
Chapter 1

Geographic Information Analysis and Spatial
Data

CHA P T E R O B J E C T I V E S

In this first chapter, we:

. Define geographic information analysis (or spatial analysis) as it is
meant in this book

. Distinguish geographic information analysis from GIS-based spatial
analysis operations while relating the two

. Review the entity–attribute model of spatial data as consisting of
points, lines, areas, and fields, with associated nominal, ordinal,
interval, or ratio data

. Review GIS spatial manipulation operations and emphasize their
importance

After reading this chapter, you should be able to:

. List three different approaches to spatial analysis and differentiate
between them

. Distinguish between spatial objects and spatial fields and say why
the vector versus raster debate in GIS is really about how we choose
to represent these entity types

. Differentiate between point, line, and area objects and give examples
of each

. Differentiate between nominal, ordinal, interval, and ratio attribute
data and give examples of each

. Give examples of at least 12 resulting types of spatial data

. List some of the basic geometrical analyses available in a typical GIS
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. Give reasons why modern methods of spatial analysis are not well
represented in the tool kits provided by a typical GIS

1 . 1 . I N T RODUC T I ON

Geographic information analysis is not an established discipline. In fact, it
is a rather new concept. To define what we mean by this term, it is neces-
sary first to define a much older term–spatial analysis—and then to
describe how we see the relationship between the two. Of course, a succinct
definition of spatial analysis is not straightforward either. The term comes
up in various contexts. At least four broad areas are identifiable in the
literature, each using the term in different ways:

1. Spatial data manipulation, usually in a geographic information
system (GIS), is often referred to as spatial analysis, particularly
in GIS companies’ promotional material. Your GIS manuals will
give you a good sense of the scope of these techniques, as will
texts by Tomlin (1990) and, more recently, Mitchell (1999).

2. Spatial data analysis is descriptive and exploratory. These are
important first steps in all spatial analysis, and often all that can
be done with very large and complex data sets. Books by geogra-
phers such as Unwin (1981), Bailey and Gatrell (1995), and
Fotheringham et al. (2000) are very much in this tradition.

3. Spatial statistical analysis employs statistical methods to interro-
gate spatial data to determine whether or not the data are ‘‘typical’’
or ‘‘unexpected’’ relative to a statistical model. The geography texts
cited above touch on these issues, and there are a small number of
texts by statisticians interested in the analysis of spatial data,
notably those by Ripley (1981, 1988), Diggle (1983), and Cressie
(1991).

4. Spatial modeling involves constructing models to predict spatial
outcomes. In human geography, models are used to predict flows
of people and goods between places or to optimize the location of
facilities (Wilson, 1974, 2000), whereas in environmental science,
models may attempt to simulate the dynamics of natural processes
(Ford, 1999). Modeling techniques are a natural extension to spa-
tial analysis, but most are beyond the scope of this book.

In practice, it is often difficult to distinguish among these approaches,
and most serious quantitative research or investigation in geography and
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allied disciplines may involve all four. Data are stored and visualized in a
GIS environment, and descriptive and exploratory techniques may raise
questions and suggest theories about the phenomena of interest. These
theories may be subjected to traditional statistical testing using spatial
statistical techniques. Theories of what is going on may be the basis for
computer models of the phenomena, and their results may in turn be sub-
jected to statistical investigation and analysis.

Current GISs typically include item 1 as standard (a GIS without these
functions would be just a plain old IS!) and have some simple data analysis
capabilities, especially exploratory analysis using maps (item 2). GISs only
rarely incorporate the statistical methods of item 3 and almost never
include the capability to build spatial models and determine their probable
outcomes. Items 2, 3, and 4 are closely interrelated and are distinguished
here just to emphasize that statistics (item 3) is about assessing probability
and assigning confidence to parameter estimates of populations, not simply
about calculating summary measures such as the sample mean. In this
book we focus most on items 2 and 3. In practice, you will find that statis-
tical testing of spatial data is relatively rare. Statistical methods are well
worked out and understood for some types of spatial data, but less so for
many others. As this book unfolds, you should begin to understand why this
is so.

