”  in your participant observation notes. Let ’ s briefl y go 
through them. 

  Layer one: locate your ethnographic setting .  “ Where in the world did you do your research? 
Which country, region, town, neighborhood, street, building and how can they be character-
ized? ”   Layer two: describe the physical space of that setting .  “ How was that space you worked 
in set out? What were its dimensions? What was it made up and out of? What was it ’ s atmo-
sphere? ”   Layer three: describe other people ’ s interactions in that setting .  “ Who was there, and 
where, in the space that you ’ ve described? What were they doing? How did their interactions 
unfold? ”   Layer four: describe your participation in that setting .  “ What were you doing in that 
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setting? What was your role in those interactions? To what extent were you also participating 
in what happened? ”   Layer fi ve: describe your refl ections on the research process .  “ Participant 
observation is quite unpredictable. You ’ ll never feel in full control of how your research takes 
and changes shape. So here you have to write notes to keep track of this process, to regain 
and/or change your focus and direction. ”   Layer six: describe your self - refl ections .  “ Most 
researchers fi nd participant observation quite stressful, and write many pages of notes (along 
with letters and emails to friends and family) to let off steam. ”     

  The First Participant Observation We Read 

 Alice followed these instructions quite closely in her coursework. Layer one is followed by 
layer two. But, after that, the others were mixed up. This isn ’ t unusual. Participant obser-
vation isn ’ t the kind of method that you can carry out exactly as planned. Of course, it has 
to be planned and you have to read about it as a  methodology . But we wouldn ’ t advise you 
to do this fi rst. We started by reading some  results  of participant observation research. Ian 
gave us a list of past undergraduate dissertations to read. A year later, after we ’ d handed 
in our own, we talked about how they ’ d inspired us.

   DEBBIE :   You get one out and you think,  “ Oh God. This is an academic dissertation. It ’ s 
going to take forever to read. ”  But I read the one about children ’ s understandings of 
Eminem lyrics and it was a page turner ”  (Griffi ths  2002, 2003 ). 

  CHRISTINA :   I read one on migrant labor in British agriculture (Crook  2005 ). It was so read-
able and she ’ d written it so you could actually step into the shoes of those farm workers. 
You could  really  do that. And I don ’ t think it was until I read this that I appreciated how 
participant observation could be done. 

  HELEN :   The one I read was about people in Sri Lanka and England whose lives were 
connected through the tea trade. It was amazing (Wrathmell  2003 ). It was so real, reading 
about the people she had gone and visited. You could imagine being there. It scared 
me quite a lot, actually. I thought,  “ Could I do this? ”   “ Could I actually go somewhere and 
do this? ”     

   “ You Just Can ’ t Beat Experience  …  ”  

 After reading these dissertations, we wanted to do the same thing ourselves, with topics 
that mattered to us, in settings that were relatively accessible. Alice and Hannah went back 
to their old schools. Debbie had already got an internship with that accountancy fi rm, and 
Christina had worked in that factory before. Helen was already going to Cambodia to do 
voluntary work. And Hayley had a computer and broadband. We ’ d tried out other research 
methods in that second year module and  –  even though it wasn ’ t everyone ’ s cup of tea  –  
this was the one that we liked the most.

   CHRISTINA :   I don ’ t think you can beat experience in what you ’ re talking about. I could have 
interviewed migrant and other factory workers. I could have said,  “ Okay, I live in the area 
and so - and - so said that, and said that, and around the area people think this. ”  And I could 
have concluded that,  “ This is what the population of the village think about it. ”  But, it 
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wouldn ’ t have portrayed the  actual  situation. It ’ s the people, and the experiences, that 
matter most. 

  ALICE :   If we ’ d done a survey or a questionnaire, then we wouldn ’ t feel anything for those 
people. But you ’ re right by their side in their space in their bedrooms, in their school 
canteen, in their factory, wherever you are. You ’ re part of their lives. So you ’ re seeing why 
they ’ re picking that top from Top Shop, or why they don ’ t want to wear that because they 
look fat in it. Because you ’ re with them, you understand. 

  DEBBIE :   You ’ re connecting with the people. You create friendships. The people I worked 
with were very passionate about that legislation and how it had dramatically changed their 
working experiences. That created a passion in me. 

  IAN :   Did you get that passion too, Hayley, doing your online ethnography? 
  HAYLEY :   Not so much. But that ’ s what the community is based on anyway. All the people 

who are talking to each other are having the same experience. They ’ re not right next to the 
other people they ’ re talking to. They ’ re from maybe the other side of the world. That ’ s just 
the nature of online communities.    

   “ So, Your Participant Observation Was Like an Ice - Breaker ”  

 Ian was a bit shocked at how strongly some of us felt about our research. But the reading 
he gave us said that participant observation involved developing relations of trust with 
strangers, trying to appreciate the issue studied from their perspectives, sometimes fi nding 
out quite private things about their lives, empathizing with them, and communicating that 
empathetic understanding to others. So we were bound to feel things personally. To us, 
that ’ s  “ real life. ”  But, our research was  ethnographic . Participant observation was  one  of 
the methods we used. It wasn ’ t responsible for everything. None of us used it on its own.

   HANNAH :   I think that point about participant observation being just part of an ethno-
graphic research process is really crucial. That ’ s why I chose it in the fi rst place. I couldn ’ t 
just walk into a school and talk to a load of kids because they ’ d be thinking,  “ Who are you? 
You ’ re a teacher. ”  So doing participant observation as a classroom assistant allowed me to 
get to know them and for them to get to know me, and for them to be comfortable with 
talking to me and for me to be a bit more comfortable with talking to children because it ’ s 
been years since I was their age and knew how they relate to things. It was a key part of the 
research design, but it was also just a step toward my interviews. 

  IAN :   So your participant observation was like an icebreaker. 
  HANNAH :   Yeah. 
  CHRISTINA :   I did the same. If I had walked into the factory without being part of the work-

force and said to migrants,  “ Can I come round your house please to talk about why you ’ re 
in England working?, ”  they would have been suspicious. They were there legally, but were 
still worried that someone ’ s going to throw them out. So I got my job, worked alongside 
everyone, and waited until I got to know them. Then I could tell them what I was doing 
and why, and try to get across that I wasn ’ t trying to pry into their lives. I just wanted to 
access something that I didn ’ t think had ever been done before. They didn ’ t understand 
what a dissertation was. So I said I was writing this massive book or doing this tiny little 
school project. There were a lot of issues with team leaders, and management as well, being 
incredibly racist towards the workforce. And that was something that they wouldn ’ t have 
told me about otherwise. We had to have conversations outside work because they were so 
worried that they ’ d say something and then get fi red. So, you have to build up relationships 
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of trust. And I don ’ t think I would have been able to do that without starting off with 
participant observation. 

  HAYLEY :   For me it was different. I started off observing, and then participated in the online 
discussions of my horror fi lm. I started by going through loads of threads trying to pick 
out relevant things about the remake. So, it wasn ’ t like a complete participant observation 
study. But it could have been. 

  IAN :   But you needed this observation..? 
  HAYLEY :    …  to get what I wanted to be able to ask questions.    

   “ I ’ m Not Setting It Out Like They Say I Should, 
But It Is Okay ”  

 We seemed to spend the fi rst few days and weeks of our participant observation research 
noticing how much we didn ’ t know, how wrong or dated our expectations were, and 
research fi ndings came to us outside our planned fi eld setting. This wasn ’ t surprising. Ian 
had told us that research always takes place in an  “ expanded fi eld. ”  And, you have to 
(prepare to) be fl exible. You often feel like your research is falling apart. That ’ s scary. But 
a bit of experimentation, and using those layer fi ve notes to try to keep track of changes 
and to regain and/or change focus, can get you through (see, for example, Crang and Cook 
 2007 , and Cook  2001 ).

   CHRISTINA :   If you read all the textbooks that tell you  “ How to do participant observation, ”  
they can give you confi dence in how you ’ re doing it. During my research, I had one and 
would refer to it. I ’ d ask myself,  “ Is what I ’ m doing academic? Is this the way I ’ m supposed 
to be doing it? ”  Going back to that book every now and again gave me the boost I needed. 
I ’ d say to myself,  “ Yeah, actually, you are doing it right. ”  Or,  “ Okay. Something just hap-
pened that I wasn ’ t expecting. But it ’ s okay because this book says that it might. ”  

  HELEN :   That ’ s a big part of this kind of research. You have to keep re - arguing your point 
and reason for doing it. 

  CHRISTINA :   You have to keep going and going. A methods textbook, and maybe your 
research proposal, can give you the confi dence to keep plowing on, feeling that your 
research will end up somewhere interesting in the end. 

  DEBBIE :   You need a basic framework to follow. 
  CHRISTINA :   But everyone ’ s is different. 
  ALICE :   So, you adapt it. That  “ how to ”  writing just gives you a framework. I tried to write 

those six layers separately, but you can ’ t do it. You just can ’ t have your paper laid out that 
neatly. 

  CHRISTINA :   A lot depends on what you can do in the place where you ’ re working. I was in 
a food factory. I couldn ’ t have a piece of paper with me. I couldn ’ t say every fi ve minutes, 
 “ Can I go to the toilet to write down secretly what you ’ ve just said? ”  So I had to write things 
down at break times, and at lunch times. And, often, I didn ’ t use a notepad because I didn ’ t 
always remember to bring it. So, I would be writing on a napkin that I found in the kitchen. 
Even when I wasn ’ t at work, I saw my work people. We went to the same pub. And, some-
times, someone would say something and I ’ d immediately think to myself,  “ Ooh! That ’ s 
going in the dissertation. ”  So, I ’ d be writing things down on beer mats. 

  DEBBIE :   I wrote a message on my phone and saved it, pretending I was texting someone. 
But really I was just writing down exactly what they ’ d just said. Then I put the phone back 
in my pocket! 
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  CHRISTINA :   And the point is, you won ’ t fi nd any of this  “ fi eld note ”  advice in a textbook. 
They don ’ t tell you whether you ’ re allowed to do things this way. You have to say to yourself, 
 “ I ’ m not setting it out like they say I should, but it ’ s okay because I ’ m achieving the same 
result. I ’ ve just got to adapt this advice to my situation. ”  

  IAN :   So you ’ re saying that, in the beginning of your participant observation, you have to be 
well - behaved,  “ good ”  students. Then, after a while, you say,  “ Oh sod it. I don ’ t need to do 
that any more. ”  

  ALICE :   Yes! 
  CHRISTINA :   Sometimes I ’ d be thinking,  “ I shouldn ’ t be doing this. ”  But I couldn ’ t see any 

other way. So I thought it ’ s better to go with it because  …  
  DEBBIE :    …   you  know what ’ s needed, don ’ t you?    

   “ And You Start to Put these Tiny, Tiny Things Together  …  ”  

 We didn ’ t always feel this confi dent. It often took a long time to get to the point where we 
felt we were actually fi nding something out, creating data that we ’ d actually be able to use. 
A methodology that, at least at the start, is based on writing down more or less everything 
that happens and everything that you think about it is not going to give you a sense of 
achievement straight away. But that does eventually come  …  , if you just keep at it (Bennett 
and Shurmer - Smith  (2001)  describe this dilemma and how to get through it).

   HANNAH :   When I got to my research fi eld, there weren ’ t any obese children or  “ fat ”  children 
or people with a poor diet there. I thought,  “ Where are my fat teens?! I need them for my 
research! ”  I panicked and thought I had to change my research drastically. But I stuck with 
the methodology and it led me to a whole different view on things. I had planned to get 
children to do food diaries, and then to talk to them about the diaries, go into their homes, 
watch them at lunchtimes. I wanted to see how accurately they ’ d written down what they 
ate, where and who with. Sticking to that led me to concentrate on diet and what children 
eat  in general , and the different spaces and people that infl uence this. It took me a long time 
to see that something else would come out of it. 

  ALICE :   My story ’ s similar. You go in hoping to fi nd this big conclusion within the fi rst week, 
and it ’ s not there at all. And you think,  “ Oh no! This is going to go wrong. ”  But it isn ’ t 
going wrong. It ’ s real life and things are slow. Sometimes you feel you ’ re not going any-
where. But you keep writing these things down that seem irrelevant. Then, sometimes every 
week, the same thing comes up, or it comes up in a different area or a different space or in 
a different way. And you start to put all these little  tiny , tiny things together that might 
happen in a second and they start to form this personality of someone or the way they are 
and it starts to make more sense. Sometimes, it just takes someone to say or do one thing. 
There was this girl who spilled paint down her jumper and she just completely fell apart. 
She didn ’ t want to go and put her PE top on because she ’ d look different from everyone 
else. But, if I hadn ’ t been there to see that, I wouldn ’ t have known how she would have 
reacted at the time. I think it ’ s the mundaneness of participant observation that ’ s important. 
You just plod through and think you ’ re getting nowhere. But in the end, it all somehow 
becomes clear. And you fi nd things out after you ’ ve fi nished, too, especially when you cut 
things up and you  code . 

  HANNAH :   I know what you mean. The main conclusion of my dissertation was something 
I didn ’ t notice while I was doing it. But, if you do your analysis properly, you can see pat-
terns emerging in all those damn notes and transcriptions!    
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   “ I Wanted Them to Think I Wasn ’ t Some Freak ”  

 We weren ’ t, of course, just observers looking for paint spills and patterns. Our presence 
on these  “ stages ”  and the ways we could  “ act ”  with different people, helped to create the 
 “ dramas ”  that we wrote about. What people thought about us affected where we were 
allowed to go with whom, what they showed us, and what they told us. We sometimes 
tried to infl uence this though dressing or talking differently. But there were some things 
 –  like our gender, age, and skin color  –  that weren ’ t so easily changed. Our identities as 
researchers were never separate from our data. We made a difference and had to think that 
through.

   DEBBIE :   There were two groups of people in the place I worked: managers and auditors. The 
managers were the elite and didn ’ t accompany audit teams. It was really diffi cult to inter-
view them. So I tried to engage with them by saying, [in a high pitched voice]  “ Hi, I ’ m a 
little innocent auditor and I ’ d like to know what ’ s happening. ”  And that seemed to work. 
They started to think,  “ Oh, I know, I can educate this girl. I can tell her all about what I 
know. Oh! The Sarbanes Oxley Act. It ’ s amazing. It does this, this, and this. ”  But I couldn ’ t 
say to an auditor,  “ Educate me, ”  because they didn ’ t care. They were on my level. We ’ d go 
for a drink, and they ’ d say,  “ I can ’ t believe you ’ re doing your research on this. It ’ s the most 
boring legislation ever. ”  It took a completely different angle to understand their perspective. 
So, it was all very up and down. I spent a lot of time fi nding out how to be, and evolving 
my  “ character ”  as well as doing the research. I just had to go with the fl ow really. You need 
to be quite adaptable. And use common sense. 

  HANNAH :   When I spoke to the parents of the children I worked with, I wanted to make the 
best impression. I wanted them to think that I wasn ’ t some freak. I was just a student doing 
my dissertation. And I ’ d gone to the school that their children were at. So I felt I had a sort 
of reputation to live up to. But with the children, I wanted to be really relaxed and casual 
with them so that they wouldn ’ t treat me the same way that they treated teachers and adults. 
Lots of them called me  “ Miss. ”  And I kept saying,  “ No, no, no. Call me Hannah. It ’ s fi ne. ”  
But I could see them thinking,  “ Ooh [i.e. not sure], we ’ re at school and you don ’ t do that. ”  

  HELEN :   In Cambodia, I was treated as the rich western white - skinned girl. People thought 
I was too young to be travelling on my own. People would say,  “ Your parents are okay with 
you coming out here? Are you from a good family? ”  When we visited a compound where 
some of the factory workers lived, it attracted almost the whole village. And there was this 
one lady who asked,  “ Could I come back to England with you? Could I be your servant? ”  
And I was like,  “ Oh my God! We don ’ t have servants. I do my own washing. I clean my 
own house. ”  And she just couldn ’ t understand it at all. It was seriously bizarre. 

  HAYLEY :   It ’ s so different online! You can be whoever you want to be. You never know if 
someone is telling the truth because you can ’ t see them, can ’ t look in their eyes. And, 
because you have time to think about what you ’ re saying, you can premeditate your answers 
completely.    

   “ You ’ re Not Neutral At All, Inside ”  

 Most of us act differently with different people in  “ real life. ”  We may be quite good at it. 
But, as a researcher, you don ’ t want that difference to be too controversial. If, you ’ re 
trying to appreciate what it ’ s like to live other people ’ s lives, you don ’ t want to jeopardize 
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this by correcting or disagreeing with them, or breaking confi dences. It could cause them 
embarrassment or harm  –  to most, that ’ s  “ unethical ”   –  and ruin your research. So you 
usually have to agree with everyone, [almost] regardless of what they say. This is hard to 
deal with, especially when your research is changing  you .

   CHRISTINA :   When I interviewed the British workers in the factory, some of them were 
incredibly racist about the migrants, and my initial reaction was [sharp intake of breath], 
 “ You can ’ t say that! ”  I ’ d feel like defending the migrants and the relationships that I ’ d built 
with them. 

  ALICE :   It ’ s diffi cult to put your morals aside, sometimes. There was a time when I was think-
ing  “ Maybe I can tell these parents what I think of them. ”  But you can ’ t. You can ’ t rat 
people out to their parents, or vice versa, because you ’ ve said you ’ re not going to do that. 
But, if I was shopping with the girls and they ’ d say,  “ Oh no, I look fat in that, ”  I would 
want to say,  “ No you won ’ t. ”  And I did because I became their friend. These issues can 
relate straight back to your childhood or the way you felt about yourself at that age or the 
way your friends said things to you. And you feel like, in this stupid way, you want to make 
a difference to them and say,  “ Don ’ t worry about this stuff. It ’ s completely irrelevant. ”  But 
you can ’ t. 

  HANNAH :   I had to stop myself from being judgmental. When a parent would say,  “ I don ’ t 
give them bad treats. But we do go to McDonald ’ s on special occasions, ”  I ’ d be thinking, 
 “ Duh, that ’ s giving kids a treat that ’ s bad food. They ’ re going to associate bad food with 
good things, with reward. ”  But you can ’ t say that. I had to be totally neutral on 
everything. 

  ALICE :   But, you ’ re not neutral at all inside. 
  IAN :   So, sometimes you ’ d be saying one thing out loud but, in your head, screaming some-

thing else? 
  HELEN :   Yeah. But sometimes I couldn ’ t keep it in. I was so close to tears that it was obvious 

to everyone there. There was this guy who lived in this tiny house with his wife and daugh-
ter. His wife also worked in a garment factory. He came across and wanted to interrogate 
me about what I ’ d found out. Like,  “ How much do people get paid here? ”  I did my best to 
answer his questions. We spoke through a translator and used very basic English. He started 
telling me about how he worked in his factory ’ s ironing department and sometimes had to 
work from seven in the morning until three the next afternoon. He told me that they got 
a little package of rice to keep them going through the night. Then he said that sometimes 
he ’ d be so tired he ’ d iron over his hand. And he was smiling when he said it. His daughter 
was running around outside. She was peering in at me and my friend. She was so intrigued 
by us. And then he told me that he can ’ t afford to send her to school. It was just  so  real. 
The initial aim of my research was to identify the people in Cambodia who had made my 
t - shirt. But it turned out more that I was identifying  with  them. That turned out to be a 
big theme in my dissertation. 

  ALICE :   But that takes it right back to,  “ Why do participant observation? ”  If I ’ d read that, I ’ d 
feel just as awful as I do now. You couldn ’ t have done that with a survey or a questionnaire. 
You  have  to be there, seeing that man and seeing his daughter.    

   “ You Can ’ t Hide Behind Posh Words, Can You? ”  

 We wanted to write up our ethnographic research so that it could have the same kind of 
effect that those dissertations had had on us a year before. But we were used to writing 
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only in the third person. This made things tricky again, because only the fi rst two layers 
of our notes were like this. The rest were so personal. So Ian told us to write in the fi rst 
person. Set out  your  perspectives and try to pass on and compare the perspectives of those 
with whom you ’ ve done your research. Make this writing vivid, academic, and situated. 
Write so that your readers can step into your shoes. Help them to see and feel what you 
saw and felt. That took some doing.

   CHRISTINA :   I wrote in my dissertation that I wanted it to be accessible to geographers, to 
non - geographers, to the migrants, and to the other people that worked in the factory. I 
wanted them to be able to pick it up and read it. They ’ re not going to completely get the 
literature review and the methodology. But the majority of it, the analysis defi nitely, is me 
talking about my experiences in that factory. Everything is in my voice or their voice. So 
they could see where it ’ s going and they can follow it. My mum read it and said to me,  “ I 
really understand where you ’ re coming from. And I can step into their shoes. I can step 
into your shoes. ”  

  IAN :   Does that mean it ’ s not as clever as that other stuff, though? Someone might say,  “ It ’ s 
just description, it ’ s not scholarly. ”  

  CHRISTINA :   It is though! There ’ s no other way you can access the things you want to access. 
So how can it not be academic? 

  HAYLEY :   But also, it ’ s about linking your own lived experiences to academic ideas. You can 
show that you understand it more when you can link it to your own life. 

  DEBBIE :   I think some people would fi nd that very hard to do. 
  HELEN :   To start with, it  is  hard. 
  CHRISTINA :   I think you have to get over a sort of mental block. 
  ALICE :   It ’ s about feeling all right to put what ’ s  there  in the  “ real world, ”   there  in your notes 

and then in your dissertation. Throughout school, and at university to an extent, you ’ re 
not allowed to give your opinion as if it was all right. You had to give Joe Bloggs ’  or some 
other academic ’ s opinion. They wrote in a diffi cult way to understand. And you wrote 
like that too. When you ’ re doing your participant observation, you have to explain what 
a classroom looks like because you know it ’ s important. But, at the back of your mind, 
you have this person saying,  “ What are you doing? This is ridiculous. I don ’ t need to know 
this. ”  

  DEBBIE :   That ’ s why, when I wrote my draft, I thought my interview material was more solid. 
They ’ d actually told me that. But I didn ’ t use my participant observation notes. I just 
thought,  “ This is just me sitting on the train writing  everything  that happened throughout 
my day. That ’ s irrelevant. ”  

  ALICE :   Before, no one ever said that  you  writing something down serves as evidence or 
 “ data. ”  But, you come to realize that that ’ s  just  as important. It ’ s the way  you  saw it. That ’ s 
why  you  were doing the research and not someone else. But you don ’ t realize that until 
you ’ ve read a bit more and your supervisor says it ’ s alright to write this way. 

  DEBBIE :   But it ’ s hard because you think it ’ s going to sound awful. 
  HELEN :   But, then, when you do get into it, it ’ s really easy. Because it ’ s just you speaking, 

you writing things down. 
  ALICE :   Once you ’ ve done it, you think,  “ Oh, I can do this. ”  I can read it and it sounds all 

right. Somebody who doesn ’ t do geography can read it and understand it. 
  HELEN :   And enjoy it, too. 
  ALICE :   And you say to yourself,  “ Oh, awesome. Just keep writing like this. ”  
  IAN :   But did that writing make you feel exposed? 
  ALICE :   Yeah. Defi nitely. Because it ’ s you [laughs]. 



 Ethnography and Participant Observation  217

  DEBBIE :   You can ’ t hide behind posh words, can you? 
  ALICE :   You ’ re not hiding behind Joe Bloggs. You ’ re saying  “ It ’ s me. ”  
  DEBBIE :   You have to be brave to give your own opinions, link them to your own experiences 

and to what you ’ ve read. It ’ s diffi cult to get over that barrier. But, once you ’ re there, it just 
makes much better writing. 

  IAN :   But some might say that writing is  “ biased. ”  
  DEBBIE :   Yeah. But you can ’ t give a universal opinion that everyone is going to agree with. 
  ALICE :   And someone can argue with us, if they want. They ’ re our opinions. So you don ’ t 

say,  “ This is right. ”  You say,  “ This is what  I  found! ”  
  CHRISTINA :    “ I ” m fully aware that this is  my  interpretation. ”  I accepted that and was open 

about it. 
  HELEN :   Mine was totally  “ biased. ”  But then, hopefully, the people marking it can under-

stand that  “ bias ”  because I was there, experiencing those things. What I said was backed up 
by everything I saw. That ’ s why I think what I think. It ’ s situated knowledge. You don ’ t 
have to like it. Just read it (Box  13.1 ).    

   “ They Might Be Highly Offended If They Read 
My Dissertation ”  

 It was the end of our discussion and, it seemed, Ian didn ’ t want to let us off without 
one last question. He said that  “ some people ”  think that entering into trusting relationships 
with people in order to write about them because it ’ s good for their degree is a bit  “ unethi-
cal ”  and exploitative. It ’ s a kind of deliberate betrayal (Stacey  1988 ). There are dodgy power 
relations here. Participant observation seems so straightforward when you fi rst come across 
it. But it ’ s a minefi eld, when you really get into it. He expected us to refer to standard 
ethical guidelines (and would have expected us to refer to Institutional Review Board 
processes if we had had them at the time (see Marshall  2003 , Plattner  2003 )) and then to 
get a bit stuck. But we ’ d thought a lot about this.

   DEBBIE :   If your participants  know  what you ’ re doing, surely that ’ s  “ ethical? ”  
  ALICE :   Isn ’ t it more  “ unethical ”  to show someone as a statistic, on a chart, on a graph, and 

not let their voice or opinion appear in academic work  “ about ”  their lives? 
  CHRISTINA :   That ’ s even worse. My migrants and Helen ’ s garment factory workers would 

probably have never had people like us asking them about their lives before. And, in a sense, 
being subjects of the research has given them a chance to talk about their situations and 
talk about actually what ’ s going on. It ’ s not big people who have never met them before 
telling everyone,  “ This is what their situation is. ”  It ’ s someone small like me saying,  “ Yeah, 
okay, I ’ ll have this voice, you can have this voice. ”  Surely that ’ s more  “ ethical? ”  

  DEBBIE :   But I was giving managers a voice they  wouldn ’ t  have wanted me to give them. They 
knew what I was doing. But they didn ’ t know what I found out. They might be  highly  
offended if they read my dissertation. Their job was to make the Sarbanes Oxley Act look 
worthwhile. And a lot of people say that it ’ s not worthwhile, including their own 
auditors. 

  IAN :   So you sort of ended up playing people and perspectives against one other when you 
wrote this up. 

  DEBBIE :   Yeah [laughs nervously]. And that ’ s probably  “ unethical. ”  But how else could I do 
it? I ’ d wanted to get a rounded view of the organization and the Sarbanes Oxley Act. A 
one - sided account would have been bad research. 
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  Box 13.1    Just Read This! 

    This brief passage from Helen ’ s dissertation (Clare  2006 : 44 – 6) gives a fl avor of the 
evocative writing that ethnographic research needs to produce. Here, she describes 
arriving in a garment manufacturing district of Phnom Pehn with her friend Louise 
and their guide Tola (who she met through the Cambodian Labour Organization) 
to meet some garment workers in the compound where they lived. 

  “ It ’ s early afternoon as we hurtle down National Road #4, the rain pouring down. 
It ’ s a particularly wet day, monsoon season. We ’ re squashed onto the moto, in 
ponchos. Tola points out the factories, huge white warehouse - type buildings, usually 
with the name of the factory emblazoned across the side, in Khmer, Chinese or 
English. He points out people driving motos carrying  huge  bundles of clothing on 
the back. The factories have thrown them away and people root through the bins, 
to then make into doormats and sell on. I am still desperate to fi nd out if the people 
we are going to visit produce for H & M. Tola doesn ’ t think so. Feeling quite disap-
pointed, we turn into the road leading to the compound. 

 We drive through the gate and dismount outside one of the doors. Tola greets 
the lady like a long lost friend. We take off our fl ip - fl ops, and leave them outside in 
the courtyard. I now have very muddy feet! Tola introduces us to Sarom, the owner 
of the room, a younger teenage girl (her niece), and another young woman, Sreymom. 
We greet them with the  sompiah , pressing our hands together in a prayer like posi-
tion and bow, saying  “ chim - rip - sur ”   –   “ hello ”  in Khmer. Each of the rooms in this 
compound, of which there are about eight around the courtyard, is no more than 
six by four metres, with three camping - style beds. It is small and dark. There are no 
windows, and an open door. The walls were covered in magazine pictures, which I 
fi nd out are of famous soap actors and actresses. 

 We sit cross - legged on the fl oor. A man then enters the room  –  Seythung. Tola 
asks if I have the t - shirt with me. Yes I do.  “ Show them, ”  he says. I take it out of my 
bag. Everyone wants to have a look. They pass it round. Tola says that they may not 
know who they are producing for a lot of the time. They don ’ t recognize the H & M 
label, though. Sethung leaves the room and comes back with his daughter who is 
about two years old. She had been running around in the courtyard and was inter-
ested by these two white girls with funny yellow hair! Sethung also had a shirt. He 
pointed at the label.  “ Puritan. ”   “ Do I know it? Is it sold in England? ”  He asks me if 
customers in England are forcing the prices of the products to fall. I try to explain 
that it ’ s not the same as in Cambodia. We don ’ t barter, but that we are forcing prices 
to fall by demanding cheaper products. ”   
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  HAYLEY :   And, you didn ’ t use their names in your dissertation, did you? 
  DEBBIE :   No, it was all anonymous. 
  CHRISTINA :   And you didn ’ t misrepresent them. Surely it ’ s more  “ unethical ”  to portray 

something that ’ s not going on. 
  ALICE :   Yeah, but some things that are important to your argument  have  to be left out. When 

I was writing my dissertation, I didn ’ t include the way I wanted to rant at the parents. I 
didn ’ t think it was my place to cause a big mother – daughter rift that ’ s going to wreck their 
lives! I didn ’ t think that was fair.      

  Conclusion 

 We hope that this chapter has given you an appreciation of our journeys through partici-
pant observation research, and that you can see what we mean when we say it ’ s like, and 
about,  “ real life. ”  We hope this might encourage some of you to have a go yourselves. If 
so, we ’ ve provided a list of additional resources below, and suggest that you get into them 
next. These are mainly the kind of literature review plus illustration chapters we mentioned 
at the start. They contain the kind of detailed academic discussions that are  “ between the 
lines ”  of this chapter. Each contains accounts of participant observation research, plus 
other methods that could be combined in an ethnography. They also contain theoretical 
debates and discussions of situated knowledge,  research ethics  (including questions of 
 overt  or  covert  research, participant anonymity and (not) being neutral), data analysis/
coding and writing that have to be seriously considered for any such study. If you like what 
we ’ ve described in this chapter, you ’ ll  have  to get into these debates and discussions before 
doing your own participant observation research. You might also like to read this chapter 
again, when your research is underway. It might give you confi dence when you need it. 
Good luck!   
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    Exercise 13.1   Participant Observation in Action 

 Alice ’ s fi rst attempt at participant observation was to describe what it was like to attend a 
geography lecture at her university. She used the  “ layers of description ”  that Ian had out-
lined in his lecture to provide the kind of detail that is essential to provide her reader (you?) 
with a vivid sense of  “ being there. ”  If you want to experiment with this approach, you 
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vividly that a stranger could imagine  “ being there ”  with you. You could choose an ordinary 
or an unusual experience. You could choose a familiar or an unfamiliar place. You could 
choose to do this with people who know you, with strangers, or some combination of the 
two. You could choose a meal, a party, a journey, playing or watching sport, visiting family, 
reading a book, joining a demonstration, working in a book store, anything! Whatever 
experience you choose will raise all kinds of questions about the diffi culties and rewards 
of this kind of research. Write some scratch notes when you ’ re there, then use them later 
to write a detailed account. Have someone in mind who might read this account, a reader 
who wasn ’ t there with you and may be unfamiliar with the kind of place or experience you 
have chosen. This should encourage you to take nothing for granted, and to develop an 
appropriate eye for detail.  
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    Introduction 

 Cultural landscapes in this chapter are defi ned fi rstly and primarily as the tangible, visible 
impress of human activity on the surface of the earth  –  the everyday  “ stuff  ”  of the material 
world we have created over time. Landscape scholars often speak of the  vernacular  land-
scape to emphasize that cultural landscapes are not only about  “ landscaping ”  (or con-
sciously designed lawns and gardens) but are seen more generally as comprising common 
houses and fences and public buildings and parks and backyards and fast food restaurants 
and light poles and streets and public squares and so on. The cultural landscape is a geo-
graphical  palimpsest , or an accumulation of  “ geo - graphy ”   –  literally human  “ earth 
writing. ”  It is a material record of our activity, and as such we can gather information on 
its creation and meaning, through many sources, but especially through historical records 
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collected in  archives . This chapter introduces you to some starting points for collecting 
data about cultural landscapes, fi rst through a brief introduction to the idea of landscape, 
second in a discussion of data and archives, and fi nally by describing some key sites for 
gathering information about cultural landscapes.  

  Cultural Landscapes 

 While the cultural landscape is a material  “ thing ”  or set of things, it also is simultaneously 
a way of visually and spatially ordering and organizing the world around us. As a way of 
seeing and knowing, the cultural landscape is, in effect, an epistemology that has long been 
central to human geographical traditions of observation, interpretation, and analysis 
(Cosgrove  1998 ). Commentators on the cultural landscape have called it vague, duplici-
tous, and ambiguous, and have devoted much time and paper to discussing just how 
landscapes have come to be, how we live in them, and how they might work in reproducing 
the everyday world around us (see Boxes  14.1 and 14.2 ; Daniels  1989 ; Groth  1997 ).     

 Let ’ s take a seemingly simple, nineteenth - century bird ’ s eye view of an American city 
(Figure  14.1 ). This 1852 image of Syracuse New York is reasonably accurate in depicting 
the city ’ s material fabric at that time. That is, the buildings and roads and industry and 
railroads you can see really were there. This view could then be used as  data  or  evidence  
of the landscape ’ s material evolution, of what was on the ground at one time, of what has 
disappeared, and, when compared to the contemporary scene, of what persists as remnant 
in the landscape ’ s always - palimpsest appearance. But that bird ’ s eye view also has a 

  Box 14.1    Landscape Across Disciplines 

    Paul Groth and Chris Wilson ( 2003 ) have referred to the  “ polyphony ”  of landscape 
study to illustrate that it is a  “ many voiced endeavor. ”  It is true that scholars from 
many disciplines (e.g., geography, anthropology, art history), practitioners (e.g., 
planners, historic preservationists, landscape architects), and others (e.g., commer-
cial developers) all have legitimate claims to the term (see for example Bender  1995 ; 
Herman  2005 ; Mitchell  1994 ; Potteiger and Purinton  1998 ). As you explore different 
literatures as well as different sources of information about cultural landscapes, you 
may fi nd yourself reminded of the apocryphal observation about the United States 
and Great Britain: that we are  “ two nations divided by a common language. ”  
Landscape enthusiasts of many stripes may use the same words, all with slightly dif-
ferent meanings, and this often can be confusing, if not downright exasperating. The 
trick when coming up against this potential communicative obstacle is not to with-
draw into the parochialism of your own discipline, or your own pedantic defi nitions 
of landscapes or interpretive and analytical preferences, but to search for  “ common 
ground, ”  in realizing that we all are interested in some aspect of the tangible, visible 
scene. Once past the immediate problems of terminology, there is much to be said 
for the cross -  and inter - disciplinary practice of cultural landscape study.  
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  Box 14.2    Landscape in Geography 

    Geography ’ s cultural landscape tradition generally is traced to the work of Carl Sauer 
 (1925) , whose famous landscape maxim posited the physical landscape as the 
medium,  “ culture ”  as the agent, and the cultural landscape as the result. Although 
Sauer did not consistently subscribe to that conception (or its theoretical implica-
tions) in his own work, the basic idea persisted abroad for generations, fi rst as a 
guiding principle for an empiricist tradition in the United States, and later as a con-
ceptual foil for geographers interested in re - thinking the importance of landscape in 
line with post - empiricist moves in human geography across the Anglophone world. 
 “ Cultural landscape ”  was one of the spoils in the so - called  “ Civil War ”  that erupted 
around debates in cultural geography over geographical traditions, guiding concepts, 
theoretical foundations, and empirical focus in the last 30 years. The (re)theorizing 
that took place through those debates has enlivened cultural landscape study to the 
present day. It has mandated attention to the imbrications of class, race, and gender 
in and through the landscape, to the place of landscape in power relations and ques-
tions of identity at a variety of scales, and to other broadly socio - spatial concerns of 
human geographers including, most recently, a renewed phenomenological interest 
in our everyday experience with landscapes. As a result, our interest in the landscape 
as the tangible, visible impress of human action has been extended to asking ques-
tions about the place of cultural landscapes in constituting the world  –  through their 
symbolic qualities and material presence, through their normative qualities, through 
their capacity to mask social process, through their role as a site of action and inter-
vention into the everyday world.  

particular  point of view  beyond the simple location of the (imagined) viewer on a hill 
overlooking the city from a distance; and that point of view helps to frame or constitute 
the cultural landscape itself  –  the tangible, visible scene that seems so realistically repre-
sented in the view. The image adheres to an American art genre of romanticism, and this 
bird ’ s eye view also expresses an opinion about the burgeoning of American industrial 
cities and, by implication, the changes being wrought in American society at the time, an 
opinion that hoped also to shape the future of American urbanism (Schein  1993 ).   

 Cultural landscapes are indeed complicated and fascinating. We can, at once, study 
cultural landscapes as material artifacts, with traceable and documentable empirical histo-
ries and geographies, and simultaneously use cultural landscapes to understand and ques-
tion ideas about and ideals of everyday life. Ultimately, cultural landscape study is important 
to critical human geographies if we see the landscape as  discourse  materialized, the tangible 
and visible scene serving to normalize or naturalize social and cultural practice, to repro-
duce it, to provide a means to challenge it (Schein  1997 ). In that latter capacity, then, the 
cultural landscape is subject to any number of methodologies, if we understand methodo-
logy to create the link between  epistemology  and method or technique in interrogating 
the empirical scene before us. Gillian Rose  (2003)  has provided one example of the metho-
dological possibilities for landscape study in a book focused upon interpreting visual 
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     Figure 14.1     Bird ’ s eye view of Syracuse New York, circa 1852. The image provides reasonably 
accurate historical information on the built environment even as it presents an opinion about the 
city and burgeoning urbanism in the mid - nineteenth century.  

images, especially as they are implicated in questions of cultural meaning and power. In 
what she calls a critical visual methodology, Rose offers a broad analytical framework for 
understanding cultural landscapes through a range of methodologies, including content 
analysis, semiology, psychoanalysis, and various forms of discourse analysis which take 
seriously ideas of textuality, intertextuality, and context. Ultimately, she points to the 
importance of understanding, at least, the production of an image or landscape, the image 
or landscape itself, and fi nally what she calls the  “ audiencing ”  of the image or landscape, 
or the manner in which it is received and circulates as an image. 

 Rose ’ s work highlights the central empiricist problematic of assuming that landscapes 
simply  “ speak for themselves ”  and reminds us that cultural landscapes are themselves 
representations embedded in, and that embed meaning in, everyday life. As such they 
require the same sorts of methodological considerations we would apply to any social 
science problem, and in gathering information about cultural landscapes we can employ 
many of the research methods described elsewhere in this volume (see Box  14.3 ). This 
chapter, however, assumes that most, if not all, good cultural landscape study begins with 
the material thing or set of things that we identify as the landscape, and draws a fi ne, if 
heuristic, line between fi nding out empirical information about a landscape and asking 
questions about what the landscape means or how it works. First we must be able to 
describe the landscape and its particular history, documenting when and where the land-
scape was created, by whom, why, how has it been altered, and so on.    
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  Box 14.3    Approaching Landscape Study 

    This chapter ’ s primary focus on landscape data collection leaves largely unanswered 
the question of why and how we study cultural landscapes at all. The polyphony of 
landscape study suggests that there are many reasons and approaches. It is possible, 
however, to inductively parse the landscape literature into the following descriptive 
categories. Many studies will fi t more than one category, and this framework is really 
a heuristic device for making sense of the fi eld (Schein  2009 ). Although there will 
always be studies that do not quite fi t any typology (its purpose is to help describe, 
not to force things into categories), we can see landscape studies as being variously 
about: 

   •      Landscape history:     Empirically documenting when/where the landscape was 
created, by whom, why; how has it been altered, and so on.  

   •      What the landscape means:     To identity (individual and collective, of people who 
live in and through the landscape) and interpretively (the landscape as our 
 “ unwitting autobiography, ”  to quote Peirce Lewis  (1979) ).  

   •      The landscape as facilitator/mediator:     of political, social, economic, and cultural 
intentions, and debates.  

   •      Landscapes as discourse materialized:     Asking questions about how landscapes 
 “ work ”  to normalize/naturalize social and cultural practice, to reproduce it, to 
provide a means to challenge it; seeing the landscape as the material through 
which these relations fl ow.     

  Data and Archives 

 All cultural landscapes are local, which is to say that all landscapes exist somewhere  in 
particular . It is the sites of particular knowledge that concern this chapter. That does not 
mean that we should be parochial or antiquarian when interrogating cultural landscapes, 
especially when we remember that our ultimate goal is to understand the place of landscape 
in larger discourses about material culture and social life. A house might be of a type (that 
has diffused, contagiously or hierarchically), a city park may have been designed by 
Frederick Law Olmsted, a debate over a local historical plaque commemorating slavery 
may be a racialized landscape that mediates a general American ambivalence about the 
structural imperatives of racism. But we must start somewhere when looking at cultural 
landscapes, and that somewhere can be thought of as obtaining data about particular 
landscapes in particular places; about  a  house,  a  park, or  an  historical plaque. Historians 
often think in terms of primary and secondary data; the former being  “ raw ”  information, 
supposedly unmediated by interpretation, the latter being data that has been organized 
according to interpretive rationale. While this fundamentally empiricist distinction does 
not really hold up on inspection (even raw data has been collected according to some 
organizational rationale), it helps to get us thinking about where there might be basic 
information about a specifi c cultural landscape that has to do, fi rstly, with its creation, 
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order, organization, and appearance. There is a good chance that, secondly, there already 
exists a secondary literature that can help put your cultural landscape in context or in 
perspective, that can help you see and interpret the landscape you are interested in as one 
of a type, or one linked to other places and landscapes transcending the immediately local 
scale of your initial inquiry. To follow the examples raised, there are scholarly literatures 
on house types; on the origins, forms, and functions of American public parks and Frederick 
Law Olmsted ’ s role in their evolution; or on slavery and public memory and historical 
commemoration that will push you to see your particular landscape as linked to other 
spaces, other places, other landscapes, other ideas. In this chapter, you will get some ideas 
about how to fi nd the particulars that are at the heart of those literatures  –  information 
about particular landscapes. 

 There is an enormous amount of information about cultural landscapes out there, 
especially when we realize that we (as students of the landscape) are not the only ones who 
are interested in landscape. At some level, the landscape also is an engine of capitalist 
accumulation, a focus of humanist aesthetic desire, a utilitarian means to social, economic, 
and political ends. The trick is to fi gure out who else is interested in  “ the cultural land-
scape ”  even as they might not think of cultural landscapes per se. For example, Peirce Lewis 
 (1979)  wrote some years ago about the value of trade and professional journals, which 
often contain technical information for the people who design and build and maintain our 
vernacular landscapes. Highway engineering bulletins, the in - house journals of fast - food 
franchises, meeting minutes of the local planning commission, and architectural and land-
scape architectural journals are full of information about the making of American land-
scapes. These kinds of periodicals are especially useful for gaining the view of those who 
actually make or produce specifi c landscapes. While getting at landscape consumption is 
a bit more diffi cult, there are available popular fashion and taste magazines  –   Home    
 Beautiful, House Beautiful, House and Garden, Southern Living, Sunset, Architectural Digest  
in the US for instance  –  that contain clues about the manner in which we have adopted 
certain preferences for particular landscapes, especially the more personalized landscapes 
of home and garden that are the most easily manipulable by the average person. 

 With some diligence and ingenuity, we often can fi nd information about cultural land-
scapes in unexpected places, or through  “ proxy ”  means. Slave narratives, for example, 
comprise an American literary genre and many were recorded through the Federal Writers 
Project in the fi rst part of the twentieth century. They can contain rich descriptions of 
everyday southern landscapes and of the plantation life lived through them. City directo-
ries, described below, do not provide specifi c information about, say, the urban landscape 
of 1900 Cincinnati or Bridgeport or Seattle. But if those same directories include a simple 
notation about telephone ownership, you can extrapolate a picture of at least one visible 
aspect of urban infrastructure at that time, telephone poles and wires, which in turn allows 
speculations on urban class structure or wealth distinctions made visible in the landscape. 
Institutional records of all kinds, especially those having to do with surveillance  –  like 
police records or the records of the Freedman ’ s Bureau after the Civil War  –  similarly can 
be used as proxy indicators of particular landscape features if not actually providing 
detailed descriptions of a whole scene. 

 There are many ways of gathering information about cultural landscapes, both historical 
and contemporary. Approaching the landscape as a palimpsest  –  albeit a messy and often 
seemingly illegible one  –  of accumulated human occupance on the earth ’ s surface allows 
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us to collapse the distinction between a contemporary and historical landscape, realizing 
that those designations  –  historical and contemporary  –  are really just two idealized snap-
shots or moments of a cultural landscape continuum. The closer we are to examining a 
cultural landscape of the present, the more options there are for gathering data on it. 
Whether we are interested in a landscape ’ s production or consumption, its  authorship  or 
its reader reception, we can employ methods such as participant observation, interviewing, 
or survey techniques to gather information or to generate data from the testimony of living 
people. Other types of information about cultural landscapes comes from written and 
visual records, generally kept for specifi c purposes (other than landscape interpretation), 
and identifi able as a particular source material (such as fi re insurance maps, city directo-
ries, or deed records). These records often are kept in repositories specifi cally created for 
them (such as the records of real and personal property  –  deeds and wills  –  in every county 
clerk ’ s offi ce in the United States), or are found in special collections, in historical societies, 
in special libraries, or are in private possession. In short, there are particular kinds of 
records that lend themselves to cultural landscape description and interpretation, and there 
are particular places, storehouses of that information, that are more likely to bear fruit. 
The latter we generally call archives, and before the fi nal section of this chapter enumerates 
some of the records and archives that are especially fruitful in attempting a local landscape 
study, it is worth making a few observations about the place of the archive in cultural 
landscape research, in broad conceptual terms as well as for the practicalities involved in 
actually getting at the source material you want. 

 The term archive has strict professional defi nitions  –  there are, after all, professional 
archivists, the people who create and look after archives, and they have a scholarly literature 
that looks at everything from basic technical information (such as how to conserve records 
in acid free binders) to deep philosophical problems (such as the role of the archive in 
guiding our normative epistemological understandings of the world). See, for example, the 
journals  Archivaria  (especially number 61, Spring 2006) and  Archival Science  (especially 
volume 2, numbers 1 – 4, March and September 2002) and  Historical Geography  (especially 
volume 29, 2001). We can leave aside those more nuanced contemplations to think of an 
archive as simply a place that stores visual and written information about, in our case, 
cultural landscapes. The term archive used to conjure up damp, musty basement storage 
rooms and old books with loose bindings and pages falling out, carefully guarded by an 
archivist or librarian whose sole purpose, it seemed, was to deny a young student access 
to the precious and rapidly deteriorating material. These days, however, an archive might 
be entirely digital, and be widely and easily accessible in an on - line format. Archives can 
be public (and thus legally accessible to all citizens), such as the libraries of land grant 
universities in the United States, or county clerk ’ s offi ces (as long as a state has enforced 
sunshine laws). They can be private, such as historical societies or private museums or 
clubs (and private archives might include corporate or business records of a specifi c 
company or other private enterprise). Gaining access to an archive is half the battle; the 
other half is fi nding what you want or need there. There always are rules for accessing 
archival collections, just as there are rules for using the public library or for how you behave 
in class. If the archive is a busy public space, such as a local county clerk ’ s offi ce, you may 
have to fi gure out the generally unwritten rules as you go along. If the archive is an estab-
lished scholarly venue (such as a special collections wing of a university library) there will 
be clearly delineated rules for using the material. If it is private you may be subject to 
certain requirements regarding the manner in which you use the information. In all cases, 
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of course, professional and scholarly ethics pertain as to the manner in which you present 
yourself and represent your position. 

 Once inside an archive, you may be asked to put all your belongings except a pencil 
and paper in a storage locker. You will likely be asked to use only pencil (not ink) in taking 
notes. You may or may not be able to take your computer or to xerox fragile and unique 
materials. You may have to pay a hefty charge in order to do so. And so on. It is important 
to respect the rules of the archive, no matter how supercilious or silly they may seem to 
you. After all, these rules are what stand between you and the information you are after, 
and at their best they are meant to protect archival materials for future use. Finding what 
you want in an archive might be as simple as asking for the fi re insurance maps you came 
for. At other times you will rely upon the archive ’ s cataloging system, which is almost 
certainly not oriented to your desire to research a particular cultural landscape. Librarians 
and archivists are invaluable aids to fi nding information, but you must be prepared with 
a brief and succinct explanation of your project so that they may understand what kinds 
of heretofore undiscovered materials deep in their collections might be useful to your 
project. Once you get access to useful material, it often is very easy to get misled by the 
archive, especially if you come across documents or other material you had not expected 
and which contain a rich variety of information (I have whiled away many an hour in a 
library reading room looking at historical materials that were fascinating in their own right, 
but ultimately bore little relevance to my original quest). 

 More insidiously, the archive may hijack your project; that is you may fi nd yourself 
redirecting your inquiries based on the material you fi nd in an archive. If this is only taking 
advantage of carefully managed  serendipity , then that is not a problem. You want to be 
careful, however, not to lose your critical edge, to or to lose sight of your original focus so 
that the manner in which the records are kept starts to dictate your research questions and 
direction. After all, records are kept for a specifi c reason (they are not value neutral), and 
that reason is seldom the same as the one that brought you to the records in the fi rst place. 
You will more often than not be using records for reasons other than those that were 
originally intended. This can be a good thing, as your perspective may facilitate not only 
basic data collection, but might illuminate the social consequences of record keeping itself. 

 You should try to be aware, as well, of information that is missing from the archives. 
It is a truism that the winners of history write the stories, and that goes especially for his-
torical geographical records. You are more likely to fi nd records of the rich and powerful 
than you are of the poor and marginalized, or of men than of women, in most cases, or 
of white people rather than people of color. This is especially true when we realize how 
many records in the United States, at least, are related to the demands of free - hold property 
systems and capital accumulation. This should not stymie your project, as there are ways 
to read absences in the archive, even as we realize that there also may be questions we 
might ask of our landscapes that have no archival record at all. More prosaically, we should 
always remember that archives are fallible  –  they are, after all, records kept by humans for 
particular reasons, and sometimes they present outright lies, sometimes they are full of 
errors, and, when dealing with historical records of some age, you might fi nd that particu-
lar kinds of penmanship and cursive presentation have changed signifi cantly over the past 
few hundred years and can make reading old documents a challenge. Similarly, the mean-
ings of words, terms, occupations, and landscape features can change over time, and so 
you must be careful to understand archival records in their own terms before you use them 
for your own ends, whether simply to account for and describe particular landscapes or 
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landscape artifacts, or in order to achieve a more critical take on the place of a landscape 
in social formations. Finally, do not be constrained in your search for a particular (i.e., 
local) landscape to only local archives. While it always is easier to start locally, there may 
be signifi cant records on your particular site housed elsewhere in the country. To go back 
to an earlier example, you might fi nd information on that seemingly unremarkable neigh-
borhood park you are researching in local archives, perhaps in a photographic collection 
in the local history room of your public library, or in the records of the planning commis-
sion at city hall. But if that park was designed by one of the several permutations of the 
Olmsted landscape architectural fi rm, there may be records in the Library of Congress in 
Washington, or in the Olmsted papers in Massachusetts. And if the traveling Chautauqua 
visited there in the nineteenth century, you might fi nd records of the park in a national 
repository covering that national phenomenon. Of course, on - line searching has these days 
made the task of making those connections much easier. The fi nal onus is upon you, the 
researcher, to have a well defi ned sense of what you would like from your project and an 
open mind to the serendipitous possibilities of archival research even as you try not to get 
hijacked by what will undoubtedly be a plethora of information.  

  Sites of Information 

 While there may be a surfeit of information about cultural landscapes out there, limited 
only by your creative imagination, there are a number if sources that are  “ tried and true ”  
and are useful starting points for getting the most for your time and effort when beginning 
research on a particular cultural landscape. Some of these are listed and briefl y described 
in this section. This is not by any means an exhaustive list, and can be read as an indicator 
of the myriad possibilities of data collection on a cultural landscape as much as it is a 
blueprint for starting your study. Both particular kinds of information (or records) as well 
as general kinds of archives are listed below, without distinction, for you will soon realize 
that maintaining the distinction is diffi cult (and some kinds of records may be kept or 
found in several different places; and some archives hold several useful data sources). 
Remember that cultural landscapes are, at heart, about spatial as well as visual order ,  and 
so included in this section is a number of sources for maps. In no particular order, then, 
you might fi nd the following sources of data, the following general archival descriptions, 
useful when beginning to prosecute your own study of a particular landscape, when you 
are after  “ primary ”  data about  a  portion of the tangible, visible world. The examples in 
this section are primarily about US sources, but many of the kinds of sources enumerated 
also are available across the world, and most especially in Anglo - derived or dominant 
settler societies created in the 500 - year wash of European imperialism and colonialism and 
its attendant transformations to urban, industrial, and post - industrial life. 

  Bird ’ s  e ye  v iews 

 These have been produced for centuries but, like so many historical urban records, became 
especially popular in the nineteenth century when so many cities across the industrializing 
world were rapidly expanding and lithography became cheap and popular. Over 5,000 
views of 2,500 US cities and towns, for example, were drawn and printed in the century 
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after 1825. Bird ’ s eye views depict the city from an imaginary point high above the ground, 
and while there are changing aesthetic conventions regarding the manner in which the city 
is represented (ranging from abstract cartography to romantic portrayals), they still are 
useful for the wealth of empirical detail they contain. What is printed in the views generally 
really was  “ out there ”  in the cultural landscape. With the caveat of an attention to artistic 
license (or the framing intent of the view maker), you can use these views as an historical 
record of the physical urban fabric. Bird ’ s eye views also are housed in the Library of 
Congress (and many are available on - line at  http://www.loc.gov/index.html ), and many of 
them have been commercially reproduced over the years and can be inexpensively pur-
chased. Most local historical repositories will have one on fi le for any city of even the most 
modest size in the late nineteenth or early twentieth centuries.  

  Fire  i nsurance  m aps 

 These became popular in England in the late eighteenth century and soon were being 
produced in rapidly industrializing American cities as well (Figure  14.2 ). These large scale 
(often 50 feet   =   one inch), generally urban maps are organized according to the practical 
information needed by insurance underwriters (building materials, placement of water and 
gas lines, presence of steam boilers, road access, distance to fi re department, etc.), who 
used them to issue policies on a building sometimes without having to physically inspect 
the property. They were at fi rst hand - colored, according to building material, and repro-
duce detailed pictures of over 13,000 American towns and cities for the past century and 
a half. Although they are available in microform, microfi che, and, increasingly, digital 
format, older, paper versions often reproduce the cultural landscape of fi re insurance 
underwriting as a three dimensional palimpsest, as periodic updates by subscription pro-
vided the map owner with  “ paste on ”  additions that simply went on top of the existing 
map. A number of different companies produced these maps in the United States (includ-
ing Perris and Browne and the Rascher Map Company) and Great Britain (such as Charles 
E. Goad Ltd), but the Sanborn Map Company (founded in 1867) eventually monopolized 
the business in the US, Mexico and Canada, and for that reason fi re insurance maps, no 
matter who produced them, are often simply referred to as  “ Sanborns. ”  Many local history 
collections keep paper copies of these maps. The Library of Congress holds almost three 
quarters of a million of them. Even though they were created for a specifi c purpose, they 
contain so much historical information about American urban and small town landscapes 
that fi re insurance maps are among the most satisfying archival documents for recovering 
and describing the cultural landscape. Like all maps, of course, there is much missing 
(properties not deemed  “ insurable ”  for instance, which might mean African American or 
other marginalized parts of the nineteenth century city), but as long as you remember not 
to rely upon them as the  “ absolute truth, ”  fi re insurance maps are invaluable.    

  City  d irectories 

 These might be thought of as phone books before there were phones! Like  “ Sanborns ”  they 
have been around for a couple of centuries, but generally are associated with burgeoning 
urban industrial societies (including Canada, Britain, Australia, and the United States) in 
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     Figure 14.2     Sanborn fi re insurance map. These maps provide a wealth of large - scale information 
on individual material attributes of a cultural landscape. They can also serve as clues to a 
landscape ’ s social and cultural use and meaning.  

the late nineteenth and early twentieth centuries (even though the Polk Company, synony-
mous with city directories, is still in business). City directories were and are commercial 
ventures, and included advertising even as they provided information for commercial 
travelers (salesmen) and other people interested in the commercial and industrial oppor-
tunities in any one of thousands of cities across the continent. They generally had an 
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opening section with advertisements and general commercial and civic information about 
a place (including maps of trolley and bus lines; how many churches there were and their 
locations, the kind of city government, etc.). The bulk of the city directories were given 
over to listings of a city ’ s residents, and the best directories (for our purposes) did this in 
two ways. First, they presented a geographical, street - by - street listing of addresses and 
residents (grouped by household). Second, they presented an alphabetical list of a city or 
town ’ s residents, which often included personal information such as occupation or racial 
designation (presumably assigned by the directory enumerator) as well as household infor-
mation, such as whether a house had a telephone in the late nineteenth century for 
instance. By cross referencing these two lists and by working with several in a series of 
directories (which were usually reproduced yearly) you can learn much about the social 
composition of a city on a street - by - street basis, as well as get a sense of how neighbor-
hoods developed and changed over time.  

  County  h istories,  a tlases, and  g azetteers 

 These were especially popular in the United States in the nineteenth century, although 
plenty of more recent examples exist, as do reproductions of earlier publications (especially 
after the time of the US bicentennial in 1976). County histories and atlases were especially 
popular in rural counties, and often were produced after the fi rst few generations of (pri-
marily) Euroamerican settlers on an American frontier had transformed the landscape into 
a prosperous patchwork of farmsteads that they viewed with a sense of accomplishment 
and pride. These works generally are celebratory and tell a  whiggish  or  teleological  history, 
but are nevertheless invaluable sources of information, as long as you remember that they 
often were produced commercially by subscription, and so the representation of particular 
landscapes may have been swayed by either the ego or the pocketbook (or both) of the 
landowner whose property is richly illustrated. They are excellent  “ snapshots ”  of settlement 
evolution and often include illustrations of important landscape elements as well as maps 
of settlements and the features then deemed important to residents. Gazetteers were espe-
cially popular early in the nineteenth century, and often include both narrative and census 
information on localities in a particular state or region. Land ownership maps are still 
produced, and appear as more utilitarian documents that record the basic spatial order of 
county - wide landscapes as a support for free - hold land tenure across, especially, the US 
Midwest and far west. There are other kinds of local histories  –  especially for larger urban 
areas, and these often include collections of local or regional photographs that may or may 
not be accompanied by narrative description or analysis (and you might do well to trace 
the archival source of the photographs used in any one of these particular collections, to 
see if there are others that did not make the editing cut but which might still be of some 
use to your project).  

  Topographic  m aps and  a erial  p hotographs 

 These provide spatial information about cultural landscapes at several scales or resolutions 
(the so - called 7.5 minute map at a scale of 1:24,000 is probably the most useful large - scale 
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map providing the kind of detail useful to intensive landscape study). In the United States 
topographic maps were produced primarily by the US Geological Survey for more than 
one hundred years, and they generally are available in local repositories in paper copies 
(which are especially useful if you are comparing time sequences and want several temporal 
permutations or scale representations of the same coverage area) or on - line, these days 
through either the USGS website ( http://topomaps.usgs.gov/ ), which is now superseded 
by the national map ( http://nationalmap.gov/ ), which coordinates spatial data from mul-
tiple sources. Similar topographic mapping programs exist in other countries, such as the 
Ordnance Survey in Britain. Aerial photographs in the United States were especially used 
by the US Department of Agriculture (Farm Service Agency) and its local representatives 
beginning in the 1930s. They now are associated with the National Aerial Photography 
Program (NAPP), and are available in a number of places, including on - line ( http://www.
apfo.usda.gov/ ). Like so many potentially surveillant technologies (such as GPS and GIS 
these days), the development of aerial photography was linked to military needs, in this 
case World War I and World War II.  

  Survey  n otes,  l and  r ecords, and  t ravelers ’   a ccounts 

 These are ubiquitous wherever Europeans took up native or aboriginal lands as their own, 
and then marveled at the transformations they had wrought (Figure  14.3 ). The process of 
 “ transferring ownership ”  (by whatever means) necessitated fi eld survey and record keeping, 
in the United States by both the individual states and, especially after the 1780s, by the 
federal US government under the township and range survey system and as prelude to 
establishing transcontinental railroad routes. Field surveyors often archived detailed notes 
(including sketches) while marking boundaries, and these are especially good as one of the 
few sources for noting both  “ remnant ”  indigenous or native landscape features as well as 
ecological and environmental conditions at the time of survey (at the turn of the nineteenth 
century for instance, tree cover was deemed an indicator of soil fertility, and so was duly 
recorded in some detail to aid settlers and speculators alike on American frontiers). 
Travelers ’  accounts, such as those by Alexis de Tocqueville or Frances Trollope, were 
popular throughout colonial periods and, in the US especially in the fi rst half of the nine-
teenth century. Europeans often traveled the US to marvel or scoff at the newness and 
crudity of the American landscape, especially as compared to (generally deemed) superior 
European counterparts.    

  Historic  p reservation 

 This has provided an impetus to landscape data collection that you can tap into if a par-
ticular neighborhood, rural district, building, or set of buildings have been subject to 
preservationists ’  attention. Listing and preserving a building requires documentation, and 
while much historic preservation documentation draws upon the same kinds of resources 
outlined in this chapter, often, in the US for example, a historic preservation nomination 
form will include bibliographic information directing you to particular sources for your 
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     Figure 14.3     Map from the fi rst state survey of central New York, circa 1788. This map helps 
document natural drainage systems, survey lines (which became property boundaries and road 
networks), remnant native American presence, and a public reserve for producing salt on the 
frontier  (with permission; from the personal collection of D. W. Meinig).   

site. Historic preservation in the US operates at several different scales and through several 
entities, including the Federal government, which operates a registry of historic structures 
and landscapes, often through the activities of state historic preservation offi ces (SHPOs) 
as well as local private societies (often organized as preservation trusts) and local govern-
ment offi ces of historic preservation, which usually exist if preservation efforts have been 
translated into zoning overlay codes designating historic districts (the only time in the US 
when historic preservation has any legal  “ teeth ” ). Local preservation trusts, the historic 
preservation offi cer in your local planning offi ce, or your SHPO are places to start.  
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  Local newspaper records 

 These are an excellent place to start if you are interested in a particular landscape or site, 
especially if it bears some local,  “ newsworthy ”  signifi cance (such as an urban redevelop-
ment project, or a public park, or a site of contest or political protest). Often local history 
rooms in public libraries or the local history society will keep  “ clippings ”  fi les on such sites. 
Your local newspaper has likely been microfi lmed and indexed (and is probably available 
at your local library), or, increasingly, has been put on - line (although the on - line option 
can get pricey as you will either pay for each news item downloaded, or be charged a sig-
nifi cant subscription fee for unlimited access).  

  Other  r ecords 

 These are readily available and those that provide a good return for the time invested 
include deed records, census information, paintings and murals, and New Deal make - work 
literary projects. While deeds (in the US) can refer to any number of legal transactions, 
the most useful as landscape data sources are property deeds that record sale transactions 
and detailed information for individual properties or buildings (lot lines, buildings present, 
sale price, adjacent properties, prior sales, etc.). They are most easily traced back in time 
from an existing address, although property subdivision or unusual transfer circumstances 
can sometimes muddy a trace. Census information is available in both published form (on 
a decennial basis in the US since 1790, and available at a variety of scales, from the block 
to the nation) and in manuscript form (comprising the enumerators ’  actual fi eld notes, 
available after a 70 year waiting period, so that the 1930 manuscript census is just now 
coming  “ on line ” ). There are also periodic special censuses, such as agriculture or manu-
facturing. Landscape painting is a longstanding western art genre, and in addition to 
nationally known works, you are very likely to fi nd local or regional artists over the years 
who have committed local scenes to canvas or even to the walls of public buildings during 
the New Deal, when artists recorded local scenes in murals across the United States. The 
New Deal also employed scholars and artists and writers to document the American scene 
during the Depression. The most famous of these efforts is the American Guide series, all 
of which have been republished and which provided detailed regional descriptions of land 
and life across the nation  

  Thinking  a rchivally 

 This   can take you beyond specifi c records to types of archives containing a potential bounty 
of data on cultural landscapes. It is impossible to comprehensively list such archives, but 
in order to get you thinking about the possibilities, a list might include: county courthouses 
(for county - level public records such as deeds, wills, probate, and auction records); local, 
county, and state historical societies and museums (which were mandated by law in some 
states, such as New York, and which vary in their collections, coverage, and strategies); 
local and state government planning offi ces (these are the professionals who are respon-
sible for thinking about the future order of the American landscape); historic preservation 
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offi ces at local, state, and federal levels; special collections in libraries across the world, 
including university libraries (for instance, my university library has a collection of papers 
donated by members of the famous Kentucky Clay family, who operated farms and planta-
tions and kept detailed records and diaries about the operation and appearance of their 
landholdings); local history rooms at public libraries; and of course, any good search 
engine these days will grant you access to an ever - burgeoning list of on - line sites devoted 
to written and visual records about the cultural landscape.   

  Conclusions 

 Collecting data on cultural landscapes is not hard. It simply requires a basic sense of what 
you are after, where you might get started, and a little diligence and perseverance. In fact, 
like any research project, it is likely that you will require more time than you initially 
budgeted to track down and collect useful information. The harder part is fi guring out 
what to do with the information you collect once you have it, for the most important lesson 
to remember when collecting  “ data ”  about a landscape is that the data and the landscape 
do not speak for themselves. Even simple landscape histories and descriptions require a 
point of view, and the best landscape descriptions and interpretations and analyses require 
a basic understanding of the empirical particulars of a cultural landscape in order to ask 
questions about what that landscape does, about why it is important, about how people 
live in and through that particular landscape and to what consequence. These, of course, 
are harder questions, and there is a very large literature extant to help you ask and answer 
those questions, once you have got started documenting the cultural landscape as an object 
of study  –  you might start with Cosgrove  (2000)  or Wylie ( 2009 ). And in answering those 
questions you are likely to employ any number of social science or humanities methodolo-
gies, many of which are discussed further in this volume. For a long time in the Anglo -
 speaking world, at least, cultural landscape study was insulated from the methodological 
controversies of either the human geography - as - a - science paradigm or its post - empiricist 
multiple challenges. One of the more exciting developments in landscape study over the 
past generation is the extent to which the cultural landscape is seen as an important com-
ponent of everyday life, a central aspect of human existence that is subject to the same 
sorts of methodological considerations and possibilities as any other human geography 
problem, issue, hypothesis, or description.   
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    Exercise 14.1   Beginning a Cultural Landscape Study 

 These following are intended to have you start looking at the cultural landscape in your 
own backyard, or at least in your own neighborhood or city by seeking out the data sources 
described in this chapter. 

  Comparative Map Analysis 

 If you are in the United States, visit the US Geological Survey ’ s National Map website 
( http://nationalmap.gov/ ). Find two topographic maps of  “ your ”  city (where you live; 
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where you grew up; where you now attend university  –  make it a place you know well) 
from different times (they may be at different scales; what kinds of possibilities/problems 
does that pose?). Compare the maps to draw some conclusions about landscape change. 
Now, visit the website of the US Library of Congress ( http://memory.loc.gov/ammem/
pmhtml/panhome.html ) and fi nd a bird ’ s eye view of the same place. Compare the bird ’ s 
eye view with the topographic maps; compare both representations to your own contem-
porary knowledge of the city (go out and walk around a part of the landscape that is 
depicted in both scenes  –  take notes and photographs). What narrative might you write 
about your city based on these three  “ data sources ”  (bird ’ s eye view; topographic map; 
personal observation). What did you fi nd? What questions did you raise? If you could talk 
to anyone about questions raised by your narrative, who would you talk to? What would 
you ask them? Can you think about how you might include attention to issues of race, of 
class, and of gender when interpreting your landscape, or when talking to people about it?  

  Historical Reconstruction 

 Choose a house or building where you know the occupants (it may be your own house; 
or a building in which you rent an apartment while at university). Try to trace the owner-
ship of that building  and  the land upon which it stands, back in time, from local records 
that may or may not be on - line, or housed in a local government offi ce. What can you 
fi nd about the history of ownership of that property? What kinds of problems are there in 
undertaking this kind of  “ backwards ”  tracing? Now fi nd historical insurance maps and city 
directories that will include the house or property you have just traced. What speculations 
or hypotheses can you draw about the neighborhood or immediate surroundings of the 
property you previously traced through the deed record?  

  Collecting Local Resources 

 Imagine you wanted to collect data for a landscape study in your town, or the place where 
you are living. What local archives exist for your city? Government offi ces? Libraries (local 
and university)? Other organizations? See if you can put together your own list for starting 
a data collection project on local landscapes, complete with locations and opening hours, 
and other information relevant to a researcher who might want to use these archives.   
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  Introduction 

 This chapter takes as its charge the question of fi eld methods, and in particular the methods 
appropriate for human and environmental analysis. It is quite possible to argue that 
 human - environment geography  and its many differing thrusts and fl avors  –  which include 
risks and hazards,  environmental perception ,  cultural ecology ,  political ecology ,  human 
dimensions of global change , health geography, and energy research, among many others 
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 –  has no exclusive suite of fi eld methods unique to its practice. In fact, a majority of 
research methods practiced by human - environment researchers are those used in human 
and physical geography, albeit applied in pursuit of somewhat different questions. For 
example, a valuable approach to human - environment research involves time series analysis 
of remotely sensed data (air photography or satellite imagery) for areas where mutual 
infl uences of people and certain land covers (e.g., forests) may be occurring. The fi eld 
component for this exercise might require nothing unique, involving the rigorous  “ ground 
truthing ”  of the image to confi rm and evaluate the accuracy of classifi cations and inter-
pretations of imagery (see Chapter  10 ). 

 In another example, a survey of people ’ s perception of organic foods need not differ 
dramatically from survey instruments from some kinds of human geography. A survey 
might be created to evaluate the demographic and economic infl uences on people ’ s percep-
tion and consumption of differing foods. This might involve a carefully crafted question-
naire, sampling strategies appropriate for a representative sample, and interpretation using 
simple descriptive or inferential statistics. 

 Insofar as the forms of evidence required to explore a specifi c nature/society problem 
are not very different than that of other fi elds or areas, one might conclude, therefore, that 
human - environment research is simply the application of physical geography methods to 
humanized questions (e.g., explaining tree cover changes in frontier forest settlements in 
Brazil) or human geography research techniques applied to problems related to non -
 human questions (e.g., studying political agencies that manage rivers in Romania). In 
essence, the fi eld demands the match of human methods to non - human problems and 
systems, and vice versa. 

 On closer examination, however, the human - environment interface presents several 
unusual problems, each of which requires methodological strategies that, while they may 
use or combine methods from other areas, do so in confi gurations that make necessary 
certain kinds of distinctive fi eld practice. The problems presented by the encounters 
between people and the environment specifi cally involve the relationship between humans 
and non - humans. For fi eld - based research, moreover (as opposed to remote sensing, for 
example), the research problems are more clearly related to understanding immediate and 
intimate processes in which human beings use, alter, or relate to non - humans and vice 
versa. To measure those relationships, describe them in meaningful detail, and empirically 
evaluate their form and status (either materially or conceptually), an enormous range of 
techniques are at the disposal of the researcher, but decisions made about the form of 
collected evidence pursued have enormous implications for what can and cannot be 
explored and explained. 

 What this chapter seeks to do, therefore, is lay out a handful of the more common 
methodological approaches to dealing with human - environment research problems, 
describe their basic forms, and refl ect on their strengths and weaknesses. What the chapter 
cannot do, however, is consider the diffi cult epistemological positions and positionings 
that occur prior to the selection of method and that set the terms for what counts as  evi-
dence  (see Chapter  2 ). In this sense, the most important decisions come in linking the 
research question, through its theoretical framework, to a decision about what new infor-
mation needs to be learned. To answer the fundamental question, to learn something new, 
test a hypothesis, or evaluate a claim, what does the researcher need evidence of, and what 
would count as credible evidence?  
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  Three Human - Environment Problems 

 Answering this question is further troubled by the dual character of  “ nature ”  and the 
environment itself, which is simultaneously understood and experienced as all of those 
things  “ outside ”  of the human self, while also always fundamentally a part of being human 
 “ inside ”  and frequently a product and outcome of human action (Williams  1976 ). This 
curious condition makes research a task of trying to pin down an unstable object and gather 
evidence of a fl uid process. As a result, typically in human - environment research, the 
empirical search is one for evidence of: connections and mutual fl ows between the human 
and the non - human; varying conceptual and categorical arrangements that make the non -
 human world conceivable by human beings; and impacts, alterations, and changes of state, 
especially of non - human systems. Each of these presents somewhat different problems. 

   •      The problem of fl ows and connections:     Objects, forces, and resources travel between 
human and non - human systems and actors, making each such system or actor different 
as they do, meaning that fi eld study often depends on tracking, quantifying, or qualify-
ing the movement of things and inventorying how and why objects (e.g., fuelwood, 
coffee beans, dung) wind up where they do and to what political, economic, and eco-
logical effect.  

   •      The problem of boundaries and categories:     The distinction between objects (e.g., 
forests, species, diseases) is often the product of social or cultural consensus (or  “ con-
struction ” ), meaning that fi eld study often must address the knowledges and categories 
through which people and communities order the natural world.  

   •      The problem of impacts and infl uences:     Determining whether and how human actions 
infl uence natural systems becomes a diffi cult question of defi ning  “ change ”  in systems 
that are often highly dynamic, meaning that fi eld study requires isolating key drivers 
of change, establishing baselines, and understanding inherent environmental 
variability.    

 To solve each of these problems, differing schools of research, both inside and outside 
academic geography have developed methodological tools relevant to their specifi c needs 
and research designs. Figure  15.1  summarizes a few of these, though it is by no means 
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     Figure 15.1     Typical approaches to human/environment research problems  
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comprehensive. It is tempting, in considering a list of options like the one laid out here, 
to imagine that mixing and matching is a simple question of ordering off a menu a la carte. 
As we shall see, however, the underlying assumptions and conceptions behind some of 
these methods make some more or less compatible with others, with more formal quantita-
tive techniques contrasting somewhat with more interpretive tools.    

  Measuring Flows and Connections 

 Flows between human and non - human systems and actors are ubiquitous and come in 
many forms, from wood entering homes in a rural village to be burned for fuel, to waste-
water sewage exiting suburban toilets and fl owing from subdivisions into streams during 
times of overfl ow caused by heavy rainfall. Secondary data sources sometimes provide only 
a crude picture of such fl ows, often aggregated to where processes are invisible and ren-
dered in extremely unreliable statistics. Field study is often essential to make sense of these 
fl ows and produce reliable accounts of how they work and to what effect. 

 Quantities of garbage produced from households fl ow into landfi lls or informal dump-
sites, for example. Regional, national, and international statistics on such waste are highly 
dubious and do not allow us to ask some basic questions about the processes that drive 
waste generation. What accounts for the variability of its production, how is it linked to 
the economic systems and strategies of households, and how does its fl ow impact or depend 
upon different members of the household, by age and gender? To get any kind of answer 
to these questions typically means individual, fi rm, or household scale research, directly 
asking about or measuring quantities of waste, the role of waste in the household or busi-
ness economy, and the position of waste in people ’ s daily lives. Tracking fl ows is an essen-
tial fi eld task for many research projects. 

  Survey  a pproaches 

 Survey approaches allow a detailed and often quantitative analysis of individual, household 
or fi rm level practices and behaviors. By directly querying a small company ’ s energy usage, 
for example, understanding the logic of its appropriations and practices, and measuring 
the rate of fl ows and role of resources in production and reproduction, research allows a 
detailed view into the connections that objects from  “ nature ”  make in the context of 
production. 

 Similarly,  livelihood  analysis (a somewhat generic term that includes a range of methods 
for measuring local economic practices), is aimed at the resolution of the household, 
though sometimes at that of the individual (see Box  15.1 ). The goal of this approach is to 
both measure the fl ow of resources through households, but also to analyze the decision -
 making framework and logics that guide these fl ows. It is predicated on the assumption 
that the association of human and non - human actors is mediated by constrained indi-
vidual decisions, made by rational individuals, whose goals may vary by context.   

 Specifi c techniques usually include questionnaire - based surveys with a battery of ques-
tions related to aspects of the economy: how much woodfuel is used, how many animals 
are kept, how much water is required for differing crops? Other formal techniques include 
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  Box 15.1    Groups or Individuals? 

    For many years, the household was the accepted unit of analysis for understanding 
social systems, especially in rural areas. This was based on a somewhat patriarchal 
assumption that since production and decision - making were based on the joint labor 
and decision - making of the family as a whole, a survey of aggregated household 
behaviors (e.g., fuelwood collection, farming practices, pesticide usage) were suffi -
cient to understand human – environment interactions. In the last 20 years, however, 
feminist analysis has demonstrated that not everything is harmonious in households, 
that the division of labor in the home often produces differing interests, strategies, 
and decisions, and that different members of households know very different things 
(Rocheleau et al.  1996 ). Similarly, choosing coarser resolution units (cities, fi rms, 
regions) opens a window for larger scale comparative analysis, but inevitably implies 
hypotheses about the scale or level of causation. Choosing whether to survey groups 
or individuals is a crucial question, and will depend heavily on the questions being 
asked. Nevertheless, it is essential not to mistake one for the other in nature/society 
research.  

time diary - keeping, where respondents record in detail their actions related to specifi c 
activities, like forest product collection or driving a vehicle. These instruments are com-
monly supplemented with more intensive observations to elicit understandings, in the 
researcher ’ s terms, of why certain decisions are made. Why use a woodfuel rather than a 
gas stove, for example; is the decision constrained by availability of resources, costs, or 
labor demands? Why drive rather than take public transit; is the decision conditioned by 
distance, time, or pay? 

 As a result, survey analyses tend to produce careful censuses of material practice and 
emphasize that non - human resources both enable and constrict decision - making. These 
censuses are analytically powerful since they are often measured in quantitative metrics 
that allow some inferential analyses. Are households with higher incomes more or less 
likely to exploit timber from adjacent conservation areas? Do fi rms with recycling policies 
actually increase their paper consumption? Cross - tabulation, regression, and analysis of 
variance are all available for data collected in this fashion (see Chapters  17  and  18 ). 
Similarly, these sorts of data can be easily translated into other metrics, including energy, 
capital value, and labor time, allowing comparison between sites and over time. Expanded 
somewhat from its largely underdeveloped rural context, such an approach also pertains 
to other forms of economy. Household water use in Phoenix Arizona, for example, might 
be understood in terms of time constraints, in - house technology, demands from household 
economics, and overall water prices; the relationship between which can be assessed 
through survey techniques. 

 While this approach provides one - of - a - kind forms of specifi c, high - resolution data, it 
is not appropriate for many questions. Firstly, the categories and variables in such a project 
are typically determined  a priori  by the investigator, rather than being derived locally. So 
too, the  meaning  of these objects and fl ows to individuals and households is mostly inac-
cessible through surveys.  
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  Participatory  a ppraisal  a pproaches 

 Conversely, one of the longest - standing and most well - codifi ed approaches for assessing 
the conditions and role of the non - human world  on people ’ s own terms , is that established 
in over three decades of development research. This approach takes varying forms and 
comes under different titles, including participatory action research, participatory appraisal, 
and  “ rapid ”  assessment (the last so - called to distinguish it from long - term residence and 
participant observation). These approaches encompass an enormous range of techniques 
specifi cally designed to elicit from people the key elements of their daily lives in terms of 
the time, labor, and the geography of their use of resources, recorded in ways that are 
locally intuitive. More importantly, the work is generally predicated on the assumption 
that even (and especially) the most poor and marginalized communities are capable of 
analyzing their own realties and articulating them in ways that might make sense to outsid-
ers. More normatively, this research is predicated on the understanding that, if it is exe-
cuted in any meaningful way, people are actually empowered through the process of 
articulating these realities and that outsiders (e.g., researchers) should act in a facilitating, 
as opposed to dominating, fashion. 

 As such, this work tends to produce a mix of qualitative data (including lists, abstracts 
from discussions, and interview - derived impressions) along with graphic data products 
(like maps, timelines, and pictures). Space - related techniques include sketch mapping of 
community resources and hazards, graphic inventories of land uses, and transects of 
natural conditions. Time - related techniques include daily labor schedules, seasonal dia-
grams of activities, and annual calendars of changing opportunities and conditions (Kumar 
 2002 ). These techniques were designed for work in Third World and rural conditions, but 
most certainly are amenable to other contexts, from suburban homes to ministries and 
other agencies. 

 Like more formal surveys, these can be used to inventory the use of resources and the 
role of important plants, animals, and ecosystems in people ’ s daily lives. Unlike such 
instruments, these responses are generally derived directly from people ’ s categories and 
priorities. While they are more diffi cult to translate into universal and quantitative metrics, 
they adhere far more closely to local experience and reveal local process with greater clarity. 
Even so, the roots of rapid assessment techniques in action - oriented research, typically 
related to improving material provisioning in development, makes many of the complex 
contextual and meaning - laden details of human/non - human interaction diffi cult to elicit.  

  Object -  c entered  p articipant  o bservation  a pproaches 

 More intensive exploration of the fl ows between people and the environment typically take 
the form of  “ participant observation. ”  Catalogued and explained in greater detail elsewhere 
in this volume (Chapter  13 ), participant observation aims at an intimate understanding of 
group and individual practices and meanings through immersion. Whether a researcher 
is assessing why city governments are increasingly pursuing global change policy, or instead 
trying to determine the impact of animal feedlot runoff on rural communities, participant 
observation opportunities abound, either in meetings of political staffers or around a 
breakfast table with ranchers. It should be noted that participant observation can vary 
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greatly in the level of formalism and even quantifi cation involved. Some studies may 
involve counting, timing, and recording precise activities by groups or individuals, while 
others may eschew these metrics for more impressionistic and interpretive activities 
(Jorgensen  1993 ). 

 In either case, however, engaging in participant observation in order to understand 
human - environment interactions usually involves a directed effort to explore relationships 
between people and specifi c objects. As such, the  participant  portion of participant obser-
vation often becomes more crucial. Interaction with the environment, after all, requires a 
great deal of daily practice, embodied knowledge, and know - how. Determining the impact 
of tubewells on rural social structure, for example, is greatly aided by understanding how 
these mechanical objects actually function, how they break, and the techniques through 
which they can be maintained. To participate can and should mean not only immersion 
into a social setting, therefore, but also into an environmental one, with the material labor 
and learning that this may require. 

 The product of participant observation data collection in a human - environment 
context, therefore, should have an  “ object centered ”  skew to it, detailing social/environ-
mental facts about how crops, technology, or environmental ideas are used, deployed, 
handled, treated, stored, and manipulated. In the reverse direction too, participant obser-
vation can and should reveal the infl uences, impacts, pressures, limitations, opportunities, 
and contexts that the object, species, or environmental condition imposes on people (see 
Box  15.2 ).   

 Such  “ deep ”  detail is always context - specifi c, of course, and normal caveats concerning 
qualitative data apply: these data are hard to generalize from, diffi cult to translate into 
universal metrics, and may or may not represent larger populations. Even so, such data 
are also unique to participant observation and provide insights into the material and ide-
ational fl ows between people and other parts of nature that are unavailable through other 
approaches.   

  Box 15.2    Actor Network Theory and Human 
Environment Research 

    Actor - Network - Theory (ANT) is a loosely assembled methodological and theoretical 
approach to explanation that seeks to trace the connections between differing players 
(or actants) including objects, people, animals, plants, and microbes. Essential to 
such a form of explanation is the acknowledgment of the active role of all of the 
participants in making the network and transforming one another in the process. In 
his own formulation, Latour states simply:  “ A good ANT account is a narrative or a 
description or a proposition where all of the actors do something and don ’ t just sit 
there ”  (Latour  2005 : 128). The approach is not without critics, however. Some have 
argued that it fails to account for the structured differences in force or power of 
different players and that it provides more of a description than an explanation. 
Nevertheless, it is one of the most prominent recent methodological efforts to make 
the environment matter more in human - environment research.  
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  Assessing Boundaries and Categories 

 Many problems and questions in human - environment research hinge on how individuals, 
groups, cultures, and political bodies understand, defi ne, and divide the non - human 
world. Explaining the successes and failures of conservation policy in Africa, for example, 
inevitably involves considering and investigating how disparate actors conceive of wilder-
ness, nature, and ecological process. Pesticide application by American homeowners, in 
another example, is in part tolerated because middle class consumers conceive of the high -
 input turfgrass as an important environmental asset and a collective community good; the 
social and the natural join through the category work of the lawn. 

 Where do humans leave off and non - humans begin? What distinctions are there between 
differing species? What causes environmental conditions and outcomes, like soil quality, 
forest growth, or even the weather? Different people and communities answer these ques-
tions with striking variability, which holds implications for pressing human - environment 
questions, including biodiversity decline, water supply, and global warming. 

  Environmental  p erception and  c ognition 

 The most formal and well - established methodological approach to these questions comes 
from the fi eld of environmental perception. In geography, this fi eld developed through the 
 “ behavioral ”  turn in the 1970s, which centered on understanding the cognitive processes 
through which an  “ outside ”  world is apprehended by individuals, and then translated into 
actions that, in turn, effect that  “ real world. ”  The thorny epistemological issues raised by 
these distinctions (outside and in  –  real and perceived) are far beyond the scope of this 
survey, but are essential to remember in considering environmental perception techniques 
in research (Bunting and Guelke  1979 ). 

 Generally these techniques involve formal instruments to record, as accurately as 
possible, the specifi c constructs people use to organize the world around them. Interview 
techniques in this fi eld range widely, but may involve questionnaires asking people to 
list or rank environmental categories or concepts, mental mapping exercises to evaluate 
what and where are important environmental elements, and graphic tests where pictures 
are shown to respondents who are asked to relate their impressions or feelings (Whyte 
 1977 ). 

 A related branch of psychometric research, risk perception analysis, seeks to measure 
the varying ways different groups and individuals perceive the hazards of the world around 
them, and the more universal tendencies humans share in their estimation of risk, includ-
ing our tendency to underestimate the risk associated with things we directly control (e.g., 
driving a car) relative to those we don ’ t (e.g., riding in an airplane). Like environmental 
perception, the techniques and methods in this fi eld are fairly well established and linked 
to fairly specifi c research questions in the fi eld. 

 Together, these approaches provide formalized methods that are relatively transportable 
and comparable from individual - to - individual and group - to - group. Though these are 
effective tools for eliciting people ’ s understanding of the natural world, they do rely upon 
measurable responses and on the predetermined categories of concern to the researcher.  
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  Local environmental knowledge 

 Techniques that seek to elicit contextual knowledge  –  variously identifi ed as local, indige-
nous, or traditional  –  are equally well - established, and come from deep roots, especially in 
the fi eld of environmental anthropology. Despite the wealth of terms to describe the topic, 
 local knowledge  research generally encompasses the same broad set of objects, what people 
think and know about the world. This includes declarative knowledge, which encompasses 
names, traits, and ordering of entities, plants, animals, temperature, precipitation, as well as 
procedural knowledge, which includes routines and practices like planting or operating 
equipment along with explanations of processes like soil degradation, climate change, etc. 
Sources of data for knowledge studies are numerous. Intensive interviews and observation 
can reveal people ’ s understandings and categorizations, but so too can textual materials 
ranging from stories, personal narratives, and scientifi c and policy documents (Berkes  1999 ). 

 In these terms, it is crucial to recognize that the  “ local ”  in local knowledge is by no 
means exclusively restricted to sites like villages, but instead extends to all contextual sites 
where knowledge is produced and reproduced. Government staffers in their offi ce have 
local knowledge. So too, scientists in their labs can be understood to possess contextual 
or local knowledge, with unique and culturally specifi c categories for the world and shared 
views on processes that account for and explain the world. This quality of local knowledge 
study, distinct from environmental perception approaches, is far more ambivalent on the 
question of whether the  “ outside ”  world has ontological status as a  “ real ”  universal object 
or condition. This ambivalence enables the symmetrical study of the knowledges of experts 
and non - experts alike, since the researcher privileges no knowledge as more or less  “ accu-
rate ”  (Figure  15.2 ).     

     Figure 15.2     Even  “ objective ”  and quantitative fi eld tasks can be fraught with interpretation. 
Choosing categories for levels and types of impact involves multiple parties to agree on what they 
see in the landscape  
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 Deconstructing  n ature 

 This ambivalent perspective can be further extended into methods and analytics that 
embrace a deconstructive technique for reading and interpreting claims about the natural 
world (see Chapter  23 ). Following the tradition of deconstruction, established and widely -
 held environmental claims can be brought under scrutiny and examined in terms of the 
social work they do, the political conditions of their assertion, and the metaphoric associa-
tions and borrowings at their core. 

 Such research can reveal a number of surprising and important associations. Consider 
research into environmental confl icts over forests in British Columbia (Braun  2002 ). Such 
work, conducted on texts and narratives of opposed groups, unsurprisingly reveals that 
environmentalists and loggers have different views of the forest, with environmentalists 
claiming a pristine and primordial natural world and logger championing the productivity 
of the forest and economic bounty. Far more interesting, however, the texts of apparently 
opposed groups have disturbing congruities, as both erase native presence and interests in 
the forest. Thus deconstruction does not simply assert the obvious claim that people have 
different views or assumptions, rather it is a technique that seeks to reveal deeply buried 
common assumptions and their concomitant political and social roots. 

 Deconstruction represents a kind of methodological relativism, a critical approach to 
examining knowledge claims, especially those from scientifi c sources. The approach, rather 
than assessing the truth or falsehood of an environmental claim (e.g., whether or not 
deforestation is actually ongoing in North Africa), seeks instead to explain why such an 
assertion is made, specifi cally disallowing its accepted  “ truth ”  as a reason. Methodologically, 
it entails careful study not only of the claim itself, but also its genealogy: the social and 
political history of its assertion (e.g., careful tracing of the colonial iterations of the idea 
of North African Desertifi cation; see Davis  2005 ). 

 As such, deconstruction is an explicitly empirical project related to local knowledge and 
perception research in that it attempts to derive the categorical underpinnings of the way 
the non - human world is imagined, viewed, and understood. Like these other approaches, 
it may draw from interviews or from the examination of documents. More radically than 
perception and local knowledge study, however, it adopts an ontological ambivalence 
about the  “ real world ”  that makes it more diffi cult, though by no means impossible, to 
combine with methods that are more  “ objective ”  and measurement based, like ecological 
assessment (see below).   

  Gauging Human Impacts 

 A great proportion of fi eld - based work in human - environment geography is geared 
towards measuring and evaluating the level of human impact and infl uence on the envi-
ronment. Some impacts may be subtle, including selection of plant or animal species, or 
large scale, like denudation of forest cover through fi re or land clearance. Alternately, 
researchers may be seeking to disprove claims of environmental change. In either case, a 
number of tools and records from physical geography are available to researchers, includ-
ing remotely sensed data (for land cover change), soil horizon data (for soil erosion), 
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stream - gauge data (for water use and fl ows), among a huge range of sources. So too, sec-
ondary historical accounts may exist in archives describing previous environmental condi-
tions and the drivers of change. In many cases, however, no such data exist and/or the 
questions being asked can only be answered with higher resolution assessments using 
original fi eld - based measurement. 

  Ecological  a ssessment 

 There are few substitutions for direct ecological measurement. While full - scale, long - term 
observation and assessment are ideal, satisfactory assessments can often be conducted 
under temporal and fi scal constraints. For these purposes, perhaps the most accessible and 
useful guide is  Nature in Focus , which reviews  Rapid Ecological Assessment , a combina-
tion of techniques for surveying the condition of fl ora and fauna developed for the Nature 
Conservancy over the last two decades specifi cally to survey rare endemic species, but 
which serves as a useful step - by - step guide to sampling, surveying, recording, and analyz-
ing the condition of any plant and animal community (Sayre et al.  2000 ). 

 No technique is universally applicable, however, since the specifi c impact analysis will 
vary immensely depending on the project. The methodological problem for much of this 
work therefore comes prior to any fi eld visit, and rests in selecting the appropriate index 
of change or impact. A project concerned with declines in diversity of species in a forest 
is considerably different than one concerned solely with biomass or productivity, for 
example. 

 Similarly, there may be several ways to sample or measure impact, but with varying 
levels of effi cacy and confi dence offset by diffi culty and time constraints. Consider for 
example, the range of assessment techniques available for assessing the impact of white -
 water rafting recreational activities on salmon reproduction (not a trivial issue in the North 
American Pacifi c Northwest). Besides the remote observation of salmon runs using air 
photos and satellite images over time, which closely examine the egg - laying areas of the 
fi sh, more intensive, reliable, and time - consuming fi eld methods are also available. These 
might include videotaping of salmon runs before and after the passage of a boat to assess 
the movement and return of fi sh. 

 Demonstrating impact typically requires demonstrating change, and this presents 
serious sampling problems for researchers. An assertion of impact may require time - series 
analysis to demonstrate that a landscape or system is different before and after an action 
or event (such as the introduction or increased presence of people). In other cases, research-
ers may collect data on different areas, using space as a temporal proxy that enables a 
comparison of places with different levels of, for example, human presence (See Box  15.3 ).   

 Several further crucial caveats also apply. Even if impact can be demonstrated, this does 
not necessarily mean that the system is irreparably transformed, nor on the other hand 
that if undisturbed it will recover to its original state, especially under changing conditions 
(e.g., variable precipitation). So too, if change is demonstrated over a period, this may 
refl ect only a portion of longer - term trends, making it diffi cult to determine whether the 
anthropogenic variability is entirely outside the range of the system ’ s  “ natural ”  variability. 
Even so, serious human - environment work can benefi t from direct assessment of 
ecosystem conditions, whether in terms of a general inventory or more intensive research 
design to show the impacts  –  or absence of impacts  –  from human beings.  
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  Box 15.3    Finding Control Sites in a Humanized Environment 

    Proper ecological assessment generally demands some kind of control site for com-
parison. It is diffi cult to assert, for example, that the conditions of a grassland are 
maintained by grazing if there are no ungrazed areas, essentially identical in all other 
ways (soils, rainfall, etc.) for direct comparison. For  ex situ  experimental research, 
this is not a diffi cult matter. Exclosures, for example, can be built which keep certain 
impacts out of small areas. The effect can be compared with adjacent sites where 
these infl uences have occurred. In many human - environment contexts, the luxury 
of such controls is commonly not afforded. In high density areas there are few places 
that do not experience some kinds of impacts. Even many conservation areas have 
human uses and experience some kinds of extractive pressure. Where this is the case, 
careful methodological design can still allow exploration of these relationships. 
Graded impact can be examined, at random sites or along transects, to assess whether 
proximity to human population correlates with differing levels of diversity, produc-
tivity, or species invasion, for example, using distance as a proxy (Karanth et al. 
 2006 ).  

  Extraction and  i mpact  m apping 

 More directed study of anthropogenic impacts can be accomplished by following, measur-
ing, and mapping human use. A range of techniques are possible here, from attaching GPS 
units to the horns of grazing cattle, to tracing the routes of fi shing trawlers with on - board 
equipment, or conducting focus group meetings with women wood collectors around a 
sketch map. The result of such analysis in any case should be quantitative and qualitative 
measures of human modifi cation of the landscape, whether direct or indirect. 

 Caution should be used, however, in the kinds of claims such data can support. It is 
possible, for example, to map the areas of highest human impact in a conservation area 
and to list the species extracted from these areas, but without an ecological sample in 
controlled areas, these data do not necessarily support a claim that the resulting landscapes 
are structurally different from areas free of human impact. Spatializing extraction and 
activities in a detailed way, however, does make it possible to link human use information 
to high resolution land cover data and ecological assessment results.  

  Oral  e nvironmental  h istory 

 For many places, however, there is a total absence of meaningful baseline data from which 
to assess impact. So too, where changes have occurred over long time horizons, records of 
both earlier environmental conditions and of the possible drivers of change are both typi-
cally scarce. 

 One of the powerful and ubiquitous resources for reconstructing and understanding 
the human/environment past in such cases is oral environmental history. People carry with 
them an enormous storehouse of often highly detailed information about the condition of 
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past landscapes, the forces that drive change, and the historically relative condition of 
contemporary ecological systems. On many occasions the single most useful source for 
reconstructing and understanding change may be a handful of older community residents, 
witnesses to long periods of ecological change and upheaval. 

 Memory is, however, a prismatic, personal, and uneven thing, and research into memo-
ries of landscape brings with it inquiries into normative concepts of what landscapes ought 
to look like, and how moral and ethical concerns are grafted into the pictures people paint 
of the environment for themselves and others. This is not just to say that memory may be 
 “ incorrect, ”  in the sense that it may not correspond to some actually existing previous 
conditions, but more forcefully that an environmental memory is threaded to a host of 
other cultural and political experiences. 

 As such, oral history has enormous advantages, in that it allows an integrative picture 
of the linkages of human experience and non - human conditions, feelings and actions, 
landscapes and personal change. On the other hand, it is a form of evidence that may be 
highly incompatible with questions or claims in certain kinds of research, since it will 
inevitably produce contradictory accounts, gaps over time and space, and murky relation-
ships rather than crisp causes and effects. Likewise, the collection of oral histories can 
produce uneven power relationships, and the researcher has an ethical responsibility to 
her or his informants (see Chapter  24 ). These strengths and weaknesses are shared by all 
interpretive approaches, of course, but are perhaps most prominent in the problem of 
memory and the natural world.   

  Conclusion 

 In sum, taking human - environment relations seriously in geography means accounting 
for non - humans and their dynamic status, infl uence over, and constitution by human 
beings, with diffi cult implications for measuring and collecting information about those 
relationships. It is of course impossible to provide a comprehensive survey of all the 
methods used in human - environment research, especially since an enormous range of 
combinations of physical and human geography methods are typically used in pursuit of 
answers in this fi eld. Even so, this brief overview has pointed to a few epistemological ten-
sions and practical questions facing researchers in the fi eld. 

 First among these is the problem of mixing methods in a way that makes epistemological 
and theoretical sense in the terms set by the project and the audiences to which the work 
might be presented. To be sure, combining approaches seems essential. A historical analysis 
of discourses surrounding  desertifi cation  may be far more compelling when  accompanied  
by rigorous paleoecological data drawing such narratives into question. Measuring the 
benefi ts of organic agriculture may necessarily require an analysis  both  of the local political 
economy of production and the comparative quality of soils that result from its practice. 
Triangulation across diverse approaches often is useful as well. Imagine joining oral his-
tories with pollen or tree ring data analysis to reconstruct regional forest history. Where 
such records converge and diverge, a great deal can be learned not only about environ-
mental change, but about the character of that change, its experience, and its drivers. 

 That does not make the mixing and matching of techniques an unproblematic smor-
gasbord, however. Gathering oral histories to  “ correct ”  and  “ ground truth ”  an older air 
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photo for example, may be met with skepticism by some more positivistic practitioners. 
Using a survey instrument to elicit people ’ s  “ experiences ”  might be treated as facile by 
researchers from psychoanalytic and interpretive traditions. There is no essential barrier 
to mixing ecological assessment with participant observation or oral history with quantita-
tive survey, but the claims made in the interpretation of evidence hinge around diffi cult 
prior epistemological decisions about what differing forms of data represent, especially for 
diverse populations with differing experience (Rocheleau  1995 ). While this is true of all 
forms of research, it is all the more pronounced in work that takes trees as seriously as it 
does logging economies, acknowledges bacteria as well as sewage provision budgets, or 
recognizes virus mutation as well as stigmatization in understanding HIV/AIDS. The place 
where these things come together, in the fi eld, is therefore as exciting as it is confusing, 
but requires the formation of a careful explanatory strategy, one whose methods are care-
fully fi tted to an epistemological framework.   
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    Exercise 15.1   Analyzing a Human - Environment Study 

 This exercise is based on a close reading of one scientifi c article, and is intended to help 
you clarify aspects of your research design and methodology in human - environment 
studies. Your task: conduct a literature search on a topic related to human - environmental 

    Table 15.1    Exercise questions 

   Research problem and 

objectives  

   Preparation for going 

to the fi eld  

   Once in the fi eld     Data analysis  

  Does the work fi t 

within an established 

area of research in 

human -

 environmental study? 

Is the literature 

review adequate in 

framing the problem 

at hand?  

  Was special language 

or cultural study 

necessary for this 

research?  

  How long did the fi eld 

research last? Do 

you think the study 

would have been 

improved with 

additional time in 

the fi eld?  

  What methods were 

employed to 

analyze the data 

(qualitative, 

quantitative, or a 

mixture of both)?  
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   Research problem and 

objectives  

   Preparation for going 

to the fi eld  

   Once in the fi eld     Data analysis  

  To what degree does 

the approach used 

stress  “ formal ”  and 

quantitative measures 

versus  “ interpretive ”  

ones?  

  What  “ instruments ”  

(questionnaires, 

checklists, category 

sets) might have 

been prepared for 

differing elements 

of the study and 

how might they 

differ?  

  How is the collection 

of  “ formal ”  data 

different from 

quantitative 

 “ interpretive ”  data? 

Which seems to 

have taken more 

time or higher 

priority?  

  Are all of the 

fi ndings in the 

study drawn from 

 “ formal ”  

approaches 

congruent or easy 

to reconcile with 

those from 

 “ interpretive ”  

analysis?  
  Which of the problems 

discussed in this 

chapter (i.e., fl ows 

and connections; 

boundaries and 

categories; or impacts 

and infl uences) seem 

most relevant to the 

study?  

  Did the researcher 

receive special 

funding for her or 

his time in the 

fi eld?  

  Does the article 

indicate whether or 

not the researcher 

collaborated closely 

with local people, or 

with government or 

non - governmental 

offi cials?  

  Do the data analyses 

seem adequate 

and appropriate? 

What other 

approaches to the 

problem might the 

researcher have 

taken?  

  Do the data seem to 

have been collected 

in a way that is 

appropriate to the 

research design? Are 

there other ways to 

have proceeded with 

this research?  

  What scientifi c 

background (social 

or environmental) 

do you think the 

author(s) had prior 

to going to the 

fi eld? Do you feel 

that their training 

equipped them for 

the study ’ s research 

objectives?  

  What sort of social 

and environmental 

data were collected 

in the fi eld? What 

methods were used 

in collecting data, 

and what sorts of 

equipment were 

required?  

  What are major 

conclusions drawn 

from the study? 

What implications 

do the fi ndings 

have for human -

 environment 

study and for 

further research?  

      

Table 15.1 Continued

study in geography. Good journals for this type of research include  Annals of the Association 
of American Geographers ,  Geoforum ,  Geographical Review ,  Progress in Human Geography , 
and  Progress in Physical Geography . Select an article that interests you; read it carefully, 
and then answer the questions in the (Table  15.1 ) . You can use bullets or paragraph style.    
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  Introduction 

  Maps  and spatial diagrams are powerful tools used to visualize, explore, store, and com-
municate geographic information. Thus, the skills of making and using these visual rep-
resentations of the worlds around us are very important within the discipline of geography. 
Traditionally, we learn these skills within the subdiscipline of  cartography , but they are 
also integral to the related fi elds of Geographic Information Science and  GeoVisualization . 
In addition, we produce maps, like the places, identities, landscapes, and spaces they rep-
resent, within particular social and cultural contexts. Thus, they at least refl ect  –  and many 
would argue help reproduce  –  dominant cultural values and power relations present in the 
society within which the maps are made and used. 
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 Maps and spatial diagrams come in a variety of forms and are produced and consumed 
through a variety of media. Whether printed on the two - dimensional pages of an atlas, 
molded out of plaster or plastic to make a three - dimensional model, or animated on a 
computer screen, all maps and diagrams are composed of more or less abstract symbols 
that represent different aspects of our cultural and physical environment  –  what most 
people consider to be the  “ real ”  world. For example, we may use      on road maps and 
highway signs to stand for a library. Making and using maps successfully involves the 
creation and interpretation of these symbols. 

 The International Cartographic Association (ICA) ( 2008 ) defi nes a map as  “ a symbol-
ized image of geographical reality, representing selected features or characteristics, result-
ing from the creative effort of its author ’ s execution of choices, and is designed for use 
when spatial relationships are of primary relevance ”  (See Box  16.1 ). This very broad defi ni-
tion encompasses the examples found in Figure  16.1 . It also includes maps produced 
through a variety of media ranging from the traditional paper map to the whole world of 
digital maps and terrain simulations. Such spatial representations are traditionally grouped 
into two categories.  General purpose maps  are designed for a variety of uses while  thematic 
maps  focus on more specifi c topics (Dent  1999 ). While these categories can be useful, they 
are problematic as well. After all, a map ’ s purpose or use is not solely defi ned by its creator. 
Any map could be used for purposes not even imagined by the cartographer. For this 
reason, general purpose maps are better described as multivariate maps.     

 Traditionally, the term  “ map ”  is reserved for graphics that use an absolute coordinate 
system, such as latitude and longitude, to  “ realistically ”  locate and represent attributes of 
specifi c places and spaces. More recently, however, many geographers have argued that we 
do not experience and know the places and spaces around us as mere sets of coordinates. 
 Cartograms  and other spatial diagrams can be employed to capture these other, often 
subjective and culturally specifi c, ways of knowing the world. For the remainder of this 
chapter, therefore, I will use the word  “ map ”  to refer to any spatial representation. 

 Most people assume that the  “ author ”  referenced in the ICA defi nition is a professional 
cartographer who makes maps for public consumption. Yet, more and more people are 
creating their own maps for their own private and public purposes using desktop mapping 

  Box 16.1    Defi ning Maps 

    The ICA ’ s defi nition of a map is only one of many. Most textbooks devoted to car-
tography or map use and analysis offer their own defi nition. For example, in the 
Preface to Volume One of  The History of Cartography , J. B. Harley and David 
Woodward provide the following defi nition:

  Maps are graphic representations that facilitate a spatial understanding of things, con-
cepts, conditions, processes, or events in the human world.   

 Is this defi nition more or less restrictive than the ICA ’ s defi nition? Why might 
authors focusing on the history of cartography need a different defi nition?  



     Figure 16.1     Samples from the world of maps  
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software or interactive websites (MacEachren  1995 ). While this challenges cartographers ’  
traditional understandings of the mapping process and the map itself, it only underscores 
the importance of learning some key cartographic concepts that can help any map maker 
or user harness the power of maps. Thus, this chapter begins with an overview of the major 
Western theoretical perspectives used by geographers to understand maps and mapping 
and concludes with guidelines on how to use projection,  scale  and  generalization , and 
 symbolization  to improve your ability to work with maps.  

  Approaches to Map Making and Use 

 Over the past 500 years, Western Cartography has been dominated by explorers, surveyors, 
and academic geographers/cartographers. Often working with the state, these individuals 
strove to create increasingly accurate and scientifi c maps for purposes including naviga-
tion, the conquest and control of territory, and the assessment of property for tax purposes 
(see Box  16.2 ). After World War II, cartographers sought to increase the perceived objec-
tivity and predictability of map creation by developing general rules or laws governing all 
aspects of map creation (MacEachren  1995 ). To use the example from the introduction, 
if      is proven through empirical testing of map users to be interpreted always as meaning 
 “ library, ”  then it should always be used by cartographers to symbolize  “ library. ”  One 
approach to achieving this goal is standardization. Using the same map symbols to repre-
sent the same earth objects should result in all users being able to grasp the meanings 

  Box 16.2    The Art and Science of Cartography 

    Map making is often defi ned as both an art and science. As a form of graphic expres-
sion and communication, it is easy to recognize different aspects of mapping that 
seem to fall within the province of art or the realm of science. As some cartographers 
have argued that maps should be made more scientifi cally, others respond that the 
art in cartography needs to be respected. Below are keywords often associated with 
art and with science. 

 

   The Art in Cartography  
  Stresses  
     •      creativity  
   •      subjectivity  
   •      intuitive - holistic approach  
   •      emotional input and response  
   •      assessment of quality based on 

aesthetics     

   The Science in Cartography  
  Stresses  
     •      repeatability  
   •      objectivity  
   •      standardized - technical approach  
   •      functionality  
   •      assessment of quality based on best 

practices sestablished through 
empirical testing     

 Are these lists mutually exclusive?  
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contained in any map more easily. Single map - making institutions, such as the National 
Geographic Society or the United States Geologic Survey (USGS) have created  “ house ”  
standards for type styles and sizes, symbols,  map projections , and uses of color. Because 
of the diffi culty of standardizing methods and symbols across institutional and cultural 
contexts, however, most cartographers have pursued another path based on theories and 
methods developed by behavioral psychologists.   

 Prior to the late 1960s, behavioral psychologists attempted to defi ne laws concerning 
how people respond to external stimuli apprehended through vision, hearing, and the 
other senses. In this method of explaining human behavior, there is no attempt to under-
stand how people process the sights, sounds, and smells to which they are exposed. Instead, 
researchers seek to predict that a particular stimulus will provoke a particular response. 
Cartographers have adopted this approach and many researchers focus on how map 
readers react to various symbols, colors, and lettering sizes and styles. 

 Most cartographers who borrow from behavioral psychology conceive of  cartography  
as a communication science (Figure  16.2 ). In this model, the cartographer ’ s role is to com-
municate some geographic information objectively and accurately to an audience of map 
readers. The cartographer conceives of the map ’ s purpose, gathers and processes the neces-
sary data, and transforms it into a map that meets that purpose. The map, therefore, both 
stores the data until it is used and serves as a medium for communication. The map reader, 
most likely removed from the cartographer in both time and space, is responsible for 
transforming the map ’ s symbols back into the geographic information they represent in 
order to understand the cartographer ’ s intended purpose.   

 In order for this communication to be effective, the cartographer must know that the 
map she/he designs will stimulate the correct response in the map reader. A great deal of 
cartographic research in the 1960s and 1970s consisted of exposing study groups to par-
ticular symbols, type styles and sizes, and other map elements and then measuring their 

     Figure 16.2     Cartography as Communication Science (adapted from Dent, B.  1996 .  Cartography: 
Thematic Map Design . Boston: WCB McGraw - Hill)  

Cartographer
Data Field

(’real world’)
Map

(data storage)
Map reader

Transformation:
projection

generalization
symbolization

Transformation:
selection

organization

Transformation:
interpretation
and map use

Cartographic process

Feedback:
(cartographer tests reader
perceptions using methods

from behavioral pyschology)



264 Stephen P. Hanna

responses (MacEachren  1995 ). A key goal was to determine the  “ least discernable differ-
ence. ”  If a map designer knows the smallest difference between two type sizes, symbol 
shapes, or colors that a reader can discern, then she or he can employ that knowledge to 
ensure that the map reader will be able to perceive differences and similarities among the 
symbols that make up the map. Within this model of cartography, such feedback is 
intended to ensure that a map can be predictably interpreted into an accurate and objective 
representation of some place and/or aspect of the world. 

 Since the 1980s, critics within and beyond cartography have noted the limitations of 
the communication model of cartography. Some theorize that cartography and maps need 
to be understood within their broader social and cultural contexts and argue that since 
cartographers operate within such contexts, their maps cannot be viewed as merely objec-
tive communication devices (Harley  2001 , Wood  1992 ). Others, noting that psychologists 
have largely abandoned their own behavioral models in favor of a cognitive approach, 
argue that simply noting map readers ’  responses to visual stimuli does not actually explain 
human perception and interpretation of map symbols (MacEachren  1995 ). There is no 
recognition of the variations in knowledge, interest, and purpose map readers bring to a 
map in the behavioral approach. Finally, since the communication model focuses on the 
means of communicating the map ’ s content, and not on the content itself, little attention 
is paid to the actual meanings of the maps themselves. These critiques have lead to two 
major developments in our understanding of how maps work. 

 One approach was pioneered by J. B. Harley  (2001)  and Denis Wood  (1992) , among 
others. In their calls for more critical understandings of cartography, they argue that map 
makers, maps, and map users have always operated within particular social and institu-
tional contexts. These ensure that all maps, both thematic and general purpose, are made 
to serve particular interests, usually those of a society ’ s elites. Individual maps and the 
entire discipline of cartography, therefore, can be studied to reveal how they both represent 
and reproduce the social and spatial status quo. 

 Cartographic historians and other scholars have made use of this critical approach in a 
variety of contexts. For example, the development of Western cartography from the 1500s 
to the 1800s accompanied European exploration and colonization of the Americas, much 
of Asia, and Africa. Maps made these parts of the world known to Europeans and, there-
fore, controllable by Europeans. Later historical atlases published by these colonial powers 
often erased all evidence of indigenous civilizations (Black  1997 ). In the North American 
context, the map shown in Figure  16.3  does not demarcate the territories and settlements 
of Native Americans and, thereby, contributes to the myth that the continent was an empty 
wilderness waiting to be settled and civilized by Europeans.   

 Critical cartographers also examine map use or interpretation. While a map may be 
intended to serve the interests of a government claiming a particular territory or a beach 
resort company hoping to attract tourists, there is no guarantee that those will be the only 
interests served when the map is used. Map users make sense of their maps in their own 
social and spatial contexts and rely on previous knowledge of places and subjects to inter-
pret map symbols. American Civil War buffs, for example will focus on the tourism map 
shown in Box  16.3  to fi nd the battlefi elds and war monuments they already know and, 
perhaps, will celebrate Virginia as home to the capital of the Confederacy .  Others hoping 
to learn about the history of African American slavery and resistance will be disappointed 
that this map hides any evidence of their struggles for freedom and equal rights. Thus maps 
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     Figure 16.3      “ North America 1650 ”  from Hart (1891).  Epoch Maps Illustrating American Histor y. 
New York  

are  intertextual ; for any user they refer, both explicitly and implicitly, to books, photo-
graphs, web pages, and other texts and experiences concerning that place and/or topic (Del 
Casino and Hanna  2000 ). These texts lend their own meanings to the places, peoples, and/
or events represented on the map.   

 Cartographers more interested in how to improve maps ’  functionality suggest that these 
critical approaches do not help anyone make better maps. Responding to computer and 
internet mapping technologies that have exponentially increased people ’ s access to both 
maps and mapmaking, Alan MacEachren  (1995)  and others have reconceived the relation-
ships among map makers, the map, and map users (Figure  16.4 ). Recognizing that not all 
maps are made to communicate a cartographer ’ s message to a public audience, MacEachren ’ s 
model of cartography leaves space for maps that help us visualize previously unknown 
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  Box 16.3    A Critical Approach to Map Interpretation 

    This placemat can be found in restaurants throughout Virginia. An example of 
popular cartography, it was created to entertain its readers and advertize tourism 
places to consumers. 

     
 A critical analysis of this or any map involves research into the sites referenced 
on the map. For both the mapmaker and all map users, the symbols refer not 
just to places, but to social meanings people attach to these sites. Therefore, it is 
important to investigate the social and historical contexts in which a map is 
produced and consumed. While a map ’ s meanings change through time and vary 
according to a map users ’  background, some meanings dominate others. They are 
reinforced by what we learn in school, in other texts, and simply by living within a 
society. 

 On this map, Thomas Jefferson ’ s home, Monticello, may have many different 
meanings, but the dominant ones focus on his contributions to an American nation-
alism that celebrates freedom and individualism as well as its European heritage. 
Furthermore, most tourism marketers try to attach positive meanings to the places 
they sell to tourists. Thus, Monticello ’ s presence on this map more than likely repro-
duces this patriotic national identity rather than drawing attention to Jefferson as a 
slaveholder.  
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     Figure 16.4     MacEachren ’ s model of cartography  
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spatial patterns in private. It also captures the possibility that, as map users, we do not 
simply and passively receive the meanings encoded on a map by cartographers. Rather, we 
interact with maps actively by bringing our own knowledge and perspectives on the places 
and themes represented on a map. We may also alter a map to make it suit their purpose 
or actually make the map ourselves.   

 Understanding how maps are made and used is necessary to improve how maps help 
us visualize, explore, and communicate about the world around us. To do this, MacEachren 
argues, we need to understand the biological, psychological, and social factors that explain 
how people perceive and interpret the symbols comprising all maps and diagrams. This 
means knowing: (1) how an individual ’ s vision and cognition work to make sense of visual 
stimuli; (2) how cartographers create and choose symbols; and (3) how symbols acquire 
multiple levels of meaning as maps are made and used in particular social contexts. While 
all three sets of factors are needed to gain a full understanding of how maps work, I would 
argue that we can  begin  to make and use maps more effectively if we focus on the last two.  

  Elements in Map Design 

 In order to make and use maps to visualize, explore, and communicate any aspect of our 
cultural or physical environment, we need to unpack how the geographic information we 
collect is transformed into symbols that can be positioned on a map. This involves the 
processes of selection and organization, projection, scale and generalization, and symbol-
ization (Dent  1999 , Monmonier  1996 ). Each of these operations involves transforming our 
richly detailed, three dimensional, ever - changing, and contested world into a simplifi ed, 
time - specifi c representation with a limited perspective. It is vitally important for both map 
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users and mapmakers to remember that a single map is always only one of a potentially 
infi nite number of maps that could be made to represent the same information. 

  Selection and  o rganization 

 The fi rst steps in creating a map are the selection of the information to be represented and 
the organization of this information. Whether intended as a general purpose or thematic 
map, no map can represent the entirety of any place or topic. To make the map useful, we 
begin by selecting the geographic information most pertinent to the map ’ s purpose. By 
defi nition, this means that we also select what will  not  appear on the map. Remembering 
that the maps we make and use contain absences helps us approach these representations 
more critically. For example, we should ask why a general purpose or multivariate map 
 –  perhaps a topographic map such as the one shown in Figure  16.1   –  represents churches, 
but does not note that a particular factory is a source of toxic emissions. 

 When organizing the selected information, it is useful to categorize it into layers or 
themes (Figure  16.5 ). For a thematic map, we might think of the map ’ s subject, perhaps 
population, layered on top of a base map comprised of the locations for which we have 
collected data. A general purpose map may be composed of several thematic layers, perhaps 
topography, drainage, and buildings. This is an exercise in abstraction and reductionism. 
We tend to use only one or two measurable attributes of complex entities, such as forest 
regions or ethnic enclaves, to represent these spaces on our maps. Variations within regions 
and other aspects of the spaces we map are intentionally and necessarily disregarded. Once 
organized into thematic layers, we usually attach each attribute to specifi c locations using 
the map ’ s coordinate system.    

  Map  p rojections 

 To describe locations on the surface of the earth we use a spherical coordinate system in 
which latitude measures distance north or south of the Equator and longitude determines 
distance east or west of the Prime Meridian. A map projection is a systematic method of 
transforming this spherical coordinate system, and the locations on the Earth ’ s surface it 
describes, into a fl at or planar coordinate system suitable for use on a piece of paper or a 
computer screen. This process inevitably produces distortions in shape, area, distance, and/
or direction (Figure  16.6 ). These distortions are especially noticeable in small - scale maps 
 –  maps that show large portions of the Earth ’ s surface, but with few details.   

 Over the past 500 years, cartographers have developed hundreds of map projections 
designed to control these distortions and/or to serve specifi c purposes. When choosing a 
projection, we must decide whether it is more important to measure distances accurately 
or to preserve the angular relationships that make up the shapes of the territories and water 
bodies shown on the map. For small - scale thematic maps, most cartographers agree that 
areas should be preserved accurately. This is in part because most people associate an 
increase in size with an increase in importance. Imagine using the Mercator projection in 
Figure  16.6  to make a map of percent of population living in poverty by country. Then 
imagine making the same map using the Molleweide  equal area projection . Given that 
most of the world ’ s wealthiest countries are clustered in the northern hemisphere while 



     Figure 16.5     Organizing information on thematic and general purpose maps  

Burlington

South Burlington

Middlebury

Vergennes

Bennington

St. Albans

Newport

Rutland

Montpelier
Barre

Island Pond

St. Johnsbury

White River Junction

Bellows Falls

Brattleboro

Winooski

Springfield

Vermont’s Cities and Towns

40,000

25,000 

2,000 

10,000 

Thematic Layer

Basemap
Thematic Map

General Purpose or
multivariate Map

number of people

Roads Layer

Drainage Layer

Topography Layer



     Figure 16.6     Map projections  
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the world ’ s poorer countries are concentrated nearer the equator, you can imagine how 
the two projections represent the same economic geography very differently. 

 This is just one example of how projections used to map whole hemispheres or the 
entire globe can infl uence people ’ s knowledge and understanding of our world. For 
example, the widespread use of the Mercator projection for wall maps in US classrooms 
has been criticized for helping to creating both isolationist and Eurocentric world views. 
On this projection, the United States appears separated from Europe and Asia by wide 
expanses of ocean. During World War II and in the early days of the Cold War, polar 
projections (Figure  16.7 ) were used to combat isolationism by showing how close Europe 
and the Soviet Union  “ really ”  were. And, as hinted at above, the tendency for people to 
associate size with importance means that the Mercator projection reinforces world views 
that rank the countries in Europe and North America as somehow  “ better ”  than those in 
Africa, Latin America, and Asia.    

  Scale and  g eneralization 

 The transformation of our three - dimensional complex and contested world into a fl at map 
does not only involve projection. In almost all cases, we map the world at a much smaller 

     Figure 16.7     Polar projection  
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     Figure 16.8     Scale and generalization  
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scale than  “ reality. ”  In other words, earth distances we typically measure in kilometers or 
miles are represented in centimeters or inches on our maps. A map ’ s  scale  is a mathematical 
measurement of how much smaller the map is than the portion of the world it represents 
(Figure  16.8 ). A scale of 1:50,000 means that a unit of distance on our map represents 
50,000 of same units of distance on the Earth ’ s surface. In other words, the linear distances 
shown on our map are one 50,000th the size of the distances they represent on earth.   

 This reduction in scale inevitably involves generalization  –  the process of selecting and 
organizing the geographic information to be represented on the map and transforming 
that data into map form (Dent  1999 ). Selection and organization of geographic informa-
tion has been covered above, but generalization also involves the simplifi cation and clas-
sifi cation of the already selected information to suit the map ’ s scale and purpose. Most 
obviously, the smaller our map ’ s scale (the more reduction that occurs), the less detail can 
be shown (see Figure  16.8 ). As scale is reduced, coastlines and rivers are simplifi ed and 
individual buildings may be agglomerated into urban regions. But generalization is not 
only regulated by scale; the map ’ s purpose also plays a role. A map feature that is more 
central to our purpose can be shown in more detail than elements that are less 
important. 

 Another form of generalization is classifi cation. On most thematic maps, symbols rep-
resenting the same or similar phenomena located in different places are made to appear 
the same. For example, on a  digital elevation model , all locations with an elevation 
between 200 and 210 meters are given the same color despite the actual variations in value 
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within that range. This classifi cation of geographic information can help us to see patterns 
more clearly by suppressing details that may  “ clutter - up ”  the map.  

  Symbolization 

 A fi nal aspect of generalization that is often treated separately in cartography is symboliza-
tion  –  the transformation of the selected geographic information into map symbols. Every 
point, line, area, icon, letter and word on a map is a relatively simple symbol or sign that 
represents some aspect of the more complex world we wish to visualize, explore, or com-
municate to others. In a very real way, these symbols make places that are distant in time 
and space present whenever we work with maps. 

 Choosing, creating, and interpreting map symbols can be approached from the scien-
tifi c, artistic, and/or critical cartographic perspectives. Despite the limits of the behavioral 
approach, decades of testing groups of map readers has yielded useful guidelines on how 
people perceive and react to different symbol colors, shapes, and sizes. At the same time, 
map symbols continue to be evaluated on aesthetic grounds as well. Cartography textbooks 
continue to quote the map critic John K. Wright who, in 1944, wrote,  “ The quality of a 
map is also in part an aesthetic matter  …  An ugly map, with crude colors, careless line 
work, and  …  poorly arranged lettering may be intrinsically as accurate as a beautiful map, 
but it is less likely to inspire confi dence. ”  Finally, map symbols acquire social and cultural 
meanings and these can be reinforced or challenged when a map is made and used. The 
widespread use of green to symbolize low elevations on reference maps, for example, may 
lead us to believe that California ’ s Central Valley is a naturally humid and verdant environ-
ment. Of course, while this semi - arid valley is a rich agricultural area, this is only due to 
massive, publicly - funded irrigation projects. 