Despite this focus, don’t underestimate the importance of the spatial data

manipulation functions provided by a GIS, such as buffering, point-in-poly-
gon queries, and so on. These are an essential precursor to generating
questions and formulating hypotheses. We review these topics in Section
1.3, to reinforce their importance and to consider how they might benefit
from a more statistical approach. More generally, the way that spatial data
are stored—or how geographical phenomena are represented in a GIS—is
increasingly important for subsequent analysis. We therefore spend some
time on this issue in most chapters of the book. This is why we use the
broader term geographic information analysis for the material we cover. A
working definition of geographic information analysis is that it is concerned
with investigating the patterns that arise as a result of processes that may
be operating in space. Techniques and methods to enable the representa-
tion, description, measurement, comparison, and generation of spatial pat-
terns are central to the study of geographic information analysis.

For now we will stick with whatever intuitive notion you have about the
meaning of two key terms here: pattern and process. As we work through
the concepts of point pattern analysis in Chapters 3 and 4, it will become
clearer what is meant by both terms. For now, we will concentrate on the
question of the general spatial data types you can expect to encounter in
studying geography.
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1 . 2 . S P A T I A L D A T A T Y P E S

Thought Exercise: Representation

Throughout this book you will find thought exercises to help you follow the

materials presented. Usually, we ask you to do something and use the

results to draw some useful conclusions. You should find that they help

you remember what we’ve said. The first exercise is concerned with how

we represent geography in a digital computer.

1. Assume that you are working for a road maintenance agency. Your

responsibilities extend to the roads over, say, a county-sized area.

Your GIS is required to support operations such as:

. Surface renewal as required

. Avoiding clashes with other agencies—utility companies, for

example—that also dig holes in the roads

. Improvements to the road structure

Think about and write down how you would record the geometry of the

network of roads in your database. What road attributes would you collect?

2. Imagine that you are working for a bus company for the same area.

Now the GIS must support operations such as:

. Timetabling

. Predicting demand for existing and potential new bus routes

. Optimizing where stops are placed

How would the recording of the geometry of the road network and its

attributes differ from your suggestions in step 1 above?

What simple conclusion can we draw from this? It should be clear that

how we represent the same geographical entities differs according to the

purpose of the representation. This is obvious but is often forgotten!

When you think of the world in map form, how do you view it? In the early
GIS literature a distinction was often made between two kinds of system,
characterized by the way that geography was represented in digital form:

1. A vector view, which records locational coordinates of the points,
lines, and areas that make up a map. In the vector view we list the
features present on a map and represent each as a point, line, or
area object. Such systems had their origins in the use of computers
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to draw maps based on digital data and were particularly valued
when computer memory was an expensive commodity. Although
the fit is inexact, the vector model conforms to an object view of
the world, where space is thought of as an empty container occu-
pied by different sorts of objects.

2. Contrasted with vector systems were raster systems. Instead of
starting with objects on the ground, a grid of small units of
Earth’s surface (called pixels) is defined. For each pixel, the
value, or presence or absence of something of interest, is then
recorded. Thus, we divide a map into a set of identical, discrete
elements and list the contents of each. Because everywhere in
space has a value (even if this is a zero or null), the raster approach
is usually less economical of computer memory than is the vector
system. Raster systems originated mostly in image processing,
where data from remote sensing platforms are often encountered.

In this section we hope to convince you that at a higher level of abstrac-
tion, the vector–raster distinction is not very useful and that it obscures a
more important division between what we call an object and a field view of
the world.

T h e O b j e c t V i e w

In the object view, we consider the world as a series of entities located in
space. Entities are (usually) real: You can touch them, stand in them, per-
haps even move them around. An object is a digital representation of all or
part of an entity. Objects may be classified into different object types: for
example, into point objects, line objects, and area objects. In specific applica-
tions these types are instantiated by specific objects. For example, in an
environmental GIS, woods and fields might be instances of area objects. In
the object view of the world, places can be occupied by any number of
objects. A house can exist in a census tract, which may also contain lamp-
posts, bus stops, road segments, parks, and so on.