 The concept of visual variables provides a very practical starting point for understanding 
how we create, choose, and make sense of symbols (MacEachren  1995 , Monmonier  1996 ). 
In two - dimensional mapping, Earth objects are represented as points (buildings, individual 
trees, a city on a smaller scale map), lines (rivers, roads, railroads), or areas (countries, 
water bodies, parcels or properties on a larger scale map). Because not all roads carry the 
same volume of traffi c and different city parcels are characterized by different land uses, 
we need to be able to vary symbol appearance to represent different attribute values. Figure 
 16.9  contains the visual variables we can employ to represent similarities and differences 
among our map symbols.   

 Of course, we measure differences among the places on our maps in a variety of ways. 
A highway ’ s traffi c volume is a quantitative attribute, while a parcel ’ s dominant land use 
is a qualitative characteristic. Size and color value (the lightness or darkness of a color) are 
best suited to show quantitative differences and similarities on a map. Map readers tend 
to associate the size of a circle or the thickness of a line with absolute amounts. For 
example, a larger circle might represent a city with a larger population than a city symbol-
ized as a smaller circle. Giving area symbols a range of color values suggests a difference 
in percents or rates. A darker area is usually associated with having a higher value than a 
lighter area. Shape, color hue, and patterns are best used to symbolize qualitative difference 
or difference in kind. Geologic maps often use different hues to symbolize different rock 
or soil types. 
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 We can also think of map symbols existing on a continuum from the most pictorial to 
the most abstract. Pictorial symbols look more like the earth objects they represent. They 
attract a map reader ’ s attention due to their visual complexity and also make the link 
between a symbol and what it is supposed to represent much clearer. The map used in Box 
 16.2  employs very pictorial symbols. Abstract symbols have little in common visually with 
the earth objects they represent. A dot ( • ) may represent a city on a small scale map or a 
monument on a city plan. It certainly has nothing in common visually with either a city 
or a monument. 

 Of course, such graphic map symbols seldom stand alone. They are labeled with place 
names and explained in map legends. Placing the name  “ London ”  next to a dot on a map 
ensures that almost all map users will know that the dot represents a particular city. In 
order to make our maps legible, however, we usually cannot label every attribute repre-
sented by every symbol on our map. Therefore, we rely on map legends and explanatory 
notes to help us attach meanings to, and discern differences between, map symbols. The 
methods of symbolizing qualitative and quantitative differences shown in Figure  16.9  are 
organized in typical map legend formats. You can imagine, for example, a map where each 
European country is shaded one of the three gray values shown in the  “ percent in poverty ”  
legend. If the map title reads,  “ Children in Poverty ” , then the legend would provide map 
users with the information needed to attach the map ’ s symbols to the attribute values they 
represent.   

  The Power of Maps 

 Maps are deployed for an ever increasing number of purposes. We fi nd them in our news-
papers and on our newscasts. Governments use them to assign values to properties for tax 
purposes, to defi ne their territories, and to inspire nationalism among their citizens. Maps 
make us aware of events, help us understand their contexts, and determine how such events 
will affect our futures. As Hurricane Katrina approached the Gulf Coast of the United 
States in late August, 2005, we watched animated representations of swirling clouds churn 
across the Gulf of Mexico. In the immediate aftermath, Jonathan Mendez and Greg Stoll 
(two Austin, Texas, residents with limited programming experience) created an online 
form that allowed people to report where family members, friends, and pets in need of 
help were located. The resulting locations were mapped online using a Google map mashup 
(see  http://googlemapsmania.blogspot.com  for more examples of mashups). Later maps 
produced by professionals placed the images of destroyed buildings and displaced people 
and helped us know where aid was most needed. Now, new government maps delineating 
fl ood - prone areas are determining which neighborhoods can be rebuilt and which may be 
transformed back into swamp land. 

 We use maps  –  both those we make and those made by others  –  to navigate, explore, 
and see more of our worlds than we can ever experience fi rsthand. Desktop mapping and 
GIS software, as well as a large number of interactive mapping sites on the World Wide 
Web, such as the map mashups mentioned above, permit rapid entry into the world of 
map making (see Box  16.4 ). These technologies, and the expanding digital geo - databases 
upon which they are based, are also making maps that are increasingly ephemeral  –  the 
data on which our maps are based change more rapidly then ever before. Such changes 



     Figure 16.9     Visual variables of cartographic symbols  (adapted from Monmonier  1996 .  How to 
Lie with Maps  Chicago: University of Chicago Press)   
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  Box 16.4    Sample Desktop Mapping Software and Internet 
Mapping Sites 

           Mapping and  GIS  Programs 

 Public Domain /Freeware 

  AGIS:      http://www.agismap.com   
  ArcExplorer:      http://www.esri.com   
  FlowMap:      http://fl owmap.geog.uu.nl   
  GRASS:      http://grass.itc.it     

 Licensed Software 

  ArcView and ArcGIS:      http://www.esri.com   
  Idrisi:      http://www.clarklabs.org   
  MapInfo:      http://www.mapinfo.com   
  Maptitude:      http://www.caliper.com      

  Internet Mapping Sites    

 The Geography Network:      http://www.geographynetwork.com/   
  UN Environmental Programme GEO Data Portal:      http://geodata.grid.unep.ch/   
  TerraServer.com:      http://www.terraserver.com/   
  Google Maps Mania:      http://googlemapsmania.blogspot.com/         

may increase our confi dence in map currency and our ability to create our maps to serve 
our own interests.   

 Yet, there are still constraints. Desktop mapping software and internet mapping sites 
are based on geographic information that has already been collected, organized, and gen-
eralized into geo - databases. While we may be able to augment these with our own data, 
the structure of the database will limit how we can represent our worlds. In addition, to 
make mapping programs more accessible, most producers of such software provide symbol 
palettes and default design options. These may or may not be based on the suggestions 
and guidelines summarized in this chapter, but limit our options either way. When making 
maps using these tools and using maps created with such programs, we must pay attention 
to how they enable and constrain our ability to visualize, explore, and communicate geo-
graphically. Also, we must remember that any map we use and make is but one of many 
simplifi ed, time - specifi c, perspective - limiting representations of our complex, ever - 
changing and contested worlds. Finally, it is critically important to consider the implica-
tions our maps may have for the people and places we represent.   
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    Exercise 16.1   Analyzing Maps 

 Find a published map to analyze. It can be historic or contemporary, in print or electronic 
form, and have any thematic basis (e.g., political, socio - demographic, biogeographic, cli-
matic). Based on the material presented in this chapter, write a short essay on the selected 
map that answers the following questions: 

  1     Where did you fi nd the map, and why did you select it for analysis? What is the larger 
context (e.g., planning/administration, profi t, public persuasion) that led to its 
production?  
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  2     What is the map ’ s stated or presumed purpose?  
  3     How does the map use projection, scale, generalization, and symbolization to convey 

geographic information in support of its purpose?  
  4     Whose interests (political, economic, cultural, administrative, etc.) are served by the 

way the map represents its geography?  
  5     What prior knowledge might a reader bring to this map? In other words, how is this 

map intertextual? To answer this question, think about: the style and content of this 
map in relation to other maps; the histories of the places shown on the map; important 
demographic, economic, or political information; other representations of the places 
in popular culture (fi lm or television, for example); and/or how nature is represented 
in the map. How might these aspects affect how the map is interpreted?     
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  Introduction 

 This chapter and the next cannot teach you how to do statistical analyses of data. As in 
GIS and remote sensing, most geography departments offer semester - long or even year -
 long courses in statistics. We hope, however, to introduce you to statistical reasoning and 
to make you a more discriminating consumer of other researchers ’  statistical results. The 
chapters presume that you have some understanding of algebra and its symbols (like the 
summation sign), that you can read Cartesian graphs, that you understand the meaning 
of variables and relationships, and that you have a good grasp of levels of measurement 
(see Chapter  4 ). 
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 A statistic is a number that summarizes a variable or relationship between variables in 
some way. These numbers describe the distribution of the values of a variable, and the 
nature and degree of relationships between variables. Because condensing data into a single 
number or equation loses a lot of information, tables and graphs should be employed so 
that you can actually visualize the distributions and relationships, especially since statistical 
software can create these so easily. 

 The ultimate task of statistics is to unearth and describe relationships between variables. 
Describing averages, variation, and simple relationships  –  which are topics of this chapter 
 –  are a means to this end. Often a relationship is described as a difference between the 
averages of a variable for two sub - groups of observations within the sample; e.g., average 
incomes of men and women in the same occupations. Variation is relevant because we 
describe relationships as  co - variation  between variables, and because the nature of the 
variation within each variable affects whether the co - variation between two variables is 
meaningful. 

 Statistics can also be categorized as parametric and non - parametric (Norcliffe  1982 ). 
 Parametric  statistics refers to those techniques that are only applicable to metric or inter-
val/ratio variables.  Non - parametric  techniques apply to ordinal and nominal variables. 
Parametric statistics are more  “ powerful ”  in the sense that they depend on knowledge of 
the magnitude of the difference between the values of a variable. Non - parametric statistics 
only consider the ordering of observations on a variable, or which category of a variable 
that an observation falls in. Sometimes parametric statistics are used on ordinal data, but 
the results are garbage. 

 Another categorization of statistics is into simple and multivariate. Multivariate statis-
tics encompass the techniques that try to uncover the independent relationships existent 
between more than two variables (Johnston  1978 ). Simple statistics look at the interde-
pendence of only two variables at a time, and ignore the infl uence of other variables on 
the distributions of the values of those two variables.  

  Frequency Distributions 

 Tables and graphs of frequency distributions can be utilized to quickly see how the values 
of a variable are distributed. The values of the variable have to be grouped to do this, 
although in the case of a nominal variable, the unit of measurement is a group or category. 
Frequency refers to the number of observations in a group. 

 In Table  17.1 , functional type is a variable generated by analyzing the employment 
structure of US cities in 1950 using a technique called cluster analysis. This technique 
groups cities according to similarities in their employment structure. The column labeled 
 “ f  ”  (frequency) is the number of cities in each category of the variable. Relative frequency 
(% f) is the percentage or proportion of the total number of observations that are in each 
group. (A proportion is a number expressed as a ratio of the number 1; 13.10 percent 
expressed as a proportion is .1310.)   

 It is desirable to show both frequencies and relative frequencies in this kind of table to 
ease comparison with similar types of tables. For example, this table might be compared 
with tables for other decades in which the number of cities classifi ed is different from that 
in 1950. 
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 Tables that show frequency distributions for ordinal variables are organized the same 
way as are tables for nominal variables except that the categories of the ordinal variable 
would be put in order of rank, from lowest to highest or highest to lowest. In the case of 
nominal variables the categories may be placed in any order (see Chapter  4 ). 

 If the ordinal variable is one in which there are not many observations tied at each rank, 
then the table of the variable must be prepared as for a ratio variable. The ranks will need 
to be grouped. To make tables of variables that are measured on an interval or ratio scale 
the variable values must be grouped or categorized such that several observations fall into 
a group. This is also true of an ordinal variable in which most of the observations have a 
unique rank. 

 Table  17.2  shows the frequency distribution for the variable  “ VTO, ”  which is the 
number of people who voted in the 1980 presidential election as a percentage of the total 
population aged 18 and over in all Texas counties in 1980. There are 254 counties, and so 
the variable has been grouped into 14 mutually exclusive classes (groups). As the number 
of observations in a study decreases the number of classes should be smaller. The class 
width chosen for VTO is 5 percent. Generally speaking, the classes should be of the same 
width; otherwise, the distribution of the variable values will be distorted. There are 
instances, however, in which you might want to have classes of different width (e.g., group-
ing a population in this way: children, 0 – 17 years; adults, 18 – 64; elderly, 65+).   

 The column labeled  “ f  ”  is called the  frequency distribution . It shows how the values 
of VTO are distributed. Is there a concentration of values? Around what value are they 
concentrated? Is the distribution of values symmetrical? That is, are there approximately 
equal numbers of exceptionally high and exceptionally low values? 

 The column labeled  “ % f  ”  is the relative frequency distribution. It is the frequency as a 
percentage of the total number of observations (n). The label  “ F ”  denotes the cumulative 
frequency distribution. It is the total number of observations that have values smaller than 

  Table 17.1    Functional type of  US   SMSA  s , 1950 

   Functional type     f     % f  

  Diversifi ed    19    13.10  
  Diversifi ed/manufacturing    44    30.34  
  Federal government    1    0.69  
  Manufacturing    12    8.28  
  Mining    3    2.07  
  Other government    7    4.83  
  Public admin./regional centers    6    4.14  
  Transportation/wholesale/fi nance    25    17.24  
  Service centers    7    4.83  
  Transportation    1    0.69  
  Professional service    20    13.79  

  Number of Cases/Sum    145    100.00  

    Notes :   SMSAs are Standard Metropolitan Statistical Areas. This designation 
was later replaced by MSAs, Metropolitan Statistical Areas.   
  Source :   data from Subramaniam - Bryson  (1991)  
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the class upper limit. The percentage cumulative frequency provides the percentile of the 
upper class limit. The  kth  percentile of a variable is that value of the variable such that at 
least  k  percent of the counties have values that are smaller than or equal to it. 67.5 is the 
96.06th percentile of VTO, and thus only 3.94 percent of the cases have values greater than 
67.5. Percentiles also apply to ordinal variables, but have no meaning in the case of nominal 
only variables.  

  Graphs 

 Although you might be able to imagine the distribution of VTO from Table  17.2 , graphs 
are actually better than tables in providing an immediate visual impression of the distribu-
tion of a variable. The frequency distribution for a nominal variable may be depicted via 
a pie diagram (circle graph) or bar chart. In the bar chart frequency or percent frequency 
is on the Y - axis and the categories of the variable are on the X - axis. Each category has a 
bar with the length of the bar proportional to the frequency of the category. The bars have 
the same width and are not contiguous because there is no continuity of values between 
the categories of the variable. 

 A histogram is a bar chart used to portray the distribution of a variable measured at the 
interval or ratio level. The bars are contiguous to show continuity in values of the variable. 
Each bar portrays the frequency for a class of a grouped variable. The bars are the same 
width because the classes all have the same width. 

 Figure  17.1  shows a histogram for the voter turnout data in Table  17.2 , except that the 
class widths have been reduced to only 2.5%. The area of a bar in a histogram is propor-
tional to the class frequency. That is, the area of the histogram between any two values of 
VTO is calculated as a percentage of the total area of the histogram. This provides the 

  Table 17.2    Voter turnout, Texas counties, 1980 presidential election 

   VTO     f     % f     F     % F  

  22.5 – 27.5    2    0.79    2    0.79  
  27.5 – 32.5    3    1.18    5    1.97  
  32.5 – 37.5    4    1.57    9    3.54  
  37.5 – 42.5    14    5.51    23    9.06  
  42.5 – 47.5    55    21.65    78    30.71  
  47.5 – 52.5    85    33.46    163    64.17  
  52.5 – 57.5    31    12.20    194    76.38  
  57.5 – 62.5    28    11.02    222    87.40  
  62.5 – 67.5    22    8.66    244    96.06  
  67.5 – 72.5    6    2.36    250    98.43  
  72.5 – 77.5    0    0.0    250    98.43  
  77.5 – 82.5    2    0.79    252    99.21  
  82.5 – 87.5    1    0.39    253    99.61  
  87.5 – 92.5    1    0.39    254    100.00  
  Number of cases/sum    254    99.97          

  Source :   Data from Tebben  (1990)  
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percentage of all observations that have values in that class interval. This is only true if the 
class widths are all the same.   

 A frequency distribution can also be portrayed as a line graph called a frequency 
polygon. Figure  17.2  shows a frequency polygon for the voter turnout data using the same 
classes as in Table  17.2 . The frequency value for a class is plotted against the midpoint of 
the class, and the plots are then connected with a line.   

 Drawing a frequency polygon is equivalent to joining the midpoints of the tops of the 
bars of the histogram, with the proviso that empty classes must be added at both ends of 
the distribution. The zero frequency in each of these classes is plotted so that the polygon 
is brought down to the X - axis and is enclosed. This makes the area of the polygon equal 

     Figure 17.1     Histogram for voter turnout (VTO) in Texas counties  
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     Figure 17.2     Frequency polygon for voter turnout in Texas counties  
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to the area of the histogram, and the area under the curve between two values of the vari-
able, as a percentage of the total area under the curve, is equal to the relative frequency of 
observations between those two variable values. 

 Line graphs of cumulative frequency distributions (% F in Table  17.2 ) are called ogives. 
These slope from bottom left to upper right usually in an S - shape, and show the total 
number or percentage of observations that are less than or equal to a certain value.  

  The Shape of a Frequency Polygon 

 Frequency distributions tend to have a concentration of values near the average for the vari-
able. This tends to create the hump shape of a distribution as in Figure  17.2 . The shape of a 
distribution is described in comparison with the normal distribution, which is also called the 
bell curve or the Gaussian distribution. This distribution is symmetric, which means that the 
left side of the graph is the mirror image of the right side. Those values of the variable that 
are below the  “ average ”  vary in the same way as the values that are above the average. 

 The uniform distribution is also symmetric. This is a distribution where all values of the 
variable occur with equal frequency, and the graph is a horizontal straight line. If a single 
dice is thrown repeatedly, and the values thrown are recorded, then the frequencies of each 
number should be approximately equal. That is, the numbers thrown will have a uniform 
distribution. This is what most people think of as random; namely an equal chance of occur-
rence. In a random sample of observations, every observation has an equal chance of being 
selected, but the likelihood of getting certain values of a variable measured on those observa-
tions depends on the shape of the frequency distribution for that variable. 

 The term  skew  means the distribution of values is not symmetric. Positive or right skew 
means that most of the observations are clustered around some value that is smaller than 
the average of all the values. There are a lot of small values, and a few exceptionally large 
ones. The frequency polygon has a tail to the right. Negative or left skew is the opposite 
of right skew. There is a cluster of large values with a few exceptionally small values. Right 
skew is far more common in social science variables than left skew. 

  Kurtosis  refers to the degree of fl atness of a frequency distribution. A leptokurtic dis-
tribution has a high degree of clustering of observations around a central value with a great 
degree of variation among a few small values and/or a few large values. A platykurtic dis-
tribution indicates a low degree of clustering of values. The uniform distribution is very 
platykurtic. The normal distribution is mesokurtic. It is the standard by which other dis-
tributions are considered leptokurtic or platykurtic. The distribution shown in Figure  17.2  
is neither uniform nor highly skewed. It has some tendency toward a normal shape, but it 
is not symmetric. It is slightly right skewed and leptokurtic.  

  Statistics for Describing Frequency Distributions 

  Central  t endency 

 Averages summarize the central location of a frequency distribution. They are called mea-
sures of  central tendency  because they tend to be near the center of a variable ’ s distribution 
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and tend to be the value around which most of the observations cluster. Thus averages are 
also referred to as the  “ norm. ”  

 The mode is the most frequently occurring value of a variable. It is only useful for 
nominal or ordinal variables since many ratio variables either do not have a mode, or have 
several modes. 

 If the values of the variable are arranged in order of size (including those observations 
that have a variable value of zero), the median is the value of the variable of the middle 
observation. So the median is also the 50th percentile. A median cannot be calculated for 
nominal data, but it is suitable for ordinal variables. The median of VTO is 49.86. Of the 
counties, 50 percent have a value of VTO that is less than or equal to 49.86, and 50 percent 
of the counties are above that value. 

 Percentiles in general do not measure central tendency, but they do provide a measure 
of location in a frequency distribution. SAT scores are scaled in such a way that the variable 
cannot be considered an interval/ratio scale. Your percentile, then, provides what a score 
of 1,100 out of 1,600 really means. If the 80th percentile is 1,100, 80 percent of those who 
took the exam had a score lower than or equal to 1,100 and 20 percent scored more. 

 Other names for percentiles are: the fi rst decile (the 10th percentile), the fi rst quartile 
(the 25th percentile, or bottom 25 percent), and the third quartile (the 75th percentile). 
The fi rst quartile for VTO is 46.63 and the third quartile is 56.07. The third quartile is 
farther from the median than is the fi rst quartile, indicative of the variable ’ s right skew. 

 The common understanding of average is actually called the arithmetic mean, or just 
mean. The symbol for the mean of variable X, calculated from sample data, is    X̄   . The 
symbol for the mean where variable X has been collected for the entire population (called 
the population parameter) is  μ  X  (pronounced  “ mu ” ). 

 The mean is calculated by adding all the values of the variable and dividing by the 
number of observations.
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 The mean applies to interval/ratio data, although the calculation of a mean rank (an ordinal 
variable) is commonly done, for example, grade point average. 

 Often the median and mean are quite different in value. If the variable is right skewed 
the mean will be larger than the median. The mean will be smaller than the median if the 
data is left skewed. This is because the mean is greatly infl uenced by exceptionally large or 
exceptionally small values, and the median is not. If the distribution is symmetric, they 
will be equal. In skewed data, the median may be a preferable measure if the intent of the 
 “ average ”  is to describe a  “ typical ”  value, but otherwise the mean is the preferred measure 
of  “ average ”  because it contains more information (every value of a variable contributes 
to the value of the mean), and because it is mathematically defi ned, its variation between 
samples drawn from a single population is known. The mean for VTO is 51.67, which is 
larger than the median, indicative of the right skew in the variable. 

 If several different samples of the same size are drawn from a single population, the 
different sample means will vary in value as will the different sample medians. If the dis-
tribution of the population variable is fairly symmetrical the sample means will vary less 
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around their true population mean than will the sample medians around their true popula-
tion median. Furthermore, the degree of variation of these sample means is known. The 
sample mean is, therefore, a more reliable estimator of the population mean than is the 
sample median of the population median.  

  Variation,  s pread or  d ispersion 

 The mean offers information about a distribution ’ s central tendency, but it tells us nothing 
about the amount of variability in a variable. For that we need statistics that describe  varia-
tion . The value of most measures of variation depends on the size of the numbers of the 
variable, i.e., on the unit of measurement of the variable. Comparing the variation of two 
variables with very different measurement units is therefore fruitless unless these variation 
measures are standardized in some way so that the variations are expressed relative to the 
average size of the numbers. 

 One important use for measures of variation is in statistical inference. If several samples 
of size  n  are drawn from a single population, the means of those samples will vary more 
as the variation in the variable increases. Therefore the degree of variation in the values of 
a variable affects how reliable a single sample statistic (like the sample mean,   X̄  ) is as an 
estimator of the population parameter ( μ  X ). 

 The range is the simplest measure of variability. It is found by taking the difference 
between the smallest and largest values of a variable. The smallest value of VTO is 23.92, 
and the largest is 91.14. The difference of 67.22 is the range. The range depends entirely 
on the two extreme values of a variable. So while it is simple, it is relatively useless. The 
inter - quartile range is the range between the 25th and 75th percentiles (56.07    −    46.63   =   9.44 
for VTO). The decile deviation is the range between the 10th and 90th percentiles. These 
measures remove the effect of extreme values, but there are more useful measures of varia-
tion in a variable that utilize the information contained in all of its values. 

 A deviation is the distance that a variable value is from a statistic, usually the mean. 
Algebraically it is written as:  x    =    X     −      X̄   for variable  X . Values that are below the mean will 
have negative values. The average distance of each value from its mean on both sides of 
the mean is an intuitively appealing measure of variation. But the sum of the deviations 
around the mean is zero. The deviations around the mean can be made positive by squar-
ing them. The average (or mean) squared deviation around the mean is called the variance. 
The sum of the squared deviations is called the total variation of the variable or the sum 
of squares. The fi rst formula below is for the sample variance (s 2 ), and the second formula 
is for the population variance (  σ   2 ). Division by  n   −  1 to calculate the sample variance is 
because that provides the best estimate of the population variance. A sample is unlikely to 
include an unusual extreme value of the variable, which infl ates the variance, and so the 
sample estimate of it is infl ated by using  n   − 1 as the divisor.
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 The variance for VTO is 81.79. Its metric is squared percent. To convert variance to a 
metric that is the same as the original variable, we use the standard deviation, which is the 
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square root of the variance. Its symbols are  s  for the sample statistic, and  σ  (sigma) for the 
population variance. It is usually much smaller than the variance, unless the variance is 
less than one. The standard deviation for VTO is 9.04 (percent). 

 The standard deviation is only applicable to interval/ratio data, and it is the most 
common measure of variation for such data, even though its intuitive meaning is hard to 
grasp. Its value is sensitive to extreme values in the data because of the squaring of the 
deviations. We do, however, have a good idea of how many values of a variable should be 
within a certain number of standard deviations from the mean (see Box  17.1 ).    

  Coeffi cient of  v ariation 

 Often it is desirable to compare the variation in two variables that have the same units of 
measurement but very different means. For instance, we may want to see if income 
inequalities, as measured by the standard deviation for per capita county incomes in a state, 
are decreasing or increasing over time. Over a 30 year time span, however, per capita 
incomes have increased 3 - fold on average, and so the standard deviation should have 

  Box 17.1    Chebyshev ’ s Inequality 

    Chebyshev ’ s inequality (also known as Chebyshev ’ s theorem) indicates that, no 

matter what the shape of the frequency distribution, at least
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the values are within  k  (for  k     >    1) standard deviations either side of the mean. So at 
least 88.89% of the values of a variable must be within three standard deviations of 
the mean. Usually almost 100 percent of the values are within 3 standard deviations 
of the mean. 

 If a variable has a normal distribution, exactly 68.26 percent of the values fall 
within one standard deviation from the mean, 95.44% within two standard devia-
tions of the mean, and 99.74% within three standard deviations. So values that are 
more than 3 standard deviations from the mean are very unusual, and may indicate 
a data error. 

 In the data for VTO, three standard deviations below and above the mean lie at 
24.54 and 78.80, and two standard deviations of the mean results in values of 33.58 
or 69.75. In the actual data, one value of VTO is less than 24.54 and four are greater 
than 78.80. So 98.03 percent of the values are within three standard deviations of the 
mean. Five values are smaller than two standard deviations below the mean, and 7 
values are more than two standard deviations above the mean. So 95.28 percent are 
within two standard deviations of the mean. But one value is more than four stan-
dard deviations above the mean, and so the distribution cannot be regarded as 
normal.  
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increased three - fold over time even though relative variation in incomes may not have 
changed. 

 The coeffi cient of variation solves this problem of comparisons. It is calculated as the 
standard deviation divided by the mean ( s/ X̄  ). This calculation standardizes the standard 
deviation for the average size of the variable values, and so enables a comparison of the 
kind described. If the coeffi cient of variation increased over time, then regional inequalities 
of income within a state have increased over time.  

   Z   s cores 

 Standard scores or  z - scores  express a value of a variable as the number of standard devia-
tion units that the value is from the mean. That is,
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and so

    X X zs X z= + = +or μ σ     (17.4)   

 This states that a value equals the mean plus z standard deviations. If the value is below 
the mean, z will be negative, and the value will equal the mean minus z standard deviations. 
For example, a value of  − 1.5 for z means that the X value for which it was calculated is 1.5 
standard deviations less than its mean. The transformation of the values of a variable into 
z - scores allows comparison of variables that not only have different means, but also have 
different units of measurement. Sometimes z - scores are referred to as normalized scores, 
but this a misnomer, because if the variable does not have a normal distribution, neither 
do the z - scores. 

 The smallest value of VTO is 23.92. (23.92    −    51.67)/9.044 equals  − 3.068, which is the 
z - score for 23.92. As noted above, three standard deviations below the mean is 
51.67    −    3(9.044), which equals 24.54. 23.92 is the only value smaller than three standard 
deviations below the mean. Three standard deviations above the mean is calculated as 
51.67   +   3(9.044), which equals 78.80. The largest value of 91.14 is (91.14    −    51.67)/9.044, 
which equals a z - score of 4.364. So it is 4.364 standard deviations above the mean, and 
it is one of four values that are more than three standard deviations above the mean. 

 The discussion above illustrates that Z - scores can be used to determine whether a vari-
able ’ s frequency distribution approximates that of a normal distribution. Z - scores, calcu-
lated for a variable that has a normal distribution, have a mean equal to 0 and a standard 
deviation equal to 1, and the frequency polygon for these z - curves has a total area equal 
to 1. The discussion of frequency polygons noted that the area between two values of X 
expressed as a total proportion of the area under the frequency polygon is equal to the 
proportion of all values of X that are between those two values. The area between any two 
z - scores in a normal distribution with a mean of zero and a standard deviation equal to 
one is equal to the proportion of all z - scores that are between those two values. The areas, 
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and therefore the proportions, that are between any z - score and the mean of 0 are provided 
in all introductory statistics books. They also tabulate these proportions (areas under the 
curves) for other important frequency distributions including the t - distribution, the F, the 
binomial, and the Chi - square ( χ  2 ) distributions.   

  Describing Relationships between Variables 

 Analyzing relationships between variables can be done with tables, graphs, and statistics. 
Different procedures have been developed for different types of data. We often use con-
tingency tables for nominal and ordinal data, and scatter diagrams and correlation coef-
fi cients for ratio and interval data. 

  Contingency  t ables 

 A bi - variate contingency table shows how the values of a variable are distributed depending 
on the values of another variable. The number of observations in a category of one variable 
is  “ contingent ”  on which category of the other variable to which each observation belongs. 
More than two variables can be shown, but generally the limit is three, because a large 
number of observations are needed to show the distribution of a variable contingent on 
the values of two other variables. 

 In Table  17.3 , the functional types of Table  17.1  have been regrouped into three city 
types. The population growth rates of the SMSAs from 1950 to 1980 have also been 
grouped. The cell frequencies (33, 11 etc.) are the number of observations. Thus, 33 of the 
52 cities with growth rates below 40 percent were classifi ed as manufacturing or diversifi ed/
manufacturing. 

 Functional type is a nominal variable. Grouping of the growth rates, a ratio variable, 
has made it into an ordinal variable. Tables such as these are used to show the relationship 
between two variables in which a large number of observations fall in each category of the 

  Table 17.3     US  urban growth rates, 1950 – 80, by urban functional type 

   Population growth     Functional type, 1950     Total  

   Manufacturing     Service     Government/Prof  

   < 40%    33    11    8    52  
  (58.93)    (36.67)    (13.56)    (35.86)  

  40.01% – 75.0%    20    11    21    52  
  (35.71)    (36.67)    (35.59)    (35.86)  

   > 75.0%    3    8    30    41  
  (5.36)    (26.67)    (50.85)    (28.28)  

  Total    56    30    59    145  

    Notes :   Proportions (%) within categories are shown in parentheses under numeric counts.   
  Source :   Data from Subramaniam - Bryson  (1991)  
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variables. Therefore, contingency tables are generally used to show relationships among 
nominal and ordinal variables. 

 Growth rate is the dependent variable in Table  17.3 , and functional type is the inde-
pendent variable (see Chapter  4 ). This is because functional type in 1950 could not be 
 “ caused ”  by subsequent growth rates. The categories of the dependent variable should 
always be down the side of the table with the categories of the independent variable across 
the top (just like graphs). This makes the relationship shown in the table much more 
apparent. 

 The percentages in Table  17.3  are calculated to see if there is a difference between the 
functional types in terms of how fast the cities grew. Given that the dependent variable is 
down the side, the cell frequencies are calculated as a percentage of the column totals. So 
33 as a percentage of 56 is 58.93. The percentages show that manufacturing cities grew the 
least as refl ected by the 59 percent in the lowest growth category and the 5 percent in the 
highest growth category. The government and professional cities tended to grow the fastest, 
with service cities having a more balanced pattern. Functional type in 1950 seems to have 
had a strong infl uence on subsequent growth rates (see Box  17.2 ).   

 It is possible that the relationship is spurious. Regional location in the US can infl uence 
both functional type and urban growth rates. To assess the relative impact of regional 
location, the country could be divided into three regions (say north, south and west), and 
region could then be included in a three - way table to see if functional type infl uences 
growth rates when region is controlled. As an independent variable, the three categories 
of region would also be on the top of the table. Each category of region is then divided 
into the three functional types, resulting in nine categories across the top of the table, and 
with three growth categories, there would be 27 total cells. At this level of detail, some cells 
might record no observations. Relative frequencies could still be calculated as a percentage 
of the column totals. If a high percentage of manufacturing cities have a low growth rate 
in every region, then functional type is exerting an independent infl uence on growth rates. 
If the low growth rate manufacturing cities tend to be in only one region, then it is region 
that is infl uencing the growth rates. In fact, both variables have had strong independent 
effects on urban growth rates.  

  Scatter  d iagrams and  c orrelation  c oeffi cients 

 Tables are valuable when we are examining relationships between ordinal and nominal 
variables. But when we have ratio or interval data, scatter diagrams (also called scatter 
plots) and simple correlation coeffi cients are more appropriate. Scatter diagrams are 
graphs that take advantage of the fact that interval/ratio variables contain information 
about the magnitude of differences between all pairs of observations. These graphs plot 
the variable values of each observation in two dimensions. By convention, in graphing 
these variables we put the dependent variable, Y, on the vertical axis, and the independent 
variable, X, on the horizontal axis. Visualization of these plots is a straightforward way to 
assess whether or not relationships exist. It can also tell us something about the form of 
the relationship (positive, negative, linear, non - linear). If the points in the scatter diagram 
appear to follow a straight line, then a line that describes the average relationship can be 
fi tted to the points. We take up that technique in Chapter  18 ; for purposes of illustration, 
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  Box 17.2    Cramer ’ s  V  

    Cramer ’ s V is a Chi - square based correlation coeffi cient, which in turn is based on 
the difference between the actual cell frequencies and the expected frequencies if the 
two variables were completely independent of each other. In Table  17.3 , 35.86 
percent of all the cities had growth rates lower than 40 percent. If the two variables 
are uncorrelated, then 35.86 percent of each city type should have growth rates that 
are less than 40 percent. Of the 56 cities in the manufacturing group, 35.86 percent 
is 20.08, and so 20.08 of those cities should have had growth rates below 40 percent. 
The service group should have had 10.76 with growth rates below 40 percent, and 
the expected frequency for the government/prof group is 21.16. A direct formula to 
calculate expected frequencies is:

    f row total for the cell column total for the cell ne = ( )( )( )     (17.5)  

where n is the total number of observations. For the fi rst cell f e    =   (52)(56)/145   =   20.08 
as before. Actually, 33 of the cities in the manufacturing group have low growth 
compared to the expected value of 20.08, and only 8 of the government/prof cities 
have low growth rates where 21.16 was expected if the two variables are independent 
of each other. Calculating all the expected frequencies reveals that government/prof 
cities tend to be in the third category (highest growth rate) of the dependent variable, 
and the manufacturing cities tend to be concentrated in the fi rst category of growth 
rate. That describes the  “ nature ”  of the relationship. 

 Chi - square ( χ  2 ) is a statistic that derives from the differences between the observed 
frequencies and expected frequencies in all the cells.
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where f o  and f e  are observed and expected frequencies in each cell, and the summa-
tion is over all the cells. The equation states that the difference between observed 
and expected frequencies are squared and then divided by the expected frequency 
for the cell. These quantities are then added for all the cells. In Table  17.3  they add 
up to 37.572.   

 Cramer ’ s V, then, is an index between 0 and 1 (from no relationship to a perfect 
one), and is calculated as:
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where r is the number of rows, and c is the number of columns. The denominator 
under the radical means that the number of observations (n) is multiplied by the 
smallest of r  −  1 and c  −  1. Cramer ’ s V can be calculated for non - symmetric tables, 
i.e., where r does not equal c. So Cramer ’ s V is the square root of 37.572/((145)(2)), 
which equals .36. The relationship is not quite as strong as the table suggests because 
the expected frequencies and observed frequencies are only markedly different in the 
four corner cells of the table. Otherwise functional type is not a good predictor of 
which category of growth an observation falls in.  
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however, the scatter diagrams in this chapter show the  “ best fi t ”  line through the pattern 
of points. 

 There are a number of different correlation statistics for variables of differing levels of 
measurement. The most commonly reported for interval and ratio data is Pearson ’ s 
product moment correlation coeffi cient. It is a simple, single measure that tells us the 
degree to which two variables  “ co - vary, ”  or move about their means, in similar or dissimi-
lar ways (or not at all). The measure, known as  r , ranges from  − 1.0, through 0, and on to 
+1.0. The negative and positive endpoints tell you that you have a perfect correlation 
between the two measures; this is when the two variables are actually the same, and if you 
were to encounter such a result you would want to re - check your data. In between these 
extremes, however, are degrees of correlation between variables: for example, between 
snowfall in November to February and river heights in March and April (hypothesis: posi-
tive); between poverty rates and levels of education (hypothesis: negative); between eleva-
tion and the density of trees (hypothesis: negative); between price per square foot of retail 
space and distance to the downtown (hypothesis: negative); between hours studying geog-
raphy and geography GPA (hypothesis: positive). 

 The formula for the Pearson product moment correlation is:

    
r

X X Y Y n

s sx y

=
−( ) −( )

⋅
∑

   
 (17.8)   

 This is one of the most important measures in all of science, and for that reason it is worth-
while taking a few paragraphs to see how it works. First, recall that X and Y are the indepen-
dent and dependent variables, respectively, and s x  and s y  are their standard deviations. 
Recall, second, that the measure varies between  − 1.0 and +1.0, with positive values of  r  
indicating a positive association and negative values of  r  showing an inverse relationship. 
How does the formula work to create this outcome? For each individual observation ’ s value 
on X and Y, we take its deviation from the mean of X and Y, and make a product of that 
value. The product will be zero if either of the values fall on their respective mean; if both 
values are greater than their means, then the value returned is positive; the same holds true 
if both values are negative (since two negative products produce a positive value); and if one 
is higher and the other lower than their means, then the returned value will be negative. In 
terms of relationships, when positive values are being consistently returned it means that 
the dataset is characterized by observations in which high values on one variable are found 
with high values of the other, and that when low values appear, so too do low values in the 
other variable. This is a case of a positive, or direct, relationship. When negative products 
dominate, then the situation is reversed: low values on one variable are found alongside high 
values of the other. Note that  “ positive ”  and  “ negative ”  refer to the direction of the relation-
ship, and not its strength. A correlation of +0.6 is weaker than a correlation of  − 0.7. 

 We follow this calculation for each observation in the data set, keeping a running total 
as indicated by the summation sign. The resulting sum tells us the direction of the relation-
ship under study: (a) if positive, then the correlation coeffi cient is positive; (b) if negative, 
then the relationship is negative; and (c) if the value is zero, or very low, then throughout 
the procedure the positive results have been cancelled out by the negative ones, and there 
is no consistency in the extent to which the two variables co - vary with respect to their 
individual means. 
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 The remaining operations are essentially aimed at scaling  r  to a dimensionless number 
that can be compared across variables and, indeed, data sets. First, the numerator ’ s division 
by  n  creates an average of the case - by - case product deviations. This value ’ s metric is in 
X · Y, however; to convert it to  r  we simply divide through by s x  · s y,  the standard deviations 
of X and Y which are already in the metric of X · Y. This operation thus divides a product 
of X and Y by another product of the same, giving us a measure that is independent of the 
values of X or Y. Re - scaled to remove the variability in both variables,  r  therefore ranges 
from  − 1.0 to +1.0. Generally speaking, for analyses with  n     >    50, values of  r  greater than 
+0.25 or less than  − 0.25 tend to be  “ statistically signifi cant ”   –  that is, large enough for us 
to assume that a relationship really exists, even though it might be hidden by the operation 
of other factors working on causing variation in Y (the missing variable problem). 

 The relationship between scatter diagrams and correlation coeffi cients is shown in 
Figure  17.3 , below. The best fi t lines (described in Chapter  18 ) are shown for convenience. 
They summarize the scatter of points, but as you can see they should prove useful should 
you want to predict values of Y (vertical axis) based on values of X (horizontal axis).   

 Finally, you should keep in mind that while researchers often key in on linear relation-
ships, in which case observations are oriented around a straight line through them (as in 
the top two panels of Figure  17.3 ), in actuality relationships can be much more complex. 
This is why you need to visualize data, so that you do not rely on a single measure like the 
correlation coeffi cient (Clark  1951 ). Scatter diagrams can help reveal all sorts of other 
relationships. For example, as the X - values increase the Y - values could tend to decrease, 
and then increase again as the X - values further increase. Such a U - shaped relationship is 
called a quadratic. The relationship could also be an inverted - U, a quadratic relationship 
in which Y - values tend to fi rst increase and then decline. Scatter diagrams are also impor-

     Figure 17.3     Scatter diagrams, correlation coeffi cients, and best fi t lines  

r = 0.9 r = –0.7

r = –0.2 r = 0.0
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tant for identifying J - shaped or inverted J - shaped curves, and for detecting the common 
S - shaped curve, such as we fi nd in studies of diffusion, among others.   

  Conclusion 

 Descriptive accounts of numerical data combine tabular arrays, graphs, and single statisti-
cal measures (means, standard deviations, correlation coeffi cients). Knowing your data 
descriptively is the fi rst and most important step in data analysis. It enables you to spot 
problems in data collection (such as extreme values, or outliers); it gives you an intimacy 
with the observations and their variables (individually and in combination with other 
variables); and it helps guide you in posing higher order questions about causality or 
explanation, including those that recognize a world that is largely multivariate  –  or mul-
tiply caused. The fi rst step in the explanation of this complexly interrelated world, however, 
is to know your variable ’ s tendencies, variability, and simple relations with other 
variables.   
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  Additional Resources 
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August 25, 2009).  

  There are a number of websites with interactive scatter diagrams and correlation analyses. Some 
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a popular coffee table choice.                    

    Exercise 17.1   Scatter Diagrams and Simple 
Correlation Coeffi cients 

 The data below is for the 15 counties of Arizona (US Bureau of the Census 2000). The fi rst 
variable is the percent of total persons below the poverty line. The second variable is the 

  Table 17.4    Data for Exercise 17.1 

   County    (Y)    (X)     (Y  −    Y)     (X  −    X )     (Y  −    Y) · (X  −    X)  

   Poverty      < High school  

  Apache    37.8    36.4              
  Cochise    17.7    20.5              
  Coconino    18.2    16.2              
  Gila    17.4    21.8              
  Graham    23.0    24.4              
  Greenlee    9.9    17.5              
  La Paz    19.6    30.7              
  Maricopa    11.7    17.5              
  Mohave    13.9    22.5              
  Navajo    29.5    28.8              
  Pima    14.7    16.6              
  Pinal    16.9    27.3              
  Santa Cruz    24.5    39.3              
  Yavapa    11.9    15.3              
  Yuma    19.2    34.2              
   Totals                       
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percent of the over 25 population with less than a high school diploma. Assume for this 
problem that poverty is dependent (Y) and that education is independent (X). We want 
to visualize the relationship between these two variables and compute a correlation 
coeffi cient. 

 Using a piece of graph paper, plot the 15 counties ’  values in Y and X space. Does it 
appear that this data offers a positive, negative, or no relationship? Based on the scatter 
diagrams in Figure  17.3 , what do you predict the correlation coeffi cient to be? 

 Now calculate the correlation coeffi cient for this set of data. You can use the space in 
the table provided or make a copy of the page and use that as a worksheet. A hand calcula-
tor is permitted, but the point of the exercise is to get a feel for the calculations involved. 
After calculating  r , does there appear to be a strong or weak relationship in the data? If 
you were an offi cial of the state of Arizona, what would you conclude on the basis of this 
short exercise?    
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  Introduction 

 In this chapter we continue our look into statistical reasoning that we began in Chapter 
 17 . Here, however, we take up the topic of explanatory as opposed to descriptive statistics. 
As in that chapter, we introduce only a modest number of tools. The main focus nonethe-
less remains: to give you a clearer idea about how researchers think through their problems. 
In this chapter the problem is causality. In what follows we fi rst give an overview of some 
of the basics about causality in experimental and non - controlled research settings. We then 
cover simple and multivariate regression analysis (see Johnston  1978 ). 
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 Regression is the workhorse of statistical explanation. Learning how it works is a tre-
mendous aid in thinking causally about the world: about how things vary and why, and 
about how we can be fooled into making incorrect conclusions if we don ’ t pay suffi cient 
attention to our data and to the assumptions we make in our analyses.  

  Thinking Causality Statistically 

 A major purpose of statistics is to describe the strength and nature of the relationship 
between two variables. This is done with the purpose of providing evidence that one vari-
able  “ causes ”  the other. The causal variable is considered the  independent  variable (X) 
and the response variable is the  dependent  variable (Y). The independent variable is the 
one whose values are given, or can be controlled in an experimental situation. The depen-
dent variable is the one hypothesized to vary with, or to respond to, the independent 
variable. 

 For scientifi c analysis of this sort to be successful, there is a requirement that X has some 
independent effect on Y  –  independent in terms of other potentially causal variables. Often 
this is not the case. Many times different X variables share similar patterns of variation, 
and sometimes they are so similar that it is diffi cult if not impossible to sort out their 
independent effects on Y. This is an extraordinarily important issue in validating cause. If 
X 1  and X 2  share half of their total variation in common, how can we sort out which of the 
Xs is causing Y? This is known as the  multicollinearity  problem; we return to it below. 
Equally important, the values of the dependent variable should, theoretically speaking, not 
infl uence the values of the independent variable. In practice, especially in human geogra-
phy, this may not be the case (see Chapter  2 ). If the relationship between X and Y is 
recursive (i.e.,  X    ↔    Y ), then how much of what we uncover is X causing Y, and how much 
is Y causing X? 

 The complications of independence can be obviated in some disciplines through the 
experimental method. This method pivots on the idea of independent effects, how they 
are measured, and the hazards of assigning the  “ cause ”  label to an X variable even if it is 
clearly an independent effect. Most importantly, a controlled experiment is the best way 
to remove the effects of other confounding variables that confuse our assessment of the 
relationship between X and Y. For example, to determine whether chemical X causes 
cancer, two groups of rats can be randomly selected from a single pool of genetically identi-
cal rats. One group is the control group and the other is the experimental group. The only 
difference between the two groups is that every rat in the experimental group will get X 
on a regular basis, and none of the rats in the control group get it. If after one year, 20 out 
of 100 rats in the experimental group have contracted cancer while only 4 out of 100 rats 
in the control group contracted it, then the X in the diet must have caused it because that 
was the only difference that existed between the two groups. If we make X vary from small 
to medium to high doses, and the progress of cancer responds to these different amounts, 
then we have even more evidence for the relationship between X and Y. Varying the dosage 
rate might also suggest to us different threshold amounts of the chemical, beyond which 
cancer begins to emerge. 

 Another possibility is that X is carcinogenic only when it interacts with another sub-
stance, which may have been present in the laboratory situation but is not normally present 
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in the real world. When two substances interact to generate an effect, which neither can 
produce by themselves, this is called synergy. It is more usual that X does not cause cancer 
in the experimental situation, but in the real world it does, because of synergy with some 
unknown substance that it is more likely to meet. Positive synergy is when the combined 
effect is multiplicative, rather than the effect being that of adding the two independent 
effects. Negative synergy is when the presence of two factors negates the effect of one or 
both, or the combined effect of the two factors is less than the sum of their independent 
effects. Positive and negative synergies are concepts that apply to effects measured as ratio 
variables, and each variable is having an effect on the response variable. But, science teaches 
us that there can also be a catalyst variable. Something may be present in the experimental 
situation that does not induce an effect on Y by itself, but it does induce an interaction 
between X and Y when present, and there is no interaction or relationship between X and 
Y when it absent. Synergy and catalyst variables are a huge problem in establishing cause 
and effect, especially in medical research, because all combinations of causative factors 
must be tried to reveal it, and this is monetarily not practical (see Table  18.1 ).   

 Further complicating the issue is the fact that if X does cause cancer in rats, this 
does not mean it will cause cancer in humans. It probably will because rats are not 
that genetically different from humans, but while most factors that cause cancer in rats 
probably do so in humans, not all will, because of our genetic difference with rats, and 
because the environments we live in (and the synergy and catalyst factors we experience) 
are also somewhat different. Note that this problem is not one of false analogy. False 
analogies are logically fl awed, and are a separate problem in measurement and 
interpretation. 

 Finally, the relationship between X and cancer may simply be coincidence. A major task 
for statistics in the above study is to decide if the difference between 4 out of 100 (4%) 
and 20 out of 100 (20%) is statistically signifi cant. If neither group of rats had received X, 

  Table 18.1    Types of causal relations 

 

Type of relation Graphic representation

Simple causal relation with independence X → Y

Multivariate causal relation with independence

X2

↓
X1 → Y

Recursive relations X ↔ Y

Multicollinearity

X1 ↔ X2

↓ ↓
Y

Multiplicative synergy X2 · X1 → Y

Catalyst effect

X2

↓
X1 → Y
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what is the chance that there were 4 incidences of cancer in one group and 20 in the other; 
that is, just by luck? This chance or probability can be calculated, and in fact its value is 
0.0004 or 0.04%. Thus the difference could have happened by chance, but it is extremely 
unlikely. The researchers would therefore conclude that the differences in the occurrence 
of cancer were because of X, and that if the experiment were run on one million rats, there 
would be a higher rate of cancer in those that received X than in those that did not. This 
is statistical inference   –   the work of inferring from a sample of observations to the popula-
tion of observations. 

 A population of observations is all possible observations relevant to a study (Chapter 
 6 ). In the above instance it is all rats at all times. One requirement of a random sample is 
that the chosen observations must be independent of one another (a third issue with 
respect to the word independence). If that is not true, the independent effect of X on Y 
cannot be identifi ed. In the described experiment this requirement has actually been 
fl outed, because the rats are genetically identical, and therefore not representative of all 
rats. So these rats may lack a gene that is needed to acquire cancer as a result of exposure 
to X, or they may have a gene, which most lack, that causes cancer as a result of 
exposure to X. So our ability to infer to the population is partly the result of the indepen-
dence of the observations. 

 These issues are more easily controlled for in experimental situations, but are less so in 
social contexts. When households in a neighborhood are sampled for a study, the people 
interviewed are not independent; they share a  “ neighborhood effect ”  (e.g., similar class, 
ethnic, and national origin backgrounds). When surveys are administered over land lines, 
you miss those people who only carry cell phones. When counties in a state are the units 
of observation, the ones closer to one another will tend to be more alike, and therefore not 
independent. The same can be true of weather stations, river gauges, and the pixels that 
record vegetative cover through a remote sensing device. Statistics was invented for a world 
of independence; but outside of experimental situations, a great number of our observa-
tions are interdependent upon one another. This problem is called autocorrelation; 
if the units involved are dependent because they share a common geography (e.g., 
common boundary, propinquity, spatial connection), then the problem is called  spatial 
autocorrelation .  

  Experiments on Humans? 

 What if we turn to the laboratory to design an experiment for humans that both identifi es 
the independent effect of a variable and removes confounding variables? One problem we 
might have is ethical: there are some experiments scientists will conduct on animals that 
they won ’ t sanction for human populations (note that many animal rights activists and 
ethicists are against animal experimentation as well). When researchers do conduct experi-
ments on humans, say to see what substances or treatments may cure disease, one group 
usually receives a treatment (stimulus) and another group doesn ’ t. If the treatment is 
effective, members of the group that didn ’ t receive it may die or die sooner than the treat-
ment group. This sounds terrible, but it is the only way to really determine if a treatment 
is effective. Many people have died by not getting the right treatment, and many have 
received damaging treatments that were of no benefi t. 
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 Another problem in human experiments is that there are no identical individuals to 
place into groups. So people are randomly selected into two groups. The individuals in 
each group are not identical to each other, but hopefully the variation in attributes of 
individuals within the groups is the same. In this case independence among observations 
is controlled by random sampling. 

 A remaining issue, however, may be the contamination of experiments because the 
groups think they know they are, or are not, receiving the treatment. This is the placebo 
effect. In a double - blind experiment, the staff that administers a drug to patients does not 
know whether an individual is actually getting the drug or the placebo. Otherwise they 
may affect the outcome. They may feel sorry for those who are getting the placebo and 
somehow communicate a sense of  “ no hope, ”  which depresses the patient and lowers their 
chance of improvement. In a triple - blind experiment the researchers who measure whether 
the patients have  “ improved ”  or are  “ cured ”  also do not know who got the drug and who 
got the placebo. Otherwise, their interpretation of improvement may be biased. 

 As you can see, even in the ideal research setting of experiments, the measurement of 
an independent relationship between two variables is actually fraught with error, and open 
to misinterpretation. And although scientists are well aware of the infl uence of confound-
ing variables on the independent relationship between two variables, they sometimes fail 
to question whether the relationship depends entirely on context (i.e., the presence of a 
catalyst). 

 For most geographic and social science research problems the experimental method 
cannot be used. One group of counties cannot be asked to try things one way while another 
group of similar counties tries things some other way. To identify an independent relation-
ship between two variables, therefore, requires that we attempt to control the variation in 
a large number of variables so that we can focus in on the variable whose causal effi cacy 
is of primary interest. Analytically, this can present great diffi culties; there are simply very 
few natural experiments out there in the  “ real world. ”   

  Simple Linear Regression and Correlation 

 Regression describes the co - variation of two variables measured on an interval/ratio scale. 
A simple regression means there is only one independent variable. Correlation describes 
the closeness or strength of that co - variation (Chapter  17 ). If the points in the scatter 
diagram appear to follow a straight line, then such a line that describes the average rela-
tionship can be fi tted to the points. Linear regression is fi nding the equation of the line 
that best fi ts the scatter. 

 Figure  18.1  shows a weak positive relationship between the Democratic party vote in 
1980 (Y, or DEMVOTE) among selected Texas counties and the percentage of the county 
population below the poverty line (X, or PERPOV), with the regression line plotted on the 
scatter (Chapter  17  and Tebben  1990 ). The equation for a regression line has the form:

    Ŷ a bXi i= +     (18.1)     

   Ŷ   is the predicted value given the value of X. The subscript  “ i ”  refers to the i th  observation 
of X and Y. The parameters  “ a ”  and  “ b ”  are called the constant and the regression 
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coeffi cient, respectively. The constant is the predicted value of Y where X is zero; it is also 
called the intercept and can be read off the Y axis at that point. The regression coeffi cient 
is also called the slope, because it is the slope of the line. It also is a measure of the predicted 
change in Y if the value of X is increased by one unit. The regression coeffi cient would be 
negative if Y decreases as X increases, describing an inverse relationship. 

 The regression line for the 30 county set of observations is:

    DEMVOTE PERPOV= + ⋅28 55 0 86. .     (18.2)   

 For all of the state ’ s 254 counties, the equation is:

    DEMVOTE PERPOV= + ⋅29 71 0 81. .     (18.3)   

 The latter equation indicates that, on average, a county that has a PERPOV value 
one unit higher than another county should have a vote for the Democrat that is 0.81 
units (percent) higher. The inference is that counties with more poor people are 
more likely to vote Democrat. PERPOV is measured in percent, as is DEMVOTE, so in 
this case an increase of one percent in PERPOV increases DEMVOTE by 0.81 percentage 
points. 

 To estimate the Y value for a particular observation given its X value, the X value is 
simply plugged into the regression equation. The vertical or Y - axis difference between an 
observation ’ s actual value on Y and the value predicted from the regression equation is the 
prediction error for that observation. For example, one county has a value for PERPOV 
of 20.6 percent. Putting this value into the regression equation for the 30 counties results 
in a DEMVOTE prediction of 46.27 (28.55   +   0.86(20.6)). The actual value of DEMVOTE 
for that county was 30.1 percent. The prediction error is written as e i    =    Y i      −       Ŷ     i  , and was 
30.1    −    46.27   =    − 16.17 for the example observation. Observations below the regression line 
will have negative errors (actual less than predicted), and those above the regression 
line will have positive errors (actual more than predicted). The prediction error is usually 
called a residual. 

     Figure 18.1     DEMVOTE (vertical axis) and PERPOV (horizontal axis)  

y = 0.8574x + 28.546

20

30

40

50

60

70

80

5 10 15 20 25 30 35



 Explanatory Statistics 303

 If the prediction errors of all the observations are squared, and then the squared devia-
tions are summed, the total is called the error sum of squares or residual sum of squares 
(RSS).

 
   
RSS = = −( )∑∑e Y Yi i i

2 2ˆ     (18.4)   

 The computer calculates values for the regression coeffi cient (b) and constant (a) that 
minimizes the error or residual sum of squares. The regression equation is therefore called 
the least - squares linear regression equation, and this equation is also considered the best - fi t 
line. The regression line that results is unique. There is only one possible value for  “ a ”  and 
only one possible value for  “ b ”  for which the sum is minimized. Visually, if you were to 
imagine increasing or decreasing the slope of the line in Figure  18.1 , you should be able 
to see that it would increase overall squared error; likewise if you were to raise or lower 
the line (increasing or decreasing the intercept), the error will also appear to increase. Thus, 
the sum of the squared errors around the line is less than the sum of the squared errors 
around any other line. 

 Notice how the linear regression line tracks Y for all observations that have a given value 
of X. So the regression line is really a moving average of Y that is a linear function of the 
X variable. 

 The regression errors are equivalent to deviations around this moving mean. 
Computationally, the errors around the regression line are handled in the same manner 
as variation in a variable around a mean (Chapter  17 ). The errors are squared, summed 
across all observations, and averaged, just as in the calculation of variance. Division of the 
residual sum of squares by the number of observations provides the regression variance. 
The best estimate of the population regression variance, however, requires that the residual 
sum of squares be divided by  n   −  2. The standard deviation of the residuals is therefore 
calculated by taking the square root of the regression variance. But this term is not called 
a standard deviation. It is called the standard error of the estimate or just the standard 
error. Its symbols are s e  for sample data, and  σ  e  for the population.
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 The standard error of the estimate for the regression of DEMVOTE against PERPOV is 
10.14. The standard deviation of DEMVOTE is 11.72. PERPOV has therefore  “ explained ”  
some of the variation in the DEMVOTE variable. To fi nd out how much statistical expla-
nation has occurred, we go back to the total variance in the variable. The difference between 
a Y value and its mean ( Y i      −      Y ) can be viewed as being composed of two parts: the varia-
tion that can be explained (or is  “ caused ” ) by the X value   Ŷ  i      −      Y , and the error  Y i      −      Ŷ  i  , 
which is that portion that X cannot account for. The residual or error sum of squares (RSS) 
was explained above. The total variation or total sum of squares was introduced in Chapter 
 17 . Here we write it as:

 
   
TSS = −( )∑ Y Yi

2
    (18.6)   
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 The explained sum of squares is ESS   =    Σ  (  Ŷ  i      −      Y ) 2 . It has been proven that the explained 
sum of squares plus the residual (or unexplained) sum of squares equals the total sum of 
squares. If the explained sum of squares is then divided by the total sum of squares, the 
result is the proportion of the total variation in the Y values that is  “ explained ”  by the X 
variable. This result is the  coeffi cient of determination , or r 2 : the proportion of the total 
variation of Y explained by the linear relationship with the independent variable. 

 Since r 2  is a proportion, its values vary between 0 and 1. A value of 1 means the explained 
sum of squares equals the total sum of squares; so all the scatter diagram points would be 
on the straight line, and there would be no errors. An r 2  of zero means that the unexplained 
sum of squares equals the total sum of squares, and the regression line will be horizontal 
and equal to the mean of Y, or   Y . Also, the regression coeffi cient will be zero, and the 
constant equal to the mean of Y. 

 The square root of r 2  is  ± r, which in the simple regression case is the same as Pearson ’ s 
correlation coeffi cient, which was described in Chapter  17 . The r 2  for DEMVOTE regressed 
against PERPOV is .255 for all 254 counties. The Pearson ’ s is +.505. Pearson ’ s always has 
a larger absolute value than r 2 , and so reporting it alone makes the relationship look stron-
ger than it really is, in addition to the fact that it describes the strength and direction of a 
linear relationship with a single number. If r is .20 the r 2  is .04, which indicates virtually 
no linear relationship, but the r doesn ’ t look that bad. Research that only reports the cor-
relation coeffi cient must be viewed with skepticism. Is a linear relationship the most 
appropriate? Does the relationship exist because of one or two observation values? Do the 
errors have a normal distribution? 

 There is meaning to r 2 . An r 2  of .8 is twice as good as a .4. But this is not true of r. R is 
only an index of the closeness of a linear relationship and .5 is better than .25 but not twice 
as good. If there is no relationship between X and Y then r   =   r 2    =   b   =   0. But, if r   =   r 2    =   b   =   0, 
this does not mean that there is no relationship between X and Y; it only means there is 
no linear relationship between them. 

 In the case of bivariate (simple) regressions, the correlation coeffi cient is also the stan-
dardized regression coeffi cient (beta). If the X value is increased by 1 standard deviation 
then the Y value on average increases by .505 standard deviations of Y (using r   =   .505). 
The regression coeffi cient tells us how much DEMVOTE (in its unit of measurement) 
changes if PERPOV is increased by one of its units of measurement (both percentages in 
this case).  

  Multivariate Linear Models 

 An interval/ratio scale variable can be related to many independent variables simultane-
ously by expressing it as a linear function of several variables. The form of the equation is:

    Ŷ b b X b X b Xn n= + + + − − +0 1 1 2 2     (18.7)   

 The Xs are the different independent variables measured on an interval/ratio scale, although 
they may be dichotomous nominal variables ( dummy variables ). These are variables that 
have only zero and one as possible values. A value of one means that a characteristic is 
present, and a zero means that it is not. The constant is b 0 , which is the predicted value of 
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Y when all the X variables equal zero, an improbable event. The b values are the partial 
regression coeffi cients describing the effect of the respective X variable on Y. The coeffi -
cients for the dummy variables indicate how different the means of Y are for the two groups 
that make up the dummy variables. For example, if yield in bushels is a dependent variable 
and the dummy variable is Entisols   =   1, and not Entisols   =   0, and the regression coeffi cient 
is 10, then that indicates that average yields are 10 bushels higher on Entisol soils versus 
other soils, all other things being equal. 

 The word  “ partial ”  in partial regression coeffi cient probably derived from  “ partial 
derivative ”  in calculus, because it describes the independent effect of any given X on Y; 
that is, it is the effect of X 1  on Y when X 2  and all the other Xs in the equation have been 
controlled for. In turn, that means the b values associated with the Xs provide the infl uence 
of an X variable on Y when none of the other X variables vary. For example, assume an 
equation with two independent variables:

    Ŷ b b X b X= + +0 1 1 2 2     (18.8)   

 In principle, the computer regresses Y and X 1  against X 2 , and calculates the errors or residu-
als of each, and then regresses these residuals against each other. So the effect of the varia-
tion of X 2  on Y and on X 1  is removed, and therefore, the relationship between Y and X 1  is 
independent of the variation of X 2 . Similarly the regression coeffi cient for X 2  describes the 
effect of X 2  on Y without any variation in X 1 . The mathematics for calculating the regres-
sion coeffi cients are not actually sequential as described, but they are equivalent. The 
technique is called ordinary least - squares (OLS) multiple regression. 

 Just as in simple regression, the sum of the squared errors in multiple regression is 
minimized. If a simple regression with one independent variable is said to minimize the 
sum of squares of all the points around a line that goes through them, then a multiple 
regression with two independent variables minimizes the sum of the squared deviations of 
all the points around a plane (visualize the plane as fl oating in three dimensions with Y 
on the vertical axis, X 1  and X 2  on the horizontal axes, and the data points situated above 
and below). The plane has a height measured by the multiple regression equation intercept, 
and partial correlation coeffi cients can be calculated for each independent variable; these 
are also the slope of the plane in the dimension of the variable in question. Finally, the 
results of an OLS multiple regression include a multiple coeffi cient of determination, R 2 , 
which is the proportion of the total sum of squares explained by all of the independent 
variables together.  

  Causality Issues in Multiple Regression 

 Multiple regression is a powerful technique. But it cannot solve problems inherent in either 
data or careful thinking about causality. To illustrate, let ’ s return to the problem of mul-
ticollinearity, briefl y raised at the beginning of this chapter. 

 Recall the data reproduced in Table  4.2  (Chapter  4 ), taken from Visser  (1979; 1980) . 
The problem was one of determining what causes variation in agricultural intensity. 
Intensity is the capital and labor expenditures per acre of farmland. According to tradi-
tional agricultural theory, counties that are more distant from the market for agricultural 
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produce should have lower intensities because they must spend more on transportation 
costs and less on growing costs. A more signifi cant infl uence on intensity, however, is 
fertility, which may be measured as average annual rainfall, length of growing season, and 
type of soil. As intensity is increased the increases in yield are greater on more fertile land. 
The effect of fertility on intensity must therefore be controlled to see if there is an inde-
pendent effect of distance to market on intensity. 

 But complicating matters is the fact that the counties that are farthest from the market 
also have the lowest rainfall on average. There is a close inverse relationship between the 
two variables. Both lower rainfall and higher transport costs are likely to reduce intensity, 
but what are the relative independent impacts of the two variables? Distance and rainfall 
are very closely correlated, such that there is little variation in distance and intensity that 
is independent of rainfall. Because of the high degree of multicollinearity, multiple regres-
sion cannot tell us if it is the rainfall or the distance that is infl uencing intensity. The 
variables co - vary so closely that their independent effects simply could not be separated, 
especially over the small geographic scale of the study. For all intents and purposes, they 
are one and the same variable. 

 Another problem can arise if relevant independent variables are left out of the analysis. 
In this case, the partial regression coeffi cients may not be true, in the sense that the inde-
pendent effect of an X variable on the Y variable has not been discovered. This is the 
specifi cation (or  misspecifi cation ) problem, of which missing variables are a part. Missing 
variables are a very important and overlooked problem in trying to establish causality 
between X and Y, for the introduction of a variable previously left out of the analysis may 
cause the relationship between a given X and Y to shift dramatically. For example, in a 
spurious correlation an omitted variable may have a common correlation with both X and 
Y, and more importantly may be the cause for the common variation in both variables. 
The addition of the new, previously missing independent variable may cause a relationship 
between Y and one of the X variables to disappear as it now accounts for the variation in 
both. In other cases where there is no correlation between two variables, a correlation may 
appear if a new variable is added.  

  Assumptions 

 Given a particular value of a population parameter (either known or hypothesized), infer-
ential statistics provide the probability that a sample statistic, calculated for a random 
sample drawn from this population, will be greater than or less than some value. These 
statistics don ’ t prove or disprove or explain anything: they only indicate how likely you 
are to get a range of sample statistic values of that magnitude if the population parameter 
has a certain value. But at the same time, these tests of the probability that an estimated 
statistic, such as a regression coeffi cient, is of a certain value (say  ≠  0) are extremely impor-
tant in assessing the strength of relationships, and that ’ s why we are interested in them. If 
the probability is extremely low that a calculated statistic of a given size could have 
occurred just by the chance sampling from a population without a relationship, then we 
are fairly confi dent in saying that a relationship exists. 

 To make statistical inferences in regression, however, requires that certain assump-
tions be addressed. But, frequently researchers do not check to see whether the 
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assumptions about the nature of the data are in fact met. Certainly, they rarely report 
whether the assumptions have been satisfi ed, and it is wrong to assume that they are, 
because the social world usually does not provide variables with symmetric distributions. 
As we will see, there should be no exceptionally large or exceptionally small values of a 
variable, and usually there are. Many of the relationships reported in the social science 
literature, therefore, may be viewed with skepticism. Specifi cally, statistical signifi cance 
tests for linear regressions have several assumptions. If these assumptions are violated, the 
statistical tests associated with them are invalid. These assumptions include: 

  1     the regression residuals ( e i   or  Y i      −      Ŷ  i  ) must have an approximately normal distri-
bution;  

  2     there must be no outliers;  
  3     the variance of the residuals should be relatively constant for all values of the indepen-

dent variable;  
  4     the model must be properly specifi ed as linear;  
  5     the residuals must be independent of one another (no autocorrelation).    

 If both or one of the variables has a skewed distribution these assumptions will tend to be 
violated.  Homoscedasticity  is the condition where the variance of the Y - values tends to 
be the same for all values of X. Often, in a positive relationship between two variables, the 
higher Y - values tend to vary more at higher X - values. This is called heteroscedasticity. The 
scatter diagram of the residuals against the X values will tend to have a megaphone or 
funnel shape. Since linear regression minimizes the sum of the squared regression errors, 
the few higher values of Y and X will have a greater infl uence than the smaller variable 
values on where the regression line lies. That is, the location of the regression line becomes 
more dependent on just a few of the observations, and so less reliable, invalidating the 
signifi cance test. 

 An outlier is when the residual for an observation is exceptionally large. It may be more 
than three standard errors from the regression line, and because regression minimizes the 
sum of the squared errors around the line, just one or two observations may have a major 
infl uence on where the line is located. Figures  18.2  and  18.3  illustrate how one observation 
may negate a strong linear relationship between two variables. Figure  18.2  shows a close 
relationship between X and Y. The correlation coeffi cient is very high at .905 and the 
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     Figure 18.2     A good relationship  
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regression analysis shows statistical signifi cance (the details of these tests are not discussed 
here; see Rogerson  2006 ). In Figure  18.3 , the same data have had an outlying observation 
(X   =   23, Y   =   1) added to it. This single observation has changed the location of the line 
dramatically, and the correlation coeffi cient has been reduced to .407. Based on the statisti-
cal tests performed (not reported here), we would not be able to conclude that the sample 
was drawn from a population in which there was a linear relationship between the vari-
ables. But, clearly there is, except for the outlier. One observation has completely negated 
a very nice relationship.   

 When X is 23, the equation   Ŷ  i     =   5.174   +   .279X predicts that the Y value should be 
11.591. The actual value of Y is 1; so it is 3.15 standard errors from the regression line ( s e   
was 3.36 in the second regression analysis). A value that large is by defi nition an outlier. 
A plot of the errors  –  standard fare on most statistical packages  –  would reveal that they 
do not have a normal distribution, and so the statistical signifi cance test is not valid. Of 
interest is the fact that this outlier is not the result of a severe skew in either the X or Y 
variable; it results from their particular combination (large X, very small Y). This result 
points to the importance of looking at a frequency distribution of residuals to determine 
whether the regression assumption is violated. 

 Outliers must not be discarded simply because they are outliers. That is falsifying the 
data. What to do about them, though, is beyond the aegis of this chapter. The example is 
presented to simply emphasize that checking on the assumptions of a statistical test really 
matters. 

 Severe skew in one or both variables can create relationships where there are none, or 
negate a relationship where there is one. Figure  18.4  illustrates the former case. In it a 
strong relationship is detected because of one observation, where there should be no rela-
tionship. Both variables in Figure  18.4  have a severe right skew, and it happens that the 
same observation (X   =   23, Y   =   17) has an exceptionally large value for both variables. This 
observation is not an outlier, because it is quite close to the regression line (.783 standard 
errors below the line). A frequency plot of the residuals would not reveal a non - normal 
distribution. But a frequency distribution of each variable (as discussed in Chapter  17 ) 

     Figure 18.3     The effect of an outlier  
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would show the skew. When the single observation is excluded, the r 2  is 0. When it is 
included the value is .675. If the regression assumptions are not checked you would con-
clude that you ’ ve discovered a strong relationship.   

 The next example (Figure  18.5 ) illustrates how severe skew in the X variable may negate 
an otherwise strong linear relationship between two variables. Again, the example created 
a problem with just one observation, and again, the problem observation might not be 
revealed as an outlier. Although the illustration shows a right skew in the X variable, it can 
be imagined how a severe left skew in X could also negate a strong linear relationship 
between two variables. The relationship in Figure  18.5  has an r 2  of .142, and the regression 
analysis is not signifi cant. If the observation with X   =   25 were absent, the r 2  climbs to .955, 
which is of course highly signifi cant. A frequency plot of the residuals is needed to detect 
this sort of effect, although here it is clearly evident on the original scatter diagram.   

     Figure 18.4     The problem of skew  
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     Figure 18.5     Another case of skewness  
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 Scatter diagrams are also helpful in detecting non - linear relationships; one can plot Y 
and X individually or each residual can be plotted against each X in a multiple regression. 
Non - linear relationships are common in the natural and social sciences, so these are 
important exercises. The effect is shown in Figure  18.6 . Here the linear regression (shown 
as the dashed line) shows no relationship. There is, however, an excellent curvilinear rela-
tionship that is described by a quadratic equation.

    Ŷ b b X b X= + +0 1 1 2 1
2     (18.9)     

 The quadratic relationship has an r 2  of .627. The regression coeffi cients for both X and 
 X  2  are signifi cant. Failure to plot the data would result in the conclusion that there was 
no relationship between the two variables, when in fact there was just no linear 
relationship. 

 There are various remedies for massaging the data when it does not satisfy the assump-
tions needed for testing the signifi cance of linear relationships. Many variables in the social 
sciences have right skew. Often taking the logarithm of the variable, and then regressing 
the logarithmic values against another variable can remove the right skew. This is called 
transforming the variable, and is quite acceptable, although it will change the nature of the 
relationship. For example, regressing the natural logarithm of Y against the natural loga-
rithm of X generates the linear equation:

    ln ln lnY a b X( ) = ( ) + ( )( )     (18.10)   

 This actually describes a curvilinear relationship between the two original variables of the 
form

    Y aXb=     (18.11)   

 Finally, residuals are supposed to be independent of one another (not autocorrelated). 
Given the variability (i.e., the information content) that these measures contain as  e i   values 

     Figure 18.6     Specifying the relationship  
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(i.e.,  Y i      −      Ŷ  i  ), it becomes clear how this assumption can easily be violated with spatial data. 
Specifi cally,  e i   values represent the original data ( Y i  )  “ purged ”  from (or accounting for) 
the explanatory effects of all the Xs in the regression model (  Ŷ  i  ). Hence, they can only 
contain four kinds of information: (a) unaccounted - for random variability that existed in 
the original Y variable; (b) information from misspecifi cations present in the model (e.g., 
non - linear effects such as those shown in Figure  18.6 ); (c) missing variable information in 
 Y i   not picked up by the model; or (d) some sort of spatial interdependence in the observa-
tions  Y i   that found their way onto  e i   because they were not removed from the model. This 
latter dependence, introduced earlier as spatial autocorrelation, is a violation of the regres-
sion assumptions. The easiest way to detect it is to map the residuals from a regression 
analysis. If you fi nd that positive (above the line) residuals cluster geographically, while 
negative ones are also spatially associated, then there is evidence of spatial autocorrelation. 
Autocorrelated residuals can result from spatial patterns of missing variables or from 
genuine spillover effects caused by the fact that spatial processes do not obey the boundar-
ies of observational units. In either case the mapped residuals contain interesting informa-

  Box 18.1    Spatially Varying Parameters 

    Another issue to contend with in regression analyses is the stability of relationships 
across different spatial units. Imagine that you run a regression for the over 3,000 
counties in the United States. Then you divide those counties into three regions (e.g., 
North, South, and West) and re - run the regression. Would you anticipate getting 
the same result? The fi rst analysis offers a national portrait of the relationships among 
the variables. The partial regression coeffi cients describe what ’ s going on, for that X, 
for the entire country. But what if that portrait is simply a generalized view of param-
eters that in fact vary regionally? Wouldn ’ t you want to know if the relationships 
among your variables differed across the spatial units in your data set? That would 
certainly be in keeping with the idea that geography matters in the explanation of 
processes. 

 There are techniques developed to assess what has been called  “ spatial parameter 
variation ”  (Jones  1984 ). One of them builds on the  “ expansion method, ”  an approach 
invented by the geographer Emilio Casetti  (1972)  that incorporates sub - models for 
regression parameters within regression models. In the expansion approach devel-
oped by Jones  (1984) , the parameters are redefi ned as a function of trend surface 
coordinates (Cartesian north - south soundings in  p ,  q ,  p  2 ,  q  2 , etc.). These provide 
regional scale estimates of the variability in parameters. Another approach to 
parameter variation developed by Casetti is termed  “ Drift Analysis of Regression 
Parameters ”  (DARP) (Casetti and Jones  1983 ; Casetti and Can  1999 ). In it, a central 
point is selected and the spatial units in the regression are weighted in accordance 
to their distance from the point. Observations that are farther away from the pivot 
point are discounted, and the result is a local regression. Fotheringham et al.  (2000)  
have extended and popularized DARP under the name of  “ geographically weighted 
regression. ”   
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tion that can bear on causality. Geographers have been at the forefront in addressing spatial 
autocorrelation, typically by trying to identify and remove the effect through advanced 
statistical procedures (Anselin et al.  2004 ).  

  Conclusion 

 This chapter has endeavored to provide you with an understanding of the problems of 
measuring independent effects or causes of one variable on another. Much has been left 
out, particularly the details of hypothesis testing, probability, and signifi cance. In these 
topics, the point is to determine whether you can infer that a relationship between two 
variables found in a random sample of data is refl ective of a relationship in the population 
of observations from which that sample was drawn. The powerful parametric tests, which 
enable you to make these inferences, have several assumptions that must be checked. Non -
 parametric tests have no assumptions about the distributions of the variables, but they are 
not as powerful, and they do not incorporate all of the information that may be in the 
data. 

 The natural sciences unabashedly think of the social sciences as the soft sciences. 
The causes of individual or group behaviors are extraordinarily complex, and the 
relationships that provide evidence of cause are often not directly measurable, or other 
infl uences on a dependent variable cannot be controlled via the experimental method. 
Even in the experimental method it is easy to contaminate the results, and we cannot know 
whether a relationship found in a laboratory experiment will be stable outside the labora-
tory. In non - experimental research correlations may be spurious or coincidental. A 
hypothesized relationship may not be found because the researcher did not control for a 
variable that suppresses the independent relationship between the two variables of 
interest. 

 And even when the majority is satisfi ed that a relationship does exist, that it is 
causative, and that it is enduring, we fi nd that it isn ’ t. Most social relationships are not 
stable with respect to time and other contexts, such as space or culture (Box  18.1 ). 
Sometimes these contexts can be measured as variables, but often they cannot. Economists 
use the term  ceteris paribus , meaning all other things being equal, to denote that they are 
talking about the independent effect of one variable on another. Unfortunately it is not a 
 ceteris paribus  world. Their relationships have not allowed for all other infl uences, they are 
not deterministic, and they are not true of all times (they are not stable), cultures, and 
other contexts. Thus, reliance on these relationships leads to predictions of future eco-
nomic events, which are actually less accurate than random guesses. Statistical inference 
makes no statements about causality. It just indicates that a relationship probably exists. 
Whether your independent variable actually causes the dependent variable to vary is 
another issue.    
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    Exercise 18.1   Assessing Multiple Regression Analysis 

 Take an hour or so to peruse the back pages of some of the more empirically oriented 
journals in your favorite area of geography. Look for examples of multiple regression in 
practice. Some of the journals you might look through include:  Applied Geography ,  Area , 
 Economic Geography ,  Geografi ska Annaler (Series A Physical Geography) ,  Geomorphology , 
 International Journal of Population Geography ,  Journal of Applied Meteorology and 
Climatology ,  Journal of Transport Geography ,  Progress in Physical Geography ,  Social Science 
and Medicine ,  Urban Geography , and  The Professional Geographer . Not every issue will have 
an example of a paper using multiple regression, but it is a common enough technique 
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that you eventually fi nd an article that uses the technique. Once you do, read it and answer 
the following questions: 

  1     What are the dependent and independent variables used in the analysis?  
  2     Did the selection of variables tend to follow a strongly grounded theoretical rationale, 

or was the objective more exploratory?  
  3     What specifi c causal effects was the author(s) searching for?  
  4     Is there evidence that the author(s) gave careful attention to the quality of the data?  
  5     How many models appear to have been estimated in the process of the research?  
  6     What assumptions about regression were discussed? Is it clear that tests were performed 

to ensure that the assumptions were not violated?  
  7     What were the major fi ndings? Were there any surprises emerging from the analyses?     
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  Introduction 

 Geographers often view mathematical analysis as a collection of tools that can be used to 
solve a problem or generate some result. While it is true that mathematics, when used 
carefully, does have that capability, it is also far more than a mere toolkit. Mathematics is 
a rich theoretical subject based on the power of logic; it is an art as well as a science. To 
make good choices about how to use mathematics it is important to have some under-
standing of its broad conceptual structure. Such understanding, however, can be quite 
diffi cult and time - consuming to gain because, unlike geography, mathematics curricula 
are quite linear in character and prerequisites have to be fulfi lled before it is possible to 
move to higher levels, making it diffi cult to sample the subject matter. For this reason, the 
mathematical ideas introduced in this chapter are either drawn from those areas of math-
ematics in which a linear buildup of prerequisites is not an absolute necessity, or are drawn 
from those areas that the reader should already be familiar with (the material is not diffi cult 
but it may require careful reading to digest). 

 Both mathematics and geography can be visual in nature. Geometry is a branch of 
mathematics that is visual, and geometric analysis can be used to examine some visual 
components of geography. Euclidean geometry, for example, is employed to coordinatize 
Earth using  latitude  and  longitude  (Coxeter  1961 ; Loeb  1976 ). Eratosthenes (276 – 194  BC ), 
the chief librarian of the great library of Alexandria in ancient Egypt, employed the math-
ematics of Euclid to solve an important geographic problem: how big is Earth? Starting 
with the work of Eratosthenes and trigonometry, this chapter moves from a consideration 
of analysis using geometrical fi gures to analysis using numerical fi gures. We shall also 
examine Eratosthenes ’  prime number sieve (an algorithm for fi nding prime numbers up 
to a specifi ed integer) and its implications for doing calculations of various sorts. In so 
doing the importance of both mental agility and accuracy in performing calculations in 
geographic research is underscored. The topics we shall cover include: mathematical  trans-
formations  and the creation of maps; the  Four Color Theorem  and the coloring of maps; 
and the  Jordan Curve Theorem  and the problem of assignment.  

  Euclidean Geometry and Visualization 

 Consider Earth as a sphere. While Earth is not actually a sphere, a sphere is a good approxi-
mation to its shape and is amenable to the classical mathematics of Euclid. 

  Latitude and longitude 

 Given a sphere and a plane, there are only a few logical possibilities about their relationship 
to each other: 

   •      The sphere and the plane do not intersect.  
   •      The plane is tangent to the sphere.  
   •      The plane intersects the sphere. If this, then:  
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   –      The plane does not pass through the center of the sphere (the circle of intersection 
is called a  small circle ).  

   –      The plane does pass through the center of the sphere (the circle of intersection is 
as large as possible and is called a  great circle ).      

 Great circles are the lines along which distance is measured on a sphere: 

   •      In the plane, the shortest distance between two points is measured along a line segment 
and is unique.  

   •      On the sphere, the shortest distance between two points is measured along an arc of a 
great circle.  
   –      If the two points are not at opposite ends of a diameter of the sphere, then the 

shortest distance is unique.  
   –      If the two points are at opposite ends of a diameter of the sphere, then the shortest 

distance is not unique (one may traverse either half of a great circle).      

 Points at opposite ends of a diameter of a sphere are called  antipodal points . More gener-
ally, to reference measurements on the Earth sphere in a systematic manner we can intro-
duce a coordinate system. 

   •      One set of reference lines is produced using a great circle in a unique position (bisecting 
the distance between the poles), the  Equator . A set of evenly spaced planes,  parallel  to 
the equatorial plane, produces a set of evenly spaced small circles, commonly called 
parallels.  

   •      Another set of reference lines is produced using a half of a great circle, joining one pole 
to another, that has a unique position: the half of a great circle that passes through the 
Royal Observatory in Greenwich, England (three points determine a circle). Here it is 
historical consideration that produces the uniqueness in selection. Choose a set of 
evenly spaced halves of great circles obtained by rotating the diametral plane along the 
polar axis of the Earth. These lines are called  meridians . The unique line is called the 
 Prime Meridian .    

 This particular reference system for the Earth is not unique; an infi nite number is possible. 
There is abstract similarity between this particular geometric arrangement and the geo-
metric pattern of Cartesian coordinates in the plane (in the Cartesian coordinate system a 
point in the plane is represented by a pair of numbers). 

 To use this arrangement, one might describe the location of a point,  P , on the Earth 
sphere as being at the 8th parallel north of the Equator and at the 14th meridian to the 
west of the Prime Meridian. While this might serve to locate  P  according to one reference 
system, someone else might employ a reference system with a fi ner mesh (halving the 
distances between successive lines) and for that person, a correct description of the location 
of  P  would be at the 16th parallel north of the Equator and at the 28th meridian to the 
west of the Prime Meridian. Indeed, an infi nite number of locally correct designations 
might be given for a single point: an unsatisfactory situation in terms of being able to 
replicate results. The problem lies in the use of a relative, rather than an absolute, location 
system. 



318 Sandra Lach Arlinghaus

 To convert this system to an absolute system, which is replicable, we employ some 
commonly agreed upon measurement strategy to standardize measurement. One is 
the assumption that there are 360 degrees of angular measure in a circle. Suppose  O  is 
the center of the sphere. Thus,  P  might be described as lying 40 degrees north of the 
equator (angle AOP in Figure  19.1  with angular measure about  O  in the clockwise direc-
tion away from the Equator), and 70 degrees west of the Prime Meridian (angle BOA in 
Figure  19.1  with angular measure about  O  in the counterclockwise direction away from 
the Prime Meridian). The point  P  is located at 40 degrees north latitude (north meaning 
north of the equator) and 70 degrees west longitude (west meaning west of the prime 
meridian). Often, instead of using  “ north ”  or  “ west ” , a  “ plus ”  or a  “ minus ”  symbol is 
used. When the rotational direction is clockwise the value of the associated numeral is 
positive; when the rotational direction is counterclockwise the value of the associated 
numeral is negative.   

 Most points are not conveniently located at multiples of 10 degrees. Parts of degrees 
may be noted as minutes and seconds, or as decimal degrees. Conversion from one form 

     Figure 19.1     Determining location on a sphere. The point  P  lies at 40 degrees north latitude, 
north of the equator, and at 70 degrees west longitude, west of the prime meridian. Often, north 
and south are replaced by    +    and  –  as are east and west. In that case,  P  would have coordinates 40 
degrees latitude and  − 70 degrees longitude  
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to another is simple to execute using a calculator. For example, 42 degrees 21 minutes 30 
seconds converts to 42    +    21/60    +    30/3600 degrees   =   42.358333 degrees; notice the powers 
of 60. 

 The geometric arrangement described above permits the creation of a systematic meth-
odology for locating points on the Earth in a unique fashion. Analysis of these points often 
employs trigonometry. Figure  19.2  offers a visual review of trigonometric functions shown 
in the unit circle with axes labeled  “ axis ”  and  “ co - axis ”  (for complementary axis). This 
geometric analysis is based on Euclidean geometry, assuming  Euclid ’ s Parallel Postulate  
(given a line and a point not on the line, through that point there passes exactly one line 
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                    Figure 19.2     Visualizing trigonometry. Analyzing the angle theta and its complementary angle, 
co - theta (after  Spatial Synthesis,  Arlinghaus and Arlinghaus  (2005)  and used here with permission)  
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that does not intersect the given line). Non - Euclidean geometries violate this Postulate (try 
to imagine the geometry of the Earth sphere in a non - Euclidean world where parallel lines 
intersect at infi nity!).    

  Eratosthenes and Earth ’ s circumference 

  Eratosthenes  worked out how to  measure the circumference of the Earth  without ever 
having traversed it. To do so, he used Euclidean geometry and simple measuring tools. His 
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research methodology rested on a clear understanding of the mathematics of his times. 
That understanding enabled him to tackle a problem of gigantic proportions. 

  Eratosthenes Assumptions 

     •      Earth is a sphere.  
   •      The circumference of the sphere is measured along a great circle on the sphere.  
   •      Rays of the Sun are parallel to each other.  
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   –      The Sun ’ s rays are directly overhead, on the Summer Solstice ( c . June 21), at 23.5 
degrees N latitude.  

   –      Syene is located at about 23.5 degrees N latitude. Hence, on the Summer Solstice, 
the refl ection of the sun will appear in a narrow well (and it will not on other days).  

   –      Alexandria is north of Syene. Thus, on June 21, objects at Alexandria will cast 
shadows whereas those at Syene will not.      

 In fact, many of the assumptions Eratosthenes made were not accurate (the errors balance 
out to produce a good result; for example, Syene and Alexandria are not on the same 
meridian and Syene is not located at exactly 23.5 degrees N latitude). However, research 
methodology that takes clear advantage of an underlying theoretical structure, such as 
mathematics, has often been at the forefront of human achievement (Eratosthenes under-
standing of the concepts of Euclidean geometry enabled him to perform his remarkable 
calculation).  

  Eratosthenes ’  Method 

     •      Find the circumference of the Earth by determining the length of the intercepted arc 
of a small central angle.  

   •      Find two places on the surface of the Earth that lie on the same meridian (Eratosthenes 
chose Alexandria  “  A ′    ”  and Syene  “  S , ”  near contemporary Aswan: Figure  19.3 a).  

   •      Eratosthenes focused on an obelisk or post located in an open area in Alexandria. He 
measured the shadow that the obelisk cast ( A ′ A ″  ), functioning in the manner of a 

     Figure 19.3     a. Relative location of Alexandria and Aswan. They are close to lying on the same 
meridian (half of a great circle). b. The obelisk (post) at Alexandria is  AA ′   and the well at Syene is 
at a depth  S  below the surface of the Earth. This fi gure shows a detailed, geometric view of the 
relations among Alexandria  A ′  , the obelisk  AA ′  , the well at Syene  S , the center of the Earth  O , the 
shadow of the obelisk  AA ″  , and the extension  AB  of that shadow into the Earth  

(a)

(b)
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gnomon on a sundial, and then measured the height of the obelisk ( AA ′  ) (perhaps using 
a string anchored to the tip of the obelisk, Figure  19.3 b).  

   •      According to Euclid, two parallel lines cut by a transversal have alternate interior angles 
that are equal. The Sun ’ s rays are the parallel lines. One ray, at Alexandria, touches the 
tip of the obelisk and extends earthward toward the tip of the shadow of the obelisk, 
 AA ″  . It is extended to  AB  in Figure  19.2 b. The other ray,  SO , at Syene, goes into the 
well and extends abstractly to the center of the Earth,  O . The obelisk,  AA ′  , also extends 
abstractly to the center of the Earth,  O ; thus, the line,  AO , determined by the tip of the 
obelisk and the center of the Earth is a transversal cutting the two parallel rays,  SO  and 
 AB , of the sun.  

   •      Angles ( BAO ) and ( SOA ) are thus alternate interior angles in geometric confi guration 
described above; therefore, they are equal.  

   •      Use the length of the obelisk shadow and the height of the obelisk to determine angle 
 BAO ; triangle  AA ′ A ″   is a right triangle with the right angle at  A ′  . Thus, we would note, 
tan ( A ′ AA ″  )   =   (length of shadow)/(height of obelisk). Eratosthenes ’  measurements of 
these values led him to conclude that the measure of angle ( A ′ AA  ″ ) was 7 degrees and 
12 minutes.  

   •      The value of 7 degrees and 12 minutes is 1/50th of the degree measure of a circle. Since 
he assumed that Alexandria and Syene both lay on a meridian (half a great circle), it 
followed that the distance between these two locations was 1/50th of the circumference 
of the Earth.  

   •      Eratosthenes calculated the distance between Alexandria and Syene using records 
involving camel caravans. The distance he used was 5,000 stadia. Thus, the circumfer-
ence of the Earth is 250,000 stadia, which translates to somewhat less than 25,000 miles 
(depending on how ancient units convert to modern units). This value is remarkably 
close to current values.       

  Arithmetic, Algebra, and Data 

 Today, thanks to space exploration, miniaturization, and computers, we are not only able 
to envision the entire Earth but also to see it in satellite and other images. These methods 
of envisioning Earth are based, fundamentally, in mathematics. Geometry lies behind 
images; arithmetic and algebra lie behind data analysis. Often it is easy simply to let a 
spreadsheet do all of our calculations or to use a calculator to handle summations or 
multiplications. We should not, however, lose sight of the need to use our brains to work 
alongside the computer.   

  Eratosthenes ’  prime number sieve and unique factorization 

 Eratosthenes demonstrated not only a fi rm grasp of geometric principles as a basic research 
methodology but also of arithmetic principles critical in successful data management. 
Integers are the numbers we use much of the time in looking at measurements of the Earth. 
Therefore, it is important to understand some of the conceptual structure of the integers. 
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Consider only the set of positive integers. One can abstractly partition this set into two 
kinds of numbers: those whose only integer factors are themselves and 1, and those whose 
integer factors include at least one number other than themselves and 1. The former is 
called a  prime number  and the latter is called a  composite number . The number 7 is a 
prime number: its only integral factors are 1 and 7. The number 8 is a composite number: 
in addition to 1 and 8, 2 and 4 are also factors. The set of positive integers is infi nite; the 
set of primes, contained within the positive integers is also infi nite. 

 How do we know if a given positive integer is a prime or a composite number? We test 
it to see if it has factors other than itself and 1. How many integers need to be tested? The 
largest factor a number can have is its square root. Thus, it is necessary only to test 
numbers, as candidate factors, up to the greatest integer contained in the square root of 
the number under consideration. Eratosthenes demonstrated a systematic methodology 
for casting out candidate factors, commonly referred to as his  ‘ prime number sieve ’ . In it, 
successive multiples of primes drop through the sieve so that only primes remain in the 
sieve. In Table  19.1 , primes that remain in the sieve are less than 169 (13 squared). The 
boldest numbers are primes less than 13; the faintest are composite, and the medium bold 
numbers are primes greater than or equal to 13 and less than 169. The boldest ones were 
used to eliminate all the faintest numbers. That is, go through and remove all multiples of 
2; then go through and remove all multiples of 3; and so on, up to all multiples of 11. What 
remains will be precisely the set of all primes less than 169.   

 The sifting of data is an important strategy that computers often use; you may, for 
example, be familiar with the use of fi lters in a spreadsheet to hide/reveal important data 

  Table 19.1    Sieve of Eratosthenes. Primes are sifted out that are less than 169   =   13 2 . Thus, only 
multiples of 2, 3, 5, 7, and 11 need be eliminated.   Base materials from  Spatial Synthesis , Chapter  3  
with selected associated textual material used here with permission (Arlinghaus and Arlinghaus 
 2005 ).   

  1     2      3     4     5     6     7     8    9    10  

   11     12     13     14    15    16     17     18     19     20  

  21    22     23     24    25    26    27    28     29     30  
   31     32    33    34    35    36     37     38    39    40  
  41    42     43     44    45    46     47     48    49    50  
  51    52     53     54    55    56    57    58     59     60  
   61     62    63    64    65    66     67     68    69    70  
   71     72     73     74    75    76    77    78     79     80  
  81    82     83     84    85    86    87    88     89     90  
  91    92    93    94    95    96     97     98    99    100  

   101     102     103     104    105    106     107     108     109     110  
  111    112     113     114    115    116    117    118    119    120  
  121    122    123    124    125    126     127     128    129    130  
   131     132    133    134    135    136     137     138     139     140  
  141    142    143    144    145    146    147    148     149     150  
   151     152    153    154    155    156     157     158    159    160  
  161    162     163     164    165    166     167     168          
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or with sorting methods that can handle data sets effi ciently. All are variants, some more 
complex than others, of this type of methodology. 

 One enduring data - sifting problem in geography involves partitioning data to portray 
on a map. Geographic Information Systems (GIS) software often partitions data in default 
mode by  “ natural breaks. ”  When the data are sifted in some other fashion, however (such 
as by using  “ equal intervals ” ), an entirely different pattern often emerges (Monmonier 
 (1996)  provides a more detailed look at issues of this sort). 

 An important research method in mathematical analysis is the creation of  “ theorems ”  
(statements made about a broad class of mathematical, or other, objects that can be proved 
based on an underlying logic system). One of the most important theorems concerning 
integers is the  Fundamental Theorem of Arithmetic . It states that every positive integer 
can be written (factored) uniquely as a product of primes. This uniqueness extends only 
to the primes involved in the  factorization . For example, the fact that 12   =   2    ·    2    ·    3   =   
2    ·    3    ·    2   =   3    ·    2    ·    2 does not violate uniqueness. 12   =   2 2     ·    3. By convention, the number 1 
is a product of no primes. It is the desire for unique factorization that led to the avoidance 
of 1 as a prime; obviously, 1 can be included in a factorization of a number as often as 
desired. The desire for unique characterization of integers in terms of primes is similar 
abstractly to the desire for unique characterization of places on the Earth in terms of 
coordinates: clarity and care in system development are critical.  

  Factorization and the distributive law 

 Mathematical laws and theorems can be easy to understand. It would be a mistake, however, 
to assume that because something is easy to understand that therefore it is not worth much 
as a research methodology or as an important tool in support of a research methodology. 
Consider the  Distributive Law  that links the operations of addition and multiplication. 
This law tells us that 2    ·    (5    +    7)   =   (2    ·    5)    +    (2    ·    7). Stated in general algebraic terms, viewing 
arithmetic and algebra along a continuous spectrum of mathematical evolution, the law 
holds that:  a     ·    ( b     +     c )   =   ( a     ·     b )    +    ( a     ·     c ) (the parentheses in the right hand side of the equa-
tion are inserted for emphasis  …  they are not necessary using the conventions involving 
order of operations). Consider some of the implications of this law: what is ( a     +     b )( a     –     b )? 
Using the Distributive Law, it is simply  a     ·    ( a     –     b )    +     b     ·    ( a     –     b ) and that is  a     ·    ( a     +    
( − 1) b )    +     b     ·    ( a     +    ( − 1) b ). Using the Distributive Law again, on each of the terms in the 
previous expression, we now have  a  2     +    ( − 1) ab     +     ba     +    ( − 1) b  2  which is simply  a  2     –     b  2 . Using 
the simple application demonstrated here it is possible to see how the Distributive Law 
might be used to check on selected elements of complex data management problems. Box 
 19.1  provides some examples (try to fi nd others based on algebra you have already learned, 
then use them when handling data sets to see that the results of analyses you perform do 
make sense).   

 Mathematical analysis in geography often makes use of large numbers: thousands or 
tens of thousands of miles (kilometers) may separate places under consideration in a single 
study. Skill in the mental manipulation of numbers, and in assessing (independent of 
calculators or computers) whether the answer makes sense is critical. When one is lost in 
the numbers, one can become lost in the corresponding terrestrial space. The art and 
science of location theory is an important and complex source of research methods in 
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  Box 19.1    Does the Answer Make Sense? 

           What is 24    ·    26? 

 If one recognizes that it is simply the product of (25    –    1) and (25    +    1) then it is clear 
that that product is the same as 25 2     –    1.  

  What is 25 2 ? 

 The Distributive Law again provides the answer. State the last problem a bit more 
generally so that the method that is produced applies more universally  –  that is, to 
more than to just 25. Let ’ s multiply (10x    +    5) by (10x    +    5). The Distributive Law 
shows that it is 100x 2     +    100x    +    25 which is also, again using the Distributive Law 
from right to left, 100x(x   +   1)    +    25. When x   =   2, as in the case of 25, then clearly 
25 2  is simply 2 times 3 times 100, or 600, plus 25. That is, 25 2  is 625; thus 24 times 
26 is simply 625    –    1 or 624.  

  What is 45    ·    45? 

 It is 4 times 5 times 100 or 2000 plus 25 or 2025.  

  What is 98    ·    92? 

 It is (95   +   3) times (95    –    3) or 9025    –    or 9016. 

 Try some for yourself  –  amaze your friends with newfound number - crunching 
prowess! Use your brain to check your computer (you are smarter than it is!).     

geography (Puu  2003 ). When numerical and geometrical complexity are linked in a geo-
graphic setting, still more questions can be asked and problems solved. Consider, for 
example, some of the fractal forms in geography (Arlinghaus  1985 ; Goodchild and Mark 
 1987 ; Batty and Longley  1996 ).   

  A View of the Future 

 At the time when Eratosthenes did his work it was based on high - powered mathematical 
analysis. Today, the required mathematics is taught in secondary schools. Thus, a modern -
 day Eratosthenes would need to be abreast of current developments in mathematics. 

  Mathematical transformations: the case of stereographic projection 

 Loosely stated, a mathematical transformation sends elements of one set to elements of 
another set. The set of positive integers might be transformed to the set of positive even 
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integers by sending each integer to twice its value. The concept of transformation has 
dominated research - level mathematics since World War II. One can choose to study the 
objects being transformed, or the transformation itself. To do the latter is universal. 

 The mathematical transformation of  stereographic projection  is viewed briefl y here as 
it relates to maps. Maps are fl at; globes are spheres. Flat maps are convenient and useful 
for many purposes. How can a globe be fl attened to the plane? If uniqueness is required, 
then each point on the globe must correspond to exactly one point in the plane: the math-
ematical transformation sending the globe to the plane must be one - to - one. (Think of an 
orange; can you fl atten the skin smoothly? No, it cannot be done.) One method of fl atten-
ing the globe involves a transformation known as a stereographic projection. In Figure 
 19.4 , the globe has been placed on a plane. The South Pole,  S , is the point of tangency of 
the plane to the sphere. Use the North Pole,  N , as the center of projection. Choose a point 
 P  on the globe and join it, inside the sphere (dashed line) to  N . Then, extend the line 
segment  NP  to pierce the plane and label that as point  P ’  . Continue this process for all 
points on the globe. Each point on the globe goes to a single point in the plane and each 
point on the plane comes from a single point on the globe. The transformation is a one -
 to - one transformation  –  or is it? If it were, then stereographic projection would offer a 
perfect map of the globe in the plane. Take a closer look: where does the point  N  project 
to in the plane? Join it to itself and extend the line segment: the resulting line is tangent 
to the globe and does not intersect the plane. Thus, this mapping does not send all the 
points from the sphere to the plane; it fails at one point. Conversely, to think about rolling 
the plane up into a sphere, one needs only to add one point to make the nice compact 
surface of a sphere. Stereographic projection failed at  N  because the geometry in which it 
is constructed is Euclidean; once again, Euclid ’ s Parallel Postulate is controlling the analysis 
from behind the scene (Coxeter  1961 ). A theorem in more advanced mathematics tells us 
that in fact, this is the best we can do (there is no transformation that sends all points on 
the sphere to points in the plane in a one - to - one fashion).   

     Figure 19.4     Stereographic projection of the sphere to the plane  
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 One implication of this fact, for mapmakers, is that there is no perfect map. There is 
an infi nite number of ways of transforming the sphere to the plane. At fi rst glance, this 
appears to be a disastrous situation. In fact, however, what it does mean is that one needs 
to exercise care in selecting map projections and choose one that retains desired elements 
of the globe - view on the paper map (see Chapter  16 ). The art and science of cartography 
is devoted to such considerations and many mathematical and geographical treatises have 
been written on this topic. What non - Euclidean cartography might look like (where paral-
lel lines do meet at infi nity) is an interesting topic to speculate on, as are other related 
issues in cartography (Snyder  1993 ; Yang et al.  2000 ). 

 A traditional use of  non - Euclidean geometry  in geography involves the use of the 
Manhattan metric in urban geography (Krause  1975 ). In Euclidean geometry there is a 
single shortest path between any two points, called the  geodesic . In Euclidean geometry, 
a geodesic is unique. Consider, however, the map of an urban downtown arranged on a 
grid street pattern. Blocks are sets of rectangles arranged, perhaps, along the axes of the 
cardinal points of a compass. Consider the path from the northwest corner of a block to 
the southeast corner of a block along the street grid. There are two distinct geodesics: one 
around the northeast corner of the block and another around the southwest corner of the 
block. There are two shortest paths; the geometry is not Euclidean. The presence of mul-
tiple geodesics has implications in planning and in urban geography: how might one route 
traffi c through the downtown to allow swiftness of passage through the area yet retain 
fl exibility for motorists to gain access to the variety of merchants present there? One - way 
streets offer a solution and they do so only because of the presence of multiple geodesics; 
otherwise, the motorist would lose access to the variety of shops present as he/she is routed 
effi ciently through the downtown. Multiplicity of geodesics solves the problem: knowing 
the mathematics behind the geography is critical.  

  Four color theorem 

 Once we have a map in the plane, in an appropriate projection, showing various regions 
of interest on the Earth, how many colors does it take to color the map in such a way that 
adjacent polygons can be distinguished from each other? If one were coloring a map of 
countries of the world and had as many different colors as there were countries, there 
would be no problem. That sort of approach, however, does little to reveal pattern and is 
not an effective use of color. First, consider what is meant by adjacency of regions. For our 
purposes two polygons will be said to be adjacent if they share a common line segment 
(touching only at a point does not constitute adjacency). Consider: a map with two adja-
cent regions. Clearly two colors suffi ce to color this map, say red and green. Consider a 
map with three regions. If the three regions are three parallel stripes, like the fl ag of France, 
then two colors also suffi ce: say red on the two end stripes separated by a green stripe in 
the middle. If, however, the three regions are arranged in an overlapping pattern, as in 
laying bricks, then three different colors are required, say red, green, and yellow. If one 
introduces an island in this last map, as in Figure  19.5 , then four colors are needed to make 
the appropriate distinctions between adjacent regions.   

 If there were fi ve regions in the map, what would be the maximum number of colors 
one might be forced to use in order to make the required distinctions? One might be 
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tempted to say fi ve. However, for all maps with fi ve regions, four colors are enough. In 
fact, recent research has shown that four colors are always enough to color any map in the 
plane, independent of its size or number of regions! Try coloring the map of the contigu-
ous United States, 48 states, using four colors. While poor choices in color assignment may 
force the use or more than four colors, the four color theorem says that there exists at least 
one coloring scheme using no more than four colors for any map in the plane. But it does 
not tell us how to fi nd that coloring; human thought is required for that. 

 If one never needs more than four colors to color a map in the plane, then why does 
cartographic (or GIS) software offer so many color choices? There are a number of answers 
to this question. One is that often the data being mapped are split into intervals of increas-
ing intensity. If the color scheme is a graduated one of a single color, with intensity increas-
ing with data magnitudes, then the color pattern imparts meaning about the data being 
mapped. For example, the higher the concentration of pollutants, the deeper the color of 
red; thus, one can pick out hot spots of pollution. Had the coloring scheme consisted of 
independent colors such as red, green, yellow, and purple, then one could not locate hot 
spots from the color because the meaning of the color would not be tied to the meaning 
of the data being mapped; instead, the meaning of the color would be tied to adjacency 
patterns of polygonal regions. If there are more than four data gradations then more than 
four distinct color gradations will also be required to have the desired display in which 
color intensity corresponds to data density. Thus there are good reasons for using more 
than four colors on a map. 

 Another question is: how many colors will always assure the desired coloring 
pattern on the sphere? It may surprise you to learn that it is the same number as on the 
plane. The proof, determined long ago, lay in the use once again of stereographic projec-
tion. Consider any map on a sphere. Poke a hole (remove a point) in the interior of any 
region of the map. Now use that hole as the center of a stereographic projection to map 
all the other points to the plane. The map in the plane can be colored (using four colors) 
and, because the hole was made in the interior of a region, the projected map in the plane 
has a sea around its rim. Reproject the four color map in the plane back to the sphere and 
color the added point the same color as the  “ sea. ”  Thus, the map on the sphere also has 
four colors.  

     Figure 19.5     The four color theorem. The island in the middle requires the introduction of a 
fourth color; purple, to distinguish it from three adjacent regions  
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  Box 19.2    What Does  “  Large Scale Map  ”  Mean? 

    Maps are sometimes called large or small scale. These terms can be confusing but 
are not when the underlying mathematics is clear. Suppose, that on one map, the 
scale is 1 inch on the map represents 50,000 inches on the surface of the Earth. 
Another way to capture that idea is to express it as a ratio, or fraction, as 1/50,000, 
independent of units of measure (they are the same in numerator and denominator). 
This form of expression for scale is often called the  “  representative fraction . ”  
Suppose a different map has a scale of 1/100,000. Which map is said to have  “ larger ”  
scale? Which fraction is larger? The fraction 1/50,000 is larger than 1/100,000 (would 
you rather have a piece of pie from a large pie cut into 50,000 pieces or from a large 
pie of the same size cut into 100,000 pieces). Thus, the map with the scale 1/50,000 
is larger scale than the one with scale of 1/100,000. That is the simple explanation in 
terms of the mathematics. The implications in terms of the geography is that larger 
scale maps give a more local view and may show more detail than smaller scale maps 
showing a more global view with less detail. The best solution may be simply not to 
use the terms  “ large ”  and  “ small, ”  opting instead for clearer terms like  “ local ”  and 
 “ global ” ; nonetheless, others do use them so it is important to understand both what 
is meant and that the meaning derives directly from relative sizes of representative 
fractions. Therefore, to understand what  “ large ”  means, one needs to know how the 
scale is measured and have at least two measures of that scale in order to make a 
comparison.    

  Jordan Curve Theorem 

 A simple closed curve is one that is topologically equivalent to a circle  –  that is, any curve 
that can be snapped back to a circle  …  like a rubber band. This theorem is due to Camille 
Jordan (1838 – 1922), who fi rst presented it in his  Cours d ’ Analyse . It is often convenient 
to think of the different domains as the  “ inside ”  of  J  and the  “ outside ”  of  J . A common 
curve that is not a simple closed curve (or Jordan curve) is the numeral 8. To label  “ inside ”  
and  “ outside, ”  walk around the curve in a counterclockwise direction and label the domain 
to which your left arm points as the  “ inside ”  and the domain to which your right arm 
points as the  “ outside. ”  In the case of the numeral 8, once the cross - over is passed, the 
inside becomes the outside and vice - versa! Curves that cross themselves are not simple 
closed curves. 

 It is important for mapmakers to know what kinds of curves they are working with. If 
they do not, they might assign an address to the wrong side of the street. If, for example, 
all even numbered addresses are assigned to the  “ inside ”  and all odd ones to the  “ outside ”  
of a street, and they are dealing with a street curve that is equivalent to a fi gure 8 (as are 
many routes or parts of routes in gridded urban street patterns), then the even numbers 
on the map might appear  “ inside ”  the 8 on the top and  “ outside ”  on the bottom, contrary 
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to the corresponding real - world situation. The solution is simple: split the 8 apart at cross-
overs into two distinct simple closed curves. The solution is simple once one understands 
the concepts involved! 

 Fill packages in modern software will fi ll, when using a paint bucket, only one half 
of the numeral 8. (The software developers know of the situation with the Jordan 
Curve Theorem but the casual user might not know why the bucket only fi lls half the 
fi gure 8.) 

 In the case of many simple closed curves it is an easy matter to tell if two arbitrary points 
lie on the same or on opposite sides of the curve. In complex cases, it may not be easy at 
all. Using Figure  19.6  we can demonstrate how to obtain a solution in a complex case. It 
can be done for a few positions for  a  and  b  (the  Fleur - de - Lis  is a simple closed curve; it is 
somewhat complex, although nowhere near as complex as urban street networks, but it 
has no crossovers).   

 Given any two points  a  and  b  in the plane, not on a simple closed curve  J . How can you 
tell if  a  and  b  lie on the same side of  J  or on opposite sides of  J ? 

   •      Pick a fi xed direction.  
   •      Join  a  and  b  with a line segment (this may be achieved uniquely because we are in the 

plane rather than, for example, on the sphere).  
   •      Count the number of intersections the segment  ab  makes with  J .  

   –      If the number of intersections is even (0 is even), then  a  and  b  lie on the same side 
of  J .  

   –      If the number of intersections is odd, then  a  and  b  lie on opposite sides of  J .      

 The Jordan Curve Theorem thus: 

   •      Permits correct assignment of addresses on either side of streets. One must have the 
Jordan Curve Theorem built into the software if geocoding is to work on matched 
addresses.  

   •      Permits visually appropriate coloring of polygons.  
   •      Illustrates the need to split complex curves apart at nodes where the curve crosses itself 

in order to ensure that the properties above will hold on maps. This fact is important 
in digitizing maps (and elsewhere).  

   •      Permits the development of a topological coding system for maps that maintains the 
characteristics of direction and connectivity between objects, without regard for dis-
tance. The Topologically Integrated Geographic Encoding and Referencing (TIGER) 
system of the US Census Bureau and US Geological Survey was developed in prepara-
tion for the 1990 decennial census of the population. Topologically improved, the 
system enabled one to distinguish inside/outside and street address positions. This had 
not been the case universally in the Geographic Base File/Dual Independent Map 
Encoding (GBF/DIME) system previously in use.    

 In this way, the Jordan Curve Theorem reveals some contemporary uses of mathematics 
as a research methodology in geography.   
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  Conclusion 

 Applications of mathematics have a rich history, and an exciting future, in geography 
and related earth sciences. In this chapter we have reviewed Eratosthenes ’  innovative 
use of the contemporary mathematics of his time (to measure the circumference of 
Earth), considered how geometry helps drive mapping forward, and emphasized the 
importance of systematic and thoughtful approaches to numbers and the handling of 
data (by again drawing on the work of Eratosthenes). We have also examined the 
Jordan Curve Theorem and the four color theorem. Eratosthenes, Jordan, and others 
created great conceptual theorems and algorithms that led to advances in applications. 
Above all, these approaches demonstrate the need to understand the mathematics and 
logic behind maps and the decisions we make. Maps infl uence our decisions; decisions 
infl uence our maps. Clear understanding of how maps and mathematics are related is 
therefore a critical part of the geographic enterprise. The volumes edited by James R. 
Newman  (2003)  provide a perspective on the work of other mathematicians, and offer 
valuable guides to primary and secondary sources in the mathematical literature. These 
may help to expand your level of knowledge as you seek to apply mathematics to real world 
problems.  

     Figure 19.6      Assignment algorithm  related to the Jordan Curve Theorem determines when  a  and 
 b  lie on the same or on opposite sides of a simple closed curve (the  Fleur - de - Lis  in this case)  
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    Exercise 19.1   Mathematical Geography in Action 

 To test your knowledge of both the geographical and mathematical aspects of coordinatiz-
ing the Earth, construct an increasingly diffi cult sequence of problems involving latitude 
and longitude, that include questions such as: 

   •      How long (in miles) is one degree of latitude?  
   •      How long (in miles) is one degree of longitude at 42 degrees of latitude?  
   •      At what latitude is the length (in miles) of one degree of longitude exactly half the value 

of one degree of longitude at the equator?    

 Color a real - world map (try altering some of the fundamental assumptions, such as those 
about adjacency or about the surface being mapped, to create a modifi ed coloring scheme). 

 Describe some real - world situations in which paths that are not simple closed curves could 
lead to erroneous mapped results (show how to correct the pattern so that correct results 
will be achieved).  
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    Introduction 

 Social scientists design and update models that often assist decision - makers in the 
private and public sectors. These models must however satisfy two conditions before 
practitioners will adopt them. First, they must be fi rmly grounded in theory. Theory, which 
is continually contested, allows practitioners to understand the causal mechanisms 
that underlay visible events. Second, these models must resemble reality to a satisfactory 
degree. Repeated empirical testing allows practitioners to accept or discard models based 
on their accuracy or usefulness. This is all part of the enterprise of verifying or falsifying 
hypotheses. 

 This larger theme is explored in this chapter on regional analysis. Rather than examine 
many different areas of research and practice, I focus on economic (or export) base 
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analysis. The concepts and techniques of  economic base  analysis have a long tradition, 
dating from the middle of the twentieth century (Blumenfeld  1955 ; North  1955 ; Tiebout 
 1955, 1962 ), and they continue to be widely used by geographers, planners, and economists 
in the United States and other countries to study the performances of regional and local 
economies. The  “ small areas ”  examined in economic base analysis include towns, sub -
 metropolitan cities, and sparsely settled counties. The basic proposition underlying the 
theory is that the health of a small - area economy largely depends upon the performance 
of its export industries. Economic base analysis is closely related to several other topics 
of interest to students of regional development, including staples theory, input - output 
analysis, and export - led industrialization. 

 The main purpose of this chapter is to show how traditional economic base analysis 
was modifi ed as theoretical concerns changed, as data sources improved, and as society as 
a whole was transformed between the mid - 1960s and the mid - 1990s. Making use of a 
unique data set on southwestern US towns, I focus on economic base  multipliers  in telling 
this story. These multipliers, which are frequently mentioned in the media, simply measure 
the propensity of export - oriented jobs to induce locally - oriented jobs in regional econo-
mies. Later on we will see how the estimates of multipliers always depend upon the various 
assumptions and subjective choices that practitioners make in their studies. 

 Day - to - day research and scholarship in the social sciences is largely guided by theory 
that already has been accepted in the scientifi c community. This activity leads to  positive  
social science, which is largely involved with the formulating and testing of hypotheses. 
Moreover, inquiry largely proceeds according to certain  “ rules of the game ”  that all schol-
ars more - or - less accept, and most inquiry is therefore called  normal  social science. But 
existing theory sometimes proves to be so inadequate that it must be radically modifi ed or 
even completely abandoned. During those periods of time when scientists are trying to 
fashion a new paradigm to direct their inquiry, the community of scholars can be divided 
along the lines of methodology. Eventually, though, some new body of theory becomes 
acceptable to a younger cohort of scholars and yet a new round of normal activity ensues 
(Kuhn  1970 ). However, in the social sciences our research and scholarship is also guided 
by other important concerns that are directly related to human welfare. This concern leads 
to  normative  social science. Often in the social sciences we must confront fundamental 
moral, ethical, or ideological issues that can also divide the community of scholars. We 
live in a world that is experiencing rapidly changing economic and social circumstances 
and the social sciences have a special responsibility not only to make sense of all these 
changes, but also to assist public policy - makers in making informed and responsible deci-
sions in the face of these changes. 

 To help us in understanding research and scholarship in the social sciences we should 
take another moment to think about the production and uses of knowledge. I fi nd it 
helpful to visualize a  meta - model  to characterize many of the issues and problems that I 
study in the fi eld of regional development (Figure  20.1 ). In fact this meta - model can be 
visualized as a triangle whose three vertices are  theory  (abstract concepts, mathematical 
statements, etc.),  evidence  (different types of primary and secondary data, etc.) and  policy  
(the appropriate scale for study, concerns of social justice, etc.). As in any triangle, a direct 
linkage exists between any one vertex and the other two vertices. But in our case the link-
ages can be very complex because they ultimately involve people and their diverse beliefs 
and interests. Nevertheless, when a change occurs at any one vertex of this triangle there 
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are direct implications  –  and, later, indirect implications  –  for change at the other two 
vertices.   

 As we will see, external circumstances during the 1960s and 1970s forced analysts in the 
fi eld of regional development to reformulate their theories. This led to a series of remark-
able improvements in economic base analysis  –  fi rst during the 1980s and later during the 
1990s. Among other things, entirely new types of data were needed to test or confi rm a 
whole series of improved models. But along the way practitioners found they were also 
able to address a number of public - policy concerns in a much more satisfactory way. For 
instance, they could now assess not only the expected size but also the expected distribu-
tion of new jobs in small - area impact studies. This meant that public offi cials could now 
gauge the degree to which disadvantaged social groups might or might not participate in 
expanding labor markets. In short,  “ new ”  moral and ethical concerns merged with  “ old ”  
theoretical concerns to redirect inquiry regarding the nature of regional economies. The 
triangular meta - model of theory, evidence, and policy captures these shifts, and I use it to 
guide and inform the discussion that follows.  

  Economic Base Analysis: The Fundamentals 

 This chapter makes extensive use of the Arizona Community Data Set (ACDS; Vias  1996 ), 
which shows the  basic ,  nonbasic , and  total  employment of nearly 50 towns. These data were 
derived from numerous fi eld surveys undertaken between the mid - 1970s and mid - 1990s. 
All data were collected at the level of the establishment (i.e., factory, offi ce, store) and 
virtually all establishments were surveyed when a town was targeted. Given the present 
purposes, we will examine a sample of only 15 of the Arizona communities. 

  Basic employment  refers to export - oriented jobs and  nonbasic employment  refers to 
locally - oriented jobs. This bifurcation can be achieved in a variety of ways (see below), but 
survey results clearly are the most accurate. The employment of each establishment is 
divided into these two components based on its annual revenues. Basic employment 
refl ects those jobs that are generated by sales to agents (fi rms and households) found 
outside the town ’ s designated base area. By contrast, nonbasic employment serves the 
needs of local fi rms and households. 

 To clarify this distinction, consider a small plant that produces a widely distributed 
roof - coating material. Management knows both the plant ’ s annual revenues and employ-
ment fi gures, and it also has a good estimate of the proportion of annual revenues coming 
from beyond the plant ’ s sales region (i.e., from shipments beyond the town or county). 

     Figure 20.1     A meta - model for research in regional development  
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With that information, regional analysts can determine the amount of the plant ’ s total 
employment that is export oriented. Given the nature of the product, we would expect 
that proportion to be quite high. Now consider the corner grocery store across the street 
from the plant. With the exception of some sales to tourists or others just  “ passing 
through, ”  almost all of the store ’ s sales (and hence its employee mix) will be local in nature, 
or nonbasic. This distinction is key to understanding economic sustainability in a small -
 area economy: that economy cannot survive solely on nonbasic activities; it must bring in 
money from the outside in order to prosper, that is, in order to support local employment 
in stores that sell groceries. Moreover, in the real world not all  basic activities  are equal 
in their ability to support a healthy range of  nonbasic activities . For these reasons, analysts 
want to know both the structure of employment in a small area and the economic leverage 
that the basic employment has in producing local prosperity. 

  The  d ata  s et 

 The ACDS basic – nonbasic distinction is consistent over three scales: the establishment 
itself (e.g., a store or offi ce), the major industry group (e.g., manufacturing or retailing) 
identifi ed by the SIC code, and the entire town economy. For our purposes, jobs are con-
solidated into four general sectors:  i    =   1, primary (agriculture; mining),  i    =   2, secondary 
(construction; manufacturing),  i    =   3, trade (transportation, communications, and public 
utilities; wholesale trade; retail trade), and  i    =   4, services (fi nance, insurance, and real estate; 
other private services; public administration). 

 Table  20.1  shows basic (BE) and nonbasic (NE) employment fi gures for each of the 15 
towns, which are listed in alphabetical order. The reader is encouraged to consult an atlas 
to fi nd their locations. All basic employment, BE, represents the so - called  economic base  
or  export base  of the economy. Sector - by - sector averages for both basic and nonbasic 
employment are shown at the bottom of the table.   

 The fi rst thing to notice about the various towns is that they have different  types  of 
economic bases. In other words regional economies typically  specialize . Some places, like 
Bisbee and Globe, have most of their basic employment in primary activities; other places, 
like Sedona and Wickenburg, have most of their basic employment in trade and services; 
and other places, like Douglas and Snowfl ake, have most of their basic employment in 
secondary activities. Further scrutiny also reveals that these towns have somewhat different 
 degrees  of economic specialization. These categories of  functional specialization  are 
important in explaining why we fi nd different responses to economic stimuli from one 
place to the next.  

  The  t raditional  m ultiplier 

 In economic base analysis we make use of two important equations. The fi rst equation is 
an accounting identity that simply recognizes that total employment always equals basic 
employment plus nonbasic employment. For the entire economy, note that:

    TE BE NE= +     (20.1)   



  Table 20.1    Basic and nonbasic employment for 15 Arizona towns 

   Town     B1     B2     B3     B4     BE     N1     N2     N3     N4     NE  

  Bisbee    1,266    5    155    252    1,678    4    46    367    507    924  

  Casa Grande    749    962    363    888    2,962    111    264    846    1,061    2,282  

  Clifton    2,754    6    52    108    2,920    0    11    440    358    809  

  Douglas    46    1,194    333    488    2,061    3    98    561    1,026    1,688  

  Globe    2,388    37    313    578    3,316    6    109    1,030    1,367    2,512  

  L Hav City    2    1,356    322    665    2,345    28    515    774    1,039    2,356  

  Holbrook    3    30    580    622    1,235    5    18    401    530    954  

  Parker    49    121    283    823    1,276    32    54    561    624    1,271  

  Payson    1    53    167    169    390    2    53    278    253    586  

  Safford    227    131    356    889    1,603    13    176    878    868    1,935  

  Sedona    15    13    217    234    479    5    53    275    240    573  

  Show Low    2    87    237    210    536    0    19    263    178    460  

  Snowfl ake    65    550    96    85    796    0    22    224    373    619  

  Superior    685    4    58    73    820    0    7    145    140    292  

  Wickenburg    4    17    200    229    450    13    39    225    290    567  

   Average      550.4      304.4      248.8      420.9      1,524.5      14.8      98.9      484.5      590.3      1,188.5   

    Notes :   The average refers to the statistically representative town in the data set. B is for basic employment (total: BE); N is for nonbasic employment (total: 
NE). Sector 1 is primary employment, 2 is secondary, 3 is trade, and 4 is services. For further details, consult text   
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 The second equation introduces the  traditional  economic (export) base multiplier, which 
was in dominant use until the 1980s. Here the so - called  multiplier effect  is calculated by 
simply taking the ratio of total jobs to basic jobs across the entire regional economy:

    m TE BE NE BE= = +1     (20.2)   

 Throughout the chapter we use the lower case m to designate any multiplier  estimate  that 
is computed by the employment ratio approach. 