Different object types may represent the same real-world entities at dif-
ferent scales. For example, on his daily journey to work, one of us arrives in
London by rail at an object called Euston Station. At one scale this is a dot
on the map, a point object. Zoom in a little and Euston Station becomes an
area object. Zooming in closer still, we see a network of railway lines (a set
of line objects) together with some buildings (area objects). Clearly, the
same entity may be represented in several ways. This is an example of
the multiple-representation problem.
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Because we can associate behavior with objects, the object view has
advantages when well-defined objects change in time: for example, the
changing data for a census area object over a series of population censuses.
Life is not so simple if the objects are poorly defined (fuzzy objects), have
uncertain boundaries, or change their boundaries over time. Note that we
have said nothing about object orientation in the computer science sense.
Worboys et al. (1990) give a straightforward description of this concept as it
relates to spatial data.

T h e F i e l d V i e w

In the field view, the world is made up of properties varying continuously
across space. An example is the surface of Earth itself, where the field
variable is the height above sea level (the elevation). Similarly, we can
code the ground in a grid cell as either having a house on it or not. The
result is also a field, in this case of binary numbers where 1 ¼ house and
0 ¼ no house. If it is large enough or if its outline crosses a grid cell bound-
ary, a single house may be recorded as being in more than one grid cell. The
key factors here are spatial continuity and self-definition. In a field, every-
where has a value (including ‘‘not here’’ or zero), and sets of values taken
together define the field. In the object view it is necessary to attach further
attributes to represent an object fully—a rectangle is just a rectangle until
we attach descriptive attributes to it.

You should note that the raster data model is just one way to record a
field. In a raster model the geographic variation of the field is represented
by identical, regularly shaped pixels. An alternative is to use area objects in
the form of a mesh of nonoverlapping triangles, called a triangulated irre-

gular network (TIN) to represent field variables. In a TIN each triangle
vertex is assigned the value of the field at that location. In the early days
of GISs, especially in cartographic applications, values of the land elevation
field were recorded using digital representations of the contours familiar
from topographic maps. This is a representation of a field using overlapping
area objects, the areas being the parts of the landscape enclosed within each
contour.

Finally, another type of field is one made up of a continuous cover of
assignments for a categorical variable. Every location has a value, but
values are simply the names given to phenomena. A good example is a
map of soil type. Everywhere has a soil, so we have spatial continuity,
and we also have self-definition by the soil type involved, so this is a field
view. Other examples might be a land-use map, even a simple map of areas
suitable or unsuitable for some development. In the literature, these types
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of field variables have been given many different names. Quantitative geo-
graphers used to call them k-color maps on the grounds that to show them
as maps the usual way was to assign a color to each type to be represented
and that a number of colors (k) would be required, depending on the vari-
able. When there are just two colors, call them black (1) and white (0), this
gives a binary map. A term that is gaining ground is categorical coverage, to
indicate that we have a field made up of a categorical variable.

For a categorical coverage, whether we think of it as a collection of objects
or as a field is entirely arbitrary, an artifact of how we choose to record and
store it. On the one hand, we can adopt the logic discussed above to consider
the entities as field variables. On the other, why don’t we simply regard
each patch of color (e.g., the outcrops of a specified rock type or soil type) as
an area object in an object view of the world? In the classic georelational
data structure employed by early versions of ArcInfo, this is exactly how
such data were recorded and stored, with the additional restriction that the
set of polygonal area objects should fit together without overlaps or gaps, a
property known as planar enforcement. So is a planar-enforced categorical
coverage in a GIS database an object or a field representation of the real
world? We leave you to decide but also ask you to consider whether or not it
really matters.