 Using equation  (20.2) , the multiplier concept is simple to explain. Each basic job brings 
money into the community from outside and some of this money is spent locally, thereby 
creating nonbasic jobs. The fi rst expression on the right - hand side of equation  (20.2)  
indicates how  on average  each export job is directly transformed into each total job. But 
the second expression in equation  (20.2)  is more informative. Here we see that each basic 
job actually induces or supports other jobs that exist in the nonbasic portion of the 
economy. In fact, it is precisely this ratio of locally - oriented employment to export - 
oriented employment that determines the size of the multiplier effect. If the ratio NE/BE 
is large, then the multiplier is large; but if the ratio NE/BE is small, then the multiplier is 
small. The second expression also indicates that as long as just one nonbasic job exists in 
the economy, its economic base multiplier must be greater than unity (i.e., m    >    1). 

 Now examine Table  20.2 , which shows a number of other attributes of the 15 towns, 
including total employment TE and the estimate m of the traditional multiplier. Note that 

  Table 20.2    Additional attributes and estimates for 15 Arizona towns 

   Town     TE     m     TR     m *      ER%     m a  *      m q  *      Type  

  Bisbee    2,602    1.55    414    1.44    7.6    1.74    2.46    A  
  Casa Grande    5,244    1.77    895    1.59    11.3    2.06    4.27    B  
  Clifton    3,729    1.28    184    1.26    1.6    1.32    1.71    A  
  Douglas    3,749    1.82    1,106    1.53    18.9    1.98    2.45    B  
  Globe    5,828    1.76    874    1.60    10.0    1.96    2.98    A  
  L Hav City    4,701    2.00    770    1.76    13.6    2.05    2.70    B  
  Holbrook    2,189    1.77    211    1.66    6.6    8.99    2.92    C  
  Parker    2,547    2.00    333    1.79    11.7    4.89    3.37    C  
  Payson    976    2.50    491    1.67    49.7    2.44    2.16    C  
  Safford    3,538    2.21    928    1.76    25.6    3.03    3.06    C  
  Sedona    1,052    2.20    660    1.50    46.7    2.29    1.91    C  
  Show Low    996    1.86    285    1.56    19.2    3.26    2.66    C  
  Snowfl ake    1,415    1.78    126    1.67    6.6    2.02    3.00    B  
  Superior    1,112    1.36    160    1.30    4.6    1.49    1.96    A  
  Wickenburg    1,017    2.26    432    1.64    37.8    2.87    2.16    C  
   Average      2,713.0      1.87      524.6      1.58      18.0      2.83      2.65       

    Notes :   TE is total employment; m is the traditional multiplier; TR is basic employment generated 
from transfer payments; m *  is the transfer payment adjusted multiplier; ER% is an estimate of the 
infl ation of m relative to m * ; m a  *  is the transfer payment adjusted, assignment - based multiplier; m q  *  
is the transfer payment adjusted, location - quotient derived multiplier; Type refers to the specializa-
tion of the economy (A: mining; B: manufacturing; C: services)   
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the estimate of the traditional multiplier ranges between a low of 1.28 (Clifton) and a high 
of 2.50 (Payson), where the average value of m is 1.87. Therefore, in the  statistically average  
or  representative  town of the ACDS  –  not that this town really exists  –  each basic job is 
responsible for inducing another 0.87 nonbasic jobs, thereby generating 1.87 total jobs 
(including itself).    

  Two  c hanges in  e conomic  b ase  a nalysis 

 Since the 1960s two signifi cant changes have forced analysts to change their thinking regard-
ing the operation of local and regional labor markets. First, more economically advanced 
nations all have assumed  postindustrial  attributes (Bell  1973 ). Innovation, production 
mode, and access to both risk capital and human capital have become very important con-
cerns of fi rms and access to natural and human - made  amenities  has become an especially 
important concern of households (Diamond and Tolley  1982 ; Glaeser et al.  2001 ). Primary 
and secondary activities have become relatively less signifi cant and service and (some) trade 
activities have become relatively more signifi cant, at least in employment terms. Moreover, 
people are living longer, they are more mobile than ever, and they increasingly form house-
hold types that are very different from those that were dominant just a few decades ago. 

 Second, government tax agents in these advanced nations collect and then redistribute 
funds in support of a variety of public programs. Some of these monies fl ow directly back 
to households in the form of public transfer payments. In the US, such monies include 
social security, unemployment insurance, payments for the disabled, and the like. These 
payments are distinguished from private monies like rents, interest payments, and divi-
dends that many households also receive. Together, analysts often talk about households 
receiving  non - earnings income , which is comprised of payments that are received for their 
investments, for their past services in the workplace, and for the entitlements they presently 
enjoy from government (Gibson and Worden  1981 ; Manson and Groop  1990 ). 

 In light of these remarkable transformations, both academics and practitioners in 
regional development began to ask important questions like the following: What are the 
implications of increasing female participation in the labor force? How does human capital 
(refl ected in the health, education, and skills of workers) affect regional job growth? What 
will happen in rural areas as large numbers of retirees (who substitute high wages/low 
amenities for high amenities/low wages) move there? How will these in - migrants alter the 
demography and affect the delivery of public goods in these rural areas? 

 By the late 1970s the economic base model was itself being updated in light of these 
and other important questions. Two very general changes in the model are worthy of some 
mention at this time. First, it was realized that the economic base of many postindustrial 
regional economies was often much different than what was being captured by traditional 
thinking. Many small - area economies thrived not because they exported primary or manu-
factured commodities but because they specialized in trade or in business or personal 
services. The economic base logic of the 1960s and 1970s was now seen as dated because 
it no longer correctly identifi ed all the sources of employment - related income fl owing into 
the economy. Second, it was recognized that many small - area economies were now depen-
dent upon changes in non - earnings income for signifi cant amounts of local job creation. 
In fact, the ACDS gives special attention to the issue of  public  transfers and data covering 
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these payments were carefully collected at a very intimate geographic scale. If these transfer 
payments were disregarded, an important part of each town ’ s economic base would be 
omitted and any study of the regional labor market would be fl awed. 

 Returning to my meta - model introduced earlier, changing external circumstances 
(involving new empirical evidence but also new policy issues) forced general inquiry (eco-
nomic theory) to shift. This in turn led to the updating of a specifi c model (economic base) 
that we use in regional development. Later we will see how this model assumed even more 
complex features after the initial updating of the early to mid - 1980s. And we will also see 
how these newer versions of the economic base model have allowed those responsible for 
formulating public policy to make more accurate and informed decisions.  

  Public  t ransfer  p ayments 

 But before moving on to these other topics we must say a few more words about public 
transfers. For the sake of illustration, suppose a town receives $10 million a year in transfer 
payments from various levels of government and the average wage or salary in that town 
is $25,000 per year. Clearly these transfer payments represent the  equivalent  of adding an 
extra 400 (i.e., $10 million/$25,000) export - oriented or basic jobs to the regional economy. 
Following this logic, employee - equivalent transfer payments (TR) can be computed for 
regional economies that have been surveyed in different years. In fact, these values have 
been computed for all towns in the ACDS and Table  20.2  shows the levels of TR for the 
15 towns that are of interest to us. Astonishingly, these transfer payments represent the 
equivalent of nearly 525 basic jobs in the statistically representative town of our data set, 
ranging from a low of 126 equivalent basic jobs in Snowfl ake to a high of 1,106 equivalent 
basic jobs in Douglas. 

 Now let ’ s return to equations  (20.1)  and  (20.2)  above and  adjust  the various terms in 
the traditional model accordingly. Note fi rst that the adjusted employment fi gures are 
BE *    =   BE   +   TR and TE *    =   TE   +   TR, where nonbasic employment (NE) remains the same. 
The adjusted economic base multiplier is

    m TE* BE* NE BE** = = +1     (20.3)   

 Throughout the rest of the chapter an asterisk is used to represent any multiplier estimate 
that is adjusted for transfer payments. 

 From the last expression in equation  (20.3)  we see that the adjusted multiplier m *  is 
always less than its unadjusted counterpart m. In other words, whenever practitioners fail 
to adjust for the presence of transfer payments, their multiplier estimates will always be 
too high. The importance of this discrepancy for public policy will be examined in more 
detail below. Suffi ce to say here that since most economic base studies undertaken before 
1980 failed to make this adjustment, they were characterized by a degree of multiplier 
infl ation. 

 Table  20.2  provides some evidence about the multiplier discrepancies that probably 
arose. For each of the 15 towns this discrepancy can be computed as a percentage error 
ER% where m *  is assumed to be the  “ correct ”  estimate: ER%   =   100    ×    (m - m * )/m * . We see 
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that the unadjusted multiplier is on average 18 percent greater than the adjusted multiplier, 
where these errors range widely, from a low of approximately 2 percent in Clifton to a high 
of nearly 50 percent in Payson. In other words, most studies of regional labor markets 
undertaken during the 1960s and 1970s probably infl ated their multiplier estimates by 
one - fourth or even one - third simply because the role of public transfer payments in local 
job creation was not suffi ciently appreciated.  

  Indirect or  s hortcut  m ethods 

 It is expensive and time - consuming to survey individual businesses, even in small towns 
like those of the ACDS having at most 5,000 – 6,000 persons and 200 – 250 establishments 
(i.e., factories, offi ces, and stores). A reasonable guess is that it would cost at least $5,000 
to update any one of the nearly 50 surveys that were undertaken in creating the ACDS. 
Furthermore, this cost fi gure would rise very quickly for surveys undertaken in somewhat 
larger places, such as small cities having 25,000 – 50,000 persons. Consequently, both prac-
titioners and public offi cials have been long interested in devising indirect or shortcut 
methods of estimating economic base multipliers (Mulligan  2008 ). Typically these methods 
manipulate sector - specifi c total employment data, which are made available by various 
state and federal sources. In fact most of the economic base studies that were undertaken 
during the 1960s and 1970s used indirect methods and we now can assess how accurate 
those studies were. 

 The most common approach is to assign entire sectors of total employment either to 
the basic or to the nonbasic category. Some difference of opinion exists about exactly how 
to do this, but most analysts would assign the total employment in sectors 1 and 2 to basic 
and the total employment in sectors 3 and 4 to nonbasic. For an example, let ’ s examine 
Lake Havasu City. Adding the two components (B1+N1, B2+N2, etc.) in the survey data 
(Table  20.1 ), we see that T1   =   30, T2   =   1,871, T3   =   1,096, and T4   =   1,704. This means 
that 1,901 jobs are assigned to basic and 2,800 jobs are assigned to nonbasic by the 
assignment method. From equation  (20.2)  the new multiplier estimate is m a    =   2.47. The 
assignment - based multiplier also can be adjusted for transfer payments, an operation 
that reduces the estimate downward to m a  *    =   2.05. The adjusted assignment multipliers 
m a  *  are shown for all 15 towns in Table  20.2 . 

 A second popular method involves designating the  “ excess ”  total employment in each 
sector as basic, and the remaining total employment in that sector as nonbasic. This 
method enjoys some popularity in the postindustrial era because it at least recognizes 
that service and trade activities can perform an important role in a regional economy ’ s 
export base. A percentage allocation Ti%, where Ti%   =   100    ×    Ti/TE, is fi rst calculated for 
each of the four sectors of each town, and then the average allocation Ti% is computed 
across the entire sample of 15 towns. These sector - specifi c averages are then used as 
references or benchmarks in applying location quotients (LQi) to the actual employment 
in each town. In the average town of the ACDS we see that T1%   =   17.51, T2%   =   13.00, 
T3%   =   30.97, and T4%   =   38.52. The town - specifi c percentages for Lake Havasu City 
are T1%   =   0.64, T2%   =   39.80, T3%   =   23.32, and T4%   =   36.25. Taken together, these two 
sets of percentages indicate that Lake Havasu City has excess employment in sector 2, 
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where LQ2   =   39.80/13.00   =   3.06, which is greater than unity. But in each of the other three 
sectors the value for LQi is less than unity, so no excess employment exists. The excess 
employment in sector 2 is T2    ×    (LQ2 - 1)/LQ2   =   1,871    ×    (39.80 - 13.00)/39.80, which means 
that 1,260 jobs are assigned as basic and the remaining 611 jobs as nonbasic in sector 2. 
All of the remaining 2,830 jobs in sectors 1, 3, and 4 are assigned as nonbasic, making 3,441 
nonbasic jobs in all. This means that the multiplier estimate for the town is m q    =   3.73, 
which is reduced downward to m q  *    =   2.69 with the inclusion of transfer payments. Adjusted 
location quotient multipliers are shown for all 15 towns in Table  20.2 . 

 It is a sobering exercise to examine how the estimates based on these two indirect 
methods compare to those based on the more expensive survey approach. Upon examining 
the descriptive statistics we see that the  average  multiplier estimates for the assignment 
method are m a    =   7.80 and m a  *    =   2.83. These are somewhat higher than the  average  
multiplier estimates for the location quotient method, which are m q    =   4.46 and m q  *    =   2.65. 
But, upon recalling that the  average  survey - based multipliers are m   =   1.87 and m *    =   1.58, 
it is clear that both indirect methods severely infl ate either the unadjusted or adjusted 
multiplier estimate. In fact, this problematic infl ation of the multiplier holds for all towns 
in the sample. The average error (computed as before) for the adjusted multiplier using 
the assignment method is 75.2 percent and the average error using the location quotient 
method is 66.7 percent. Furthermore, the  correlation  between the survey and location 
quotient multipliers (r   =   0.57) is somewhat stronger than the correlation between the 
survey and assignment multipliers (r   =   0.42). Evidently, the location quotient method 
provides multiplier estimates that are superior to those of the assignment method; 
however,  neither  shortcut approach generates multiplier estimates that are very reliable. 
Consequently, we should be very skeptical of any approach that does not use some sort 
of survey data when estimating the economic (export) base multiplier of a regional labor 
market.  

  An  a pplication to  p ublic  p olicy 

 Multiplier models are very helpful to public offi cials who wish to evaluate the impacts of 
new industries on small - area economies. They can provide guidance with respect to 
needed new housing and infrastructure, schools and libraries, and other public needs. 
These same models can also be used to project the economic contractions caused by 
departing or closing industries. For purposes of illustration, suppose that a new export -
 oriented factory is proposed for the representative town in the ACDS. From a case study 
elsewhere, suppose that public offi cials can gauge that 80 new workers will be added to 
the economy. These offi cials might then adopt the average value of m *  from Table 2, and 
estimate the impact - related change in nonbasic employment to be 0.58    ×    80   =   46 new 
jobs and the impact - related change in total employment to be 1.58    ×    80   =   126 new jobs. 
These offi cials could also use the ACDS to specify the most likely allocation of the 46 new 
nonbasic jobs across the four employment sectors. Appropriate allocation percentages can 
be calculated from the averages for N1, N2, N3, and N4 (in relation to NE) shown at the 
bottom of Table  20.1 . Those offi cials would then arrive at the following distribution for 
the 46 new local jobs: sector 1, 0.6 jobs; sector 2, 3.8 jobs; sector 3, 18.8 jobs; and sector 
4, 22.8 jobs. 
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 If these offi cials were comparing several proposed new industries for an available site, 
they could estimate the job - creation impact of each proposal and rank the proposals from 
best to worst on this criterion. Naturally, though, these offi cials would want to consider a 
lot of other pertinent information  –  including project - , site - , and town - specifi c data  –  
before they reached a fi nal decision about the future of the site. 

 This simple example sheds light on the relative usefulness of the numerous economic 
base impact studies that were undertaken in the US prior to the 1980s. We can now rec-
ognize that many of these studies were doubtless fl awed, sometimes severely, because either 
local job creation was overestimated by indirect methods or transfer payments were entirely 
disregarded. In many cases the overestimation of multiplier effects was doubtless very high 
because errors arising from these two defi ciencies actually compounded one another.  

  Some  a nalytical  s hortcomings 

 But, even as this one simple application reveals, a number of important issues are not fully 
addressed by the traditional economic base approach. First, we just  assumed  that the mul-
tiplier effect is satisfactorily estimated as the ratio between total employment and basic 
employment. Second, we just  assumed  that the size of the impact always would be inde-
pendent of the sector where the impact originates. So we simply supposed that 80 new 
export jobs in manufacturing would have exactly the same impact as 80 new export jobs 
in government. And third, we just  assumed  that the impact itself would not have a sub-
stantial effect on the very nature of the small - area economy. The fi rst of these three issues 
is fairly straightforward to address but even here we must eventually modify the logic of 
traditional economic base analysis. The second and third issues are more advanced and 
cannot be addressed in this chapter (see Mulligan and Vias  1996 ). 

 An additional issue to consider in assessing the quality of economic base studies is that 
of the leakages to the economy caused by commuting. Some economic base studies rec-
ognize the role of household commuting behavior in affecting the size of the multiplier 
effect. Taking in - commuting into account, for example, recognizes that some people work 
in the target region but spend most of their earnings elsewhere (i.e., where they live), 
whereas out - commuting recognizes that some people work elsewhere but spend most 
of their earnings inside the target region. The neglect or exclusion of households in -
 commuting (out - commuting) in the study leads the analyst to defl ate (infl ate) the regional 
multiplier estimate. This behavior is especially important to take note of when the target 
region is a rural town or bedroom community located within the commuting shed of a 
large, metropolitan economy. Related to this issue is the fact that a small area ’ s relative 
distance (measured in physical, time, or money units) to other regions has an effect on the 
nature and size of the regional economy, especially in small places like mining towns or 
resort communities. When these places are relatively isolated and protected by distance, 
they tend to have more nonbasic activities than is the norm (based on their population 
size alone), making the economic base multiplier somewhat larger in size than would be 
expected. On the other hand, when these places are found very close to much larger econo-
mies they tend to suffer many leakages (e.g., from high rates of consumer out - shopping) 
and consequently have fewer nonbasic activities than is the norm, making the multiplier 
effect smaller than would be expected.   
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  The Marginal Multiplier 

 We now must become acquainted with the idea of a  marginal  multiplier, a concept that 
has been more prevalent in economics than in geography or planning (Armstrong and 
Taylor  2000 ). Marginal multipliers can be estimated by using longitudinal, cross - sectional, 
or pooled data sets. Now we no longer compute 15 town - specifi c multipliers and then take 
their mean value to estimate a multiplier for the representative town. Instead we directly 
calculate a multiplier for this average town that minimizes the sum of the (squared) errors 
involved in performing the estimation across those 15 towns. In order to accomplish this 
we use ordinary least - squares (OLS) regression (see Chapter  18 ; Griffi th and Amrhein 
 1997 ). 

 The fi rst model, which we call Model 1, actually retains the underlying economic logic 
of the traditional analysis. Practitioners used this version of the model during much of the 
1980s. We begin by assuming that local jobs and export jobs always exhibit a  linear  or 
straight - line relationship, which means that we can estimate the four sector - specifi c rela-
tionships as:

    Ni a b BEi i= +     (20.4)  

and that we can estimate the overall relationship as:

    NE a bBE= +     (20.5)  

where a   =    Σ  a i , b   =    Σ  b i  and i   =   1,2,3,4. Next, using calculus, we differentiate the dependent 
variable by the independent variable in each equation. This informs us how a 1 - unit change 
in BE induces a marginal change in Ni in equation  (20.4)  and a marginal change in NE in 
equation  (20.5) . Using the symbol  Δ  to represent a small change, we see that:

    Δ ΔNi BE bi=     (20.6)  

and

    Δ ΔNE BE b=     (20.7)   

 The slope coeffi cient b i  shows how many extra (fractional) local jobs are created in sector 
i by a 1 - unit shift in a town ’ s export jobs. In like fashion, the slope coeffi cient b shows how 
many local jobs in all four sectors are created by this same 1 - unit shift. 

 Equation  (20.7)  suggests a multiplier measure that is somewhat different than the one 
we saw earlier. Now consider how a  change  in basic employment induces a  change  in total 
employment. Adding one extra job to both sides of this equation we see that:

    M NE BE BE NE BE b1 1= +( ) = = +Δ Δ Δ Δ Δ     (20.8)  

where 1+b is the estimate of the marginal multiplier. In this chapter the upper case 
is used to indicate all estimates of marginal multipliers. We say that M 1  is a marginal 
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multiplier because it relates the fi nal, or resulting,  change  in total employment to the initial, 
or exogenous,  change  in export employment. In making impact assessments, regional 
development analysts believe the marginal multiplier is superior to the ratio multiplier 
because it more accurately represents how the impact process actually unfolds. 

 The fi rst numerical column of Table  20.3  shows the relevant estimates for Model 1. 
Note, for instance, that a 1 - job shift in BE induces a shift of 0.311 local jobs in N4, 0.609 
overall local jobs in NE, and 1.609 total jobs in TE. The slope estimate b has a high t - score 
(t   =   4.71), thereby indicating that in all likelihood the strong, positive relationship existing 
between NE and TE is not based on chance. And, in terms of its overall statistics, we see 
that the model performs fairly well  –  the adjusted R - squared is 0.60 and the standard error 
of the estimate (SEE) is 482.2. Finally, we see that the estimate of the marginal multiplier 
for Model 1 is M 1    =   1.61, which is somewhat lower than the average value of 1.87 for the 
15 ratio multipliers shown in Table  20.2 .   

  Table 20.3     OLS  regression estimates of nonbasic employment 

   Sector    Model 1  
   (BE)  

  Model 1  *    
   (BE,TR)  

  Model 2  
   (TE)  

  Model 2  *    
   (TE,TR)  

  NE1     − 9.26     − 9.26     − 7.94     − 9.69  
  0.012    0.009    008  *      0.007  

      0.020        0.009  
  0.11    0.08    0.18    0.12  

  26.8    27.2    25.7    26.6  
  NE2    3.47     − 52.44     − 36.49     − 60.80  

  0.063  *      0.033    0.050  *      0.034  
      0.192  *          0.128  

  0.15    0.28    0.34    0.35  
  123.9    114.6    109.8    109.0  

  NE3    143.25    29.11    67.17    27.51  
  0.224  *      0.164  *      0.154  *      0.128  *    

      0.392  *          0.209  *    
  0.61    0.77    0.84    0.86  

  173.4    134.3    112.4    102.6  
  NE4    116.58     − 63.37    8.14     − 64.18  

  0.311  *      0.216  *      0.215  *      0.168  *    
      0.618  *          0.381  *    

  0.61    0.82    0.84    0.90  
  242.3    165.8    154.3    123.7  

  NE    259.92     − 95.96    30.89     − 107.16  
  0.609  *      0.422  *      0.427  *      0.337  *    

      1.223  *          0.727  *    
  0.60    0.81    0.86    0.91  

  482.2    332.4    287.8    227.0  

    Notes :   The estimates shown in each of the fi ve rows are as follows: intercept, employment (using BE 
or TE), transfer payments (if appropriate), the adjusted R - squared, and the standard error of the 
estimate. In rows 2 and 3, the symbol  *  indicates a slope estimate for employment and transfer pay-
ments that is signifi cant at the 0.10 level   
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 As before, we can re - estimate the marginal multiplier by introducing (employee - 
equivalent) public transfer payments. Call this Model 1 * . But now we have the attractive 
feature of being able to introduce TR as an entirely separate independent variable where:

    Ni a b BE c TRi i i= + +     (20.9)  

and:

    NE a bBE cTR= + +     (20.10)   

 In other words, we can now disentangle how actual export jobs and equivalent export jobs 
affect local job creation. Equation  (20.10)  indicates that a 1 - job shift in BE (real export 
jobs) creates an overall shift of b nonbasic jobs and that a 1 - job shift in TR (equivalent 
export jobs) creates an overall shift of c nonbasic jobs. The various regression estimates 
for Model 1 *  are shown in the second column of Table  20.3 . Note that the slope estimates 
b i  and b are pushed downward with the inclusion of transfer payments, indicating (as we 
would have anticipated) that the results for Model 1 overestimated the importance of basic 
(real) jobs in local job creation. These results echo our earlier fi ndings, using the ratio 
multiplier, regarding the relationship between multiplier estimates that have and have not 
been adjusted for non - earnings income. The regression estimates indicate that the adjusted 
marginal multiplier estimate is M 1  *    =   1.42, which is 13% lower than the unadjusted mar-
ginal estimate of M 1    =   1.61. 

  Another  i mprovement 

 Later in the 1980s a  theoretical  defi ciency was noted in the novel regression - based analysis. 
So a new version of the economic base model was designed that had a more satisfactory 
underlying logic, one in which nonbasic jobs could actually induce other nonbasic jobs. 
To accommodate this, we can simply substitute total jobs for basic jobs on the right - hand 
side of equations  (20.4)  and  (20.5)  and call the new specifi cation Model 2. Thus, for each 
of the four employment sectors consider:

    Ni a b TEi i= +     (20.11)  

and for aggregate employment consider:

    NE a bTE= +     (20.12)   

 Do the same for equations  (20.9)  and  (20.10)  and then consider:

    Ni a b TE c TRi i i= + +     (20.13)  

and:

    NE a bTE cTR= + +     (20.14)   
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 as the appropriate equations for Model 2 * . Finally, after making manipulations much like 
those performed for Models 1 and 1 *  earlier, we arrive at the following equation for the 
estimate of the marginal economic base multiplier using either Model 2 or 2 * :

    M TE BE b2 = = −( )Δ Δ 1 1     (20.15)   

 Our change in logic, although subtle, is very important and is worthy of some discussion. 
First, when using BE (instead of TE) we were completely  missing  some jobs that would be 
created by the local spending of workers engaged in the town ’ s various nonbasic activities. 
To take one example, we failed to recognize that at least some of the demand for goods 
sold in a town ’ s  trade  sector would arise from the needs of other locally - oriented workers 
in that same town ’ s  service  sector. In omitting NE from the right - hand side of the regres-
sion equations, as we did earlier, the importance of BE in local job creation was infl ated. 
In turn this meant the estimate of the multiplier effect was biased upward. Second, we now 
have a model that has more appealing  behavioral  properties. Much like a Keynesian model, 
where consumption is viewed as a linear function of overall or total income, we now have 
a model where local employment has a  structural  relationship with total employment. In 
fact, b i  and b are said to represent  propensities  for creating nonbasic employment, and each 
is standardized by the total employment in the economy. 

 Before we can conclude that this  “ new ”  marginal multiplier model is actually better 
than the  “ old ”  one, yet another round of empirical testing must be undertaken. The new 
estimates are shown in the last two columns of Table  20.3 . Note that the overall statistical 
fi ts fully endorse the change we made in substituting TE for BE as being the  “ correct ”  
employment variable driving local employment NE. As indicated by both the adjusted 
R - squared statistic (which is higher) and the SEE statistic (which is lower), Model 2 out-
performs Model 1, and Model 2 *  outperforms Model 1 * . Furthermore, Model 2 *  is clearly 
the best of all four possibilities. For the aggregate relationship between NE and TE, Model 
2 *  explains 91 percent of the variation in NE and has by far the lowest standard error 
(SEE   =   227.0) of any of the four cases. The estimates for Model 2 *  indicate that a 1 - job 
change in TE is (structurally) accompanied by a 0.337 - job change in NE and a 1 - equivalent - 
job change in TR induces a shift in NE of 0.727 jobs. The introduction of transfer payments 
in Model 2 *  defl ates the slope estimate for NE down to 0.337 from 0.427 in Model 2, 
indicating that (as before) any model excluding transfer payments tends to overstate the 
ability of export jobs to create local jobs. So we should recognize M 2  *    =   1.51 as being a 
better estimate of the marginal multiplier than is M 2    =   1.73. 

 Again we see how theory and evidence are closely intertwined in the meta - model that 
I use to understand the evolution of inquiry in regional development. The accepted eco-
nomic base model was improved upon, yet again, by fi rst adapting the logic of the model 
to better economic theory, and then empirical testing clearly endorsed the change that had 
been made. Moreover, as the reader should now have anticipated, this all has implications 
for the accuracy and usefulness of public - policy assessments. 

 Returning to the impact study outlined earlier, we can now re - estimate both the  number  
and the  distribution  of the new locally - oriented jobs that will be added to the impacted 
regional labor market. Recall that 80 new basic jobs are expected. From equation  (20.15)  
we see that an extra 0.508    ×    80   =   40.6 nonbasic jobs can be expected from the impact, 
leading to the creation of 120.6 new jobs in all. The allocations of these nonbasic jobs to 
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  Box 20.1    Some Other Popular Methods in 
Regional Analysis 

  Adjustment  m odels 

 The term refers to a multi - region model that allows employment and population 
levels (or densities) to adapt or adjust to one another by introducing a time lag. More 
complex models even incorporate per capita income or land - use absorption as a 
third interacting variable. Estimation of the two - variable model is done with two -
 stage least squares regression. In the best - known study, in 1987, Gerald Carlino and 
Edwin Mills examined the growth of all US counties during the 1970s, while control-
ling for a variety of amenities and public - policy factors. Some studies have substi-
tuted each region ’ s basic employment for its total employment in order to improve 
specifi cation of the bi - directional model.  

  Economic -  d emographic  m odels 

 Sometimes called demoeconomic, a model that links together employment projec-
tions (often based on the economic base logic) with population projections to simu-
late the longitudinal attributes of a regional labor market. An employment module 
represents regional labor demand and a population module represents regional labor 
supply, and the outputs of the two modules are compared each year through age -  and 
gender - specifi c labor force participation rates. When demand exceeds supply in -
 migration of new workers is induced and when supply exceeds demand regional 
out - migration occurs. These simulation models are used by people like Andrei 
Rogers to forecast the most likely futures of regional labor markets and serve to 
inform public - policy decisions regarding local taxes and infrastructure expenses.  

  Input -  o utput  m odels 

 This is a very popular model in regional science that was developed by Wassily 
Leontief to examine the transactions (purchases or sales) between all industries in a 
regional or national economy. There is an important distinction made between fi nal 
demand (due to households, governments, and exports) and intermediate demand 
(due to industries trading with one another), and the key idea is that each industry 
has its own multiplier effect. Economic base and input - output models belong to a 
wider family, called social accounting models (SAMs), which were advocated by 
Richard Stone. Analysts like Geoffrey Hewings, Walter Isard, Ronald Miller, and 
Karen Polenske often distinguish between  intra regional and  inter regional models. In 
the latter, export changes in the target region not only impact the industries of that 
same region but also create spillover effects in the industries of other regions, and 
then these effects in turn ripple back through the industries of the target region. 
Linear algebra is used to trace out the complex patterns of direct, indirect, induced, 
and feedback effects that result.  
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the various sectors are computed by forming the ratio between the estimate b i  and the 
overall estimate b, using equations  (20.13)  and  (20.14) . So the expected allocations are as 
follows: sector 1, (0.007/0.337)    ×    40.6   =   0.8 jobs; sector 2, 4.1 jobs; sector 3, 15.4 jobs; and 
sector 4, 20.3 jobs. Evidently the ratio multiplier model discussed earlier in the chapter 
over - predicted the impact by 5.4 nonbasic jobs, or 13.3 percent, and the greatest errors 
were incurred in sectors 3 and 4. In summary, a better economic base model  –  one that 
stands on sounder economic principles  –  allows public offi cials to make more accurate 
predictions about expected employment outcomes in impacted regional economies.   

  Conclusion 

 Rather than review and simply  “ skim the surface ”  of the many research perspectives now 
current on regional economies, this chapter has examined in some detail one prominent 
line of inquiry. There are many others, a few of which are briefl y outlined in Box  20.1 . In 
closing, I want to situate this larger body of work, including the material in this chapter, 
within a broader cross - disciplinary framework.   

 The study of regional economies is infl uenced by various disciplines, but especially 
economics and geography. In the decades following the 1950s much research has been 
practiced under the banner of  “ regional science ”  (Boyce  2003 ), a fi eld of study partially 
founded and popularized by the economist Walter Isard (e.g., see Isard  1960 ). In using a 
Venn diagram to support his view of this new interdisciplinary fi eld, Isard was responding 
to the often aspatial approaches of economists (some of whom have been said to analyze 
the economy as if it functioned  “ on the head of a pin ” )  and  to the often non - analytic nature 
of much of human geography (which at the time was largely confi ned to descriptive case 
studies). Over the past half - century, regional science has had a transformative impact on 
 both  economics and geography. Moreover, it continues to attract researchers interested in 
allied areas such as urban and regional planning, international and regional development, 
transportation and land use, demography and migration, resource management and 
ecological analysis, GIS and spatial statistics, and others. Though diverse, all of the work 
done under the heading of regional science recognizes two fundamental truths: (a) we 
cannot understand economic growth or decline without taking into account the fact that 
national economies are territorially partitioned, fi rst into regional and then into local 
economies; and (b) this requires not only that we pay attention to the differential spatial 
impacts of economic change, but that our models and policies take spatial difference fully 
into account. It is with these points of reference that both researchers and practitioners 
have forged ever new ways of integrating theory, evidence, and policy in regional 
analysis.   
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 Exercise 20.1   Economic Base and City Specialization    

   As noted earlier, an important attribute of regional economies is their specialization. In 
this exercise you are asked to examine specialization in relation to economic base multi-
plier effects. Towns in the ACDS can be grouped together to form relatively homogeneous 
classes, and their varying degrees of specialization can be measured. Such a classifi cation 
was developed for the 15 Arizona towns, and this is shown in the last column of Table 
 20.2 . Cities with a designation A are largely mining oriented; type B refers to manufactur-
ing; and cities marked with a C specialize in retail or service activities. Given this classifi ca-
tion, answer the following questions: 

  1     Select one of the multipliers discussed in this chapter, and calculate its  average  value 
separately for the cities designated by the different specializations A, B, and C. What 
are the mean values for these different city types, and what do you think might account 
for the differences?  

  2     Select three cities for further study: one with a large multiplier, one with a small mul-
tiplier, and one with a multiplier in the middle range. Based on web research for each 
of the three cities (e.g.,  www.az.gov ), can you come up with some hypotheses about 
what might lie behind the sizes of the estimated multipliers? Which, if any, of these 
factors is purely locational, or social, etc.?       
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    Introduction 

 Geographers recognize models as powerful tools that can contribute signifi cantly to under-
standing system behavior, and in aiding policy and decision making that affect our planet 
and society at scales ranging from the local to global. In this chapter we consider the use 
of models in both physical and human geography, the contributions modeling can provide, 
and the associated assumptions and limitations. 

 A model can be defi ned as a simplifi ed representation of a natural and/or human 
phenomenon or system. Models are idealizations of reality, designed to generate outputs 
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from inputs in an attempt to understand system behavior. Various assumptions and 
simplifi cations must be made during model development to allow the problem under 
investigation to remain tractable. However, if fundamental properties of the system can be 
retained during this process, a model may provide meaningful results and contribute 
important knowledge to our understanding of system operation, and aid in predictions of 
the future. Evaluation of models is a critical stage in the modeling process, as it allows for 
assessment of both the model itself and its predictions, and yet despite its importance there 
remain many unresolved questions about what constitutes a critical test of a model ’ s per-
formance. Researchers studying the various branches of physical geography generally 
accept the use of models, while recognizing both their strengths and their limitations. In 
contrast, researchers for most sub - disciplines in human geography question and/or reject 
models, or simply do not employ them as a methodology. Therefore, the role of modeling 
in physical and human geography is very different, and for this reason each is explored in 
turn within this chapter following a general introduction. 

 Before considering in detail the role of modeling in geography, let us fi rst examine two 
fundamental questions, to set the context for further discussion: why are models a valuable 
tool when applied to certain geographical problems; and what is the role of models in 
geography? A primary role of models is to provide a speculative formulation of a problem 
to guide in its investigation. Models can also be used to test how a system responds to 
different input parameters, to examine system sensitivity to different scenarios, and to test 
hypotheses or theories that may or may not have been corroborated in other ways. A 
hypothesis represents an explanation of a phenomenon based on relevant observations, 
but that has not yet been generally accepted, whereas a theory represents an explanation 
for a phenomenon that has been more widely corroborated by the research community. 
Models can provide evidence to support, reject, challenge, or modify our ideas (hypotheses 
or theories) of how the world works. Model evaluation then takes on the important role 
of testing the strength of the explanations that have been put forward. However, models 
alone cannot provide unequivocal proof of a hypothesis or theory. One way of viewing 
models is as a means of communication of ideas about the functioning of a particular 
system. In the real world, it is often diffi cult to control the natural or human environment. 
Model variables, parameters, and initial/boundary conditions can all be modifi ed readily 
to ask a series of critical   “ what - if  ”   questions, which constitutes one of the most important 
aspects of a modeling exercise. Models are often used in policy and decision making. For 
example, models have been invoked to make predictions of future system states for issues 
such as groundwater contamination or optimal transportation corridors in a city. Caution 
is required, however, when applying models for decision making due to limitations associ-
ated with model evaluation.  

  Modeling in Physical Geography 

 Physical geography shares many methodologies, including modeling, with other scientifi c 
disciplines. Environmental systems, such as those falling under the realm of physical geog-
raphy, generally involve a large number of variables and processes. The interactions and 
feedbacks within the system can be very complex, and the underlying processes are often 
nonlinear in nature. For this reason, scientifi c investigations of such phenomena are 
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seldom straightforward and provide exciting challenges for the researcher. The process of 
attempting to meet this challenge makes the study of physical geography very rewarding, 
and requires careful consideration of appropriate methodologies to tackle a research ques-
tion (see Chapters  2  and  5 ). 

 Experimentation is the gold standard of methodologies in science, and has been given 
much consideration by historians, philosophers, and practitioners of science (see Chapter 
 3 ). During experimentation, certain variables are controlled while others vary, which 
allows for identifi cation of critical relationships and a deeper understanding of system 
behavior. Experimentation becomes especially challenging when applied to complex, 
environmental systems. For example, diffi culties may be encountered in controlling key 
variables in the fi eld, such as climate or geology. Moreover, even if some degree of control 
is possible in certain situations, fi eld experimentation is limited in its ability to provide 
insights into system operation over the medium to large spatial and temporal scales 
so often considered in physical geography. For this reason, physical modeling and math-
ematical modeling are valuable methodologies for research in physical geography. Within 
these frameworks, not only can manipulations be undertaken to control certain variables 
while allowing others to vary, system operation over medium to large scales can also be 
explored. 

 Despite the important role of modeling in scientifi c investigation, modeling studies 
alone should not be relied on to provide explanations about scientifi c phenomena. The 
greatest progress most often occurs when a critical combination of various scientifi c meth-
odologies is adopted to tackle a research problem. For example, modeling can be used to 
test and refi ne our understanding of knowledge gained using other methodological 
approaches (such as fi eld - based studies). And these other types of studies can, in turn, 
contribute to the development and refi nement of a model. We now turn to a consideration 
of the three main types of models commonly employed in physical geography:  conceptual 
models ;  physical models ; and  mathematical models . Note that some of the information 
contained in the following sections is relevant to the later discussion of modeling in human 
geography. For this reason, fundamental descriptions of primary types of models will not 
be repeated in that section, but rather the discussion will be extended to consider their 
application to human geography. 

  Conceptual models 

 Conceptual models represent a widely used and valuable tool in scientifi c enquiry. They 
can be constructed at any stage in the study of a phenomenon, to explore and summarize 
the state of understanding at the time. These models take the form of narrative or visual 
summaries in which system components (processes and forms), and interactions among 
them, are described. Conceptual models are often visual, taking the form of  “ boxes and 
arrows ”  diagrams, in which components are shown in boxes and interactions are indicated 
with arrows (see Figure  21.1  for an example). Such diagrams are particularly useful in 
describing feedbacks in systems, and are often used in undergraduate textbooks to high-
light the principal features of system operation.   

 Conceptual modeling allows a researcher to think through and analyze a problem, to 
describe essential features and processes, and to synthesize knowledge. These models may 
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be developed on the basis of theoretical reasoning/intuition and/or existing theories/data/
knowledge derived by other means (e.g., fi eld measurements). Some conceptual models 
are quite sophisticated and involve detailed descriptions of process operation, while others, 
particularly for new areas of research, may be more rudimentary. In either case, new 
insights about system functioning should be revealed. 

 Conceptual modeling is often a preliminary step in a scientifi c investigation, frequently 
preceding measurement programs, experimentation, physical and/or mathematical 
(empirical or process - based) modeling. The conceptual model may be used to generate 
working hypotheses to be tested in various ways. That being said, the relation between 
conceptual modeling and other methodologies (including other forms of modeling) is not 
always strictly linear; knowledge gained in other ways can be used to develop new concep-
tual models or to revise existing ones. 

 Three basics steps are involved in conceptual modeling. First, the research question, the 
system to be addressed, and the spatial and temporal scales involved must be defi ned 
clearly. Second, the goals of the conceptual modeling exercise should be stated (for example, 
will the model be used as a basis for further investigation?). Third, the model components, 
including processes, forms, and interactions/relationships must be identifi ed and any 
assumptions clearly stated.  

  Physical models 

 Physical modeling (sometimes referred to as hardware or scale modeling) involves con-
struction of an analog for a real - world environmental system, and allows for precise control 
of variables in a laboratory setting. The latter feature is critical to understanding the par-
ticular signifi cance of this type of model, given that our inability to adequately control 
variables for environmental systems in the fi eld presents a formidable obstacle in studies 

     Figure 21.1     An example of a  “ boxes - and - arrows ”  conceptual model for the sea ice - albedo 
feedback. (a) positive feedback; (b) negative feedback  
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of physical geography. Many research laboratories, such as the St Anthony Falls Laboratory 
at the University of Minnesota, have developed sophisticated facilities for the undertaking 
of physical modeling experiments ( http://www.safl .umn.edu/facilities/facilities.html ). 

 Model development involves construction of a physical representation of the target 
system, which maintains essential attributes and relationships as determined by theoretical 
reasoning or by understanding of the phenomenon obtained using other methodologies 
(e.g., conceptual or mathematical modeling, fi eld investigations). The model is usually 
reduced in both size and complexity compared to the full - scale counterpart. Changes in 
physical scale may modify the system behavior quite signifi cantly, and formal scaling cri-
teria for the system under examination must be met in order for the system to operate in 
a meaningful way and to contribute to the interpretability of results. This requires that the 
relative magnitudes of critical processes and properties, which are often expressed as 
dimensionless ratios, are preserved in the model (see Box  21.1 ). Care must be taken as 
simplifi cation and the change in physical scale affect direct comparison with the full - scale 
system.   

  Box 21.1    Physical Models of River Channels 

    For over a century river engineers have used small - scale physical models to investi-
gate river processes, such as fl ow dynamics, sediment transport, and the development 
of river channel morphology, and to test designs for structures in rivers under con-
trolled experimental conditions. Geomorphologists have adopted these methods and 
used them to investigate fl uvial processes and river dynamics. 

 Physical models require some validation against real world data, but physical 
modeling of rivers has a number of advantages compared to making observations in 
the fi eld, including: a reduced time scale (long - term processes occur faster); control 
over the river discharge and other conditions, such as the sediment delivery rate and 
the bed (valley) gradient; and easy observation and measurement of morphology and 
processes. Physical modeling requires specialized laboratory facilities, such as the 
fl ume at the University of Western Ontario shown in Figure  21.2 , which has been 
used to study different aspects of river morphology and processes by P. Ashmore 
and his collaborators (e.g., Pyrce and Ashmore  2003 ). This 20   m long, 3   m wide fl ume 
has a sand bed with a gradation scaled down to represent medium - sized fl uvial 
gravel. It sits on jacks and can be tilted to different slopes. Sediment that leaves the 
end of the fl ume is captured and returned to the upstream end of the fl ume.   

 Model rivers may be strictly scaled according to hydraulic scaling laws, so that 
the morphology, physical processes, relative magnitude of forces, and features in the 
full - scale  “ real ”  river (the prototype) are closely modeled, or they may be analog 
models for which exact scaling is relaxed, in which case the model provides only an 
idea of geomorphological processes and responses, without allowing for the same 
degree of comparison with the full - scale river. For hydraulic scaling, the length scale 
of the model is initially chosen, often by scaling down the particle sizes of the pro-
totype bed material (for gravel - bed rivers, model scales of 1   :   30 are typical). The 
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0.5 m

     Figure 21.2     The fl ume in the Department of Geography, University of Western Ontario, 
inset shows a braided river pattern formed in the fl ume  (photo courtesy of P. Ashmore)    

channel gradient in the model is the same as the prototype. The discharge scale is 
calculated by taking the discharge of the prototype and reducing this value by the 
2.5 power of the length scale. For example, a prototype discharge of 20 cubic meters 
per second gives a scaled model discharge of 4 liters per second. The time scale for 
the model is the square root of the length scale; a length scale of 30 gives a time scale 
of between 5 and 6, meaning that fl ow velocity in the model is about 1/5 to 1/6 of 
that of the real river. Consequently, equivalent geomorphic processes operate 5 to 6 
times faster in the model than in the prototype.  

 Once the physical model is constructed, it is possible to undertake experiments using 
the model, in which key variables are controlled in an attempt to understand system 
behavior. An advantage of physical modeling is the ease with which controlling factors can 
be manipulated during experiments, relative to the diffi culties that are encountered making 
controlled observations in the fi eld. Since these models are designed to be simpler than 
real - world systems, data measurement and analysis are relatively straightforward in com-
parison. Moreover, such modeling allows for intense data measurement procedures. 
Although construction of these models may involve high initial costs, this type of modeling 
work, once in operation, may be cost -  and time - effective relative to fi eld studies. Physical 
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model experiments allow for accurate and precise control of variables, provide valuable 
insights to refi ne and test scientifi c theories, and can contribute to further investigations 
using other methodologies. The critical insights that such models can provide to classic 
and new research topics in physical geography is increasingly being realized, with applica-
tion of such models to topics covering a full range of temporal and spatial scales. 

 The following steps are involved in physical modeling. As with conceptual modeling, 
the system to be studied and the spatial and temporal scales under investigation must be 
clearly stated. The critical processes and properties of the system must be identifi ed, 
and those which will be manipulated and those which will remain constant in the 
experimental phase should be determined. Formal scaling criteria for the system under 
examination must also be met. During the experimentation phase, variables may be 
modifi ed as necessary and measurements made. The data are then analyzed and interpreted 
to identify key processes, properties and relationships. Finally, model results are compared 
to relevant data for the full - scale system to evaluate model performance, and on the 
basis of the model results, changes can be made to the physical model itself or to the 
experimental design.  

  Mathematical models 

 Mathematical modeling is widely used in most branches of physical geography, and rep-
resents a powerful tool that has provided many remarkable new insights into the function-
ing of environmental systems. Simply stated, mathematical models consist of a series of 
quantitative relations among variables that represent the underlying theory of the system 
being studied. Mathematical models can vary signifi cantly in their underlying consider-
ation of a phenomenon, with some models attempting to correlate system properties while 
others focus on mathematical expressions that embody system and/or process functioning 
and are more explanatory in nature. These two distinct approaches to mathematical mod-
eling will be discussed under two broad headings:  empirical models ; and  process - based 
models  (which may include physical, chemical and/or biological components). In addi-
tion, the manner in which forms and processes are treated may differ in another critical 
way. Some mathematical models are based on the premise that cause - and - effect is direct, 
while others incorporate a degree of randomness in their construction. We shall consider 
this issue under the heading of  “ determinism and stochasticism. ”  

  Empirical Models 

 These models can be employed in cases where it may be diffi cult, or not the goal of a 
modeling exercise, to create a model that explains and accounts for the underlying system 
operation. This may arise from a lack of knowledge of processes, or because a modeler 
may decide that an understanding of system processes is not required for a particular study. 
In such cases, data may exist for what are thought to be key system variables that can be 
used in the development of an empirical model (which is sometimes referred to as a black 
box model). An empirical model does not account for underlying processes, but rather 
data for two or more variables are used to defi ne functional relationships that capture the 
main system trends. This may involve, for example, simple linear curve fi tting, multivariate 
regression analysis, or more complex spatial analysis within a GIS framework (see Chapters 
 18  and  22 ). Models involving empiricism often have the requirement that some external 
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variables (such as climate) do not change between model generation and application. The 
relative simplicity of empirical models often makes them desirable in comparison to 
process - based models, with the latter generally requiring a greater understanding of the 
system. If a simple empirical model successfully simulates data observations, then the 
model may provide a powerful summary statement, especially if the processes assumed to 
underlie the functional relation are real (which it may not be possible to determine). 
Empirical models are often used to predict behavior when detailed process data and/or 
understanding do not exist, or when data are available for only certain restricted variables. 
Empirical models are often the precursors to later, more explanatory, process - based 
models.  

  Process - based Models 

 These models explain and provide understanding of system operation by defi ning math-
ematical expressions for the governing principles and processes. Such models have high 
explanatory power in comparison to empirical models, and are often preferred for this 
reason. When a process - based model is derived through careful analysis and understanding 
of system processes, the model may be accepted even if its predictive capability is not as 
strong as might be desirable. In this case, the model may be preferred because it attempts 
to  explain  the inner workings of the system, which may be considered to be as important 
as empirical confi rmation. Nonetheless, many models that are largely process - based, or 
strive to be so, still involve some degree of empiricism in certain model parameters, as 
complete explanation is not always possible. For this reason, hybrid models (involving both 
process - based and empirical components) are common. In such models, certain aspects 
of the system may be explained by mathematical, physically - meaningful statements, with 
the inclusion of empirically - determined parameter(s). Prior to the computing era, process -
 based mathematical models were designed so that equations could be solved analytically, 
often limiting model complexity and making their solution time - consuming. Advances in 
computing power and numerical techniques now allow complex sets of equations to be 
solved with ease within a computer modeling framework, and have broadened their impact 
on the discipline. For example, the development of numerical approximation techniques 
and corresponding increases in computing power in recent decades now allow for the 
solution of very sophisticated, process - based models, such as Global Climate Models 
(GCMs).  

  Determinism and Stochasticism 

 These are concepts that provide a basis for describing two ways in which processes can be 
treated in a mathematical model. A  deterministic  worldview involves the belief that there 
is a link between initial conditions and fi nal conditions (that is, if all conditions are known, 
then the system output can be predicted), while a  stochastic  worldview considers random-
ness to be inherent to the system (Smart  1979 ). Models may be constructed that are 
deterministic, stochastic or some combination thereof. Even if it is believed that a phe-
nomenon is inherently deterministic, it is often the case that stochastic elements must be 
included to account for the part of the problem that cannot be defi ned deterministically. 
Stochasticism may be treated using specialized methods, or may appear as empirical 
parameters that encapsulate some suitable averaging of the random behavior (in such 
cases, there is expected to be random error associated with model results). For example, 
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complete deterministic understanding of turbulence in rivers is at present impossible, and 
impractical. Because of this, a statistical mechanics approach to this problem is often 
adopted, which relates the behavior of individual atoms/molecules to bulk system proper-
ties. While some models may be fully deterministic or fully stochastic, hybrid models, 
which include both elements, may prove valuable (Vogel  1999 ); stochastic elements may 
allow deterministic models to more faithfully preserve relationships between the model 
and observed empirical data, while deterministic components allow stochastic models to 
incorporate internal system functioning.  

  Steps Involved in Mathematical Modeling 

 Mathematical modeling involves the following steps. In addition to identifying 
clearly the system to be studied and the spatial and temporal scales under investigation, 
the type of mathematical model and its elements (empirical or process - based, stochastic 
or deterministic), as well as relevant processes and properties, must be identifi ed. The 
parameters to be manipulated and those to remain constant should be defi ned, and the 
assumptions and limitations of the model clearly stated. Appropriate data for model 
input, development, calibration and/or evaluation (see Box  21.2 ) must be identifi ed and 

  Box 21.2    How Do We Evaluate Mathematical Models? 

    Let us consider a mathematical modeling approach to determining how ice cap 
morphology and dynamics may respond to climate change. An important question 
to ask is: how reliable are such predictions? We address this question by using the 
example of a model that incorporates both ice sheet dynamics and subglacial hydrol-
ogy, and which has been applied to the Vatnaj ö kull Ice Cap, Iceland (Marshall et al. 
 2005 ). 

 Model evaluation, which often consists of model confi rmation by comparing 
results with real - world measurements, is one way of assessing model performance 
(and is perhaps the most well recognized). However, there are a series of steps prior 
to this that may improve the reliability of predictions. First, we need to evaluate the 
construction of a model itself and recognize its strengths and weaknesses. The 
strength of a model depends on how well a host of physical processes are understood 
and simulated; in the case of ice cap modeling, the processes of internal deformation 
of the ice and basal fl ow (sliding over the bed and subglacial sediment deformation) 
must be well constrained and adequately represented in the model, and the subglacial 
topography must be resolvable at the grid cell dimension used to numerically solve 
the governing equations. Field studies and remote sensing observations often provide 
data for constraining model inputs and may be used in the calibration of physical 
process equations in the model. 

 Once the model is running, simulations conducted at different resolutions (i.e., 
changing the size of grid cells making up the glacier and underlying topography) can 
be used to assess the model ’ s usefulness at different scales and to test consistency of 
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     Figure 21.3     The Vatnaj ö kull Ice Cap, southeast Iceland 11/07/2004  (Image courtesy of 
MODIS Rapid Response Project at NASA/GSFC)   
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results (do the predictions at different resolutions converge?). In addition, modeling 
experiments with different process parameterizations can illuminate the sensitivity 
of model forecasts to specifi c sources of uncertainty. For example, Marshall and his 
collaborators undertook model runs with and without certain processes included in 
the model, such as longitudinal stress coupling in the ice dynamics solution, and 
analyzed the ability of different model constructions to simulate the main features 
of the Vatnaj ö kull Ice Cap (Figure  21.3 ). Initial model runs revealed that the pre-
dicted average ice thicknesses were too great relative to fi eld observations for 
Vatnaj ö kull Ice Cap. But further models runs, which included hydrological regula-
tion of basal fl ow, longitudinal stress coupling, and the subglacial heat fl ux from 
geothermal cauldrons, reduced average ice thickness of the ice cap reconstructions 
to more reasonable values. The process that contributes the greatest amount of error 
or uncertainty in the prediction may be the best candidate for targeted fi eld studies. 
In the case of Vatnaj ö kull Ice Cap dynamics, a better understanding of the controls 
and spatial patterns of basal fl ow clearly require more constraint.   

 The ability of model simulations to reproduce control cases, such as a reconstruc-
tion of the present - day situation, must be assessed before forecasts (i.e., future 
predictions) can be seen as being meaningful or useful. If models prove skillful at 
replicating control cases, they have the potential to become a valuable tool for assess-
ing the future states of complex systems.  
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collected/obtained, and the initial and boundary conditions identifi ed. Model runs can 
then be undertaken, manipulating and changing the controlling variables as required. 
Sensitivity analysis can be used to determine how the model output depends on the input 
parameters and to examine the effect that changing different variable conditions or param-
eter values has on system behavior. Model results are then analyzed and interpreted. 
Finally, as outlined in Box  21.2  and pages 369 – 72, model evaluation should take place to 
assess the strength of the model.      

  Modeling in Human Geography 

 Researchers in most branches of human geography question and/or reject the assumptions 
necessary for modeling, or simply have not adopted modeling in their work (see Chapters 
 3  and  5 ). The issues that are most commonly questioned include: the assumption that 
abstracting a portion of reality is legitimate and meaningful; that the model is representa-
tive of all instances it refers to; that the abstraction/model is an adequate and effective 
representation of reality; and that knowledge derived from the model can explain reality. 

 There are important reasons why some human geographers are skeptical about models 
and the assumptions that underpin them. While, for example, models may be useful in 
policy making, this utility does not come without cost. One obvious cost is that the sim-
plifi cations that are necessary to quantify geographical phenomena may necessitate the 
removal of, or poorly express, an essential component of human geography: human behav-
ior. Indeed, individual human behavior is often unpredictable and may be diffi cult to 
capture in mathematical terms; consequently, it does not lend itself easily to modeling. 
Models used in human geography often only seek to explain that portion of geographical 
reality that is quantifi able, and do not often attempt to explain individual behavior. This 
inherent limitation of models in human geography leaves a wide gap that human geogra-
phers have tried to fi ll in various ways. In the past, human geographers have often suggested 
that only one approach to the discipline was viable, sometimes criticizing other views. A 
recent trend in human geography suggests that integrating different conceptual approaches 
and analytical tools can lead to a more thorough comprehension of geographical phenom-
ena. The integration of modeling with qualitative tools can perhaps provide an adequate 
response to the limitations of each approach. 

 Within the history of human geography, the legitimacy of modeling and the related 
assumptions have been fully accepted within the tradition known as  spatial science , or 
more broadly quantitative human geography (Livingstone  1992 ). The quantitative approach 
has had a strong infl uence on contemporary geographical research, and many of the 
models currently used in human geography are rooted within this framework. Spatial 
science pervaded human geography throughout the 1950s and 1960s. While human geo-
graphical thought developed into different traditions in the following decades, develop-
ments in computing technology that began in these same decades allowed for rapid 
advances in mathematical modeling. For example, the early development of GIS was 
independent of spatial science, but many geographers later came to realize the possibilities 
of GIS, not just for data representation and management, but also for analysis and model-
ing. Over the past few decades this interaction among the various sub - fi elds of quantitative 
human geography has resulted in the development of spatial analysis for which several 
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approaches are possible; some modelers use advanced statistical methods to explore empir-
ical patterns among pertinent variables while others use mathematics and spatial statistics 
as a language to develop and test explanatory theories. Many quantitative human geogra-
phers work with the analytical methods used in spatial analysis, making the two fi elds 
somewhat indistinguishable. 

 Human geography is not a unifi ed and cohesive discipline; indeed, a number of fi elds 
can be identifi ed within its core (Fellman et al.  1997 ). Each sub - discipline is somewhat 
independent, such that its foundations are not necessarily shared by other sub - disciplines, 
and each one is often affi liated with other social science disciplines outside of geography; 
for example, economic geography can be viewed as a sub - discipline of economics. The 
sub - disciplines that are perhaps the most strongly rooted in the modeling tradition 
are economic and urban geography, and adaptations of economic geography models 
(such as those used to study urban land use) have become an approach that many urban 
geographers adopt. Similarly, medical or health geography, a sub - discipline whose impor-
tance has grown with concerns about the spread of diseases, uses quantitative models to 
analyze the spread of epidemics and the environmental or socio - economic determinants 
of disease. 

 The various sub - disciplines of human geography are subject to a dynamic evolution 
of thought (see Chapter  3 ). Even sub - disciplines that have traditionally accepted the use 
of certain models have, at times, questioned the validity of some of their early models, 
and disciplines that have traditionally refused the use of models may come to accept or 
even champion them. For example, over the last few decades dramatic changes in the 
world economy, such as the frequent shocks induced by large variations in oil price, the 
collapse of centrally planned economies in Europe, and the phenomenon known as 
globalization, have led many researchers to question the foundations of classical eco-
nomic geography, and to reject earlier models and their conceptualizations of the world 
economy (Knox et al.  2003 ). At the same time, within the sub - discipline of urban geo-
graphy, there has been a recent resurgence in the use of models, particularly with regard 
to the issues of land use change and urban growth. The increased use of these and other 
models has partly been made possible by the increased availability of data and improved 
processing tools. Most importantly, however, their development has been driven by an 
increased acceptance of models in local collaborative decision - making environments 
(Herold et al.  2005 ). 

  Examples of models in human geography 

 While conceptual models are used in human geography to synthesize and communicate 
relationships among essential variables and processes associated with the phenomenon 
under consideration, mathematical models are in common use and are the focus of the 
following section. The mathematical models currently used in the various sub - disciplines 
of human geography can be characterized as: (a) theoretical, process - based models (some 
of which are referred to as  “ classical ”  models), which are explanatory and often have con-
siderable generality, but are not always capable of adequately explaining observed phenom-
ena; and (b) empirical models, that have a weaker theoretical background, but that 
nonetheless may sometimes have the capacity to predict observed phenomena. 
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 Some of the early mathematical models are important as they stand on a theoretical 
ground and they share a common objective; that is, to explain geographical phenomena 
based on variables such as space, location, or distance. Their relative simplicity is both 
their greatest strength and their primary weakness; the latter because human activities 
cannot often be explained solely by a few key variables. To achieve their objectives, these 
models rely on a set of assumptions; any attempt to relax the assumptions increases 
the models ’  capability to explain observed phenomena, but weakens their power and 
generality. 

 Empirical models are calibrated to explain specifi c instances. Such models are most 
useful in a variety of applied contexts and are valuable tools for decision makers. Such 
models are developed using spatial analysis, within the framework of statistical analysis 
(and may make use of GIS) (see Chapters  18  and  22 ). As an example of this type of math-
ematical model, a researcher may collect data both on air quality and disease rates for a 
given region over a specifi ed period of time to analyze the relationship between air pollu-
tion and cancer incidence in a population. These data are used to calibrate the model 
parameters, which will help a researcher determine whether air pollution is correlated to 
the incidence of cancer. Such models typically involve two or more key system variables, 
and may describe mutual relationships, such as a spatial interaction, or possible causal 
relationships among variables, which can be highlighted using regression analysis. For 
example, the cancer incidence model may take a multivariate form, where the disease 
incidence is a function of air pollution, but also of demographic and socio - economic 
factors recorded at specifi ed points (e.g., census tracts). In most cases, a stochastic element 
is incorporated in the model, to express uncertainty in the relationship. In the case of 
cancer incidence, for example, even the most complete set of environmental and socio -
 economic factors cannot completely explain the incidence of the disease, which depends 
partially on variables such as genetics and diet that cannot be included in the spatial model. 
The stochastic element accounts for the portion of the phenomenon that the model cannot 
capture, and may lend itself to further investigation. Once the model parameters have been 
computed, the data collection and analysis can be repeated for different regions and time 
periods, enhancing the generality of the model. In conducting this exercise, however, 
researchers have come to realize that spatial data possess unique characteristics that affect 
parameter calibration and the reliability of the model ’ s estimates (Bertazzon et al.  2006 ). 
Complex analytical procedures now exist to overcome these problems. 

 Expanding on the ideas discussed above, a specifi c example making use of multivariate 
regression is now introduced below and in Box  21.3 . Many primary health concerns of our 
societies are spatial in nature: detection and monitoring of environmental health hazards; 
prompt and effi cient response to epidemic outbreaks; and effective accessibility to health 
care services  –  all of these rely on spatial analysis. Spatial epidemiology  –  also referred to 
as geographical epidemiology  –  is concerned with the study of the spatial patterns of disease 
and mortality, and with the determinants of disease and their dynamic interaction in space 
and time (Waller and Gotway  2003 ). For example, heart disease is one of the leading causes 
of death in the developed world. In addition to non - modifi able risk factors, such as age, 
gender, and genetic background, the disease has been found in association with modifi able 
risk factors, such as stress, limited physical activity, smoking, high intake of calories, and 
high proportion of saturated fats (Ahlbom and Norell  1984 ). These modifi able risk factors, 
in turn, are related to demographic and socio - economic characteristics (such as age, occu-
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pation, and income), which display a specifi c spatial distribution and can be measured by 
census variables. A multivariate regression model on these variables can link the disease 
prevalence to these demographic and socio - economic variables (Box  21.3 ), providing a 
realistic picture of where in a given city higher disease incidence may be expected in the 
near future, which housing policies increase disease prevalence, and which locational deci-
sions promote accessible health care services to the population at risk (Bertazzon and Olson 
 2008 ).   

 Two theoretically - based, mathematical models are now considered: (a) agricultural and 
urban land use (O ’ Sullivan  2003 ); and (b) spatial interaction and innovation diffusion 
(Bailey and Gatrell  1995 ). Perhaps the best - known example of a  spatial economics  model 
is Johann Heinrich von Th ü nen ’ s (1783 – 1850) agricultural land use model, which was 
presented in his book,  The Isolated State  (1826). As a landowner, von Th ü nen was inter-
ested in the factors that help farmers maximize returns. His analysis focuses on the vari-
ables that determine profi t: namely, an optimal use of the land and the minimization of 
transport costs. As transport costs in the model are a function of space and distance, the 

  Box 21.3    Spatial Epidemiological Modeling 

    An important aspect of modeling in human geography is the need for a careful 
interpretation of the analytical results, often supported by qualitative knowledge of 
the phenomena under examination. A multivariate regression model was used to 
examine patterns of disease in the city of Calgary, Canada (Table  21.1 ). Four socio -
 economic variables correlate signifi cantly with the disease prevalence:  “ income ”  
(positive correlation),  “ post - secondary, non - university education ”  (negative cor-
relation),  “ grade 13 or lower education ”  (positive correlation), and  “ families with 
children ”  (negative correlation).   

 The analysis of cross - correlation among variables allows the researcher to infer 
richer relationships than those emerging simply from the multivariate regression 
coeffi cients. For example, the positive relationship between disease and income sug-
gests that disease rates are higher in areas inhabited by mature professionals, possibly 
indicating a latent age factor. This relationship is also strongly affected by extreme 
income values (i.e., areas of very high and very low income: since this variable rep-
resents median family income, it is likely to display its highest values for one - person 
families). There are also links between disease and various categories of lonely 
persons, ranging from singles with very high income to single parents, or widowed 
persons. There is a dichotomous spatial pattern: high rates of disease prevalence are 
found in areas dominated by wealth and high social status, as well as in areas char-
acterized by lower social and economic status. Nevertheless, there is a less urgent 
need for proactive social and health policies in areas of the city dominated by the 
variables  “ income ”  and  “ post - secondary, non - university education, ”  which are indi-
cators of relatively high economic and social status (although they do not guarantee 
well - being), than in areas of social and economic concern where the variables  “ grade 
13 or lower education ”  and  “ families with children ”  dominate.  



  Table 21.1    Variables incorporated in and output (correlation matrix) from a multivariate regression model used to examine patterns of disease in the city of 
Calgary, Canada 

   Variable category     Variable name     Variable defi nition  

  Dependent variable     cases     Number of cardiac catheterization cases  
  Demographic variables     a45_54     Number of residents aged between 45 and 54 years  

   a55_64     Number of residents aged between 55 and 64 years  
   a65pl     Number of residents aged 65 years or older  

  Family variables     single     Number of single - person families  
   w_d_s     Number of families with widowed, divorced, or separated persons  
   sing_p     Number of single - parent families  
   2p.wchld     Number of families of two parents with children  
   mar.c.law     Number of couples married or living in common law  

  Education variables     gr13ls     Number of residents with grade 13 or lower education  
   non_uni     Number of residents with post - secondary, non university education  
   uni     Number of residents with university education  

  Economic variables     f.m.inc     Family median income  

        cases      Demographic       Family       Education      Economic   

   a45_54     a55_64     a65pl     single     mar.claw     w_d_s     2p_wchld     sing_p     gr13ls     non_uni     uni     f_m_inc_k  

   cases     1.000    0.041    0.569  *  *      0.794  *  *      0.105     − 0.377  *  *      0.577  *  *       − 0.495  *  *      0.317  *  *      0.181  *       − 0.235  *  *       − 0.051     − 0.229  *  *    
   a45_54     0.041    1.000    0.491  *  *       − 0.104     − 0.326  *  *      0.273  *  *       − 0.403  *  *      0.448  *  *       − 0.295  *  *       − 0.275  *  *       − 0.382  *  *      0.381  *  *      0.596  *  *    
   a55_64     0.569  *  *      0.491  *  *      1.000    0.415  *  *       − 0.237  *  *      0.047    0.051     − 0.074     − 0.028     − 0.026     − 0.292  *  *      0.141    0.195  *  *    
   a65pl     0.794  *  *       − 0.104    0.415  *  *      1.000    0.096     − 0.416  *  *      0.628  *  *       − 0.555  *  *      0.194  *  *       − 0.098     − 0.334  *  *      0.216  *  *       − 0.099  
   single     0.105     − 0.326  *  *       − 0.237  *  *      0.096    1.000     − 0.911  *  *      0.550  *  *       − 0.737  *  *      0.469  *  *      0.163  *       − 0.046     − 0.115     − 0.642  *  *    
   mar.claw      − 0.377  *  *      0.273  *  *      0.047     − 0.416  *  *       − 0.911  *  *      1.000     − 0.790  *  *      0.819  *  *       − 0.620  *  *       − 0.224  *  *      0.127    0.132    0.665  *  *    
   w_d_s     0.577  *  *       − 0.403  *  *      0.051    0.628  *  *      0.550  *  *       − 0.790  *  *      1.000     − 0.798  *  *      0.702  *  *      0.378  *  *      0.035     − 0.322  *  *       − 0.639  *  *    
   2p_wchld      − 0.495  *  *      0.448  *  *       − 0.074     − 0.555  *  *       − 0.737  *  *      0.819  *  *       − 0.798  *  *      1.000     − 0.450  *  *       − 0.087    0.044    0.053    0.572  *  *    
   sing_p     0.317  *  *       − 0.295  *  *       − 0.028    0.194  *  *      0.469  *  *       − 0.620  *  *      0.702  *  *       − 0.450  *  *      1.000    0.661  *  *      0.197  *  *       − 0.620  *  *       − 0.782  *  *    
   gr13ls     0.181  *       − 0.275  *  *       − 0.026     − 0.098    0.163  *       − 0.224  *  *      0.378  *  *       − 0.087    0.661  *  *      1.000    0.251  *  *       − 0.919  *  *       − 0.698  *  *    
   non_uni      − 0.235  *  *       − 0.382  *  *       − 0.292  *  *       − 0.334  *  *       − 0.046    0.127    0.035    0.044    0.197  *  *      0.251  *  *      1.000     − 0.611  *  *       − 0.294  *  *    
   uni      − 0.051    0.381  *  *      0.141    0.216  *  *       − 0.115    0.132     − 0.322  *  *      0.053     − 0.620  *  *       − 0.919  *  *       − 0.611  *  *      1.000    0.691  *  *    
   f_m_inc_k      − 0.229  *  *      0.596  *  *      0.195  *  *       − 0.099     − 0.642  *  *      0.665  *  *       − 0.639  *  *      0.572  *  *       − 0.782  *  *       − 0.698  *  *       − 0.294  *  *      0.691  *  *      1.000  

    Notes :    *  and  *  *    denote the 0.95 and 0.99 signifi cance levels, respectively   
  Source :   after Bertazzon and Olson  (2008)  
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model is based on a set of simplifying assumptions, which defi ne his pre - industrial  isolated 
state : a circular, homogeneous plain, with a single, central market, and no external (inter-
national) relationships. This completely fl at,  “ isolated state ”  has a uniform soil and climate, 
no rivers or mountains, and is surrounded by wilderness. Other simplifying assumptions 
are that farmers behave rationally to maximize profi ts, transport their own goods directly 
to market in the central city using oxcarts (because there are no roads), and have good 
knowledge of the costs and distances they will encounter. 

 A mathematical formula determines the profi t associated with each crop as a function 
of its transportation cost,

    R Y p c Yfm= −( ) −     (21.1)   

 where  R  is the land rent;  Y  is the yield per unit of land;  c  is the production expense per 
unit of commodity;  p  is the market price per unit of commodity;  f  is the freight rate; and 
 m  is the distance to market. Thus, as the distance from the central city increases, crops of 
lower and lower values are produced and the model predicts patterns of agricultural activ-
ity in the form of concentric rings (Figure  21.4 ).   

 Von Th ü nen ’ s model has been extended and is currently applied outside its original 
agricultural context. In urban geography, for example, it has been used to explain land use; 
typically commercial and service activities are located in the inner city (Central Business 
District) with manufacturing and warehousing located in the outer rings. It has also been 
used to analyze monocentric and polycentric cities, and the dynamics of urban land use 
(O ’ Sullivan  2003 ). 

     Figure 21.4     Agricultural land use model: location rent curves versus distance from market for 
different commodities  (after Dicken and Lloyd  1990 )   
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 Spatial interaction models, a second case examined here, focus on fl ows of people, 
goods, or ideas between places. These models apply to a variety of human activities, ranging 
from commuter fl ows between cities, to visits to a hospital or a shopping mall. Drawing 
an analogy with physics concepts, quantitative geographers have often used the concept of 
gravity, so that the expected interaction between two places is proportional to the mass of 
their power of attraction, which is reduced by the friction of distance. The fi rst important 
step in the defi nition of such models is the identifi cation of the relevant indicators, or what 
factors exert the attraction: typical examples are population, services, or number of jobs. 
The second is the identifi cation and measurement of a meaningful distance for the phe-
nomenon under scrutiny: examples are distance along a road network, travel time, or travel 
cost. The fi nal step is the calibration of the parameters of the relationship. By estimating 
such parameters, the researcher comes to a deeper understanding of the mechanisms ruling 
the interaction. One aspect that has received much attention by geographers is the role of 
distance, and more specifi cally the importance of the separation between the two places, 
and how strong is the friction it exerts on their interaction. 

 An important class of spatial interaction models is the innovation diffusion model based 
on the theoretical work of Swedish geographer, Torsten H ä gerstrand (1916 – 2004). He 
observed that there was a striking spatial order in the adoption of innovation, and he 
created a theoretical model to simulate the diffusion process and to attempt to predict it. 
The relevance and importance of his contribution relates to his introduction of time in the 
analysis of human geographic processes, and his work on space - time geography represents 
a fundamental innovation in quantitative human geography. To this day, however, spa-
tiotemporal processes remain diffi cult to model, and much research is still devoted to this 
problem. 

 In H ä gerstrand ’ s model, a diffusion process can be dissected into a number of stages 
(Figure  21.5 ), allowing the researcher not only to understand, but also to predict the 
outcome of an observed process. The structure and stages of the process involve: penetra-
tion, with initial agglomerations and a few adopters (usually in small areas); expansion, by 
radial dissemination involving the creation of new agglomerations and a signifi cant increase 
in the number of new adopters; and saturation, marked by a signifi cant shrinkage in the 
number of adopters and a decreasing rate of adoption. Current applications of innovation 
diffusion models range from the penetration of technological innovations (such as the 

     Figure 21.5     Innovation diffusion: classifi cation of the various stages of a diffusion process 
according to H ä gerstrand  (after Clark  1984 )   

Innovators

Early
adopters

Early
majority Late

majority Laggards

Time Time
0

100

Pe
rc

en
t o

f 
po

pu
la

ti
on

w
ho

 h
av

e 
ad

op
te

d



 Modeling 371

Internet or Blu - ray DVD players), to the analysis of disease transmission in the sub - 
discipline of medical geography and epidemiology.   

 Gravity and other spatial interaction models are also used in geographic and epidemio-
logic studies to analyze the way in which diseases are transmitted: in a contagious transmis-
sion, nearby individuals tend always to be affected because distance plays a very strong 
role. Diseases, however, can also appear in some places and then trickle down through the 
nodes of urban hierarchies and transportation networks. An example of hierarchical trans-
mission was the 2003 SARS (Severe Acute Respiratory Syndrome) epidemic, which origi-
nated in a remote Chinese province. SARS was transmitted along the major transportation 
nodes of international fl ight routes and in this manner quickly reached distant locations, 
such as Toronto, Canada (Bowen and Laroe  2006 ).   

   Model Evaluation 

 Model evaluation is an essential stage in any modeling exercise, whether the model is 
rooted in the physical geography or the human geography tradition. Without critical 
assessment of a model, the signifi cance that can be attached to results is unclear. That being 
said, it is an issue of much debate as to what exactly constitutes a  “ critical test ”  of a par-
ticular model and its performance. The following discussion covers some of the essential 
characteristics that need to be considered during model evaluation. 

 First of all, the quality of a model is not simply equivalent to empirical agreement of 
model results with data observations (Hodges and Dewar  1992 ). Model quality should 
cover a range of factors, such as soundness of underlying principles, quantity and quality 
of input parameters, and the consistency of model results with observed data (model con-
fi rmation). Moreover, model evaluation should focus on both positive and negative aspects 
and outcomes of the modeling exercise (Oreskes  1998 ). 

 The actual content of the model is important to consider when evaluating its 
overall  “ quality. ”  Flawless representations using conceptual, physical or mathematical 
models are not possible for most systems, and it is generally accepted that assumptions 
and simplifi cations must be made. A researcher must consider what  “ fl aws ”  in a 
model ’ s representation of the system must be tolerated, while still providing insights 
regarding essential system characteristics (Martin and Church  2004 ). For example, it may 
be possible to model some suitably  “ average ”  behavior of what may be very complex 
processes and changes in form; internal consistency is thus preserved, despite simplifi ca-
tion. Other factors to consider are model complexity, the number of input variables, 
and the quality of data required to produce  “ acceptable ”  results. Finally, model confi rma-
tion is a key element in model evaluation. This involves comparison of model results 
with independent empirical data to assess the degree of consistency that is achieved. The 
philosophy of the science community has dedicated much effort to the question of 
whether hypotheses or theories can ever be demonstrated to be  “ correct ”  through model 
testing and empirical confi rmation. As was noted in Chapter  3 , Karl Popper (1902 – 94) 
put forth the notion of falsifi cation, in which he claimed that science only progresses by 
conclusively demonstrating theories to be incorrect, and that they can never be proven 
true. 
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 Depending on the goals of a study, the various factors outlined above may be weighted 
differently when evaluating model performance. However, models should not be relied on 
to provide unequivocal answers to explain phenomena. They should be used in conjunc-
tion with other relevant approaches and methodologies during the processes of theory 
development and testing.  

  Conclusion 

 Although models represent idealizations of reality, they can be effective in understanding 
the operation of natural and human phenomena. Models are not utilized uniformly in all 
branches of geography. In particular, models are widely used in physical geography, and 
have been accepted in only some branches of human geography. Models can provide 
speculative formulations of a problem, test our understanding of a phenomenon, or enable 
us to see how a system responds to changes in input variables or model parameters. 
Although assumptions must be made and simplifi cation is necessary, fundamental system 
properties must still be preserved; it is important to strike a critical balance if modeling is 
to be a meaningful exercise. It is the assumptions and simplifi cations associated with 
modeling that underlie many of the concerns of human geographers. Moreover, it often 
remains unclear how non - linear uncertainties propagate through complex models typical 
of environmental and human/societal systems. 

 Three types of models used in physical geography were discussed in this chapter. 
Conceptual models are used at all stages of research, and represent a way to synthesize 
ideas and understand system operation. Physical models are powerful tools in scientifi c 
investigation as they allow for direct and precise control of variables, which is rarely pos-
sible in fi eld - based studies. Mathematical models likewise allow for control of input vari-
ables and parameters by systematic variation of variables during model runs. The relative 
simplicity of empirical models often makes them desirable, while the explanatory power 
of process - based models is considered a valuable attribute. While modeling is not utilized 
in many branches of human geography, some subfi elds utilize conceptual or mathematical 
models. Many of the models developed in human geography are rooted within a spatial 
science tradition, and are aimed at identifying and establishing the universality of theories 
regarding the behavior of spatial phenomena; a distinctive trait of these models is the 
central role of distance in determining spatial relationships. However, the rigid assump-
tions often required in such models often limit their practical value and applicability. 

 Model evaluation remains one of the least well understood aspects of modeling, but 
should encapsulate factors including soundness of underlying principles, quantity and 
quality of input parameters, and the consistency of model results with observed data. 
Models can provide a powerful methodology in the study of systems considered by geog-
raphers, providing one line of evidence within the broader range of approaches and meth-
odologies adopted in the study of geographic phenomenon.   
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    Exercise 21.1   Conceptual Modeling 

  Example: Physical geography 

 Regolith thickness is determined by the interaction of hillslope transport processes and 
bedrock erosion (see Chapter  7 ). Develop a conceptual model, in the form of a  “ boxes and 
arrows ”  diagram (see Figure  21.1 ), that illustrates the operation, relationships and feed-
backs of forms and processes associated with the development of the weathered layer. You 
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should base your model on a particular regional setting and include all the principal hill-
slope transport processes that can be expected to operate in that location.  

  Example: Human geography 

 Obtain a map of land use in your city or town as well as of the surrounding rural area. 
Can you observe any evidence of von Th ü nen ’ s concentric pattern? Do you observe any 
distortion from a circular to a more complex shape? Are any major physical elements 
(rivers, roads, mountains, etc.) affecting the pattern? Provide a discussion of the reasons 
why the observed environment does/does not conform to von Th ü nen ’ s theory (relate your 
argument to the assumptions underpinning the model).   
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    Introduction 

 Over the past few decades  geographic information systems  (GIS) have become one of the 
most important components in the arsenal of tools at the disposal of the geographer, as 
well as one of the most important ways in which the results of geographic research can be 
applied to the solution of everyday problems. This chapter begins by explaining what GIS 
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are, and then outlines how they are used in research by geographers, as well as the prin-
ciples that underlie those uses. A text on GIS that discusses these topics in greater detail is 
Longley et al.  (2005) .  

  What  i s  GIS ? 

 At the core of a GIS is a  georeferenced  database. Such databases are distinguished from 
all other kinds by the fact that all of their records are given a location on the Earth ’ s surface, 
usually in the form of coordinates, such as latitude and longitude. For example, a database 
maintained by an airline that stores the locations of all of the airline ’ s aircraft, as well as 
their fl ight numbers, numbers of passengers, and other data is georeferenced, as is a data-
base containing the digitally scanned contents of a map, or a database containing the sort 
of remotely sensed data discussed in Chapter  10 . Indeed, many other types of data collected 
by geographers may have been georeferenced before being stored in a database. A database 
of customers that includes each person ’ s street address is also in effect georeferenced, 
because street address can easily be converted to latitude and longitude through a process 
known as geocoding. Data that are georeferenced are termed  geographic ,  geospatial , or  
spatial  (though the last term strictly applies to any space, not only the space of the surface 
and near - surface of the Earth, which is the domain of GIS). The fi rst of these terms is 
perhaps most appropriate for a book designed to be read by geographers, so it will be used 
here, but in practice all three terms are used virtually interchangeably. 

 A GIS is a collection of software, normally manipulated by its user through a single 
interface, and designed to perform a wide range of operations on geographic data. In fact 
today ’ s GIS software is capable of performing virtually any conceivable operation on geo-
graphic data. It can generate maps in a minute fraction of the time required to do so by 
hand; compute the shortest distances between points and generate driving directions; keep 
inventories of assets that are distributed in space and help manage maintenance scheduling; 
detect patterns and outliers; test theories and hypotheses; and execute models that predict 
everything from the tracks of severe storms to the growth of cities. 

 This versatility refl ects a basic truth about the computing industry: once the foundation 
has been built for handling a particular type of data, it is very simple and cost - effective to 
add a wide range of functions to the foundation. Thus Microsoft ’ s Excel, for example, is 
a set of tools geared to the manipulation of data arrayed in tables or spreadsheets, and 
Word is a set of tools geared to manipulating text  –  GIS is similarly a set of tools geared 
to manipulating geographic data, though as will become clear to anyone who delves into 
GIS in any depth, the simple title  geographic  covers a vast array of options, making GIS 
inherently complex. Despite this, however, GIS has become enormously popular over the 
past two decades since it fi rst became available commercially. It appears to appeal to 
people ’ s basic fascination with maps and geography, it offers a comparatively straightfor-
ward way to solve a wide range of problems, and it is a powerful tool for working with 
geographic data. In recent years a number of very attractive tools have appeared that make 
certain limited GIS functions much easier to learn and use. 

 This popularization of GIS is exemplifi ed by a number of websites that offer simplifi ed 
versions of GIS to the general public. They include sites such as MapQuest that generate 
driving directions; sites such as Expedia that help users to search for local hotels; and 
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Google Earth, which quickly captured popular attention when it was released in early 2005. 
Many of the features of Google Earth, including rapid zooming to greater detail, searching 
for locations based on street address, and overlaying other information in complex  mash -
 ups  are features of GIS, offered in a package that is easy for even the most inexperienced 
user to learn and manipulate. Brown  (2006)  provides an excellent survey of interesting 
applications and extensions of Google Earth. 

 The history of GIS goes back to the 1960s, when several projects began to explore the 
use of computers to handle geographic data (Foresman  1998 ). Like any computer applica-
tion, however, GIS merely automates what people had always been able to do by hand, 
and history offers abundant evidence of the basic ideas of GIS being applied well before 
computers were invented. But it was always very diffi cult to perform any kind of map 
analysis by hand, and GIS was quickly recognized as a tool that would allow geographers 
to implement methods that had previously seemed too tedious, too inaccurate, too slow, 
too complex, or too expensive to do manually. Instead of laborious hand counting, areas 
could be measured by a simple computer program once the necessary data had been input, 
and the overlaying of maps also proved to be almost trivially easy in a computer. GIS was 
hailed enthusiastically, particularly by geographers, who compared it to the earlier impact 
of the invention of the telescope or microscope in the richness of the research that it would 
make possible. 

 GIS fi rst appeared as a commercially viable software product in the late 1970s. Today, 
virtually any researcher whose work concerns the surface or near - surface of the Earth will 
have some familiarity with GIS. GIS has been widely adopted as a research tool in archae-
ology, criminology, epidemiology, ecology, geology, and many other disciplines. But the 
discipline of geography has always had a special relationship with GIS. Many of the early 
developments were made by geographers, many of the companies selling GIS software were 
started by geographers, and the majority of the courses on GIS found in universities are 
offered through departments of geography. 

 This chapter takes a broad view of the nature of research, refl ecting the range of applica-
tions of GIS. These stretch from basic research in pursuit of pure knowledge and motivated 
largely by human curiosity, through the application of such research in public policy, plan-
ning, and development, and from such mundane everyday activities as wayfi nding to the 
larger project of maintaining the assets of a utility company. GIS is used in all of these, 
and courses on GIS will often cover the full range of GIS applications. 

 Geographers use GIS in their research, and they offer courses on GIS to others. But in 
addition, geographers have staked out a research area that focuses on the technology itself 
 –  this is research  about  GIS rather than research  with  or using GIS. It forms the basis of a 
fi eld that is now generally known as geographic information science, or GIScience for 
short. The last section of this chapter looks at research methods in GIScience, after the 
previous sections have discussed the methods used by geographers to exploit the power of 
GIS as a tool.  

  Spatial Thinking 

 At the heart of all applications of GIS are the concepts that we collectively describe 
as  spatial thinking . A person can be said to be thinking spatially when he or she draws 
inferences from data arrayed spatially  –  data presented in the form of a map, for example, 
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or data contained in a GIS database. The process of spatial thinking can be very powerful, 
since the eye and brain are enormously effi cient at detecting patterns, seeing movement, 
and detecting anomalies in data when they are presented appropriately; and a range of 
powerful techniques known as spatial analysis have been developed to augment the intui-
tive power of the researcher. Spatial thinking is explored in a report of the National 
Research Council  (2006) , with particular emphasis on its place in primary and secondary 
education. 

 We say that  “ a picture is worth a thousand words, ”  implying that thoughts can be 
conveyed pictorially with great effi ciency, and we often rely on cartoons, icons, and other 
simple drawings to convey ideas. Edward Tufte has discussed the importance of effective 
visualization in many areas of human activity (Tufte  1983 ; and subsequent books by the 
same author), and has used many geographic examples. Geographers have been trained to 
work with maps and other spatial presentations of data, and may as a result have more 
highly developed skills at spatial thinking  –  but on the other hand we know as a result of 
research in cognitive psychology that spatial thinking skills vary widely in the population. 
In essence, the tools of GIS are designed to enhance our spatial thinking skills, by making 
it possible to present data in a variety of useful ways, and to expose meaning in data that 
would not otherwise be apparent to an observer. 

 The following paragraphs identify some of the more important and commonly encoun-
tered concepts of spatial thinking, and the ways they are implemented in GIS and used in 
research. They begin with simpler concepts and move on to the ones that play a larger role 
in gaining insight and understanding through GIS. The topics mentioned are certainly not 
exhaustive, but they give an impression of the kinds of concepts that geographers have in 
mind when they use GIS in their research: 

  Places 

 Humans divide the world into pieces for many purposes, and give the pieces names and 
georeferences of various kinds. A GIS user might encounter placenames, addresses, and 
coordinates as ways of identifying  places , but he or she might also make use of administra-
tive units such as counties or wards that are commonly employed by agencies to aggregate 
and report social statistics, and might also use the regular grids of remote sensing.  

  Attributes 

 In addition to placenames, humans attach characteristics of various kinds to places, includ-
ing its population size, the average income of its inhabitants, its rate of growth, or its eleva-
tion. Geographers use the  attributes  of places to describe them, and to draw parallels 
between places with similar attributes.  

  Spatial  o bjects 

 In the simplest possible conceptualization, the geographic world is a space littered with 
things of various kinds, just like a tabletop (Figure  22.1 ). In a GIS, each thing must have 
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a geometric form as a point, a line, or an area. Each of these forms has associated measures 
such as length, area, or shape. GIS operations include the ability to evaluate such measures, 
and to link objects based on overlap or containment. For example, there are functions to 
compute the area of overlap of two given areas, or to identify whether a point lies inside 
or outside a given area  –  the latter operation might be used to determine the number of 
road accidents (points) falling in a given county, for example. Geographers use measures 
such as area to determine the amounts of land devoted to specifi c uses, or to evaluate 
changes in land use through time. Shape measures are used by landscape ecologists to 
determine the fragmentation of habitat, and its potential impacts on the ability of species 
to survive and reproduce.    

  Maps 

 The geographic world is visualized through maps, which are planimetrically correct rep-
resentations of the spatial distribution of phenomena. Maps simplify and  scale  the world, 
allowing the researcher to search for patterns and correlations. Maps are the primary form 
of graphic output of GIS, and their contents are major sources of input. Cartographers are 
familiar with many types of maps. Increasingly, computers are being used to visualize the 

     Figure 22.1     Geography as a collection of discrete objects littering an otherwise empty space: 
populated places (points), roads (lines), and major water bodies (areas) in the Chicago area  
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Earth ’ s surface in its true near - spherical form, rather than in the fl attened and distorted 
form that is familiar in maps and atlases. Google Earth is one example of such tools, many 
of which can also be found in full - blooded GIS.  

  Multiple  p roperties of  p laces 

 We often conceptualize the geographic world as a series of  layers , each layer mapping a 
specifi c property or class of properties (Figure  22.2 ). In developing a land - use plan, for 
example, a planner might consider such factors as existing land use, transportation, 
housing, groundwater vulnerability, or land ownership. Each factor would form one layer, 
and the planner ’ s GIS would contain digital representations of each layer. The GIS would 
then be able to integrate the data contained in each layer, perhaps weighting each layer 
depending on its importance as a factor in determining appropriate land use. Layers are 
often compared in the search for relationships, such as between land use and soil type, or 
between average income and levels of educational attainment.    

     Figure 22.2     Geography as a series of layers, each describing the spatial variation of some 
property or set of properties over the area of interest (after US Geological Survey).  

(a)

(b)
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  Spatial  h eterogeneity 

 The geographic world is fundamentally  heterogeneous ; not only do conditions vary dra-
matically from one part of the Earth ’ s surface to another, but social and even physical 
processes may show substantial variation. For example, county - level relationships between 
average income and educational attainment are likely to vary from one state to the next. 
Statisticians refer to such effects as  non - stationarity . Geographers have devised a range of 
techniques, generally known as  place - based analysis , for exposing these differences, mapping 
them, and drawing inferences about them, and this continues to be an active area of meth-
odological research.  

  Spatial  s ampling 

 Because the geographic world is so complex, for practical reasons we often sample it rather 
than attempt to describe it completely. There are many methods of sampling, and the dif-
ferences between them have substantial impact on how research is carried out, and the 
inferences that can be drawn (see Chapter  6 ). For example, in remote sensing it is the 
 spatial resolution , or the size of the individual image element or  pixel , that limits the 
researcher ’ s ability to make inferences. In climatology, the locations of weather stations 
impose similar limitations, while urban geographers must cope with the problems caused 
by the lumping of statistics into irregularly shaped reporting zones.  

  Distances 

 Geographers often distinguish between  site , or location specifi ed in absolute terms, and 
 situation , or location relative to other things. GIS can be used to measure distances using 
a variety of metrics, including straight - line distance, distance through a road or street 
network, or distance in a more abstract social network. One of the most popular GIS func-
tions is the  buffer  command, which can be used to map areas within specifi ed distances of 
points, lines, or areas. A researcher might buffer a major highway, for example, in an effort 
to understand the effects of its atmospheric pollution on nearby residents.  

  Spatial  c ontext 

 One of the most powerful concepts in the geographer ’ s toolkit is the notion that events 
at one location on the Earth ’ s surface are determined by neighboring events, as well as 
by other factors present at the same location. By making a map, it is often possible to 
gain insight into the kinds of processes at work on the landscape, because the map or 
the researcher ’ s own knowledge might link an anomaly to other possible factors in the 
anomaly ’ s  spatial context . Mapping the locations of disease incidence, for example, can 
often suggest potential environmental causes that can then be examined more systema-
tically. Central to spatial context is the concept of  neighborhood , the region of space with 
which an individual or organism interacts on a frequent basis.  
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  Spatial  d ependence 

 Numerous ways have been devised for measuring the degree to which the conditions at 
one location on the Earth ’ s surface are similar to conditions nearby. The generality of this 
principle is often expressed as  Tobler ’ s First Law of Geography : that nearby things tend to 
be more similar than distant things (for several distinct perspectives on this concept see 
Sui  2004 ). This principle is the basis for many operations in GIS, including  spatial inter-
polation , which is the process by which we make inferences about places based on data 
obtained at nearby sample points. For example, we use spatial interpolation in the making 
of weather maps, since the data on which they are based are obtained only at a limited 
number of points (weather stations), yet the maps show values everywhere. Spatial models, 
such as those discussed in some earlier chapters of this section, often exploit  spatial depen-
dence  in making predictions based on conditions at nearby locations.  

  Competition for  s pace 

 Despite the previous comments about spatial dependence, in some cases social and physical 
processes produce vast contrasts on the Earth ’ s surface  –  quite different than the kinds of 
smooth variation that characterize contour maps. One such process is the competition for 
space that occurs in retailing, or in territorial behavior, where the presence of one object 
makes other objects of the same type less likely in the immediate vicinity. Geographers 
have devised many methods for mapping the hinterlands, trade areas, or territories of such 
objects, and have implemented them in GIS in the form of procedures such as Thiessen 
polygons (Figure  22.3 ). GIS is also used to  design  service areas to meet specifi ed criteria, 
and methods of location - allocation have been implemented in GIS to support the search 
for optimum locations for such central services as retail stores, hospitals, or fi re stations 
(Ghosh and Rushton  1987 ).    

  Directions 

 For most purposes it is safe to assume that the processes operating on the Earth ’ s surface, 
and responsible for the patterns we fi nd there, operate uniformly in all directions, in other 
words they are  isotropic . But direction is sometimes important, for example in processes 
that are affected by solar radiation or by wind. GIS can be used to measure direction, to 
analyze directional data, and to use such data in models of non - isotropic effects. For 
example, a researcher might use such data in modeling the air pollution from highways 
subject to prevailing winds, or to predict the movement of a wildfi re.  

  Networks 

 Many geographic phenomena are limited to the nodes and links of linear networks, 
such as roads or rivers. Road networks are important in understanding traffi c fl ows and 
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evaluating highway development options; in planning evacuations during emergencies; 
and in designing optimum locations for services that make use of road networks. 
Hydrologists use GIS representations of river networks to model the downstream impacts 
of fl oods or chemical spills.  

  Scale 

 The level of detail of a geographic data set is one of its most important characteristics. Any 
GIS database must simplify the infi nite complexity of the world in order to achieve an 
effective representation in a computer of limited capacity, and this is often done by estab-
lishing a threshold level of detail. GIS procedures exist for changing this threshold through 
generalization, and also for simulating missing detail when only its broad characteristics 
are known. Scale is a large and complex topic, and geographers continue to explore its 
many facets.  

  Modifi able  a real  u nits 

 When the fi ne detail described in the previous paragraph is deleted by aggregating data 
into larger spatial units, it is tempting to believe that the exact choice of larger units has 
a minimal effect on the results of any analysis. We use counties, for example, for report-
ing many statistics, and while the average size of counties is clearly important, we tend 

     Figure 22.3     Thiessen polygons, defi ning the areas closest to each of the points in the diagram. 
Such methods are often used to estimate the trade areas, territories, or hinterlands of competing 
locations 
   Source :   Longley et al.  (2005)    
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not to worry about the effects of the precise locations of county boundaries. Unfortunately 
it seems that results do depend very substantially on the choice of geographic analysis 
units, even at the same scale, and some early experiments using GIS showed that the 
effects can lead to widely varying conclusions. This has become known as the  modifi able 
areal unit problem  or MAUP. We normally differentiate it from the related problem 
of scale  –  the dependence of results on the level of aggregation  –  and the  fallacy of eco-
logical inference , which refers to making conclusions about individuals based only on 
aggregate data. The ability of GIS to aggregate data and to work with a variety of sizes 
and shapes of reporting zones makes it a very powerful technology to address both of 
these issues.  

  Uncertainty 

 No representation of the geographic world can be exact or complete, so it is often necessary 
to describe the degree to which a representation leaves its users uncertain about reality. 
Over the past two decades uncertainty has been one of the most active areas of research 
related to GIS (Zhang and Goodchild  2002 ). Where measurement is involved, such as the 
measurement of position, then it is useful to know about error and accuracy. In other cases 
it may be impossible to identify any value as the truth, particularly where human judgment 
is involved. For example, it may be impossible to measure the accuracy of a soil map since 
there is a degree of subjectivity involved in assigning soils to classes, such that two equally 
qualifi ed soil surveyors might well not agree about the appropriate classifi cation at a given 
location. To handle such cases geographers have made increasing use of concepts of  “ fuzzy 
sets, ”  and have implemented many of the associated techniques in GIS. Uncertainty is now 
an important component of  metadata , or the information used to describe and document 
a GIS database so that it can be shared effectively.  

  Fields 

 A previous section referred to spatial objects as one of the ways of conceptualizing the 
geographic world. The alternative is to think of the geographic world as a series of continu-
ous surfaces, each representing the spatial variation of one property. This view is closely 
related to the concept of layers. Computers are inherently discrete machines, and concep-
tualizing geography as a continuum is clearly not as compatible with the digital world as 
thinking about it as a collection of discrete objects. But GIS has adopted several ways of 
handling continuous  fi elds , by breaking them up into discrete points, lines, or areas. A 
remote - sensing scene, for example, breaks a continuous image into pixels, while a  trian-
gulated irregular network  or TIN treats a topographic surface as a collection of tilted tri-
angles. Many functions exist in GIS for analyzing fi elds, including techniques for simulating 
the development of drainage networks on topographic surfaces, or for computing the area 
visible from a given point on such a surface. Archaeologists have used such techniques to 
ask whether visibility was an important factor in the locations of early burial mounds in 
northern Europe, while engineers use GIS to determine the best locations for highways or 
pipelines across complex geographic landscapes.  
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  Density  e stimation 

 While the continuous fi eld and discrete object conceptualizations are distinct, there are 
many ways of making transitions between them, and indeed any discrete object can be 
converted into a fi eld simply by defi ning the fi eld has having the value 1 wherever the 
object is present, and 0 wherever it is absent. One of the more powerful transformations 
is density estimation, a set of procedures for estimating a fi eld defi ned by the density of 
objects per unit area. Density estimation is used to defi ne the density of events such as 
disease occurrences, as a step in asking questions about the factors infl uencing density. It 
can also be applied to lines, for example when using street density as a basis for a defi nition 
of  urban .  

  Spatial  p robability 

 Geographers are often interested in maps of probability, which defi ne the chance of some-
thing happening at a place. Probability maps are used in studies of risk, as in estimates of 
the risk of a landslide based on layers of slope, rainfall, soil type, and bedrock geology, or 
estimates of the range of a plant species. 

 As noted at the beginning of this section, this discussion of spatial concepts is far from 
complete, but it does give a sense of why researchers use GIS, and the kinds of inferences 
they make when they apply the lens of GIS to geographic data.     

  The Data Supply 

 Traditionally most geographic data originated in various agencies of government; base 
mapping in the United States, for example, was provided largely by the US Geological 
Survey, and similar national mapping agencies exist in many other countries. NASA and 
other space agencies have developed into major sources of remotely sensed data. But 
increasingly it is possible for virtually anyone to become a supplier of geographic data, 
using simple global positioning system (GPS) devices, and today there is a vast network of 
suppliers and users, linked together by the Web and by a large number of data repositories, 
warehouses, and portals. The US Government ’ s Geospatial One Stop (Figure  22.4 ) is one 
of the largest and most sophisticated of these, focused on providing a single point of entry 
to federal - agency data, but many others exist in both public and private sectors. In Europe 
the INSPIRE project is aimed at harmonizing the enormously complex situation that exists 
between different countries of the European Union, each with its own legacy of data and 
standards.   

 With this complexity and the great variety of data formats in existence, it has become 
essential to develop better standards and better methods of achieving interoperability 
among data sets from different sources. The Open Geospatial Consortium (OGC) is an 
organization of companies, agencies and universities that is dedicated to improving access 
to geographic data, and its standards have become enormously helpful over the past 
decade.  
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   GIS cience 

 As noted earlier, geographers have a special relationship with GIS, especially given tradi-
tional geographic concerns with space, with the relationship between humans and their 
environment, and with integration across the sciences that deal with the Earth ’ s surface. 
All of these themes are strongly supported by GIS tools. GIS raises many fundamental 
issues that are poorly understood, and over the past 15 years a research community has 
emerged that is focused on resolving them and moving GIS technology forward. The term 
GIScience is only one of a number of terms that have been adopted by this loosely knit 
community, though it seems to be the term of preference, at least in the United States. 

 The US University Consortium for Geographic Information Science (UCGIS) has 
devoted much of its attention to lobbying for better funding, synthesizing the curriculum 
of GIS courses into a Body of Knowledge (DiBiase et al.  2006 ), and identifying the GIScience 
research agenda. The agenda includes such perennial issues as scale and  uncertainty , the 
need to extend methods of representation in GIS to include a more comprehensive treat-
ment of time and the third spatial dimension, and the need for better methods of analysis 
and modeling. But it also addresses issues of broader social signifi cance. Privacy is a 

  Box 22.1     GIS  Software 

    A modern GIS contains literally thousands of commands, procedures, and types of 
analysis, each of which can be applied by the user to the data contained in its data-
base. Essentially, a GIS today is capable of performing virtually any conceivable 
operation on spatial data  –  and if one ’ s favorite GIS lacks a particular function, it is 
almost certain that it can be found somewhere, with a little searching on the Web. 
Much thought has gone into making sense of this enormous complexity, by classify-
ing functions into groups, or by developing cookbooks or guides that can help users 
to navigate within a GIS toolbox (see Exercise 22.1). 

 At time of writing, the market leader in the commercial GIS software industry 
was Environmental Systems Research Institute, of Redlands, California. Estimates of 
its market share vary widely, but on all obvious measures its share is the largest. ESRI 
software is widely used in universities and research organizations, so much so that 
its terminology and data formats are effectively standards. Other signifi cant com-
mercial products include those of MapInfo, Intergraph, and Autodesk. But while 
commercial products dominate, there is growing interest in open - source software. 
GRASS is perhaps the most conspicuous of these, and is widely used in the environ-
mental sciences. Moreover, there is growing interest among the developers of statisti-
cal packages in providing some GIS functionality, and researchers with a strong 
mathematical focus will fi nd that Matlab offers substantial power in this area. Smaller 
companies occupy particular niches in the marketplace. There are specialized 
products for three - dimensional GIS applications, for example, or for applications in 
transportation and other areas.  
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particularly important topic, especially given the ability of GIS to link together records 
based on street address, the prevalence of fi ne - resolution satellite imaging, and the growth 
of surveillance technologies such as closed - circuit television (CCTV) and GPS tracking. 
Another rapidly growing area of GIScience concerns public participation in the decision 
making process, questions about the role of GIS and geographic data in resolving com-
munity issues, and the power that GIS and geographic data give to those who possess them 
(Craig et al.  2002 ). 

 GIScience brings researchers together from a number of disciplines. Besides the disci-
plines that have traditionally concerned themselves with the production of geographic 
data, including surveying, geodesy, photogrammetry, remote sensing, and cartography, 
GIScience engages experts in spatial cognition who study the design of user interfaces and 
the skills of spatial thinking; computer scientists who study the design of databases 
and algorithms; and spatial statisticians who study spatial analysis and the modeling of 

     Figure 22.4     Screen shot of the Geospatial One Stop, a single point of access to geographic data 
from a multitude of sources. The screen allows a researcher to search a catalog for data covering a 
specifi ed area, and also to specify theme, date, and other properties. Selected data will then be 
retrieved from its stored location, which might be anywhere on the Web  
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uncertainty. In the center, of course, and overlapping all of these, are the geographers who 
have long thought of the description and understanding of the Earth ’ s surface as uniquely 
their own domain.  

  Conclusion 

 It is appropriate for GIS to be the subject of one of the last chapters of this book, given its 
synthesizing and integrating role. As a platform for research, GIS implements the subject 
matter of many of the previous chapters, and represents an increasingly important medium 
both for geographic research, and for encouraging a geographic perspective among 
researchers in other disciplines. GIS has truly been one of the most conspicuous aspects 
of geographic research over the past decade, and is increasingly associated with the disci-
pline of geography in the minds of many outsiders. 

 At the same time, and as the previous section explained, GIS is both a tool for research 
and a subject of research. When critical social theorists in geography began to ask 
fundamental questions about the social context of GIS in the early 1990s, the initial 
reaction from the GIScience community was one of dismay  –  what would the outside 
world think of a discipline that seemed increasingly racked by internal debates? But in 
the longer term, the addition of a strong social dimension to GIScience has proven 
enormously benefi cial, and today critical social theory ranks as one of its more important 
paradigms.   
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 Exercise 22.1   The National Map    

   GIS software can be expensive, and the exercises used in GIS courses can be elaborate and 
require some initial instruction. However many websites now offer substantial GIS capa-
bilities, and give a sense of what is possible, while requiring only a simple Web browser 
such as Internet Explorer. The National Map, a project of the US Geological Survey, is one 
such site, and can be accessed at  http://nationalmap.gov . You may need patience: working 
over the Web with a browser is not as fast as having your own GIS and database on your 
desktop. The concepts identifi ed below refer to paragraphs in the chapter, and are things 
you might think about as you work through this exercise. 

  1     Open the National Map in your Web browser, read the background information, and 
click on the Go To Viewer link. Familiarize yourself with the map that appears on the 
screen, the display of latitude and longitude for the cursor position, the way the Earth 
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has been distorted in order to fl atten it (compare Google Earth), and the capabilities 
for moving horizontally and changing scale. (Concepts: Maps; Directions.)  

  2     Zoom in to Colorado and explore some of the other available layers, such as hydrog-
raphy. Zoom in to Denver and watch how the display changes its level of detail, making 
more and more information available as you zoom in. Try clicking the Identify button 
and querying some of the features shown on the map. (Concepts: Spatial objects; Scale; 
Networks; Fields.)  

  3     Zoom in to an area you are familiar with, such as your neighborhood (or if you are 
outside the United States, try this with a tool like Google Earth). Click the Measure 
button and try measuring the length of a path through the neighborhood. Explore some 
of the available layers at this scale. How do the contents of the National Map compare 
to your own knowledge of the neighborhood? Do all of the layers fi t perfectly? (Concepts: 
Distances; Spatial context; Uncertainty.)       
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  Introduction 

 Traditionally, when analyzing meaning, academics have focused on the obvious mediums 
through which information about ourselves, others, and the world around us is imparted. 
 Texts  such as newspapers, books, and other examples of the written word, are all designed 
so as to convey information to a reader. In addition to these, geographers have also 
expressed an interest in image - based mediums such as the map; indeed, the argument has 
been made that in societies saturated with high technology media such as TV, video, and 
the Internet it is the image, rather than the word, that provides us with a window onto the 
world (Adams  2009 ). 

 In recent years, however, it has become apparent that information is expressed not 
simply through those media designed for the purpose, but also through the vast range of 
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objects we live and work with on an everyday basis. Consider, for example, the clothes we 
wear: each item sends a message to those around us regarding how we think about our-
selves and our relationship to them. Even the body itself communicates information: body 
height and weight, color, hair adornment and so on can all be taken as indicative of our 
individual strengths and weaknesses, our desires and anxieties. Indeed, information is not 
simply the preserve of words and images, as the manner in which the body undertakes 
particular practices  –  that is, how we walk, sit, eat, greet, etc.  –  can also tell us much about 
the individual concerned (Longhurst  1995 ). This explains why the body itself has been 
likened to a  “ text ”  in that it can be  “ read. ”  Words, images and practices, then, are all 
capable of being what are termed  signifi ers ; that is, they can communicate information. 

 What has also become clear in recent years is that the terms  “ information ”  and  “ message ”  
do not suffi ciently capture the varied tone of  meaning . This is because, fi rst, such terms 
tend to imply that texts such as books, maps, and bodies are simply a channel for the 
conveyance of facts and fi gures, fi ction, and opinion. Meaning, on the other hand, is very 
much shaped by the medium through which it is expressed. That is, it matters as to whether 
a particular story is reported by an academic journal as opposed to a tabloid newspaper: 
the former can be seen to lend legitimacy to a story, while the latter adds entertainment 
value. Second, such terms tend to focus attention on the way in which our perceptive and 
cognitive functions allow us to encode and decode information, such that we  “ get ”  or do 
 “ not get ”  the message. Meaning, by contrast, can invoke a more complex, emotive sense 
of engaging with objects; we can respond to them with feelings of hope or fear, we can 
ignore them, and we can even appreciate the limits of an exchange, when words, images 
and practices are no longer suffi cient to convey how we feel. Meaning, therefore, is not 
something we are simply exposed to when we engage with these objects, but is something 
that is  made  through this very process of engagement. 

 How, then, do we analyze such meanings? The goal of this chapter is to point to some 
of the ideas that academics, and especially geographers, have brought to bear on this ques-
tion. I begin by looking at a commonly used technique termed  content analysis , which 
refers to the manner in which the particular meanings expressed by an object such as a 
book or the body can be discerned according to the pattern of signifi ers (that is, words, 
images, or practices) perceived to be present. 

 I also want to show how such a technique can be given more conceptual depth by 
delving into the character of these meaning - laden objects: that is, how they are produced 
under particular conditions, how they are able to move in time and space, and how they 
connect with particular people in different ways. After outlining content analysis, therefore, 
I look to how this technique can be deployed as part and parcel of a theoretically informed 
methodology called  critical discourse analysis . I also, however, want to point to a second 
methodology,  deconstruction , which, while also dwelling on the relationship between 
signifi ers, holds to a different understanding of how meaning itself works. As such, it chal-
lenges the utility of content analysis as a technique for generating data.  

  Generating Data through Content Analysis 

 At heart, content analysis is a technique by which one can discern the way in which words, 
images and practices hold to a specifi c pattern (see Neuendorf  2002 ). Although any object, 
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be it an individual or even a landscape, can be subject to content analysis, it is more usual 
to fi nd that traditional texts, such as books, reports, periodicals, and interview transcripts, 
are assessed in this manner, such that the signifi ers of interest are written and 
image - based. 

 Central to content analysis is the idea that each signifi er does not exist in isolation, but 
is, rather, tied to a whole host of other signifi ers. Consider, for example, the written word 
 “ dog. ”  Taken purely as a sequence of symbols, d - o - g, it makes no sense to us. But, under-
stood as that signifi er which is commonly used to indicate, or mean, a four - legged canine, 
of which we may well have an associated mental image, it does make sense. This is because 
we have learnt to identify the right word,  “ dog, ”  out of all the various written words, such 
as  “ cat ”  and  “ mouse. ”  Put another way, we have understood what the written word  “ dog ”  
is supposed to mean by noting how it is related to  –  that is, how it is different from  –  all 
of these other possibilities. 

 The point to be drawn from this example is that the meaning associated with a signifi er 
can only be understood as part of a broader, relational system of meanings. In the case of 
written or spoken words, we refer to this system as a  “ language. ”  However, it is important 
to bear in mind that images and practices can also be considered as part of their own 
relational system, as when we learn to associate the color white with purity or the practice 
of smiling with happiness. In order to identify a meaning, the individual must be aware of 
these wider systems, and the rules by which they operate. 

 What content analysis assumes, then, is that each series of words, images, or practices, 
or combination thereof, works to a set of rules, such that the meaning of each individual 
example can indeed be pinpointed and, signifi cantly, that this meaning is  constant  
whenever this example is used. This allows us to assume that if a particular signifi er, for 
example a written word, is found to be present again and again within a book or article, 
then the meaning associated with it is of special signifi cance to the author. More impor-
tantly, if the use of a particular signifi er is compared against another factor then a pattern 
may well be found. If two or more words are found to be in close proximity time and 
again, for example, then we can conclude from this spatial pattern that the meaning 
of these words is also closely entwined, at least for those responsible for writing or 
uttering such words. When different kinds of signifi ers, such as words and images, are 
found to be in close spatial proximity, then it may also be concluded that their meanings 
have been closely allied, such that one indicates the other. Moreover, if the frequency with 
which a word is compared against time  –  if the word  “ terrorism, ”  say, appears more and 
more in our daily newspapers  –  then this temporal pattern indicates how prominent this 
topic has become for many people and may even indicate something of why this is the 
case. 

 In order to illustrate these rather abstract points regarding content analysis, let us look 
to an example from the academic literature.  National Geographic  is a magazine published 
in the US that aims to bring the rest of the world to an American readership through glossy 
photos and travel stories. The authors of the book,  Reading National Geographic   (1993) , 
Catherine Lutz and Jane Collins, argue that it is important to understand the meanings 
that this magazine conveys because these play an important role in shaping the ways in 
which ordinary Americans think about and respond to the rest of the world. Their analysis 
has three main lines of inquiry: an assessment of the production of  National Geographic , 
using a series of interviews with people who work on the magazine; a content analysis of 
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the photographs used in the magazine; and interviews with readers of the magazine to see 
what kind of meanings they associate with these photographs. 

 To begin their content analysis, the authors looked through numerous issues of  National 
Geographic  before deciding on 22 signifi ers, known as a coding frame, which could be used 
to ascertain the meanings that this magazine expresses. These included characteristics of 
the photos themselves, such as size and captioning, as well as the characteristics of their 
subjects, including age, gender, degree of nudity, ethnicity, and so on. The presence of 
particular objects, such as military hardware and urban backdrops, was also noted. In the 
subsequent analysis of 594 articles for the period 1950 to 1986, wherein the temporal and 
spatial incidence of all of these signifi ers was noted, several patterns were found. 
Importantly, some of these patterns were apparent as a repeated  absence  of a signifi er, 
rather than its  presence . 

 For example, very few photos depicted military hardware. Those that did were not 
matched with images of dead or wounded bodies. For the authors, this pattern of absence 
tells us something about  National Geographic ; it has a meaning. In this case, it is that an 
American audience does not like to be reminded of the many confl icts present aboard, 
including those in which the United States itself is engaged. Indeed, American audiences 
are more comfortable thinking of the rest of the world as a series of other cultures as 
opposed to economic and political entities. To bolster this conclusion, the authors point 
to a particular pattern of presence, whereby many of the subjects photographed are engaged 
in local ceremonies or festivals. These photos portray a romanticized world that is as yet 
untouched by modernity, one that has kept alive a series of traditions and rituals. In similar 
vein, it was noted that many of the images printed in  National Geographic  deploy a close -
 up of a face; their subject, more often than not, is a happy, smiling child or young adult. 
What this particular pattern tells us, the authors conclude, is that an American readership 
wants to see this world as populated by mostly young, healthy people who would be happy 
to entertain them as visitors. 

 There are several  “ how to ”  points that can be usefully drawn out of this example: 

  1     While a qualitative overview of a text such as a magazine is important as a means of 
indicating which patterns might well be present, a content analysis allows the researcher 
to assess more carefully the extent of these patterns, as well as the degree to which they 
intersect with each other, via a process of quantifi cation.  

  2     In choosing a coding frame  –  that is, which signifi ers to count  –  it is useful to consider 
those which are not immediately obvious. Words and images are often the fi rst signi-
fi ers to be noted in an analysis. And yet, one can also consider such visual signifi ers as 
a close - up shot, a point of view shot or the use of juxtaposition (Rose  2001 ). In regard 
to the written or spoken word, one may well consider such signifi ers as metaphor, 
assertion, and force of utterance. In this regard, and depending on the type of signifi er 
under analysis, a content analysis would benefi t from knowledge of the methodologies 
deployed in subjects such as literary analysis, media studies and ethnography.  

  3     While it is certainly possible to deploy a content analysis of one object, such as a single 
magazine, or even a single page, it is useful to consider how a temporal pattern can be 
discerned from the analysis of a series of objects. In this case, several conclusions about 
the changing state of American foreign policy could be drawn out from looking at 
subsequent issues of the  National Geographic  (also see Sharp  2000 ).  



396 Deborah P. Dixon

  4     When looking at the meaning of a particular text it is useful to think of the 
different types of signifi ers that are present and how they are combined. In the above 
example, a number of image - based characteristics are drawn out; in addition, however, 
attention was also paid to the captions attached to each photo and the use of key words 
therein.  

  5     Last but not least, a content analysis is made considerably more thorough if the signi-
fi ers that constitute an object in question can be considered at length. A book or maga-
zine, for example, can be bought or photocopied, and its words and images subsequently 
analyzed again and again. The signifi ers associated with another type of object, such as 
the practices associated with a particular body, may only be on view for a short time. 
It is important in this case that considerable effort is made in noting as much informa-
tion as possible within this time frame;  “ capturing ”  aspects of these practices through 
photographing, fi lming, tape recording, and transcribing them would aid subsequent 
analysis.    

 There is also a more conceptual point to be made here, and that is that while such an 
analysis may seem to be an impartial one, reliant on quantifying patterns that are simply 
present in the  National Geographic , the manner in which particular signifi ers are selected 
for analysis, as well as the manner in which their patterns are subsequently interpreted, or 
given meaning, depends on the theoretical suppositions of the researcher. The danger of 
assuming these patterns to be simply  “ given ”  is that their production and interpretation 
may well be taken at face value alone; in this case, it could be concluded that the world 
outside of the United States  is  primarily interesting because of its exotic cultures and that 
warfare  is  notable by its absence. And yet, Lutz and Collins  (1993)  take a much more criti-
cal attitude, noting that the photographs that make up much of this publication tell us 
much about how Americans would  like  the world to be. In other words, they do not assume 
that this magazine is a mere channel for the portrayal of information about the world, but 
is, rather, a complex, often emotive object that is given meaning by those who produce it 
and those who read it. 

 This point is well illustrated when several texts on the same theme are examined over 
and against each other. While Lutz and Collins dealt only with one journal, the  National 
Geographic , Deborah Martin  (2003)  choose to look at the texts produced by four organiza-
tions working in one neighborhood in St Paul, Minnesota, in order to compare how they 
gave meaning to this place (see Box  23.1 ). Her coding frame of words and images was 
chosen in order to emphasize motives for action, important problems, and proposed 

  Box 23.1    Framing Neighborhood Identity 

    An article by Deborah G. Martin  (2003)  offers another illustration of content analy-
sis. Her goal was to analyze the different descriptions, or  “ framings, ”  of a neighbor-
hood in St Paul, Minnesota. These are summarized in Table  23.1  (adapted from 
Martin  2003 : 745). Her work shows just how differently a single neighborhood can 
be  “ framed ”  in the different  “ texts ”  of neighborhood organizations.    
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  Table 23.1    Neighborhood  “ framings ”  

   Neighborhood 
organization  

   Motivations for action 
  *  *  *  *  

 Neighborhood 
description  

   Diagnoses of problems     Proposed solutions  

  Thomas - Dale 
 District Seven 
 Planning Council  

   •    Plan for future 
  •    Clean up 

neighborhood 
  •    Support/protect 

children 
  •    Create community 

  *  *  *  *  
  •    Racial, cultural, 

economic 
diversity 

  •    Historic homes  

   •    Lack of green, 
public space 

  •    Cycle of 
disinvestment 

  •    Broader 
processes/
decisions affect 
local conditions  

   •    Plan for future 
development 
(industrial, 
socio - economic, 
infrastructure, 
long - range 
comprehensive 
plan) 

  •    Clean - up days  

  Greater Frogtown 
 Development 
 Corporation  

   •    Increase home 
ownership 

  •    Improve housing 
stock 

  *  *  *  *  
  •    Architecturally 

and historically 
signifi cant 
housing 

  •    Modestly priced 
housing 

  •    Run - down 
housing  

   •    Degraded, 
run - down houses 

  •    City policies 
increase number 
of vacant lots 

  •    Lack of 
investment 

  •    Financial 
barriers to 
homeownership 

  •    Negative images 
of neighborhood  

   •    Promote 
neighborhood as a 
residential location 

  •    Build and 
rehabilitate houses  

  Frogtown Action 
 Alliance  

   •    Everyone faces the 
same problems 
and should help 
solve them 

  *  *  *  *  
  •    More economic 

activity needed in 
neighborhood  

   •    Fracturing by 
race, ethnicity 

  •    More money 
leaves 
neighborhood 
than is invested 

  •    Neglect by the 
city 

  •    Negative 
perceptions, 
undefi ned identity  

   •    Unite individuals 
and Organizations 
(create geographic 
identity, foster 
community control) 

  •    Entrepreneurship 
classes 

  •    Business 
development and 
support  

  Thomas - Dale 
 Block Clubs  

   •    Keep 
neighborhood and 
homes clean 

  •    Individuals 
responsible for 
Community 

  *  *  *  *  
  •    Cultural, religious, 

racial diversity 
  •    Children  

   •    Garbage in streets, 
yards 

  •    Poor attitudes, 
behavior, and lack 
of responsibility 
by residents  

   •    Foster residential 
interactions and 
neighborhood pride 

  •    Clean up area, plant 
fl owers, build 
pocket parks 

  •    Protest criminal 
behavior (work 
with police; hold 
property owners 
accountable for 
tenants, clean up)  
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solutions. As noted in the introduction, if we wish to analyze the meaning of such texts, 
then we need to understand how they have been produced under particular conditions, 
how they are distributed in time and space, and how they connect with particular people 
in different ways.   

 What the analyses of Lutz and Collins, as well as Martin, amply demonstrate is that a 
content analysis provides some interesting results which can then be speculated upon. 
Why, for example, does a particular pattern emerge? Or, why are some patterns conspicu-
ous by their absence? In the process, it is useful to look to how various theoretical approaches 
can be used to interpret these results. Below I outline two possible approaches.  

  Theorizing Meaning  I : Critical Discourse Analysis 

 Critical discourse analysis (CDA) is just one of the theoretically informed methodologies 
within which a content analysis, alongside other methods of data acquisition, can be 
applied. The term  discourse  is important here in that it indicates much more than the 
relational system of meanings outlined above. Whereas such a system can be considered 
simply a means of conveying information, discourse is what ensues when this system, for 
example a language, is considered to be embedded in the broader social realm, one that 
is, moreover, bound up with all kinds of power relations. Hence, it follows that in order 
to understand how language works, the character of society itself must be theorized. CDA 
accomplishes this by understanding society to be thoroughly enmeshed in  structures ,  mech-
anisms , and  events . 

 A social structure can be thought of as a series of routinized behaviors, carried out 
according to formal laws and regulations but also informal norms and expectations. So, 
for example, we can talk of a capitalist economy as constituted in large part from a highly 
complex set of behaviors wherein objects, from land parcels to automobiles, are commodi-
fi ed, to be sold on the marketplace for a profi t. In similar vein, the relations between men 
and women can be thought of as highly routinized, such that, for example, it is usual 
practice in a given society for men to work for a wage while women maintain a house and 
raise a family. A political system, such as a democracy, can also be thought of as a complex 
social structure, routinizing the relationships between the state and its citizens in terms of 
duties and obligations. It is important to bear in mind that all of these structures help to 
determine the power relations that exist between people, in that they govern who gains 
access to which resources, who is allowed to act in a particular way and, last but not least, 
who is punishable for not following these strictures. 

 Mechanisms can be thought of as the particular means by such structures are  “ realized ”  
as when, for example, within capitalism a wage payment system is set up and maintained. 
Setting up apprenticeship programs for young boys is one such example: this sort of 
mechanism may well reveal the presence of more than one structure, as such a program 
serves both a gendered labor pool and capitalism. Last but not least, events are the specifi c 
instances that together go to make up a routine, as when a specifi c purchase is made, or a 
new house cleaning product is advertised on TV to a female audience. 

 Importantly, the social structures noted above need to be learnt and remembered, and 
so depend for their existence to a great extent on systems of communication, or discourse. 
Hence, talking with people, dressing in an appropriate manner, reading books, writing 
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reports, paying wages and following traffi c signals are all instances of what are termed 
 discursive events : by engaging in them, we maintain both the discourses and the broader, 
structured social realm of which they are a part. 