C h o o s i n g t h e R e p r e s e n t a t i o n t o B e U s e d

In practice, it is useful to get accustomed to thinking of the elements of
reality modeled in a GIS database as having two types of existence. First,
there is the element in reality, which we call the entity. Second, there is the
element as it is represented in the database. In database theory, this is
called the object (confusingly, this means that a field is a type of object).
Clearly, what we see as entities in the real world depends on the applica-
tion, but to make much sense, an entity must be:

. Identifiable. If you can’t ‘‘see’’ it, you can’t record it. Note that many
of the critiques of work based on this approach make the point that
this severely restricts what we can ever know from our analyses.

. Relevant. It must be of interest.

. Describable. It must have attributes or characteristics that we can
record.

Formally, an entity is defined as a phenomenon of interest in reality that
is not further subdivided into phenomena of the same kind. For example, a
road network could be considered an entity and subdivided into component
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parts called roads. These might be subdivided further, but these parts
would not be called roads. Instead, they might be road segments or some-
thing similar. Similarly, a forest entity could be subdivided into smaller
areas, which we could call stands, which are in turn made up of individual
trees.

The relationship between the two types of spatial representation—object
or field—is a deep one, which it can be argued goes back to philosophical
debates in Ancient Greece about the nature of reality: continuously varying
field of phenomena or empty container full of distinct objects? You should
now be able to see that the key question from the present perspective is not
which picture of reality is correct but which we choose to adopt for the task
at hand.

Although the vector–raster distinction still has echoes in the way that
GISs are constructed, it camouflages a number of things:

1. The choice of viewpoint really depends on what you want to do with
the data once they have been entered into the system. For example,
a GIS-equipped corporation concerned with the management of
facilities such as individual buildings, roads, or other infrastruc-
ture may consider an object view most appropriate. In contrast,
developers of a system set up to allow analysis of hazards in the
environment may adopt a field view. Most theory in environmental
science tends to take this approach, using for example, fields of
temperature, wind speed, and atmospheric pressure from meteor-
ology. Similarly, most data from remote sensing platforms are col-
lected in a way that makes the field view the most obvious one to
take. In recent years some population geographers have, perhaps
surprisingly, found that, rather than using planar-enforced census
reporting areas for which data were recorded, representing popula-
tion density as continuous fields can be useful for visualization and
analysis.

2. Representing the content of a map is not the same as representing
the world. The objectives of map design are visual, to show map
users something about the real world, whereas the objectives of a
database have to do with management, measurement, analysis,
and modeling. It pays to keep these objectives distinct when choos-
ing how to represent the world in digital form.

3. Being overly concerned with the distinction between the two sys-
tems confuses methods of coding in the database with the model of
reality being coded. As we have seen, the best example of this is
that continuous fields can be represented using either raster or
vector coding.
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4. The distinction hides the fact that there are aspects of geographic
reality that we might want to capture that are not well repre-
sented in either the raster–vector or object–field views. The
obvious example here is a transport network. Often, a network
is modeled as a set of line objects (the routes) and a set of point
objects (transport nodes), but this data structure is very awkward
in many applications. Another example is becoming increasingly
important, that of image data. An image in a GIS might be a
scanned map used as a backdrop, or it might be a photograph
encoded in any of the standard formats. At the nuts-and-bolts
level, images are coded using a raster approach, but the key to
understanding them is that other than being able to locate where
a cursor is on an image, the values of the attributes themselves
are not readily extracted, nor for that matter are individual pixel
values important. It is the image as a whole that matters. In the
most recent revision of the ArcInfo GIS, some of these complex-
ities are recognized by having five representations of geography,
called locations, features (made up of locations), surfaces (fields),
images, and networks (see Zeiler, 1999).

5. The extended academic debates often ignore the fact that it is pos-
sible to convert from one representation to another and that the
software required has become increasingly common. The obvious
example is vector-to-raster conversion, and vice versa.