 This emphasis on discourse is key to how CDA proceeds. In addition to noting the 
patterns of words, images or practices revealed by a content analysis, attention is also paid 
to questions around (Jones and Natter  1999 ): 

  1     the  production  of a given object, such as: Who is responsible for bringing it into exis-
tence? What resources were available to them? And, why have they produced it in a 
particular way?  

  2     the  character  of that object, including: What kind of communication strategies, such 
as rhetoric and metaphor, are deployed? How extensive is it in time and space? And, 
how does it compare with other examples of its genre?  

  3     the  consumption  of that object, such as: Who engages with it? How have they been able 
to gain access to it? And, what sort of infl uence does it have on them?    

 Each of these lines of research requires additional techniques of data acquisition, such as 
archival research, observation, and interviewing (Fairclough  1995 ). 

 If we refer back to the example of the  National Geographic  study by Lutz and Collins 
 (1993) , then these again fairly abstract points regarding CDA can be illustrated. Content 
analysis was used by the authors to generate data from the photographs and associate cap-
tions in the form of patterns or  “ themes. ”  The meaning of these patterns was subsequently 
assessed, however, via reference to the structures present in the production, distribution, 
and consumption of the magazine. To begin with the photos themselves, these are obvi-
ously taken by individual photographers who, moreover, are embedded in a series of 
broader, social structures, from the institutional context of the magazine to the capitalist 
system itself. Each photographer has a charge (a particular story) and a brief (a set of photos 
which are requested) as they go out into the fi eld. The stories themselves do not usually 
come from the photographer, but from people within the magazine whose job it is to think 
up stories that fi t in with the magazine and that will sell. Every story has a picture editor, 
who picks out the photographs that they like, before the story goes to the overall editor, 
who narrows down the pictures even more to the ones that will actually get printed. All of 
these practices are routinized, and can be thought of as the work - based events through 
which the magazine ’ s pictures are generated. 

 In order to understand the magazine ’ s distribution over time and through space (that 
is, where and when it is sold), it is necessary to assess the economic dynamics of the maga-
zine industry. In order to maintain itself as a publication year after year,  National Geographic  
must successfully occupy a market niche over and against its competitors. Accordingly, the 
meanings associated with the magazine ’ s pictures  –  for instance, that there exists a basically 
harmless but exotic world outside of the US  –  are not simply an expression of how 
Americans would like to the world to be, but are also commodities to be bought and sold 
on the marketplace. Informative and entertaining, they are the central  ‘ product ’  in this 
exchange. 

 Lutz and Collins were also interested to fi nd out how readers responded to the maga-
zine, and how it shaped their perceptions of the Third World in particular. An important 
point here is that people respond in different ways according to the social  structures and 
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associated mechanisms  they themselves are embedded within. For example, one person 
from America ’ s Deep South says that her parents always referred to  National Geographic  
as  “ that nigger magazine ”   –  clearly, the magazine ’ s attempts to ask people to take a broadly 
sympathetic view towards Africa had failed in this case. Another person commented that 
he had read  National Geographic  for a school project, but not since he became an adult; 
here, the magazine is seen as somewhat boring and irrelevant to everyday life, but still a 
signifi cant part of one ’ s education. So, just because the magazine seems to present a par-
ticular vision of the world, we cannot assume that the meanings taken from it are those 
originally intended by the magazine ’ s photographers, writers and editors. 

 To sum up this section, we have seen how CDA theorizes that systems of communica-
tion such as the media are embedded in a broader social realm, characterized by structures 
that routinize the way in which we live. Accordingly, in order to understand the meaning 
that has been ascribed to signifi ers within a particular medium, it is necessary to be aware 
of the presence of these structures in the production, distribution and consumption of a 
particular object. It is possible, however, as the next section shows, to theorize meaning in 
a manner that does not presume such structures to be a fact of life.  

  Theorizing Meaning  II : Deconstruction 

 Deconstruction is a methodology associated with non - essentialist understandings, such as 
 poststructuralism , which have in common the notion that there exists not one  “ truthful ”  
account of the world, but rather many different accounts, often in confl ict with each other 
and constantly undergoing change (Dixon and Jones  2004 ). Indeed, what is at stake here 
is the notion of truth itself. If we refer back to CDA, it was assumed that there exists a 
social realm replete with structures. This account is considered to capture the  “ reality ”  of 
our world in that it holds true regardless of any one person ’ s experiences and beliefs. 
Hence, it follows that any other account can be dismissed as false or simply mistaken. 

 Non - essentialist understandings, by contrast, do not presume that there is one single 
reality that exists regardless of what most people think and believe. Instead, it is argued 
that reality is very much what we make of it. In other words, while there is indeed  “ stuff  ”  
that makes up ourselves and the world around us, it has no inherent meaning outside 
of that given to it by people. What is more, the belief that there is indeed a single reality 
outside of our individual perceptions is actually symptomatic of the human desire for there 
to be some kind of external order to the world, whether that be God ’ s divine purpose or 
a series of social structures. It is important to note that in this theorization, the role of 
meaning in relation to the social realm has been inverted. No longer is meaning a constitu-
ent part of the social realm; rather, the social realm is the product of meaning. In other 
words, we believe that  “ society ”  exists  –  that it forms our reality  –  because we have grown 
used to using this term to indicate, or mean, the complex of relationships that hold people 
together. 

 Within this theoretical context, the project of deconstruction is to analyze how meaning 
is given to the world, and with what effect. This can be accomplished by focusing on the 
pervasive discourses through which meaning is imparted and ascribed. Discourse is here 
understood quite differently than within CDA, in that it refers to a particular way of think-
ing about and engaging with the world at large  –  a worldview  –  as manifest in the words 
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people use and the manner in which they behave. In other words, a discourse provides one 
with an ontological stance in regard to that world, delineating the nature of people and 
things as well as the relations between them (see Chapter  2 ). Though there are a variety of 
lines of inquiry that can be followed  –  for example, one may look to the emergence or 
transformation of a discourse  –  geographers have, for the most part, focused on question-
ing  “ taken for granted ”  discourses that are manifest in our words and actions but are rarely 
critically refl ected upon simply because we mistake them for truthful knowledge about 
what the world is actually like. And so, for example, a Medieval, European Earth - centered 
view of the Universe, wherein all objects revolve around the Earth, was once taken as truth. 
Now, it is viewed as a discourse that underpinned all manner of religious and scientifi c 
beliefs and their associated practices. 

 In part, this focus on the taken for granted has ensued because one of the foremost 
proponents of deconstruction, the French philosopher Jacques Derrida, operated in this 
manner by drawing attention to how Western thought, understood as a particularly 
complex but highly pervasive discourse, has uncritically centered time and again on  “ essen-
tial ”  terms, such as God, cause, origin, and structure, which are thought to be the fulcrum 
around which truthful explanations of reality can be built. For Derrida, these terms do not 
capture a fundamental truth of the world but are in fact highly contingent terms, the 
meanings of which have developed and changed as they have been handed down through 
generations of philosophers and scientists. If the meaning of such terms is so dependent 
on the time and place within which they are used, Derrida asks, then how could they be 
 the  key to understanding how the world works? 

 For a number of geographers following in these footsteps, deconstruction offers a way 
of discerning how other examples of discourse have similarly become  “ taken for granted ”  
as truthful ways of describing and explaining the world (Dixon and Jones  2005 ). More 
often than not, it is argued (and this is shown in Chapter  2  of this book in the section on 
ontology), this has been accomplished by means of what is called an either/or type of 
discourse, wherein one side of the binary is presented as  “ good ”  or  “ necessary, ”  while the 
other is dismissed as  “ bad ”  or  “ irrelevant. ”  In binaries of this sort, phenomena are neatly 
split into this group or that, are of this kind or of that. To illustrate this, consider the way 
in which we think and talk about gender; for the most part, it is simply assumed that gender 
exists as a binary. It is surely a basic fact of life that individuals are  either  male  or  female? 
And yet, when we attempt to defi ne male/female gender according to culture, biology, or 
a combination thereof, we fi nd that it is not so simple, and in fact that many individuals 
resist any such categorization. In a similar vein, an either/or discourse has often been used 
in relation to geopolitics, with states being described as either  “ good ”  or  “ evil. ”  Again, 
when we attempt to pin down the exact differences between the two, the situation becomes 
much messier. 

 Why, however, is it important to point out the fact that we tend to rely uncritically on 
such either/or discourses to describe ourselves and the world around us? Why would we 
wish to undertake a deconstruction of these? A fi rst answer to this is that if we assume that 
such discourses are an accurate and truthful picture of the world, then it severely limits 
the kinds of questions we can ask about it: indeed, these questions can only tell us about 
ourselves and our desire for convenient categories. Second, such an analysis directs our 
attention to the issue of power: simply put, who gains from the prevalence of particular 
discourses and who loses? 
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  Box 23.2    Deconstructing US Farm Policy 

    An article by Deborah Dixon and Holly Hapke  (2003)  provides a useful example of 
how political documents, as well as debates, can be  “ deconstructed ”  in order to draw 
out the discourses underpinning how people and place are described and afforded 
signifi cance. They argue that a series of either/or binaries are at work in the 1996 
farm legislation, two of which  –  free versus fettered market, investment versus 
welfare  –  are noted in Table  23.2  along with illustrative quotes from the Senate and 
House debates. Importantly, these are termed  “ discursive geographies ”  insofar as 
they are an attempt to delineate how objects of debate  –  such as people and place 
 –  are to be demarcated and placed in relation to each other. Dixon and Hapke also 
trace the  “ geographies of discourse ”  that have led to the emergence of the legislation 

  Table 23.2    1996 farm legislation binaries 

   Free market     Fettered market  

  Senator Lugar (R - IN): The [Freedom to 
Farm] bill we consider today offers a 
straightforward, common sense policy  …  
With this bill, agriculture has done its part 
to help balance the federal budget in seven 
years  …  Farmers will have full planting 
freedom  –  thus the label given to this act, 
the  “ Freedom to Farm, ”  the ability to 
manage your land, to make decisions for 
the market. 

 Senator Grassley (R - IA): We give increased 
fl exibility to the farmers to make planting 
decisions. We take that decision - making 
out of the hands of Washington 
bureaucrats and public servants. It will be 
in the mind and offi ce of every farmer to 
decide how many acres of corn or how 
many acres of soybeans to plant. Presently, 
those decisions are made, to the greatest 
extent, by people in Washington, far 
removed from the reality of farming, 
ignoring the marketplace and trying to 
insert their judgment upon the people on 
the spot. Full fl exibility means plant what 
you want to plant, not what some 
Washington bureaucrat says.  

  Senator Boxer (D - CA): This bill is being 
sold to the agriculture community as the 
best vehicle to guarantee an income 
safety net to farmers  …  [but] Under this 
bill, one farmer could be receiving 
windfall gains while another 
hardworking farmer could go bankrupt 
in a bad year because of lack of 
assistance. Furthermore, the owners of 
the corporate farming enterprises do not 
even have to produce to make money 
 –  they can become absentee landlords. 

 Senator Dorgan (D - ND): Today we are 
considering what will prove to be one of 
the most important and most disastrous 
pieces of legislation affecting  …  family 
farms across this Nation … . We are 
going to see the small fail and the large 
and powerful prevail  …  The big 
landowner should love the Freedom to 
Farm bill because their farms are going 
to get bigger, their farms are going to 
become richer, their farms are going to 
produce more and more, and the small 
family farmers are going to be there with 
less and less … . This takes a safety net we 
have had for fi fty years and yanks it right 
out from under family farmers.  



 Analyzing Meaning 403

Table 23.2 Continued

   Investment     Welfare  

  Senator Bond (R - MO): Farmers can 
manage a predictable seven - year income 
stream  …  just as well or better than 
Washington can do it on their behalf  …  
I know there are some who may call this 
welfare  …  Farmers know it is not 
welfare and most senators do not 
consider the existing program welfare. 

 Senator Grassley (R - IA): The legislation 
that is before us will guarantee an 
investment  …  in rural America  …  an 
investment in rural America at a time 
when there is a tremendous transition 
from the agriculture of the last half of 
the 20th century to the more free 
market, international trade - oriented 
agriculture of the 21st century  …  Some 
people have said on the fl oor of this 
body that we are giving welfare to 
farmers  …  How ironic  …   

  House Speaker Newt Gingrich (R - GA): 
Obviously, it is unfair for one part of 
agriculture to block reform in its 
programs as we are pursuing change 
across the rest of American agriculture.  

at this particular time and place, including the role of  “ discursive sites ”  (such as 
research centers, media organizations, policy forums, and religious centers) where 
ideas and concepts are brought together in the formulation of knowledge concerning 
the world, and from which such knowledge is then disseminated via various means, 
such as the media.   

 Notice here that while individual quotes can be used to illustrate one particular 
binary divide  –  say, unfettered versus free markets  –  they also presume other divides 
such as  family:farm , or  rural:urban . This means that, unlike Table  23.1 , which neatly 
placed differing views in relation to each other, a deconstruction draws out a much 
more complex picture of how binaries constantly cut across each other in diverse 
ways. In regard to the farm bill, moreover, binaries do not fall evenly into political 
lines (e.g., Republican versus Democrat), thus revealing more real world complexity 
in regard to how discourses are manifest than is apparent in content analysis.  
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 To help illustrate these points, let us consider how deconstruction can be applied to an 
object of analysis we have used previously, the  National Geographic . Within the pages of 
the magazine, both words and images are used to portray a world saturated with race. And 
yet, if we look more closely at how this is accomplished, we can discern an either/or binary 
at work; in this case, it is that while blacks, Hispanics, Indians and so on are all considered 
to be  “ exotic ”  in some fashion, those people with white skins are not. While this binary 
may appear at fi rst sight to associate the category non - white with positive values, such as 
youth and vitality, there is actually a more worrying process at work here. That is, non -
 whites are being linked with cultural, largely ceremonial activities, as opposed to political 
and economic ones. This actually associates them with notions of primitivism. By default, 
on the other side of the binary, whites have become associated with urban - based develop-
ment and progress. They are the ideal to which others aspire and, accordingly, they are the 
measure against which non - whites are judged to be lacking. 

 Such an assessment might well appear to be based on a qualitative form of content 
analysis, such that, for example, images of non - whites are found to be matched with words 
such as primitive and undeveloped. And yet, this is to misunderstand how deconstruction 
considers meaning to  “ work. ”  Recall that in content analysis it is assumed that we learn to 
associate each signifi er with a particular meaning. Moreover, it is assumed that this meaning 
stays the same whenever a particular signifi er is used. Indeed, it is only when meaning is 
assumed to be constant that we can talk of a pattern emerging. 

 Within deconstruction, by contrast, the relationship between signifi ers and meaning is 
understood to be much more messy and complicated. This is because the meaning we give 
to words, images and practices actually varies over space and through time. The meaning 
that we associate with the color pink, for example, has changed considerably over the years. 
At the turn of the century, pink was associated with maleness, and so became a key motif 
in American college fraternity symbols. Today, pink is almost exclusively considered to be 
a female color, as manifest in girl - orientated toys and clothing. If the color that is pink has 
changed meaning so dramatically, think of the transformative potential of much more 
complex terms such as democracy, gender, class, and race. 

 What this emphasis on change and transformation means is that we cannot assume that 
a signifi er such as skin color conveys the same thing across several decades of the  National 
Geographic , nor even across the same issue. Instead, deconstruction suggests that we look 
to the particular  “ context ”  within which meaning is presented. This requires that we treat 
each appearance of skin color as a whole new object of interest. In some photos, for 
example, whiteness may be present in clean and orderly surroundings, while in others 
non - whiteness may be pictured near to nature and alongside low technology. Though skin 
color is surrounded by a different array of signifi ers each time, we can yet conclude, 
however, that there is a general tendency within the magazine for skin color to appear as 
an indicator of a person ’ s level of progress and development, with whiteness, moreover, 
occupying the top level. 

 To take another example, consider the work of Deborah Dixon and Holly Hapke 
on the 1996 farm legislation in the United States. Theirs is a deconstruction of the dis-
courses manifest in the US House and Senate debates leading up to this legislation, as well 
as the text of the bill itself. As can be seen in Box  23.2 , such debates were predicated time 
and again upon particular binaries, such as us/them, rural/urban and US/rest - of - 
the - world, binaries which attempted to sort out a messy, chaotic real world into 



 Analyzing Meaning 405

something that could be effectively changed via the implementation of particular political 
policies.    

  Conclusion 

 In concluding I want to make three brief, observational points concerning the ideas under 
discussion. First, the recognition that we are not exposed to meaning so much as we make 
it through our engagement with other people and objects, has meant that analyzing texts 
has become a much more complex, theoretically - laden process. For some, an understand-
ing of how the social realm works is crucial to understanding one of its key, constituent 
parts: discourse. For others, any such explanation is itself based on a series of meanings 
that we have imparted to the world around us. Second, and following on from the above, 
we cannot consider techniques such as content analysis as simple  “ tools ”  for generating 
data, ready and waiting to be adopted within any such theoretical framework. As we have 
seen, while content analysis can be utilized within CDA, its underlying assumptions regard-
ing the role of signifi ers mean that it is incompatible with deconstruction. And third, we 
must bear in mind that our concepts and ideas regarding how the world works are them-
selves constantly undergoing transformation; whatever the methodology we choose to use, 
we can be sure that it will itself be subject to change across space and through time.   
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    Exercise 23.1   Analyzing Corporate Responsibility 

 Corporate social responsibility is an important part of the modern business world. In fact, 
social responsibility programs, especially those in large international organizations, are 
themselves big business, drawing on and contributing to both the fi nancial and human 
capital resources of corporations. In this exercise you are asked, fi rst, to develop a coding 
frame for the comparative analysis of two large, multi - national corporations. These fi rms 
can be in any sector of the economy, from industrial (e.g., John Deere, Hyundai) and 
service (e.g., Carnival, Enterprise Rent a Car) to fi nancial (e.g., American Express, HSBC), 
real estate (e.g., Century 21, ReMax), or transportation (e.g., British Airlines, Delta 
Airlines). Take a few minutes to jot down some key aspects of corporate responsibility 
 “ lingo ”  and imagery  –  for example,  “ sustainability, ”   “ green, ”  and  “ environment, ”   “ protec-
tion, ”  and other terms are often used to signify that a corporation is environmentally 
responsible. Other terms can indicate a corporation ’ s effort to project themselves as cultur-
ally responsible in a diverse world, as philanthropically minded, or as committed to the 
communities in which they have far - fl ung operations. After you have developed some 
potential categories, select two corporations for further analysis. Analyze the contents of 
their documents or websites in terms of your set - upon coding frame. After conducting a 
content analysis for key terms, revise your coding frame and re - work your analysis, until 
you feel satisfi ed that you have developed a full picture of the words and images put forth 
by the corporation. Then answer these questions: 

  1      Content analysis:  What does your research say about the corporation ’ s intended message 
with respect to these geographically signifi cant categories: (a) environmental sustain-
ability; (b) cultural preservation; (c) global citizenship; (d) and community engage-
ment? How do the two corporations compare to one another on these terms, and 
why do you think they are similar and different? Are there any patterns of association 
that have emerged? For example, is environmental sustainability always represented 
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textually and visually in terms that avoid discussions or depictions of modern 
technology?  

  2      Critical Discourse Analysis:  Now turn to the methods of CDA, and ask how the various 
contents you identifi ed and analyzed are themselves embedded in wider structures and 
mechanisms. These should be analyzed not simply with respect to the contents of the 
texts themselves (see 1, above), but with the  contexts  of their production and distribu-
tion, namely: (a) the fact that it is a corporation, perhaps in alliance with a public 
relations fi rm, that has put together the materials, and (b) that there is an intended 
audience for the materials, for example, potential investors, public offi cials, members 
of non - governmental organizations, concerned citizens. As you think about these wider 
contexts of production and reception, keep in mind that both producers and the audi-
ence are embedded in wider social structures of capitalism, patriarchy, and racism. Can 
you fi nd instances in which contents seem to be informed by these structures? For 
example, how do the corporations represent their global responsibilities relative to 
those of the communities within which they work? Are representations that invoke 
gender and  “ race ”  tied to emotive appeals, or to nature, ceremony, and the like?  

  3      Deconstruction:  The fi rst step in this process is to conduct some thought experiments. 
To begin, fi lter some of the relevant passages or visuals from your content analysis 
through the following pairs of binary relations: realism:idealism; individual:society; 
nature:culture; danger:safety; local:global; feminine:masculine; public:private; 
chaotic:orderly; western:non - western; subjective:objective; science:art; and 
modern:traditional. What binaries are being tapped by the corporation? Can you 
discern any underlying biases, or preferences, among these binary pairings in the pages 
of the responsibility statements? Are the underlying binaries linked to one another in 
a series (e.g., nature/traditional/non - western/local/chaotic)? How do commonsensical 
notions of individual responsibility play out on the larger corporate stage?     
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  Introduction 

  Moral  values are defi ning characteristics of being human. We have notions as to what is 
right or wrong, good or bad, what we ought or ought not to do in various circumstances. 
Moral  values  impinge on research in numerous ways. For the purpose of this chapter they 
may be grouped under two broad headings, albeit with some overlap and interconnections. 
The political concerns choice of priorities with respect to subject matter along with broad 
strategies of investigation, with power in various forms deployed to achieve particular ends. 
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The ethical concerns specifi c aspects of how inquiry is conducted, as a moral project. Both 
involve the  normative  dimension, concerned with how we should behave in a research 
context. 

 There was a time when geographers were not greatly concerned with  politics  and  ethics . 
During the so - called quantitative revolution, which greatly infl uenced research in the 1960s 
and subsequently, it was quite widely believed that geography could be value free or 
 neutral . Measuring characteristics of spatial organization in numerical form, as systems of 
nodes, networks and surfaces, for example, could be conveyed as purely  “ scientifi c, ”  as 
could the adoption of mathematical models purporting to explain what was observed. 
Indeed, detachment from what might be conveyed as subjective opinions was regarded as 
a virtue of the new geography as location analysis or  “ spatial science. ”  Largely unrecognized 
was the fact that the methods adopted, as well as the subject matter to which they were 
usually applied themselves, rested on  “ opinions. ”  Regarding human beings as automati-
cally responding to the mechanical imperatives of the gravity model of spatial interaction, 
for example, is a  partial  and rather peculiar view of human motivation, infl uenced as this 
is by all manner of other circumstances, or  “ random variables. ”  Similarly, the spatial orga-
nization of settlement patterns and the location of industry, to which the measurement 
techniques and models were disproportionately applied, were surely no more important 
than some other aspects of the human condition ignored by the quantifi ers. 

 Reaction set in during the late 1960s and the 1970s, in the form of a more behavioral 
approach. This promoted a more realistic view of human behavior, though still subject to 
analysis via numerical techniques, among other methods. What was perhaps more impor-
tant was the reorientation of subject matter away from a rather narrowly defi ned economic 
and urban geography towards conditions which had hitherto not featured prominently if 
at all in analysis of the spatial arrangement of human life. Under the categories of  “ socially 
relevant ”  and  “ radical ”  geography (Peet  1977 ), these included poverty, hunger, crime, 
health, social disorganization, the situation of racial and ethnic minorities, environmental 
pollution, and the quality of life more generally as a spatially variable condition. As inequal-
ity came into focus, values came to the fore (Buttimer  1974 ). Radical geography began to 
shed new light on such familiar subjects as housing, location theory, the environment, 
resources, and spatial planning, under the rubric of uneven development. Today, the dis-
cipline of geography has a wide ranging and vibrant subfi eld that examines issues of moral-
ity, ethics, and social concern (Smith  2003, 2004 ).  

  The Politics of Research 

 The politics of research concerns choice of research subject, topic or problem, along with 
some aspects of the broad strategies of investigation. It also concerns who may gain (or 
lose) from the research: from its conduct and from the availability and application of its 
fi ndings. Research agendas are infl uenced by institutional politics and structures of power. 
For example, in Britain the Economic and Social Research Council and the Natural 
Environment Research Council set priorities for research funding which are to some extent 
infl uenced by the central government. The utility and status associated with large research 
grants is easier to obtain in some fi elds than others. Individual universities can encourage 
certain kinds of research, for example by providing good laboratories or computing facili-
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ties. The preferences of journal editors and book publishers perform a similar role. As 
priorities take shape and fashion effects set in, broad movement for consolidation or 
change take place. Thus it was during the quantitative revolution, with the very term 
 “ revolution ”  underlining its political character. Radical geography and the social relevance 
movement which followed proceeded in a similar way, responding to particularly infl uen-
tial and powerful scholars as well as institutions. 

 The radical geography movement shifted not only the research agenda with respect to 
subject matter, but also the possible benefi ciaries. There was intended to be a shift from 
narrowly academic benefi ciaries of research to the population at large. Furthermore, if such 
subjects as poverty, hunger, crime, ill health, environmental pollution and racial disadvan-
tage became prominent fi elds for investigation, with a view to their amelioration, then the 
benefi ciaries would most likely be the poor population rather than the affl uent. An under-
lying assumption, of course, was that the poor would gain from geographical research on 
poverty, for example, entering and infl uencing the realm of public policy, an expectation 
that was not necessarily realized in practice. 

 As radical geography broadened to a general concern for social  relevance  and respon-
sibility in geographical research, then particular issues came to the fore, especially race and 
gender (with the rise of feminist and anti - racist perspectives), along with a focus on further 
disadvantaged groups of  “ others, ”  such as the disabled, post - colonial subjects, and gay/
lesbian persons. Qualitative research methods began to augment and displace the quantita-
tive. By the beginning of the twenty - fi rst century there was even talk of  “ dissident geogra-
phies ”   –  named so as to stress a departure from conventional political orientations. A book 
on the subject identifi ed the following dissident approaches: anarchism; Marxism; femi-
nism; sexual orientation; and post - colonial perspectives (Blunt and Wills  2000 ). Each of 
these posed signifi cant challenges to the political positions usually adopted in the main-
stream of geographical research. 

 If social relevance involves practical concern with societal problems, then there may be 
more or less effective strategies of engaging in it. A distinction is often made between 
 advocacy  and  consulting . Advocacy involves working for a particular cause that benefi ts 
from geographical research, such as identifying places poorly served by health care or other 
services, or sources of pollution of residential neighborhoods. Such research may be con-
ducted in association with local people, in a collaborative participatory capacity, helping 
to ensure that the project really does proceed with their interests in mind. The term  action 
research  is sometimes used in cases where there in a strong collaborative element in a 
project with a clear advocacy objective. Consulting differs in the sense that the researcher(s) 
usually work in a paid capacity for a particular client, who, by virtue of the pecuniary 
relationship, is in a position to dictate the research agenda. The client may be in the private 
or public sector, the latter often generating expectations of contribution to the general 
good not necessarily promoted by private interests. 

 Both advocacy and consulting may have the advantage of opening up research problems 
and sources of data that might not otherwise be accessible. Disadvantages include working 
to relatively short - term objectives when longer - term research might be more useful, and 
being tied to the agenda of local communities, public authorities or corporations. In both 
cases there may be an element of uncertainty over whether the supposed benefi ts of the 
research will really materialize, and which population groups in the community or society 
at large might benefi t. Those contemplating advocacy or consulting should weigh the 
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relative advantages and disadvantages before embarking on such a course  –  rather like the 
cost - benefi t analyses which may be a prelude to or part of the project itself. In the back-
ground of such decisions will be the fact that the poor are not usually in a position to 
commission research on the open market, after the fashion of a private corporation or 
wealthy foundation, which could tip the scales in favor of working for the public sector or 
in a private advocacy capacity for disadvantaged populations. The choice between the two 
is sometimes couched in terms of working within the  “ corridors of power ”  represented by 
local or national government, as opposed to working within and with local communities 
who may feel badly served by politicians at any level. 

 An early and still famous example of advocacy, or participatory action research, is the 
Geographical Expedition in Detroit headed by William Bunge at the height of the radical 
geography movement at the end of the 1960s and beginning of the 1970s (Merrifi eld  1995 ). 
The idea was to explore the relatively unknown world of the  “ black inner city, ”  setting up 
what was referred to as a base camp there. The designation of  expedition  was a deliberate 
subversion of those of the nineteenth century, which took an earlier generation into exotic 
lands overseas: the inner city was viewed a similar  terra incognita . The purpose was to 
demonstrate the practical signifi cance, or social relevance, of geography and its techniques 
outside the theory - dominated world of the university, in understanding and improving 
the lives of deprived populations. Thus, geographers brought their knowledge to the poor, 
with whom they worked in a collaborative association not marked by the usual intellectual 
hierarchy. The Detroit expedition facilitated the creation of a critical vantage point from 
which the inner city could be seen from the perspective of those living there. And condi-
tions were very poor: Bunge showed that traveling from the affl uent suburbs to the inner 
city was like going from the First to the Third World in terms of such an indicator as infant 
mortality. Bunge ’ s politics was overtly expressed in a commitment to socialism, with strong 
anti - capitalist and anti - racist sentiments. The point of view of local people was given prior-
ity in building up geographical knowledge, very much in the spirit of situated, positioned 
and representative approaches applauded today by some post - modern skeptics of the 
Enlightenment notion of a dominant and supposed objective external perspective, or the 
 “ view from nowhere. ”  

 The Detroit Geographical Expedition and its Institute went on to develop a program of 
community research and education for local African Americans, as well as urban planning 
services. Thus a geography department at Wayne State University and the University of 
Michigan was linked to the inner city. Research focused on such issues as educational 
resources, political districting, money fl ows, transportation problems, and the geography 
of child deaths in a particularly hazardous environment where playspace competed with 
automobiles on the streets. These were issues around which the community could mobi-
lize, armed with relevant information, in an attempt to effect change. In their turn, Bunge 
and his colleagues had access to research data that would not otherwise have been available: 
he published a book on the neighborhood of Fitzgerald (Bunge  1971 ). This study was 
criticized by some contemporary reviewers for its polemic content, departing from prevail-
ing academic convention, but was defended by Bunge as a justifi ed reaction to dreadful 
living conditions. His work nevertheless involved both traditional and modern geographi-
cal research techniques, including maps of social conditions and fl ows of money (from 
inner city to suburb). As well as contributing to the research, poor people brought their 
experiences to the university classroom, enlivening teaching and the experience of stu-
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dents. However much it might refl ect the politics of a particular time and place, this 
expedition remains a model that could be adopted for geographical research elsewhere. 

 A contemporary example is provided by The East London Communities Organization 
(TELCO). This is a broadly based peoples ’  organization in the east end of London (UK), 
composed of almost 40 independent grassroots institutions, in particular churches, 
mosques, trade union branches and schools. Committed to working for the common good, 
TELCO is based on the shared values of justice, dignity and self - respect. It provides local 
organizations across East London with a way of acting together as citizens and communi-
ties to improve life. One of their activities is the Living Wage for London campaign, 
launched in 2001 in response to growing concern about declining wages and deteriorating 
working conditions. The gap between the offi cial minimum wage and what is actually paid 
is particularly pronounced among those employed by the private sector to provide such 
services as care, hospitality, portering, catering, car parking and security. The main thrust 
of the campaign has been to persuade local publicly - funded institutions to introduce living 
wage clauses into contracting procedures for services. The campaign uses academic research 
to highlight the scope of the problem. 

 Links have been established between TELCO and the Geography Department at Queen 
Mary, University of London. The idea is to enable students to undertake a community 
action research project of value to TELCO. The aim is to provide the students with know-
ledge about citizens organizing in the local community, to offer practical experience of 
questionnaire surveys, interviews and focus groups, to demonstrate the value of research 
to local community groups and illustrate ways in which research can be put to practical 
use, to highlight the politics of the research process and the ways in which action research 
might be used as part of a campaign, and to demonstrate the need for fl exibility in imple-
menting research projects by responding to new issues and problems as they arise. All this 
is part of the students ’  training and preparation for their own fi nal year research project. 
Just as students work in the locality with TELCO, so too do representatives of TELCO 
come to the college to give talks to students. Like the expedition, this model is capable of 
adaptation to similar situations elsewhere. 

 The notion of local, situated knowledge raises the broader political (and ethical) issue 
of who has the entitlement, or authority, to represent the lives of particular people to a 
wider audience. The conventional position is that this is the role of the academic research 
worker, characterized by the dispassionate objectivity of the detached external observer. It 
is these characteristics that give academic research its particular authority. The alternative 
view is that knowledge built up by, or with, local people themselves has an authenticity 
lacking in purely academic research. Furthermore, the dissemination of such knowledge 
gives a voice to various groups of hitherto marginalized  “ others ”  lacking the privilege of 
access to institutes of higher education. Politics is involved in the struggle of one form of 
knowledge to dominate claims to truth. The academic often has the advantage, not least 
in the form of access to publishers of books and journals, over the credentials held by 
community activists, for example. Clearly, there is much in favor of the two models sum-
marized here, in which local people or students are encouraged and trained to conduct 
work consistent with accepted technical standards of research design and implementation, 
while keeping in mind the research needs of the particular causes for which campaigns 
may be mounted. Such was social relevance at the time of the Detroit expedition, and such 
it is in East London and elsewhere today. 
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 The models outlined above by no means exhaust the scope of politically charged 
research, which can involve the full range of topics, from social segregation to soil erosion, 
and techniques from the qualitative, through the quantitative, to the laboratory. While the 
focus thus far has been on human geography, political considerations can also arise on the 
physical side. For example, in spite of a wealth of scientifi c evidence regarding climate 
change, its acceptance as a fact, as well as what should be appropriate responses, is to some 
extent a matter of politics. On another note, research on environmental degradation can 
also be highly political, as the sources of atmospheric, water or land pollution are causally 
linked to particular noxious facilities. A book on contested environments invites a dis-
tinctly political stance on such issues as the production of food, the provision of parks, 
energy and water supply, and values in environmental decision - making (Bingham et al. 
 2003 ). It also covers the environmental justice movement, which is an example of an issue 
in which politics and ethics are closely intertwined (Cutter  1995 ). So the choice of where 
to undertake research, nationally, regionally and locally, is a matter dealt with in the next 
section.  

  The Ethics of Research 

 The politics of research merge with its ethics. Both are concerned with the normative, and 
areas of overlap are obvious. Here we concentrate on questions of what is good (or bad) 
research from an ethical or moral point of view, recognizing that there is an element of 
politics in some of this. It is important to stress at the outset the distinction between what 
is good (or bad) research from an ethical as opposed to technical point of view. Research 
may be done well from a technical point of view but in an ethically objectionable manner. 
Similarly research may be accomplished to a high ethical standard but with faulty technical 
skill. Good research in its most general sense will be good from both points of view. Indeed, 
for research to be good technically it may require proper concern with its ethics, while part 
of undertaking ethically sound research may be technical competence in the sense of 
making sure that the researcher is aware of relevant techniques and how to apply them, 
and indeed that high technical standards have been achieved. 

 One of the problems entering the realm of ethics, as with politics, is that there are 
more questions than answers. Some things are surely wrong from an ethical point of 
view, but more often a question poses ethical dilemmas to which there may be no 
defi nitive answer, as much will depend on the context or prevailing circumstances. So, let 
us begin with things that are surely wrong. It is wrong to falsify data, by inventing it or 
changing actual data to make a case more persuasive. It is also wrong to falsify results, like 
a statistical test, to suggest a better fi t to some hypothesis than is actually the case. The 
unethical nature of these kinds of falsifi cation is too obvious to require further 
elaboration. 

 Another thing that is wrong is to deny others credit for their research fi ndings, say by 
failing to acknowledge them or properly reference their work. This raises the issue of  pla-
giarism . While some defi nitions of plagiarism stress deliberation in a process of  deception , 
such as making an explicit or implicit claim to someone else ’ s research, there are broader 
notions that attribute plagiarism to poor scholarship and careless attention to referencing 
(see Box  24.1  and Exercise 24.1).         
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    It is worth quoting this defi nition at length because of the ease with which plagiarism 
(including self - plagiarism) is possible with the use of word processing and the Internet. 
Plagiarism is widely regarded as one of the most blatant and blameworthy forms of unethi-
cal behavior in research and scholarship. 

 Plagiarism leads to another issue, that of intellectual property rights. The correct attri-
bution of credit or responsibility for research, published or otherwise, can be associated 
with proprietary claims (Corry  1991 ). Hence the importance not only of accurate citation 
but also of giving co - workers proper credit in the case of collaborative research. This is 
particularly important when there may be status differences, for example between a 
research supervisor and a graduate student. Gaining personal, departmental or institu-
tional credit for research is becoming increasingly important in these days of formal per-
formance assessment, in which money to support research may be allocated in accordance 
with some measure of past achievement. And of course in circumstances where research 
has commercial implications, intellectual property rights take on special signifi cance. 

 Whoever undertakes research comes to the task with what is referred to as  positionality  
(Rose  1997 ). In other words, they may be infl uenced in one way or another by personal 
characteristics such as social origin,  “ race ”  and gender. In terms of research, these could 
be an advantage as well as a disadvantage, enabling greater understanding (of what it means 
to be disabled, for example), than is possible for those not members of the group in ques-
tion. Given this, there are arguments for including a biography of the researcher in any 
project, as a matter of background information as well as of ethics. Then, something of 

  Box 24.1    Defi nition of Plagiarism 

    Plagiarism is the presentation of statements, usually from another ’ s work, in your 
own written work (whether an essay or thesis or examination script), without cita-
tion or any indication that the statement is a quotation (viz. a verbatim transcription 
of the writing of another person). The use of quotations or data from the work of 
others is acceptable, provided that the source of the quotation or data is given. Failure 
to provide a source or to put quotations marks around material that is directly copied 
from somewhere else gives the appearance that the comments are your own. Similarly, 
direct quotations from an earlier piece of your own work, if unattributed, suggests 
that the work is original, when in fact it is not. The direct copying of one ’ s own 
writings qualifi es as plagiarism if the fact that the work has been or is to be presented 
elsewhere is not acknowledged. You must note that even paraphrasing, when the 
original statement is still identifi able and has no citation, is plagiarism. It is not 
acceptable to put together unacknowledged passages from the same or different 
sources, linking these together with a few words or sentences of your own and chang-
ing a few words from the original text (this is regarded as over - dependence on other 
sources, which is a form of plagiarism). All material that is copied from another 
source must be acknowledged. 

   Source :   Adopted by the Geography Department, Queen Mary, University of London.   
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the worker ’ s possible sources of bias or special insight can be made known. The importance 
of personal biographies on career trajectories is increasingly recognized by students of 
ethics in research. 

 Box  24.2  lists a range of ethical issues that can arise at different stages in the research 
process, and for which there may not be a clear a resolution.   

 In the case of interviewing of various kinds, the research population should usually 
participate in a voluntary manner. However, there may be situations of compulsion, like 
the requirement that all persons should submit national census returns. Voluntarism may 
not always be practical, as in the case of less direct forms of observation  –  including par-
ticipant observation  –  the purpose of which may be undermined if those observed are 
aware that they are the subject of research. Any research may invade the  privacy  of the 
subjects, which underlines the importance of informed consent. Reactive effects require 
anticipating how people respond to the research process. Involving research subjects in the 
project as co - workers may be considered, especially if they might provide special insight 
into the problem being investigated, such as the impact of disability which may be illumi-
nated by the disabled themselves. During data collection the research subjects should be 
treated with respect, both individually and with reference to their culture, and allowed to 
disengage from the process if they fi nd it onerous or otherwise objectionable. Given that 
there will be some cost to the research subjects, if only their time, thought should be given 
to ways in which they might benefi t from the research, for example by contributing to the 
betterment of their lives or by ensuring that taking part is as pleasurable an experience as 

  Box 24.2    Ethical Issues in Research 

    Prior to data collection 

  1     Gaining access to research population: voluntarism  
  2     Obtaining cooperation from subjects  –  informed consent vs. coercion  
  3     Privacy  
  4     Reactive effects    

 During data collection 

  1     Humane and decent treatment  –  freedom to disengage  
  2     Irreversible effects on participants  –  harm vs. benefi ts  
  3     Use of deception    

 After data collection 

  1     Debriefi ng  
  2     Data confi dentiality  
  3     Publication of results    

   Source :   Mitchell and Draper ( 1982 : 50).   
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possible. The issue of deception can arise in a variety of ways, including not revealing that 
research is going on (e.g., in participant observation) or not revealing the true purpose of 
the research if this might prejudice data collection. After the data has been collected there 
may be a case for sharing it with the research subjects in the form of debriefi ng. Then there 
is the issue of  confi dentiality , which may require disguising the respondents and the loca-
tion of the project. Finally, if the research is published (and there are ethical reasons which 
it should be, so as to make the fi ndings widely available), those who provided data might 
be given copies so that they can see the use to which their information has been put, as 
well as to provide reassurance if confi dentiality has been an issue. There are ethical issues 
involved in the process of writing up, such as whether the style should always be dispas-
sionately academic prose or whether commitment, passion or even anger might be con-
veyed (Keith  1992 ). 

 Some of these issues require a careful balancing of advantages and disadvantages. For 
example, is it always possible or even necessary to respect one ’ s research subjects, even if 
they may be involved in some dubious business practices or racism, and what are the 
implications for the research of ceasing to give them respect? In the case of covert methods 
of data collection (such as using a hidden tape recorder or unrevealed participant observa-
tion), these may be the only means of obtaining data: does the purpose of the research 
justify the deception? Is it right to conduct research in places where the local population 
stands to gain nothing, or may even lose if the results of the research are used to their 
disadvantage? Is it right to undertake research on a poor population when the major objec-
tive might be to gain another research grant or add another book or research paper to 
one ’ s resume or CV? 

 An important geographical question that raises political as well as ethical issues is where 
to conduct research. The point just raised, about whether local residents might gain or lose 
from research, has implications for work in the impoverished inner city, for example. It 
could be asserted that there is a potentially exploitative relationship between a university 
and its local (often poor) neighborhood, if the area is frequently used to provide research 
subjects who gain nothing from the process. This underlies the ethical aspects of expedi-
tions and similar arrangements, as discussed in the previous section. At a wider scale, it is 
common for geographers from the United States and Western European countries to 
undertake research in the underdeveloped world (Sidaway  1992 ), with the risk of similar 
exploitative relationships if nothing is offered in return. At the least, it is sometimes 
asserted, those working in such places should involve local geographers in a collaborative 
role, to assist with capacity building and otherwise pass on some of the benefi ts of coming 
from well - endowed universities in affl uent countries where conditions are the envy of 
many others elsewhere. This is part of the wider ethical issue of what we in the more for-
tunate parts of the world may owe to  “ distant strangers ”  (Smith  1994 ). 

 Working in some particular places raises special ethical and political issues. For example, 
there was a partial academic boycott of South Africa during the era of apartheid, with the 
approval of the Africa National Congress (ANC). It was argued that for people from other 
countries to undertake research in South Africa helped to bestow legitimacy on the apart-
heid regime, and that some of the research might even help the Nationalist government ’ s 
purpose. Against this it was argued that doing research in South Africa helped to expose 
and explain the important geographical dimension to the racial discrimination and 
exploitation characteristic of apartheid, and that to stay away from the country deprived 
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progressive academics who opposed apartheid with important sources of external support 
(Lemon  1988 ; Smith  1988 ). Similar arguments are being made today over academic links 
with Israel. Some see them giving implicit encouragement to Israel ’ s domination of the 
Palestinian population, while others consider research by outsiders important in revealing 
geographical dimensions of Jewish settlement of the occupied territories. 

 It is increasingly the case that applications for research funding and other sources of 
support require reference to ethical issues and how it is proposed to deal with them. Ethical 
review panels are the norm for any research involving human or animal populations in 
the United States, the United Kingdom, Australia, and New Zealand. Research is subject 
to increased scrutiny if the research subjects belong to vulnerable groups, such as children, 
the elderly, the disabled, or prisoners. A fruitful exercise would be to take a research paper 
or set of related papers and seek to expose their ethics. Of one thing we can be sure: that 
ethics is very much part of contemporary research policy and practice, with all the oppor-
tunities and demands that this entails.  

  Professional Ethics 

 These and other political and ethical issues raise the question as to whether there might 
be some overarching code of conduct by means of which members of an academic profes-
sion should be governed. After all, if there is such a thing as medical ethics governing the 
conduct of physicians, why not a geographical ethics covering what it means to be a good 
geographer? Geographers in many countries lack such a code, but the Council of the 
Association of American Geographers (AAG) adopted a statement on professional ethics 
in  1998  (see Box  24.3 ).   

 This list of headings covers much of what has been raised in this chapter. It could apply 
to almost any academic profession. But one feature is worth noting as special to geography 
if not entirely distinctive of our discipline: ethical behavior during fi eld research. 
Geographical research has a virtually unrivalled capacity to affect people, places and things 
in those parts of the world where we chose to work, and this carries an enormous ethical 
responsibility. However eloquent may be a profession ’ s written code of conduct, it is the 
attitudes, values and behavior of individual scholars, in the laboratory and classroom as 
well as in the fi eld, which makes the difference between informed moral responsibility and 
indifference or worse. 

 One of the AAG ’ s concluding paragraphs provides an apt conclusion to this chapter:

  The concept of well - being that underlies the statement is not to be understood as the product 
of any particular personal or political agenda. Instead it is inspired by a concern with indi-
vidual, social, and environmental  “ health. ”  What constitutes  “ health ”  will always be a matter 
of debate that can and should be informed by a diversity of perspectives. And geographers 
will differ regarding its ends and means. Some will emphasize the well - being of animals, 
humans and/or the natural environment, focusing, for example, on the rights of sentient 
animals, oppressed minorities, or endangered species and ecosystems. Others will emphasize 
the role of human rights, social justice, or ethics of care in the pursuit of well - being. For still 
others, well - being may exist as an unarticulated commitment, or as the central focus of 
research. This diversity of views is to be welcomed because an ongoing conversation, con-
ducted with respect, can deepen personal and shared insights into moral relations between 
humans and the world in which they live and work  (AGG 1998: 9) .   
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  Box 24.3    Association of American Geographers Statement 
on Professional Ethics 

       I     Preamble  
  II     Professional relations with one another  

  A     Avoiding discrimination and harassment  
  B     Sustaining community  
  C     Promoting fairness in hiring    

  III     Relations with larger scholarly community 
   A     Attributing scholarship  
  B     Evaluating scholarship  
  C     Self - plagiarism    

  IV     Relations with students 
   A     Instructional content  
  B     Pedagogical competence  
  C     Training students with funded research  
  D     Confi dentiality    

  V     Relations with people, places and things 
   A     Project design and development  
  B     Ethical behavior during fi eld research  
  C     Reporting and distributing results    

  VI     Relations with institutions and foundations that support research 
   A     Funding research  
  B     The use of results from funded research    

  VII     Relations with governments 
   A     Government research support  
  B     Government employment    

  VIII     Conclusion  –  ethical debates in geography    

   Source :   AAG  Newsletter   (1998) , Vol. 33, No. 8: 6 – 9.   

 It is in undertaking research very much in the spirit of these words that we will become 
better geographers, and do better geography.  
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 Exercise 24.1   Plagiarism Court 

 All universities and major professional societies have honor codes that safeguard the 
research enterprise against plagiarism. Plagiarism, however, is complicated, and students 
do not always come to university knowing what constitutes plagiarism, or how to avoid it. 
Fortunately, the DiMenna - Nyselius Library of Fairfi eld University, in Fairfi eld, Connecticut 
(USA) maintains a  “ Plagiarism Court ”   –  a wealth of knowledge about: what constitutes 
plagiarism; the consequences of plagiarism; proper documentation; note taking tips; 
quoting caveats; citation styles; and a quiz you can take to assess your knowledge. 
Fairfi eld ’ s Plagiarism Court website site can be found at:  http://data.fairfi eld.edu/library/
lib_pcobjectives.html . The fl ash version is found at:  http://data.fairfi eld.edu/library/
documents/Library/plagicourt.swf . Take some time to work through the materials and 
then take the fl ash version of the plagiarism quiz! 
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  Introduction 

 Though for some of us  writing  itself is a pleasure, the simple fact of the matter remains 
that while both the process and the results can be rewarding, writing well about our 
research is hard work. And that work is not just hard, it is also work for which many of 
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us are but poorly prepared: though many colleges and universities offer advanced courses 
in research methods and courses that help students learn how to conduct successful 
research, far fewer offer writing classes for those in the sciences and social sciences that go 
beyond introductory composition. Further, while most of us survived, or perhaps even 
enjoyed our fi rst - year writing courses ( “ Freshman Comp. ” ), such courses are generally not 
geared specifi cally to the writing of major research papers. Thus, even an excellent under-
graduate education can often leave a gap: students may be ill - prepared for the serious 
writing work of research papers (DeLyser  2003 ). 

 This chapter hopes to help fi ll that gap. In it I will offer advice based on my own experi-
ences as a writer of research papers and also as an instructor who has taught writing to 
both graduate and undergraduate geography students. This chapter also presents advice 
culled from some of the best books available to help struggling writers with their craft; at 
the end of the chapter I provide references to some of these texts for those interested in 
further developing their skills. Throughout the chapter I refer to exercises that draw out 
points in the text designed to help you focus and train your skills. But even for those who 
do not wish to seek help from books, many colleges and universities have excellent Writing 
Centers where students can go for free help with their papers and other writing projects. 
Students seeking help with their writing have only to reach out: help is available, but most 
likely you will have to be the one to take the fi rst step.  

  Getting Started 

 After working your way through this text on research methods, by the time you have 
reached this chapter, you will be familiar with the basics of conducting research in geo-
graphy. If we imagine the research for your own project is now fi nished (whether because 
you really fi nd you are fi nished or because your paper is due tomorrow), you will probably 
fi nd yourself  “ ready to write. ”  Often this is a daunting moment, where we sit staring at a 
blank piece of paper, or, more likely, a blank computer screen. 

 In order to help us face this task, before we sit down to write many of us wish fi rst to 
have everything  “ just right ”   –  the right time of day (or night), the right music on, the right 
caffeinated beverages at hand, even perhaps the right color paper or the right position in 
a room. To sociologist Howard Becker such habits add up to a series of  “ magic rituals, ”  
rituals not unlike those used at other times to encourage rain, or a successful catch of fi sh: 
each is designed to help us with something over which we feel we have little control. Of 
course, the rituals do little beyond providing comfort  –  they don ’ t really affect the outcome 
(of the day ’ s catch or the evening ’ s writing). But the prevalence among writers of such 
ritual behavior suggests that our writing fears (of the blank screen, or of writing poorly) 
are widely shared (Becker  1986 ). 

 Further, many of us have heard, about other writers,  “ He ’ s really talented, ”  or  “ She ’ s 
really good! ”  All of which implies that some people simply  are  good writers, while others 
among us, therefore, are  not . This sort of thinking encourages us to see writing as an innate 
talent, something we are born with  –  or born without. While it is possible that this is the 
case for some of us, it is much more productive, much more positive, and much nearer 
the truth to think of writing instead as a skill, or a craft. Writing, like carpentry, gymnastics, 
or drawing, is only partly talent - determined. Like the other three, writing can and indeed 
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must be learned and practiced, our skills honed and sharpened. Thought of in this way, 
each of us must begin as an apprentice, learning tools and techniques, training, and hope-
fully eventually even perfecting our abilities. 

 But in order to do so we must fi rst begin  –  a process so diffi cult for some writers that 
the staff at the Harvard Writing Center found the best tool for the writers they advised was 
a bucket of glue:  “ First you spread some on your chair, and then you sit down ”  (Bolker 
 1998 : 33). Avoiding glue, it may be possible to approach the writing process and its dif-
fi culties in a more encouraging way. If we hold ourselves to a notion that whatever we fi rst 
write, whatever fi rst words appear on the page, will remain that way, then we are indeed 
putting a great deal of pressure on those fi rst few words. But if, on the other hand, we 
allow our fi rst words merely to suggest a direction, we may fi nd that blank screen far less 
daunting. What I am suggesting is what teachers of writing have called  “ the  sloppy fi rst 
draft  ”  or even  “ the  zero draft  ”  (meaning the one  before  the fi rst draft; see Becker  1986  and 
Bolker  1998 ). Allow yourself, in the fi rst stages of a writing project, to throw out sentences 
and ideas without care that they be  “ perfect ”  just get some words onto the page. Once over 
that hump, most writers fi nd they can proceed much more easily  –  and then if need be 
 revise  the material in the sloppy fi rst draft. You can use this technique to yield a beginning 
for your paper, but you can also use it to generate a draft of the entire work. 

 For some of us, beginning on page one remains diffi cult  –  especially at fi rst, when we 
often don ’ t yet exactly know what we ’ re going to say. In that case, why not start with a 
later section of the paper? Try beginning somewhere in the middle, with a part of your 
 argument  that you are confi dent of or excited about. Often starting with the  “ easiest ”  or 
 “ most fun ”  part of a paper (never mind if it turns out to be in the middle of page seven 
when the paper is fi nished  –  word - processing software has eliminated any concerns about 
that) may give us the confi dence to work both forward and backward into the more dif-
fi cult material. 

 When all else fails, sometimes writing under pressure is just what we need: with the 
minutes ticking away until the paper is due you ’ ll fi nd that you  have to  write something. 
While this is not the best strategy for creating truly well - crafted work, nearly every writer 
has experienced its effectiveness. Even the most seasoned scholar who begins her work long 
before a deadline is near, may fi nd herself with much left to be written as the deadline 
looms. While truly excellent work takes much more time to craft, a fi nished paper is better 
than no paper at all and, even under pressure, other techniques of good writing can still 
be applied.  

  Telling your Tale 

 At its most basic, each research paper tells a story, so, although we may feel that our aca-
demic writing is, in some ways, less  “ creative ”  than say fi ction writing, there is still a great 
deal of fl exibility, and indeed creativity in how academic research papers are written. One 
problem for academic prose is that, in our commitment to  “ telling the facts, ”  we may get 
lost in a less - than - creative (or even boring!) way of presenting those  “ facts. ”  Yet, no matter 
how clear your evidence may be, each research paper does much more than simply present 
the  “ facts ”  about a particular topic. In fact, long before we sit down to write, even before 
we began doing research on a given topic, we had ideas about what that topic was about, 



 Writing It Up 427

and even maybe ideas about which  “ side ”  of an argument we wanted to pursue (Becker 
 1986 ). In ways like this, our research papers are always clouded  –  but also enlightened  –  by 
such issues as how we began thinking about our topics, how we actually proceeded with 
the research, and ultimately also by  who we are . In other words, though research papers 
do tell facts, those facts are always shaded (to different degrees) by the circumstances and 
the person doing the research and writing. Each research paper then, by its very nature, 
grants its author the opportunity  “ tell a story ”  in a myriad of ways.  

  Working Outlines 

 Settling on which story to tell and how you wish to tell it is one of the challenges of writing 
about your research  –  but it ’ s one of the fun parts too. Though most students new to 
research fear they have little fl exibility in the writing of their papers, it doesn ’ t have to be 
that way. One of the most important tools in taking charge of the story you are about to 
tell is writing a working  outline.  Such an outline  –  one written for yourself, as a series of 
notes and reminders, not one written for your teacher  –  needn ’ t be formal. In fact, my 
outline for this chapter consisted only of eighteen short words or phrases designed to 
remind me of the things I wanted to write about, and to suggest an order to those topics 
(one which I ended up following only a little bit  –  that ’ s part of the creativity of writing 
and the fl exibility of a working outline: you can change  everything  as you go!). But whether 
you stick to your outline or not, creating it, and then having it there as a reminder, will 
help you to explore the possibilities for telling your tale. It will help you to see how empha-
sizing one point instead of another, or telling a different part of the story fi rst, may lead 
you also to different conclusions. So, while writing an outline may at fi rst feel restrictive, 
as if the outline hindered your creativity, you can also use an outline as a fl exible tool to 
help you to better expose and then express that creativity. Once you begin to play with 
different possible outlines you ’ ll see that, with so many ways to tell the story your research 
presents, each paper is a truly creative endeavor (see Exercise 25.1).       

  Style and Voice 

 In order to engage your creativity, and to recognize it, for you as you write and for your 
readers as they read, academic writers use many of the same techniques that journalists 
and fi ction writers do. Some use metaphors and descriptive language to help evoke the 
feeling of a scene, a place, or a person. What is most important here is that you write in a 
style that is comfortable to you. Many writers of research papers attempt to imitate the 
often stodgy style of much academic writing, choosing words that sound  “ harder ”  or more 
complex (and are often longer) rather than using the  “ regular ”  words of everyday language. 
They write sentences in the passive voice rather than assigning agency or claiming credit 
by using the active voice (for example,  “ the gun was fi red ”  instead of  “ Pat fi red the gun ”  
and  “ data were gathered ”  instead of  “ I gathered data ” ) (Williams  1995 ). New researchers 
often mistakenly take, as our examples, not the best, but the worst prose of our fi eld 
(Williams  1995 ). Sorting the wheat from the chaff in this case can be diffi cult, so a cautious 
writer will stick to a simple and direct style, one that will make your ideas clear to readers 
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and runs not the risk of imitating an embarrassing example of scholarly turgidity. Read 
your prose carefully back to yourself, and listen for your own voice in it. Strive to recognize 
yourself, not someone else, in your own writing.  

  Anecdotes 

 One of the best ways to enliven a research paper is by using  anecdotes , interesting pieces 
of data told as an illuminating story (instead of being presented simply lumped together 
with other  “ evidence ” ). Granted, good anecdotes can be diffi cult to fi nd because they must 
shed light  directly  on what you are writing about, but when they do, they draw the reader 
in, and they raise interesting questions that the paper promises to answer. 

 Here ’ s an example of an anecdote and how to use it in a research paper: I once wrote 
an article about how I did the research for my PhD dissertation. Now that ’ s a topic that 
on one level probably really only interests me, after all, why would anybody else care? But 
I realized that because I had studied a community of which I was a member, I faced chal-
lenges that  “ insider researchers ”  face all the time, so, I reasoned, if I told the story right, 
then others  would  be interested (and hopefully even able to learn something from my 
challenges  –  and mistakes). My research involved an ethnographic study of a popular ghost 
town in California where tens of thousands of tourists come each year, many of them 
hoping to glimpse the  “ Wild West. ”  But I also lived and worked in the town (as a member 
of its State Park staff). So, in order to draw readers in to my situation (and the article), I 
began with the following anecdote.

  One summer Saturday, I was sitting at the living - room table in a run - down old house in the 
gold - mining ghost town of Bodie, a California State Historic Park located in the high - altitude 
desert east of the Sierra Nevada. Signs on the outside walls of the house identifi ed it as an 
 “ Employees ’  residence. ”  A nearby number post linked the building to the Park ’ s self - guided -
 tour brochure, which described it as  “ The Gregory House, ”  and detailed the lives of the home ’ s 
historic inhabitants. I was busy writing when small running footsteps approached: children, 
some of the 200,000 or so annual visitors to Bodie. A brown - haired girl of about eight and 
her tow - headed younger brother strained to pierce the relative darkness inside the house. 
What they saw was me. Turning away from the window, the girl hollered to her parents, 
 “ There ’ s a guy in there! And he ’ s dead! He died writing! ”  

 Being taken for dead  –  and for a man  –  may seem shocking to some, but this was not the 
only time that I was seen as a ghost  –  or as a man  –  during the 14 summers that I worked and 
did fi eld work in Bodie. But experiences like this one led me to contemplate the interactions 
between my physical presence and my role as insider in the public place that I was trying to 
study. 

 As a researcher I was interested in how visitors and staff understood Bodie ’ s past and made 
room for it in their present, in how they made meaning in and from the landscape. But as a 
staff member and part of the Bodie community, I myself was part of that process. An impor-
tant part of my work became understanding how I was a part of my own research, and nego-
tiating the challenges that being an  “ insider ”  presented. (DeLyser  2001 : 441)   

 The anecdote itself ends with the girl ’ s exclamation; the rest is my analysis of what the 
story means to this chapter  –  an essential part of any anecdote used in an academic setting. 
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The anecdote works for several reasons. First, it really did come from the data I gathered 
for my research. But, to readers, it ’ s also relatively interesting (particularly compared to 
an  introduction  that begins,  “ This paper is about how researchers are a part of the com-
munities they work with ” ), and possibly it ’ s a bit surprising. It works to draw readers in. 
And critically, in these three short paragraphs, the anecdote (with its analysis as a  “ back 
up ” ) serves to outline pretty much everything that the whole article is about. 

 Taken on its own, one story about my research is not enough to  “ prove ”  much of any-
thing. To use it as  “ evidence ”  I would have to support it with a number of other observa-
tions. But used as an anecdote it tells readers what the article will be about and does so in 
an interesting way. While it is not always possible (or necessary) to begin (or end) a paper 
with an anecdote, thinking about writing up your fi ndings in that way may help you to 
enjoy the writing process more, and, when an anecdote works, it may also help your readers 
to enjoy better what you ’ ve written (see Exercise 25.2).   

  Arguments 

 When not thinking about writing, the word  “ argument ”  conjures the image of a fi ght or 
a dispute. In scholarly writing however, arguments are the key to a successful paper, each 
research paper makes an argument: it states a case, and presents evidence to support that 
case. Though some academic arguments (polemics) are forceful, and may actually feel like 
a fi ght (they may, for example, take on the work of another scholar, refuting it as incor-
rect), others can be far more subtle, or complex. A good research paper may even present 
an argument showing multiple sides of an issue  –  the argument may be that each side is 
valid, that each side has its merits. 

 Whichever type of argument you choose, it should be summed up in that always - 
diffi cult - to - write - or - to - say single sentence that answers the question,  “ What is your paper 
about? ”  If, at fi rst, you fi nd no  “ argument ”  in a paper about, say,  “ the effects of transporta-
tion developments on the American city, ”  (which you could more simply call  “ Transportation 
and the American City ”  or even  “ Transporting the American City ” ) think about how you 
will tell your tale: which developments will you focus on? Which ones will you leave out 
from that story and why? What other factors that infl uence the city, or transportation, 
played a role? Were transportation developments the same everywhere, or did particular 
conditions or particular individuals infl uence them in particular places? In deciding what 
(and  who ) to focus on, we make decisions about our arguments that may not be at fi rst 
apparent when we mention the title or topic of our papers. But by thinking harder about 
what exactly the argument will be, we simultaneously uncover more of what that paper 
will really be  “ about. ”  

 So too, each argument made in a geographical research paper seeks to engage themes, 
issues and/or ideas of relevance to geographers. In a fi eld as broad as geography it can be 
daunting, at fi rst, to ask yourself,  “ How is my paper geographical? ”  It may help to remind 
yourself of prominent themes from lectures  –  and it matters whether you ’ re writing about 
physical geography (perhaps about coastal dune erosion), about human geography (perhaps 
about the interplay between landscape and memory), and which geographical techniques 
you seek to engage (perhaps using satellite imagery to analyze tropical deforestation, GIS 
to document urban land - use changes, or ethnography to understand the meanings of 



430 Dydia DeLyser

migration). While each geographer typically studies a particular empirical,  “ real - world ”  
situation in a particular place or setting, we each also engage broader themes that can be 
suggested by key geographic terms. In human geography, for example, these might include 
region, landscape, place, space, network, or mobility. Each of those, in turn, is cross - cut 
by (many different) understandings of class, gender,  “ race, ”  ethnicity, sexuality, and ability 
(among other things). All of them are linked to broader literatures within geography, to 
the works of others who have attempted to think through similar issues, even if their work 
took place in different locations. Thus, identifying key terms and themes relevant to your 
paper helps you to understand how your paper is geographical, and links you to a rich 
geographical literature that can, in turn, provide support for your argument. 

 Further, these decisions about arguments are critical to the rest of the paper because 
everything in the paper must in some way contribute to the argument. We muster our 
evidence in support of whichever argument we have chosen, whether using statistics and 
tables, references to published works, quotes from interviews, photographs, or all of the 
above. Of course, we cannot simply exclude evidence that may seem to contradict our 
arguments. In fact, by including and addressing such claims, we may actually be able to 
make our arguments stronger. 

 Whether the information you gather supports or refutes your point, the work you do 
will rest upon the works of many who came before you (whether they presented their 
fi ndings in print, at a conference, in a lecture, or on the Internet), and often as well upon 
the cooperation of other individuals (whether, for example, as interview participants, or 
advisors on your work). Whatever the evidence is and whatever participation you ’ ve had 
from others, your research paper must carefully  cite  all its sources so that readers will be 
able to decide for themselves that the evidence is credible, that appropriate prior scholars 
have been acknowledged, that participants have been credited for their contributions, and 
that the argument is therefore potentially viable. While we each strive to have original ideas 
and to make original contributions, we support rather than undermine that originality in 
our generosity to other researchers and to research participants. By citing each source, and 
carefully acknowledging the paths along which our ideas were reached, we allow future 
scholars to build with confi dence upon the work we have done. 

 As you compose your argument, and work to engage geographical themes, keep also 
your paper ’ s assigned length in mind. Having a well - defi ned argument will help you to 
structure your paper to the desired length from the outset (see Exercise 25.3). Working 
with your outline, you can estimate the number of pages needed for each portion of your 
argument, and then pace the argument to that number of pages. Pacing your argument is 
a powerful tool, not just for page -  or word - length, but also because such pacing encourages 
writers to keep focused: research papers with vague outlines and ill - defi ned arguments can 
easily drift off point, meandering away from their stated aims. 

 Still, in making sincere efforts to explain and engage all you need to, you may fi nd 
that your argument has at times branched away from its focus. If that ’ s the case, 
consider moving the branching portions of the argument to one or more endnotes  –  there 
they can be developed briefl y but fully, and need not distract from the point of your paper. 
On the other hand, you may fi nd your paper coming up short of the assigned length. 
Here too, a well - defi ned working outline, and a well - constructed argument, can help you 
to target the areas you can readily expand, or identify sections where more research is 
needed.       
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  How to End 

 Though at fi rst the most daunting part of writing an academic research paper is that blank 
screen, once we ’ ve begun, many beginning writers (as well as those more experienced) 
acknowledge that a bigger challenge lies in writing the  conclusion . Here we must sum up 
our fi ndings: careful not to repeat the exact words we have already used, we nevertheless 
must, in a sense, say what we already have said. In your conclusion, an academic reader 
will expect to see your fi ndings summarized, and your main points spelled out clearly and 
concisely. 

 But if your conclusion stops as a summary, you ’ re missing an opportunity to show how 
original and important your own work is. The best conclusions do summarize, but they 
also move at least one step farther, suggesting, for example, the broader implications of 
the work in question ( “ geographers studying A should pay attention to B and C ” ). Others 
may call for more work in the same area ( “ geographers should conduct more work on X ” ). 
Others still suggestively point to issues not directly covered by the paper ’ s narrow scope 
of evidence ( “ my research on Y may have important implications for Z ” ). 

 Be careful, however, to avoid dropping entirely new ideas and entirely new evidence 
into your paper ’ s conclusion. The conclusion is not the place to build a new argument  –  
it ’ s the place to wind up the old one. Information that builds a new argument should be 
worked into the body of the text, or left for another paper. 

 Still, the possibilities are broad. The type of conclusion you choose will depend upon 
the strength of your data and evidence, as well as the confi dence you feel in your argument. 
Either way, much of the value of your paper rests on its conclusion. 

 In fact, for better or for worse, many hurried academics struggling to keep up with all 
the latest research in their fi eld simply skip to an article ’ s conclusion  –  they only read the 
rest of the article if the conclusion is provocative enough to suggest a further time invest-
ment. Understood in this way, whatever goes into the conclusion is clearly critical (see 
Exercise 25.4).       

  Revisions 

 Professional writers, whether academics, journalists, fi ction writers, poets, or playwrights, 
spend a great deal of time revising their written work. Some very famous writers even make 
changes after their work is fi rst published, altering what they have written before their 
already - published work appears in a new edition (see, for example, a Henry James manu-
script revised after publication and reprinted in Bolker  1997 ). For students and beginning 
writers this may seem a rather odd situation. Since most of us begin as writers with rela-
tively short essays or papers on topics we can easily hold in our minds at one time, and 
since most of us (as beginners at least) tend not to start writing until the last minute (often 
literally the last few hours!), we tend to save very little time for revisions. Indeed, even 
when we begin with the best intentions, deadlines have a way of leaping up upon us, and 
even the most prepared writer may fi nd himself rushing as the clock ticks down. When 
you fi nd yourself in that situation you will fi nd too that you have no time left for serious 
revision. If that is the case, you can still do something to make your manuscript  seem  more 
polished, you can still do something to try to hide your hurry. 
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 Proofread every word on every page closely and carefully, literally listening to each word 
in turn. (It often helps in catching small mistakes to actually read the paper aloud to your-
self.) Compared to the irritation your reader will feel at sentences whose verbs and subjects 
don ’ t agree, the small amount of time it takes to attentively proofread will be well worth 
your while. And then, once that is fi nished, run your spellchecker carefully one more time 
 –  this will usually catch any errors you introduced later in the writing/editing process. 
Together hopefully those two techniques will at least leave you with a paper that  appears  
polished. 

 Real revisions, however, involve much more than running a spellchecker. They are, 
quite frankly, more a state of mind or even a way of life. But because the papers we wrote 
before we entered university, and many of those we write as undergraduates, are relatively 
short, and because the suggestions of teachers  –  usually written in red ink  –  make us feel 
that we have got something  “ wrong, ”  we tend to believe that a good research paper must 
hatch fully formed, emerging as a fi rst draft that serves as fi nal draft as well. For experienced 
writers of research papers this is not the case: the process of making revisions may in fact 
be far more time consuming than was the writing of the initial draft. Getting to that point, 
to the point where revising your own work becomes as important a part of the creative 
process as writing the fi rst draft, involves a change in attitude, and a change in mind - set 
 –  a change in your understanding of the writing process. 

 True, some revisions are geared to correcting mistakes. But the real point of revision is 
not just correction but  improvement . Even when all you do is fi x spelling you are making 
your paper better. But when you restructure your argument, add more evidence or anec-
dotes, take out redundancies, reorganize your points, or write a new conclusion, you have 
taken the writing process dramatically into your own hands, crafting your paper as a skilled 
creation rather than as something that  “ just happened. ”  

 To begin to recognize where revisions are needed, or where revisions can improve the 
paper, is a challenging task. It involves not just very close and careful reading of the work, 
but also the ability to  “ step back ”  or  “ away ”  from the work you know so well, to imagine 
yourself a reader unfamiliar with your topic. How will your reader feel? Have you presented 
enough background information? Does your argument make logical sense, or does it jump 
around? Are your conclusions well supported with evidence? Do you repeat yourself 
unnecessarily? Does the writing itself  “ fl ow ”  nicely? Will your paper hold your reader ’ s 
interest with its style? 

 The answers to such questions can be diffi cult to discover, but a few strategies can help. 
If you are working alone (and perhaps under a tight deadline), one of the best ways to 
make sure your argument is logically structured and that your writing fl ows well is to 
dissect the paper into smaller pieces. Look fi rst at any subheadings. Line them up in a row. 
Do they make sense in that order? If not, then consider either changing the subheadings 
or moving the sections around. 

 Look next at the paragraphs themselves. Each paragraph should develop only one or 
two different points or ideas. Read each paragraph individually and, in the margin, write 
that paragraph ’ s main topic or point. Then read down the list of topics. Do they build, or 
follow in a logical sequence, or do they skip around all over the place? If they skip around 
you can simply move paragraphs (or sentences within paragraphs) to remedy that. Even 
revisions that seem major, can be carried out simply, effectively, and with little risk. Save 
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your paper as a new draft before beginning the revisions; if you don ’ t like the changes 
you ’ ve made, you can easily go back. 

 And fi nally, within each paragraph do the sentences follow each other in a sequence 
that will be clear to the reader? Each sentence has a grammatical subject, but it also has a 
felt or perceived  “ topic, ”  a  “ what - the - sentence - is - about. ”  Those topics should be closely 
related for sentences in the same paragraph, and should not jump around (see Williams 
 1995 ). If they do, reorganize sentences or rewrite them (see Exercise 25.5). 

 Often however, it is diffi cult to get enough  “ distance ”  from your own work to know 
when your topics are confusing to readers, or when your evidence has not been clearly 
presented. But the best solution may also be the scariest: show a draft of your work to 
somebody else. I say  “ scary ”  because it may  feel  scary. After all, if somebody else reads your 
draft paper and it is  “ bad, ”  they may conclude that you do bad work or that you write 
poorly (Becker  1986 ). But experienced readers do not expect  “ perfection ”  from a  draft . 
They know that making comments on a draft paper is done not to expose the writer ’ s fl aws 
but rather to make suggestions that can help improve the paper. 

 Showing a draft of your work to a teacher, friend, or fellow student may indeed point 
out some  “ weaknesses, ”  or places, for example, where your argument was not clear. But 
rather than thinking of that as exposing a fl aw, you can also see your friend ’ s comment(s) 
as helping you to make your paper better. After all, it will be your name at the top, not 
hers. Future readers will know only the (improved) fi nished product. 

 This kind of good critical feedback is one of the most important parts of scholarly work 
 –  in fact, most research articles must be reviewed and approved of by several other scholars 
before they can be published, and most often those other scholars will make suggestions 
on how to improve the work. Learning to share your work with others is thus an important 
part, not just of making your writing better, but also of making your work part of a broader 
research endeavor, part of a richer scholarly discussion.       

  Final Words 

 In looking back over this chapter perhaps you, too, will notice that the title,  “ Writing it 
Up, ”  now appears a bit misleading. Indeed, while many (at least initially) consider writing 
merely a mechanical process, where data goes in and a fi nished paper (with a seemingly 
natural and singular solution) fl ops out, as I hope I have demonstrated, writing is really 
not at all like this. The writing process itself is  formative : we actually come up with, con-
struct, and develop our ideas  while we are writing . Our ideas occur to us and change literally 
as we write, and those ideas (along with the ultimate fi nished paper) are a product not just 
of the data that is  “ out there, ”  but also of how we found that data, how we approached 
the topic, and even who we are. Thus, the process of writing a research paper needs to be 
seen as integral to the research itself (see also Mansvelt and Berg  2005 ). 

 Further, writing is a skill and a craft that takes time to develop, to polish, to perfect. 
Writing takes practice, and good writing takes lots of it. Some of what we do as writers is 
straightforward and even mechanical (like running a spellchecker, or carefully tracing out 
the construction of an argument). And some of the forms we write in, as scholars, 
may seem restrictive. Certainly, the need to closely adhere to a pre - assigned page -  or 
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word - length, the requirements of engaging existing literature, the strictures of always 
citing sources, and even the very format of a research paper may seem, at fi rst glance, to 
constrict creativity. Viewed from a broader perspective, however, nearly all forms of 
writing  –  from sonnets to screenplays  –  impose similar boundaries upon writers. In fact, 
such boundaries can serve not as restrictive limits to creativity, but helpful guides to focus 
that aid writers in channeling their creative efforts into forms that readers can more readily 
accept. 

 Finally, if we still fi nd ourselves working at the last minute into the wee hours against 
the pressure of a deadline, well that too is not necessarily bad: the creative and formative 
nature of the writing process works 24 - hours a day. But if, even as our deadline looms, we 
make the effort and take the time to fully engage with the process of writing itself  –  crafting 
quick outlines, experimenting with anecdotes, carefully constructing a conclusion, and 
leaving at least a little bit of time (if not a lot!) for revision  –  we can begin the process that 
turns data into a research paper, thoughts into text, and a pile of notes and papers into a 
compelling argument. We then will  be  writers.  
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 Exercise 25.1   Working Creatively with an Outline 

 Prepare a skeletal, working outline for the paper you would like to write. Include the main 
points you ’ ll make in your introduction and each point (in turn) that will help you develop 
your argument. Identify at least some of the geographical literature you will engage with, 
and jot down (at least tentative) ideas for your conclusion. 

 Then, rework that outline to put forward your argument in a different way, by re -
 ordering your points, or emphasizing different evidence, or engaging different literature. 

 Keep the outline you fi nd most effective  –  but avoid sticking to it if it ’ s not working. 
As you write your ideas will develop and your outline may need to change again. 

    Exercise 25.2   Writing an Anecdote 

 Look over the information you ’ ve gathered for your paper. Think carefully about the main 
point you are trying to make, and how that point is demonstrated by information you 
collected. Then look again at that information, searching for a story that well exemplifi es 
the point you ’ re trying to make (as in the example above). Write a brief (two paragraph) 
anecdote - and - analysis passage based on this story. Consider using that in your paper ’ s 
introduction or conclusion.  

 Exercise 25.3   Drafting an Argument 

 Write one sentence (even an awkward or imperfect one) describing what your paper is 
about. How strongly do you feel about this topic? What sort of argument would you like 
to make? A polemic? A balanced argument? Then look over the research materials you ’ ve 
amassed and make notes about how each source contributes to that topic. As you do so, 
keep detailed track of your sources so that you can appropriately cite the ideas, works, and 
words of others (whether from print, web, interview, or other sources). Examine the 
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sites, etc.  
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    Williams ,  J.   ( 2006 )  Style: Lessons in Clarity and Grace  (9th edn). New York: Longman. Compelling 
is not a customary term for a book about writing, but Williams ’  text is just that. It teaches 
writers how to craft, diagnose, and then revise their prose to make it both appealing and con-
vincing to readers, introducing as well the ethical issues that such persuasion raises.         
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 Exercise 25.5   Stringing the Pieces Together 

 Since the interlinked processes of thinking and of writing can be well engaged by revising 
what we ’ ve already written, look at the exercises you completed above to see how much 
of a paper is already there, and how you can now revise what you have to make a powerful 
paper. Using your favorite outline, place the anecdote you wrote at the paper ’ s beginning. 
Follow that with the statement about your argument, and add the list of notes from your 
outline about how exactly you plan to develop that argument (eventually you ’ ll expand 
each of these into one or more paragraphs). Then use the conclusion you wrote as a tem-
porary ending. Check carefully that the opening anecdote - and - analysis passage fi ts with 
the argument and with your claims in the conclusion. Make sure your argument builds 
logically, from one point to another, for readers not familiar with your topic. Remind 
yourself of the works of other scholars, and make sure to address these along the way. Once 
this is done, you ’ ll fi nd that your whole paper is nearly done: you can now knit the pieces 
together into a polished and fi nished product. Importantly too, you will have written a 
paper in manageable pieces, and proven to yourself that you need not necessarily write 
without stopping from beginning to end. By doing so, you build your own skills as a writer, 
and harness the writing and revision process to help, rather than hinder, your own creative 
abilities. 

materials in turn, grouping them to build a logical argument that convincingly presents 
your topic. Look for weak points where you ’ ll need to fi nd more information, as well as 
counter - claims you ’ ll need to address. Examine too what it is that makes your research 
geographical. What key terms are you engaging, and which other geographers have written 
about them before you? Then re - examine the tone you took at the beginning of this exer-
cise and check that your data, and the works of other geographers, can support the type 
and strength of argument you decided to make. You may need to revise your topic state-
ment and the tone of your argument accordingly  –  but that is more easily done than trying 
to build an argument on a weak foundation. 

 Exercise 25.4   Constructing a Conclusion 

 Look back to the topic statement you wrote when you constructed your argument, and to 
the opening anecdote you wrote. Begin your conclusion by fi nding a new way to state that 
point, using different words and/or a different emphasis to address your topic. Next, 
examine the argument you built up, and draft a summary of that. Such a summary will 
help you to emphasize the most signifi cant points in your work. Then look back at the 
research done by others on your topic. How is your work different? What new possibilities 
can your work offer? What can the things you ’ ve learned from your research offer others 
interested in the topic? Finally, keeping the tone and intensity of your argument, draft a 
sentence to suggest a response to the work of others, a way forward for other geographers, 
or the value of the insight you ’ ve gained through your research. 



        Glossary  

 Abduction      The process of inferring a cause 

(A) from an effect (B) and a general law relat-

ing cause and effect. For example, given B and 

the law  “ If A then B, ”  one infers that A might 

have occurred (but since B might also be pro-

duced by a cause other than A, this type of 

reasoning is less certain that deduction).  

 Absorption      Interception of EMR by matter.  

 Action research      Research conducted for a 

practical purpose, often in association and 

collaboration with the expected benefi ciaries.  

 Advocacy      The promotion of particular inter-

ests in research, by individuals or groups such 

as communities.  

 Amenities      Site - specifi c or region - wide charac-

teristics that can make a place especially 

attractive for living and working. Amenities 

are natural (e.g., beautiful landscape) or 

human - made (e.g., good infrastructure, 

skilled workforce), and unattractive features 

like pollution and high crime rates are called 

disamenities.  

 Anecdote      A story, told in compressed form, 

taken directly from the information gathered 

for a particular research paper, whose point 

clearly indicates the direction of the paper as 

a whole. In academic papers, the story itself is 

followed by a brief explanation of how that 

story relates to the topic of the paper.  

 Angle of friction      The angle of a slope on 

which a potentially mobile cohesionless body 

is in a critical state with respect to movement. 

That is, either the angle at which it comes 

to rest (dynamic friction), or at which motion 

is initiated (static friction) represented by 

the ratio of shear stress to normal stress 

(tangent of the angle of friction) at the critical 

state.  

 Angle of repose      The steepest angle that cohe-

sionless material can attain and still remain 

stable.  

 Anomaly      Deviation or departure from the 

long term average. The period of time for 

which the average was calculated must be 

stated explicitly.  

 Antipodal points      Points at opposite ends of a 

diameter of the Earth sphere.  

 AOGCM      Abbreviation for  “ coupled Atmo-

sphere - Ocean General Circulation Model. ”  

AOGCMs couple coarse - scale atmosphere 

and oceans models. More complex versions of 

AOGCMs may also include biosphere, carbon 

cycle, and atmosphere chemistry models. 

AOGCMs are used to study climate sensitiv-

ity, variability, and change.  

 Archive      Refers to a collection of information 

on a topic, the physical site where that infor-

mation is stored, or both. These days an 

archive might be a library bookshelf, or a 

digital collection housed on somebody ’ s 

server.  

 Argument      In an academic paper the point of 

that paper  –  and not necessarily anything 

to fi ght over. All information in the paper 
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contributes to the argument  –  to the author ’ s 

ability to convey her/his point, and convince 

her/his audience.  

 Assignment algorithm for simple closed 
curves      Procedure to determine if two arbi-

trarily chosen points lie on the same or on 

different sides of a simple closed curve.  

 Attribute      Characteristics distinguishing a 

point, line, or area on the Earth ’ s surface.  

 Authorship      This is a textual metaphor that 

helps us to realize that cultural landscapes are 

created by human action, intentional or not. 

A landscape author originally referred to 

someone who was able to effect earth - writing, 

or who had created or produced a cultural 

landscape or landscape feature. More recently, 

it also can refer to the landscape interpreter, 

or reader, who also  “ author ’ s ”  a landscape ’ s 

meaning through her interpretation.  

 Autoethnography      Ethnographic research based 

on often highly personal experiences, written 

up by researchers and/or the people with 

whom they do research.  

 Basic employment      Export - oriented indus-

tries, sometimes called city - forming or traded. 

These are the various local industries that sell 

to the industries, households, or governments 

of other regions. In many small community 

economies basic employment constitutes 

more than one - half of total employment.  

 Becoming      The philosophical view put forward 

by Gilles Deleuze that human and non - human 

forces are always infl uencing each other and 

creating hybrid and uncertain productions.  

 Binary      A distinct opposition between two 

terms, for example between discrete and 

relational.  

 Biomass      The amount of above ground and 

below ground plant living matter in an 

area.  

 Boundary shear stress      The force per unit 

area exerted on the channel or sediment as a 

result of the weight and velocity of fl owing 

water.  

 Cartogram      A value - by - area map. The areas of 

geographic polygons, such as countries, are 

scaled by the values of some attribute, such as 

population.  

 Cartography      The discipline dealing with the 

conception, production, dissemination and 

study of maps.  

 Catena      A linked topographic sequence of 

features, forms and conditions which differ 

because of variations in altitude, relief, and 

drainage (usually but not exclusively applied 

to soils).  

 Census      A complete enumeration of the 

population.  

 Central tendency      Measures for determining 

the middle of a distribution (e.g., mode, 

median, mean).  

 Citation      A reference to the work of another 

that gives acknowledgement to that work. 

Citations may refer to books, articles, con-

ference papers, interviews, observations, or 

websites and must be present whenever an 

author builds upon the works and ideas of 

another, even if they are not directly quoted.  

 Climate change      As defi ned by the IPCC, 

climate change refers to any change in climate 

over time, whether due to natural variability 

or as a result of human activity. Other defi ni-

tions limit climate change to only those 

changes attributed directly or indirectly 

attributable to human activity.  

 Climate classifi cation      A means of organizing 

climate information.  

 Climate model      A quantitative way of repre-

senting the interactions of the atmosphere, 

oceans, land surface, and ice. Models can 

range from relatively simple to quite 

comprehensive.  

 Coding      The systematic process through which 

researchers look for patterns in interview 

transcripts and participant observation notes, 

to properly identify their fi ndings.  

 Coeffi cient of determination      The degree of 

variation in a dependent variable explained in 

a regression analysis. Any variable ’ s variation 

is composed of its total variability (with 

respect to its mean), its  “ explained ”  vari-

ability, and the unexplained variability. The 

coeffi cient of determination is the ratio of 

explained variability to the total.  

 Communication model      An addressor makes a 

message (text, picture, etc.) that is received by 
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an addressee. From this simple model all 

kinds of questions unfold. How should we 

theorize the addressor? The addressee? Or 

the message? One thing we know: there ’ s a 

geography at every level.  

 Complex behavior      A situation where outputs 

of a geomorphic system are not directly pro-

portional to inputs across the entire range of 

inputs, and where multiple outcomes may 

arise from the same input, depending on the 

condition of the receiving system.  

 Composite number      Positive integer with 

factors in addition to 1 and itself; all 

non - primes.  

 Conceptual model      A type of model used to 

explore, summarize and reveal new insights 

about system functioning. These models are 

often narrative or visual summaries in which 

system components (processes and forms), 

and interactions among them, are described.  

 Conclusion      The end of an academic paper 

where the writer reviews the paper ’ s argument 

and main point(s), leading to a statement 

of the paper ’ s (and the research ’ s) purpose. 

The conclusion affords an opportunity to 

call for new research, point to new ideas, 

and draw attention to the signifi cance of the 

paper.  

 Confi dentiality      Declining to reveal informa-

tion or its source, for example in not identify-

ing survey respondents or the location of a 

research project.  

 Conformal map projection      Preserves angular 

relationships at points transferred from a 

3 - dimensional globe to a 2 - dimensional map.  

 Consulting      Acting or undertaking research 

services for a particular client, usually in a 

paid capacity.  

 Content analysis      A method that seeks to scan 

texts for meaning by focusing on signifi ers and 

the pattern of either their presence of absence. 

It assumes that the meaning of such signifi ers 

remains constant regardless of context.  

 Co - variation      A process in which two variables 

deviate systematically from their respective 

means.  

 Critical discourse analysis      A method that 

seeks to explain the production, dissemina-

tion, and consumption of texts by virtue of 

their embeddedness within social structures. 

It assumes that these factors explain the mean-

ings of a particular text.  

 Critical realism      The realist position that there 

exists an objective world, yet this world is 

essentially contingent, embedded, and rela-

tional, depending upon higher order casual 

mechanisms and structural relations.  

 Cultural ecology      A fi eld of research that 

applies ecological concepts (e.g., system, 

adaptation, feedback) to explain human 

culture, behavior, or action.  

 Cycle of erosion      A largely abandoned theory 

of landscape evolution developed by William 

Morris Davis at the end of the nineteenth 

century.  

 Data classifi cation      The categorization of a 

large number of individual data values into a 

smaller number of groups to facilitate expla-

nation and interpretation.  

 Data matrices      In geography, these are usually 

partitioned with spatial units as rows, vari-

ables as columns. At the row and column 

intersection is that observation ’ s value on that 

variable. Some people reject the way they 

carve up and classify the world, but for others 

a data matrix is a beautiful thing.  

 Data mining      A set of statistical techniques for 

analysis of large databases that seeks to dis-

cover the underlying patterns in data. Includes 

spatial data mining.  

 Database querying      A set of techniques that 

retrieves the data from databases using struc-

tured query language.  

 Deception      Deliberately concealing the exis-

tence, nature or purpose of a research project 

from potential or actual participants or survey 

respondents.  

 Deconstruction      A method that seeks to draw 

out the discourses, generally in the form of 

either/or binaries, that underpin which words 

and/or images are used and the manner in 

which they are used. It privileges context in 

determining the meaning of discourses and 

the binaries they depend upon.  

 Deduction      The process of inferring an effect 

(B) from a cause (A) and a general law relating 
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cause and effect; e.g., Given A and the law  “ If 

A then B ” , one can deduce that B must occur.  

 Degree of variability      The amount of variation 

present in the population.  

 Dendrochronology      Tree analysis of the annual 

growth rings of trees in order to date the age 

of the tree and reconstruct past environmental 

conditions.  

 Density      Number of individuals per unit area.  

 Denudation      The overall lowering of the 

Earth ’ s surface by the removal of material 

from the land, usually expressed in units such 

as mm/year.  

 Dependent/independent variable      The depen-

dent variable is the one whose variation you 

are trying to explain. The independent vari-

ables are those hypothesized to statistically 

explain (or account for) variation in the 

dependent variable.  

 Desertifi cation      A now largely discredited and 

problematic thesis postulating the global or 

regional expansion of deserts that directed 

scientifi c research, government activity, and 

political control of land management; the 

concept has been replaced by a more modest 

notion of  “ arid land degradation. ”   

 Determinism      A deterministic world view 

encompasses the notion that there is a direct 

cause and effect for initial conditions and fi nal 

conditions. This implies that if all conditions 

are known, then system behavior can be pre-

dicted. It is often diffi cult to treat all model 

components deterministically, hence in some 

cases stochastic elements must be incorpo-

rated into models.  

 Dialectics      The exchange or confl ict of oppos-

ing ideas and forces that produces change or 

synthesis.  

 Diameter at breast height      The diameter of 

a tree at approximately 1.3   m above the 

ground.  

 Digital elevation model      Topographic data 

stored in an equally spaced gridded network. 

Each grid cell, representing a square on the 

Earth ’ s surface, is assigned a single elevation 

value.  

 Discourse      A set of commonly shared mean-

ings or even common sense assumptions 

about the world which serve as the medium 

through which we communicate, negotiate, 

and challenge everyday practices.  

 Discourse analysis      A procedure that treats 

texts as socially constructed accounts that bear 

the mark of social power, including the power 

to determine important differences, such as 

truth and non - truth.  

 Discursive event      A particular instance wherein 

a word or image is used to convey meaning. 

This event is made possible by an underpin-

ning discourse; it also has the capacity to 

transform that discourse.  

 Distributive Law      Algebraic law linking opera-

tions of addition and multiplication: 

 x ( y     +     z)     =     xy     +     xz.   

 Dualism      The ontological belief that existence 

is split between physical and non - physical 

substances, commonly referred to as the 

 “ mind - body ”  problem.  

 Dummy variable      A variable included in a 

regression analysis to capture categorical 

effects. The coding is binary (0   =   not included 

in the category; 1   =   included in the category).  

 Dynamic equilibrium      A state where changes 

to the system ’ s overall general trend of change 

are compensated by restoring changes (nega-

tive feed back), so that the general trend is able 

to continue.  

 Ecological fallacy      An erroneous assumption 

that all individuals in a group share the average 

characteristics of that group.  

 Economic base      Sometimes called the export 

base, this is the sum of all basic or export -

 oriented activities found in the regional 

economy. In industrial society the economic 

base was dominated by primary, secondary, 

and (sometimes) government industries but, 

in today ’ s postindustrial society, many service 

and trade industries are now included.  

 Empirical      Obtained from experiment and 

observation, rather than from theory.  

 Empirical model      A type of mathematical 

model that does not account for underlying 

processes, but rather data are used to defi ne 

functional relationships that capture the main 

system trends. Empirical models are often 

used to predict behavior when detailed process 
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data and/or understanding do not exist, or 

when data are available for only certain 

restricted variables.  

 Endogenic processes      Processes deriving their 

energy from within Earth (e.g., tectonic 

processes such as mountain building and 

earthquakes).  

 Ensemble forecasts      An ensemble weather 

forecast is a collection of forecasts. Often the 

ensemble is created by running a numerical 

prediction model multiple times but slightly 

perturbing the initial conditions for each 

run to represent uncertainty in atmospheric 

observations. The spread of the ensemble runs 

provides an indication of the uncertainty sur-

rounding the forecast.  

 ENSO (El Ni ñ o  –  Southern Oscillation)      A 

complex interaction of the tropical Pacifi c 

Ocean and the global atmosphere. El Ni ñ o is 

a warming of the surface waters of the eastern 

equatorial Pacifi c, and the Southern Oscillation 

is a large - scale fl uctuation in sea - level pressure 

between Indonesia/North Australia and the 

southeast Pacifi c. ENSO is a natural part of the 

climate system and contributes to the interan-

nual variability in weather and climate.  

 Environmental determinism      A perspective in 

geography that advocates individual human 

beliefs and actions are determined or con-

trolled by the natural physical environment.  

 Environmental gradient      A continuous, gra-

dual change in conditions and vegetation.  

 Environmental perception      An approach to 

exploring human experience and behavior 

in the environment focusing on how indi-

vidual cognition and understanding acts to 

fi lter information and assemble ideas about 

people ’ s surroundings.  

 Epistemology      The frameworks of knowledge 

that we use to understand the world (see 

Chapter  2  for an elaboration).  

 Equal area map projection      Preserves areas in 

correct proportions when transferred from a 

3 - dimensional globe to a 2 - dimensional map.  

 Equator      Great circle bisecting the distance 

between the poles of the Earth sphere.  

 Eratosthenes ’ s measurement of the Earth     

 Classical method for calculating circum-

ference of Earth sphere using Euclidean 

geometry.  

 Ergodic transfer      The substitution of space for 

time, as a way of determining evolutionary 

changes to geomorphic systems. For example, 

fault scarps of different ages in an area may be 

examined from the youngest to oldest, in 

an attempt to establish the process of slope 

evolution that might have occurred through 

time.  

 Ethics      The study of the moral or normative 

dimension of life, otherwise known as moral 

philosophy.  

 Ethnography      Research whose central method 

is participant observation, but also involves 

other methods appropriate for addressing the 

issues being studied.  

 Euclid ’ s Parallel Postulate      Given a point  P  

not on a line  m : through  P  there passes exactly 

one line that does not intersect  m  (is parallel 

to  m ).  

 Exogenic processes      Those processes deriving 

their energy from or outside Earth ’ s surface: 

(e.g., processes driven by gravity and climate 

variables).  

 Expedition      An exploratory excursion into 

unknown territory, usually in some distant 

land but possibly close by such as the inner 

city.  

 Extensive research      This requires a large 

sample of observations and seeks to identify 

patterns in the phenomenon of interest, often 

through the use of inferential statistics or 

numerical analysis.  

 Factorization      Decomposition of a number or 

an algebraic expression into a product of 

expressions. The factorization of  x  2     −     y  2  is 

( x     −     y )( x     +     y ).  

 Field      A conceptualization of spatial variation 

as continuous over the Earth ’ s surface.  

 Floristic provinces      Regions that have similar 

growing conditions.  

 Four color theorem      All maps in the plane can 

be colored using four of fewer colors. 

Distinctions between adjacent regions will be 

clear.  

 Frequency distribution/frequency polygon      A 

descriptive portrait of data after collecting 
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observations into a number of classes. 

Frequency distributions are tabular; polygons 

are graphical (also histograms).  

 Functional specialization      This is the notion 

that regional economies often specialize in 

very different functions or economic activi-

ties. Mulligan and Vias have shown that 

regional economies with different specializa-

tions in their economic bases can have 

remarkably different inter - industry transac-

tions and very different multiplier effects.  

 Fundamental Theorem of Arithmetic      Every 

positive integer can be expressed uniquely as 

a product of powers of primes.  

 Generalization      The process of selecting and 

organizing the geographic information to be 

represented on the map and transforming that 

data into map form.  

 Geodesic      Path along which the shortest dis-

tance between two points is measured.  

 Geographic data      Data that is georeferenced.  

 Geographic information system      Software 

designed to perform operations on geographic 

data.  

 Geographic visualization      The use of visual 

representations to make spatial patterns and 

problems visible. Often used to reveal 

unknown geographies.  

 Georeference      Information serving to locate 

information on the surface of the Earth.  

 Geo - referenced      Geographically referenced; 

pertains to the representation of geo - spatial 

data (including remotely sensed images) by 

geographic coordinates, normally through 

geometric transformation to a specifi c earth 

coordinate system.  

 Geospatial data      See geographic data.  

 Geovisualization      Computer - based multiple 

and interactive displays of geo - spatial 

information.  

 Great circle      Cross - section of a sphere cut by a 

plane that passes through the center of the 

sphere.  

 Greenhouse effect      The warming of the Earth ’ s 

atmosphere due to the absorption of longwave 

radiation by gases in the atmosphere.  

 Greenhouse gases      Gases that are transparent 

to solar radiation but opaque to Earth ’ s long-

wave radiation, contributing to the atmo-

spheric greenhouse effect. Some greenhouse 

gases occur naturally while others result from 

human activities. The main greenhouse gases 

are water vapor, methane, carbon dioxide, 

and ozone.  

 Hermeneutics      The study of meaning.  

 Homoscedasticity      A violation of the assump-

tion of ordinary least squares regression. It 

occurs when the variability of residuals is 

non - constant across different values of an 

independent variable. In simple regression 

cases, the condition can be detected on an 

initial scatter diagram of the dependent and 

independent variables.  

 Human dimensions of global change      A fi eld 

of research that examines human responses 

to, and infl uence upon, worldwide environ-

mental transformations, especially climatic 

change.  

 Human - environment geography      The study 

of the mutual infl uences of humans and 

non - humans on one another, the impact 

of people on the environment, and the cate-

gorical and conceptual apparatus through 

which humans understand the non - human 

world.  

 Humanism      A perspective in human geogra-

phy that seeks to understand the world by 

reference to human consciousness, spatial 

experience, and everyday life.  

 Humanistic geography      The phenomenolo-

gical interpretation of people ’ s sense of 

place, as well as the understanding of space 

as a repository of meaning and lived 

experiences.  

 Image interpretation      The act of analyzing 

remotely sensed images and extracting useful 

information.  

  In situ        “ In place ”  conventional weather obser-

vations are referred to as  in situ  observations, 

as they are taken at a particular location 

and refer to a specifi ed level(s) of the 

atmosphere.  

 Induction      In induction, predictions about 

future events are based upon observation of 

the regular patterns identifi ed from past 

events. However, with this approach we 
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cannot be certain that the next observation 

will be consistent with previous ones; there-

fore this approach to knowledge production 

often incorporates inferential statistics and 

probability to quantify how certain we are 

about our conclusions.  

 Infrared      The portion of the EMR spectrum 

consisting of wavelengths that are just longer 

than visible light; near infrared   =   0.7 – 1.4    µ ; 

shortwave infrared 1.4 – 3.0    µ ; thermal infrared 

3.0 – 14    µ .  

 Inherent error      The error associated with the 

data collection process.  

 Inhomogeneity      Heterogeneous, not homoge-

neous. Inhomogeneities in climate records 

can be caused by a number of factors includ-

ing changes in instrumentation, station loca-

tion, and observing practices.  

 Intensive research      The objective of intensive 

research is to determine how processes operate 

to produce an observed pattern. It relies on 

relatively small samples, such as case studies, 

and may involve qualitative methods to char-

acterize social processes or detailed measure-

ments of specifi c physical processes.  

 Intergovernmental Panel on Climate Change 
(IPCC)      Established by World Meteorolo-

gical Organization and the United Nations 

Envir onmental Program  “ to assess scientifi c, 

technical and socio - economic information 

relevant for the understanding of climate 

change, its potential impacts and options for 

adaptation and mitigation. ”   

 Introduction (opening)      In an academic paper, 

the fi rst section of that paper. Here the author 

outlines the issue, question, or problem that 

will be addressed, and points to the conclu-

sions that will be reached. Different from 

fi ction writing, in an academic paper the main 

point of the conclusion is usually indicated in 

the introduction. But the introduction is also 

the paper ’ s opening  –  the fi rst words encoun-

tered by the reader, and can therefore also be 

crafted to draw readers ’  attention. (See also 

anecdote.)  

 Inventory      A quantitative accounting of land 

surface features, often achieved by means of 

statistical sampling.  

 Irradiance      Amount of EMR per unit time and 

area incident or coming into a surface.  

 Jordan Curve Theorem      A simple closed curve 

partitions the plane into two mutually exclu-

sive domains.  

 Kantianism      An approach to understanding 

based upon the ideas of seventeenth - century 

German philosopher Immanuel Kant. Kant 

argued, essentially, that any order we see in 

the world is imposed on it by our minds. This 

approach is also known as  idealism .  

 Kurtosis      A measure of the extent to which a 

distribution is fl at or peaked. Flat distribu-

tions are platykurtic; peaked distributions are 

leptokurtic; normal - curve shaped distribu-

tions are mesokurtic.  

 Landslide      The outward or downward move-

ment of a defi ned mass of rock or soil, under 

the infl uence of gravity.  

 Large scale map      Representative fraction of the 

map is larger than those of maps to which it 

is being compared.  

 Latitude      Angular measure of displacement of 

a parallel from the equator of the Earth sphere.  

 Layer      A digital representation of the variation 

of one or more related properties over an area.  

 Leibnizianism      An approach to understanding 

in which space and time are constituted 

through the interactions between objects (the 

 “ space does not exist prior to the social/

natural relationships that brought it into 

being ”  view).  

 Levels of measurement      These fall into four 

categories: nominal (categorical, with no 

implied ranking, such as sex or region of 

origin); ordinal (categorical, with implied 

ranking but of unknown metric, such as poor, 

fair, and good); interval (quantitative measure 

without a known zero point, e.g., time or 

temperature); and ratio (quantitative measure 

with a known zero point, e.g., income or 

rainfall).  

 Life worlds      The sum of organized individual 

experiences in the human imagination that is 

identifi ed and studied by phenomenologists.  

 Livelihood      The strategies, knowledges, assets, 

and actions required for surviving and making 

a living.  
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 Local knowledge      Also sometimes called 

 “ indigenous knowledge, ”  it is the knowledge 

that communities have developed and con-

tinue to innovate from their experience and 

context, often tested over centuries of use, 

adapted to local conditions, though continu-

ously dynamic and changing.  

 Logical positivism      A philosophy of science 

that maintains that all knowledge is grounded 

in observation, especially scientifi c observa-

tions of objective, theory - neutral facts.  

 Longitude      Angular measure of the displace-

ment of a meridian from the Prime Meridian 

of the Earth sphere.  

 Macrofossils      Preserved organic remains large 

enough to be visible without a microscope.  

 Magnitude – frequency relationships      Magni-

tude refers to the  “ size ”  of events or features 

measured by work done, energy release, or 

degree of landform change. Frequency, 

expressed spatially, refers to the density of fea-

tures (number/unit area) or temporally by the 

number of events per unit of time. Magnitude 

can be measured, for example by volume 

(landslides), weight (sediment), intensity 

(rainfall depth/unit time), height (waves), 

velocity (wind gusts) etc. Frequency –

 magnitude distributions usually exhibit a log -

 normal relationship  –  indicating that large 

events (features) are greatly outnumbered by 

smaller ones.  

 Map      A symbolized image of geographical 

reality, representing selected features or char-

acteristics, resulting from the creative effort of 

its author ’ s execution of choices, and is 

designed for use when spatial relationships 

are of primary relevance.  

 Map projection      A systematic method of trans-

forming a spherical coordinate system, and 

the locations on the Earth ’ s surface it describes, 

into a fl at or planar coordinate system.  

 Map scale      A mathematical measurement of 

how much smaller the map is than the portion 

of the world it represents.  

 Mapping      Graphically representing land 

surface features and/or phenomena in a spa-

tially explicit and geographically referenced 

manner.  

 Marxist geography      The study of space as both 

a product and active participant in unequal 

social systems.  

 Marxist theory      A perspective in human geog-

raphy that borrows from the writings of Karl 

Marx to critically examine the dynamics and 

evolution of human societies, especially capi-

talist ones, across space.  

 Mathematical model      This type of model con-

sists of a series of quantitative relations among 

variables that represent the underlying theory 

of the system being studied.  

 MAUP (Modifi able areal unit problem)      posits 

that data analysis is scale - dependent.  

 Meaning      A piece of information or way of 

feeling that is conveyed through the use of 

signifi ers.  

 Meridian      Half of a great circle, going from 

pole to pole of the Earth sphere.  

 Metadata      Data about data. Metadata for 

climate observations usually includes infor-

mation about the station location, instrumen-

tation, and observational practices (such as 

time of observation).  

 Methodology      The tools and approaches used 

to conceptualize and investigate specifi c 

objects of analysis.  

 Misspecifi cation      A class of errors in the 

formulation or estimation of regression 

models; may include fi tting the wrong 

function, missing variables, multicollinearity, 

etc.  

 Mixed methods      The trend in geography and 

other social sciences to use multiple methods 

in the assessment of research questions. Often 

involves pairing quantitative and qualitative 

approaches. Works from the assumption that 

two or more approaches are usually better 

than one, particularly when the issues under 

study are complicated.  

 Modifi able Areal Unit Problem      The tendency 

for the results of analysis to depend on the 

spatial objects on which the data for the analy-

sis are based.  

 Monism      The ontological belief that there is 

only one substance in the world, from which 

each being or object is an expression or 

component.  
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 Monitoring      Making time - sequential observa-

tions of land surface areas, normally with an 

interest in assessing and/or quantifying 

changes.  

 Morality      Normative beliefs or practices con-

cerning individual actions, kinds of actions, 

dispositions or characters, or principles of 

behavior.  

 Multicollinearity      When two or more inde-

pendent variables are co - varying, it can be dif-

fi cult to sort out their independent effects on 

a dependent variable. The condition is known 

as multicollinearity.  

 Multipliers      The very important idea that 

local spending expands or extends the income 

that is fi rst brought into the region by its 

exports. Local spending is visualized as passing 

through various rounds of expenditures until 

all of the new income leaks out. In the simplest 

version of economic base analysis one aggre-

gate multiplier is estimated for the entire 

economy, but this can be adjusted for various 

factors like non - earnings income. The sizes of 

multipliers depend upon various factors, 

including the size, specialization, and location 

of the regional economy.  

 Multivariate statistics      Statistical procedures 

simultaneously involving a number of inde-

pendent variables.  

 NAO (North Atlantic Oscillation)      The large -

 scale fl uctuation in sea - level pressure between 

the subtropical high near the Azores and the 

polar low near Iceland. The NAO is the domi-

nant large - scale circulation mode in the North 

Atlantic region and is associated with winter-

time variability of weather and climate.  

 Narrative analysis      A method of analysis that 

takes as its object of investigation the fi rst 

person accounts of respondents of their expe-

riences (i.e., stories).  

 Neutrality      Declining to convey moral or polit-

ical values involved in research or a research 

project.  

 Newtonianism      An approach to understanding 

based upon the ideas of seventeenth - century 

British scientist Isaac Newton. Newton argued 

that time and space are absolutes, and objects 

are simply moved around in them (the  “ space 

is simply a container for social/ natural 

objects ”  view).  

 Nonbasic employment      Locally - oriented activ-

ities, sometimes called city - serving, residenti-

ary, maintenance, or non - traded. These are 

various industries that sell directly to the 

(other) local industries, households, or gov-

ernments of the same region. Such transac-

tions locally circulate the money that was fi rst 

brought into the region by its basic industries.  

 Non - earnings income      Sometimes called   non -

 employment income, this   designates all per-

sonal income fl owing into the regional 

economy that is not a reward for current 

labor. This income stream has two distinct 

components, one that is private (i.e., divi-

dends, interest, and rent) and one that is 

public (including various types of transfer 

payments from different levels of 

government).  

 Non - Euclidean geometry      Geometry that does 

not obey Euclid ’ s Parallel Postulate.  

 Normative      Having to do with what is good or 

bad, better or worse, or what should or should 

not be done.  

 Observation      The human act of gathering 

information about the world.  

 On site recruiting      The recruitment of study 

participants by approaching individuals at 

particular sites.  

 Ontology      Theories about what the world is 

like (see Chapter  2  for an elaboration).  

 Operational error      Error derived from the 

analysis of the data.  

 Optical      Lenses and mirrors are used by a 

sensor to collect EMR.  

 Outline      A skeleton of a paper that can be used 

to help chart the paper ’ s course both before 

and while writing. Outlines can be very 

detailed and designed for others to see, but 

they may also serve as evolving, working 

reminders for the writer of the work in 

progress.  

 Overt/covert      If you tell people you ’ re research-

ing their lives, that ’ s  “ overt ”  research. If you 

don ’ t, it ’ s  “ covert. ”   

 Palimpsest      Originally referred to re - using a 

writing surface, so that it might bear the traces 
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of several authors at several different time 

periods and thus appear, at fi rst glance, as 

chaotic and indecipherable. In cultural land-

scape study it metaphorically refers to the 

similar appearance of the landscape, as the 

result of many years of human earth - writing.  

 Palynology      Scientifi c study of pollen and 

spores often used to reconstruct past 

vegetation.  

 Paradigm      An assemblage of beliefs, visions, 

and values that organize and structure pro-

minent ways to see the earth and its places 

and to conduct research to understand it. 

Thomas Kuhn popularized the word and gave 

it its contemporary meaning in his book,  The 

Structure of Scientifi c Revolutions , published in 

1962.  

 Parallel      Small circle determined by a plane 

that is parallel to the equatorial plane of the 

Earth sphere.  

 Parametric/non - parametric      Parametric sta-

tistics and their associated tests are used to 

assess signifi cance in ratio and interval data; 

non - parametric statistics are used in cases of 

nominal and ordinal data.  

 Partiality      The explicit or implicit association 

of a position or project with particular agents 

or values.  

 Participant observation      Research in which 

you write notes describing your participation 

in, and observation of, other people ’ s lives in 

particular settings.  

 Passive      Capturing naturally refl ected or 

emitted EMR from the Earth ’ s surface or 

atmosphere by a sensor on an aircraft 

or satellite.  

 Phenomenology      The study of objects or 

events based on our conscious experience of 

those phenomena. Developed by Edward 

Husserl, this approach assumes that  “ reality ”  

consists of objects and events as they are per-

ceived in human consciousness, such that they 

cannot be understood independent of human 

consciousness.  

 Photogrammetry      Subfi eld of remote sensing 

involving precise measurements and topo-

graphic mapping based on stereo imagery.  

 Physical model      A type of model involving the 

construction of an analog for a real - world 

environmental system. The physical represen-

tation of the target system, which is usually 

reduced in size and complexity, must main-

tain essential attributes and relationships to 

provide meaningful results.  

 Place      A location on the Earth ’ s surface.  

 Plagiarism      Conveying the work of others as 

one ’ s own, by deliberate deception or careless 

scholarship such as inadequate referencing.  

 Platform      Aircraft or spacecraft on which 

sensors are mounted to collect data remotely.  

 Political ecology      A fi eld of research that exam-

ines socio - environmental change through the 

lens of political economy, environmental 

power/knowledge, and resource control/

access.  

 Politics      The power - driven process of competi-

tive struggle over ends and means of achieving 

them, for example in the realm of economic 

and social policy.  

 Population      The total number of individuals of 

interest for a study.  

 Positionality      All interpreters bring this con-

dition with them to the research table; no 

one sits outside their history, sociality, or 

geography.  

 Positivism      An approach to research that 

argues that the only valid statements a 

researcher can make about the world derive 

from direct observation.  

 Postindustrial economy      One increasingly 

dominated by advanced service and highly 

specialized trade activities. The idea was 

popularized by the sociologist Daniel Bell. 

More recent urban analysts like Edward 

Glaeser and Richard Florida now talk about 

 “ consumption amenities ”  and  “ technology, 

talent, and tolerance ”  as being important 

for attracting and retaining highly - skilled 

workers.  

 Poststructuralism      A loose collection of 

schools of thought that focus on the indeter-

minacy of meaning, the non - essentialist char-

acter of identity, and, in human geography, 

the fl uidity and productivity of space.  
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 Poststructuralist geography      The interroga-

tion of spatial discourses that legitimize 

and naturalize power regimes and regulate 

difference.  

 Prime meridian      Meridian passing through 

Greenwich, England; vertical axis of coordi-

nate system of the Earth sphere.  

 Prime number      Positive integer whose only 

integral factors are 1 and itself.  

 Privacy      The capacity to protect or control 

access to information, for example about 

potential survey respondents.  

 Process - based model      A type of mathematical 

model that attempts to explain and provide 

understanding of process operation by defi n-

ing equations for governing principles. Such 

models often have high explanatory power   

in comparison to empirical models. Many 

models that are largely process - based, or strive 

to be so, still involve some degree of empiri-

cism in certain model parameters, as complete 

explanation is not always possible.  

 Purposive sampling      Researchers use their 

judgment to select a sample they believe is 

representative of the target population.  

 Qualitative data      Refl ect differences in kind or 

type of phenomenon.  

 Quantitative data      Measure differences in 

quantity or degree of a phenomenon.  

 Radiometric      Pertaining to the magnitude of 

EMR captured by a remote sensor.  

 Random sample      A sample where every indi-

vidual has an equal chance of being selected.  

 Rapid ecological assessment      A combination 

of techniques for surveying the condition of 

fl ora and fauna, which uses a step - by - step 

technique for sampling, surveying, recording, 

and analyzing the condition of any plant and 

animal community.  

 Realism      The view that the world exists inde-

pendently of human cognition of it and that 

some of our beliefs about the world, especially 

those derived from scientifi c inquiry, are 

accurate and true.  

 Reconnaissance      Conducting an initial survey 

of a landscape, often to gain appreciation of 

the geographic setting or context.  

 Refl ectance      A property of a material that is 

defi ned as the amount of EMR refl ected by the 

material divided by the amount of EMR inci-

dent upon it.  

 Regionalism      A perspective in human geogra-

phy that views the Earth ’ s surface as being 

composed of a mosaic of distinctive homo-

geneous places of human settlement and 

activity.  

 Regolith      The layer of (weathered) material 

that mantles the bedrock.  

 Relational database      A database structured by 

record (row) and allows for connection with 

other databases based upon a common fi eld.  

 Relativism      The view that knowledge and 

knowledge claims are relative to a particular 

group, community, or theoretical viewpoint, 

i.e., no objective epistemological standards 

exist.  

 Relaxation time      The time required for a 

system to restore original conditions after it 

has changed in response to a given impact.  

 Relevance      Having practical or theoretical sig-

nifi cance to societal problems or policy in the 

private or public arena.  

 Reliability      A term refl ecting the degree to 

which variables measure the same things 

under changing conditions.  

 Remote sensing      Collection of data about fea-

tures or phenomena on the Earth ’ s surface or 

atmosphere, without directly being in contact 

with such features/phenomena.  

 Remotely - sensed observations      Gathering and 

recording information without coming in 

actual contact with the object or area being 

investigated.  

 Ren é  Descartes      A seventeenth - century French 

philosopher who argued that because our 

senses may deceive us, the only statement we 

can make about the world without fear of con-

tradiction is that we are conscious  –  hence his 

famous maxim  “ Cogito ergo sum ”  ( “ I think, 

therefore I am ” ). Descartes believed that the 

world could be understood through the 

process of rational thought and logic. Research 

following his approach is often referred to as 

Cartesian.  
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 Representative fraction      Ratio showing units 

on the map in relation to the same units on 

the ground, as in 1 inch (cm) represents 

50,000 inches (cm).  

 Research ethics      Following formal rules about 

 “ not doing harm ”  to research participants, 

etc. but also involving everyday concerns 

about  “ doing the right thing. ”   

 Response rates      The ratio of all of those who 

participate in a study to all of those who were 

invited to participate.  

 Resultant      Vector sum of multiple vectors. The 

sum of the wind vectors for multiple observa-

tion times at a location is referred to as the 

resultant wind vector.  

 Return period (recurrence interval)      The 

average time interval between events of a 

given magnitude.  

 Revision      More than running a spell checker, 

revision  –  the act of editing, reworking, and 

rethinking a written work  –  is an essential part 

of the writing process. Writers continue to 

think, to refi ne their ideas, and to polish their 

prose as they (we) write.  

 Sample      A selected subset that represents the 

population for statistical purposes (see 

Chapter  6 ).  

 Sample size      The number of samples to be 

measured from the population.  

 Sampling unit      Individual components of the 

sample.  

 Scalar      A quantity that has magnitude but no 

direction. Temperature is an example of a 

scalar quantity.  

 Scale      A measure of the geographic extent or 

resolution; narrowly in cartography, the ratio 

of distance on a map to distance on the 

ground.  

 Scattering      Redirection of EMR upon interac-

tion with matter (e.g., gas molecules and par-

ticles in the atmosphere).  

 Scientifi c name      The genus and species name 

of an organism.  

 Sensor      In the remote sensing context, the 

device used to collect EMR, commonly in a 

two - dimensional, imaging manner.  

 Serendipity      Entails making accidental discov-

eries; fi ndings that you were not looking for 

in the fi rst place (but which nevertheless 

might be interesting).  

 Shear strength      The maximum shear stress 

(force per unit area) that may be sustained by 

a given material before it ruptures (shears).  

 Signifi er      A word, image, behavior, or thing 

that is associated with a particular meaning 

such that its presence or absence can be  “ read ”  

as indicating that meaning.  

 Situated knowledge      All knowledge is shaped 

by how we are equipped  –  personally, cultur-

ally, technologically  –  to fi nd things out and 

make judgments.  

 Skewness      The degree of symmetry or left/

right bias in a frequency polygon or 

histogram.  

 Sloppy fi rst draft      see zero draft  

 Small circle      Cross - section of a sphere cut by a 

plane that does not pass through the center of 

the sphere.  

 Snowball technique      A method for creating a 

non - random sample. Initial contacts within a 

population are asked to identify other poten-

tial participants, who in turn are asked to 

identify others.  

 Spatial analysis      A perspective in human geo-

graphy that seeks to understand the making 

and evolution of landscapes and places by 

reference to universal and generalizable 

principles.  

 Spatial autocorrelation      When spatial units in 

a data set lack independence with one another, 

they are autocorrelated. Most spatial data 

is autocorrelated; regression assumes that 

residuals are not autocorrelated, and this has 

led to numerous tests and technical efforts 

to model and remove spatial autocorrelation 

from spatial data.  

 Spatial context      The characteristics of a place 

and its immediate surroundings.  

 Spatial data      See geographic data.  

 Spatial dependence      The tendency for the 

characteristics of a place to be similar to the 

characteristics of neighboring places.  

 Spatial diffusion      Term refering to processes 

involving movement, migration, and trans-

mission over geographical space. Research 

into spatial diffusion, and specifi cally into the 
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diffusion of innovation, was pioneered by 

Swedish geographer Torsten H ä gerstrand.  

 Spatial exploratory data analysis      The search 

for new spatial patterns in large databases 

using a variety of statistical and geovisualiza-

tion means.  

 Spatial heterogeneity      The tendency of pro-

perties and processes to vary over the Earth ’ s 

surface.  

 Spatial science      An approach to human geo-

graphy that emerged and developed through-

out the 1950s and 1960s. Spatial science 

is generally associated with the positivist 

tradition and relies mainly on quantitative 

methods. Its fundamental idea is that the 

distribution of human activies is governed 

by some regularity, and can be explained by 

quantitative models.  

 Spatial thinking      The practice of reasoning 

from geographic data.  

 Species abundance      Relative abundance of a 

species in a region.  

 Species richness      Number of species per unit 

area.  

 Spectral      Pertaining to the wavelength of 

EMR.  

 Stereographic projection      Transformation of 

the sphere to the plane using the North Pole 

as a center from which to carry the sphere ’ s 

surface to a plane tangent at the South Pole.  

 Stochasticism      A stochastic world view consid-

ers randomness to be inherent to the system. 

Even if one ’ s world view does not subscribe to 

this philosophy, stochastic elements are often 

incorporated into models to treat the appar-

ently random elements.  

 Stratifi ed random sample      A sample in which 

the population is divided up into groups, and 

samples are made randomly within each 

group.  

 Structuralism      A perspective in human geogra-

phy that posits the power of unseen, humanly -

 bounding forces as central to understanding 

the earth and its places.  

 Structures and mechanisms      Social structures 

are manifest as a series of mechanisms. Where 

the structure can be thought of as the underly-

ing rules of the game that provide roles and 

set goals, mechanisms are the particular  “ how 

to ”  instructions that allow people to take part.  

 Survey      A standardized set of questions admin-

istered to a number of respondents.  

 Symbolization      The transformation of geo-

graphic information into map symbols.  

 Systematic sample      A sample where a constant 

(e.g., every 10 meters) defi nes the selection 

criteria.  

 Texts      Traditionally, texts are word and/or 

image - based artifacts, such as books or news-

papers, that are mobile vessels for signifi ers. 

More recently, such phenomena as bodies and 

buildings have been included within this 

category.  

 The scientifi c method      A largely positivistic 

approach to the study of phenomena that 

involves observation and description, formu-

lation of hypotheses to explain and predict, 

and controlled experimentation to test and 

refi ne those hypotheses.  

 Theory - determined      An approach to research 

that argues that data can only be interpreted 

in the context of the theoretical frameworks 

brought to bear on them. This means that 

researchers adopting different theoretical 

frameworks would not be able to legitimately 

evaluate each other ’ s research.  

 Theory - laden      The notion that scientifi c terms, 

methods, practices and judgments all depend 

to some extent on specifi c scientifi c theories, 

on theoretical traditions or on theoretical 

perspectives.  

 Theory - neutral      An approach to research that 

argues that data can be interpreted in the same 

way, regardless of the theoretical frameworks 

brought to bear on them. It supposes that 

there is a difference between  “ fact ”  and 

 “ value. ”   

 Threshold      The value or condition identifi able 

in a varying system parameter (or combina-

tion of parameters) that signifi es an abrupt 

change in behavior from that characteristic of 

one domain to a distinctly different behavior, 

characteristic of another domain. An intrinsic 

threshold is a threshold within a system 

brought about by changes that occur within 

the system (such as progressive weathering 
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of a cliff face, reducing rock strength below 

prevailing shear stress to produce a landslide), 

whereas an extrinsic threshold   is a threshold 

brought about by forces external to the system 

(such as an increase in stream velocity to a 

point where sediment becomes entrained).  

 Transformation      Systematic mathematical pro-

 cess for transferring elements from one point 

set to another.  

 Troposphere      The layer of the atmosphere 

closest to Earth ’ s surface characterized by a 

decrease of temperature with height. The tro-

posphere contains approximately 95 percent 

of the mass of the atmosphere and extends 

from the surface to 8 – 15   km depending on 

location and season.  

 Uncertainty      The extent to which geographic 

data leaves one uncertain about the true 

nature of the Earth ’ s surface.  

 Validity      A term refl ecting the degree to which 

your variables align with your constructs and 

theoretical abstractions. Is GPA a good 

measure of intelligence?  

 Values      Attitudes or opinions associated with 

normative aspects of life, or morality.  

 Variability      The degree to which observations 

on a variable (an attribute that varies) deviate 

from a mean. If the world didn ’ t vary, it 

wouldn ’ t be very interesting, and spatial sci-

entists (and everyone else for that matter) 

would be out of a job.  

 Variation      Measures for determining the 

degree of dispersion of a variable about a 

central point. Common measures include 

range, variance, standard deviation, and coef-

fi cient of variation.  

 Vector      A quantity that has both magnitude 

and direction. Wind, which has a zonal (west -

 east) and a meridional (north - south) compo-

nent, is an example of a vector quantity. The 

sum of the wind vectors for multiple observa-

tion times at a location is referred to as the 

resultant wind vector.  

 Vegetation cover      The percent of vegetation 

covering a specifi ed area.  

 Vernacular      In landscape study, refers to the 

everyday, common landscape; as opposed to 

landscapes created by professional designers 

(such as landscape architects).  

 Verstehen      German for  “ understanding, ”  this 

term is used to describe an approach to 

knowledge production in which the researcher 

attempts to develop empathic understandings 

of the perspectives of others so as to under-

stand their behavior on their own terms 

(unlike positivism, which argues that direct 

observation is the only valid basis for 

knowledge production). This approach was 

largely developed by the sociologist Max 

Weber.  

 Whiggish or teleological      Histories in which 

evidence from the past is marshaled in an 

argument that appears to lead indisputably 

and unproblematically to one ’ s own present 

position.  

 Writing      A formative and creative process inte-

gral to research itself as well as the primary 

means of communicating research fi ndings in 

academia. Both a skill and a craft, writing 

must be developed, through practice.  

 Zero draft      A draft before the fi rst draft used to 

help the writer initiate the writing process and 

develop ideas (also called sloppy fi rst draft).  

 Z - scores      A measure for an observation that 

locates it in terms of its position in standard 

deviational units away from the mean.   
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