T y p e s o f S p a t i a l O b j e c t

The digital representation of different entities requires the selection of
appropriate spatial object types. There have been a number of attempts
to define general spatial object types. A common idea—reinvented many
times—uses the spatial dimensionality of the object concerned. Think
about how many types of object you can draw. You can mark a point, an
object with no length, which may be considered to have a spatial dimension,
or length raised to the power zero, hence L0. You can draw a line, an object
having the same spatial dimension as any simple length, that is, L1. Third,
you can shade an area, which is an object with spatial dimension length
squared, or L2. Finally, you can use standard cartographic or artistic con-
ventions to represent a volume, which has spatial dimension length cubed,
or L3. The U.S. National Standard for Digital Cartographic Databases

(DCDSTF, 1988) and Worboy’s generic model for planar spatial objects
(Worboys 1992, 1995) both define a comprehensive typology of spatial
objects in terms similar to these.
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There are several theoretical and practical issues that such abstract
theoretical ideas about spatial objects must recognize:

1. There is a need to separate the representation of an object from its
fundamental spatial characteristics. For example, a line object may
be used to mark the edge of an area, but the entity is still an area.
Real line objects represent entities such as railways, roads, and
rivers.

2. Geographic scale is important. As we have seen, dependent on the
scale at which we examine it, a railway station may be represented
as a point, a set of lines, or an area. The same is true of many other
entities. Another example of scale dependency is that some real-
world objects turn out to be fractal, having the same or a similar
level of detail no matter how closely we examine them. The classic
example is a coastline whose ‘‘crinkliness’’ is the same no matter
how close we look. This implies that no matter how accurately we
record its spatial coordinates, it is impossible to record faithfully all
the detail present. We look at this issue in more detail in Chapter 6.

3. The objects discussed are often two-dimensional, with depth or
height as an attribute, whereas real-world objects exist in all
three spatial dimensions. A volume of rock studied by a geologist
exists at some depth at a location but also has attributes such as its
porosity, color, or whatever.

4. This view of the world is a static one, with no concept of time except
as an attribute of objects. This is fine for some problems, but in
many applications our main interest is in how things evolve and
change over time.

5. Even in this limited world view, the number of geometric and

spatial analytical operations that we might require is already
large. We have operations involving just points (distance), just
lines (intersection), just areas (intersection and containment), or
any combination of point, line, or area objects.

Objects and Fields Decoded

1. Obtain a topographic map of your home area at a scale of 1:50,000

or larger. Study the map, and for at least 10 of the types of entity

the map represents—remember that the map is already a represen-

tation—list whether they would best be coded as an object or as a

10 GEOGRAPHIC INFORMATION ANALYSIS



field. If the entity is to be represented as an object, say whether it is

a point, line, or area object.

2. If you were asked to produce an initial specification for a data model

that would enable a mapping agency to ‘‘play back’’ this map from

a digital version held in a database, how many specific instances of

objects (of all kinds) and fields would you need to record?

Hint: Use the map key! There is, of course, no single correct answer to this.

1 . 3 . S C A L E S FO R A T T R I B U T E D E S C R I P T I O N

In addition to point, line, and area object types, we also need a means of
assigning attributes to spatially located objects. The range of possible attri-
butes is huge, since the number of possible ways we can describe things is
limited only by our imagination. For example, we might describe buildings
by their height, color, age, use, rental value, number of windows, architec-
tural style, ownership, and so on. Formally, an attribute is any character-
istic of an entity selected for representation. In this section we explore a
simple way of classifying attributes into types based on their level of mea-

surement. This is often a constraint on the choice of method of analysis and,
ultimately, on the inferences that can be drawn from a study of that attri-
bute’s spatial structure.

Before describing the levels of measurement that are usually recog-
nized, it is important to clarify what is meant by measurement. When
information is collected, measurement is the process of assigning a class
or value to an observed phenomenon according to some set rules. It is not
always made clear that this definition does not restrict us to assignments
involving numbers. The definition also includes the classification of phe-
nomena into types, or their ranking relative to one another on an assumed
scale. You are reading a work that you assign to the general class of
objects called books. You could rank it relative to other books on some
scale of merit as good, indifferent, or bad. It is apparent that this general
view of measurement describes a process that goes on in our minds vir-
tually all our waking lives, as we sense, evaluate, and store information
about our environment.

If this everyday process is to yield useful measurements, it is necessary to
insist that measurements are made using a definable process, giving repro-

ducible outcomes that are as valid as possible. The first requirement implies
that themeasurer knows what they are measuring and is able to perform the
necessary operations; the second, that repetition of the process yields the
same results and gives similar results when different data are used; the
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third implies that the measurements are true or accurate. If any of these
requirements are not met, the resulting measurements will be of limited use
in any GIS. In short, we need to know what we are measuring, there must be
a predefined scale on to which we can place phenomena, and we must use a
consistent set of rules to control this placement.

Sometimes what we need to measure to produce attribute data is
obvious, but sometimes we are interested in analyzing concepts that are
not readily measured and for which no agreed measurement rules exist.
This is most common when the concept of interest is itself vague or spans
a variety of possible interpretations. For example, it is easy to use a GIS
to map the population density over a region, but the concept of overpopu-
lation cannot be measured simply by the population density, because it
involves people’s reactions, standard of living, and the resources available.
Note that, provided attention is paid to the difficulties, these ideas do not
prevent us from creating measures based on opinions, perceptions, and so
on, and therefore admit the development of a GIS dealing with qualitative
data.

The rules defining the assignment of a name, rank, or number to phe-
nomena determine what is called the level of measurement, different levels
being associated with different rules. Stevens (1946) devised a useful clas-
sification of measurement levels that recognizes four levels: nominal, ordi-
nal, interval, and ratio.

N om i n a l M e a s u r e s

Because no assumptions are made about relative values being assigned
to attributes, nominal measures are the lowest level in Stevens’s
scheme. Each value is a distinct category, serving only to label or
name the phenomenon. We call certain buildings ‘‘shops’’ and there is
no loss of information if these are called ‘‘category 2’’ instead. The only
requirement is that categories are inclusive and mutually exclusive. By
inclusive we mean that it must be possible to assign all objects to some
category or other (‘‘shop’’ or ‘‘not a shop’’). By mutually exclusive we
mean that no object should be capable of being placed in more than
one class. No assumption of ordering or of distance between categories
is made. With nominal data, any numbers used serve merely as symbols
and cannot be manipulated mathematically in a meaningful way. This
limits the operations that can be performed on them. Even so, we can
count category members to form frequency distributions. If entities are
spatially located, we may also map them and perform operations on
their (x; y) locational coordinates.
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O r d i n a l M e a s u r e s

For nominal measures there are no implied relationships between classes.
If it is possible to rank classes consistently according to some criterion, we
have an ordinal level of measurement. An example is the classification of
land into capability classes according to its agricultural potential. We know
the order, but not the difference, along an assumed scale. Thus, the differ-
ence between the first and second classes may be very different from that
between the ninth and tenth classes. Like nominal data, not all mathema-
tical operations are clearly meaningful for ordinal data, but some statistical
manipulations that do not assume regular differences are possible.

Attributes measured on the nominal and ordinal scales are often referred
to collectively as categorical data.

I n t e r v a l a n d R a t i o M e a s u r e s

In addition to ordering, the interval level of measurement has the property
that differences or distances between categories are defined using fixed
equal units. Thermometers typically measure on an interval scale, ensuring
that the difference between, say, 25 and 35�C is the same as that between
75.5 and 85:5�C. However, interval scales lack an inherent zero and so can
be used only to measure differences, not absolute or relative magnitudes.
Ratio scales have an inherent zero. A distance of 0m really does mean no
distance, unlike the interval scale 0�C, which does not indicate no tempera-
ture. By the same token, 6m is twice as far as 3m, whereas 100�C is not
twice as hot as 50�C.

This distinction can be clarified by examining what happens if we calcu-
late the ratio of two measurements. If place A is 10 km (6.2137 miles) from
B and 20 km (12.4274 miles) from C, the ratio of the distances is

distance AB

distance AC
¼

10

20

�
6:2137

12:4274

�
1

2

ð1:1Þ

whatever units of distance are used. Distance is fundamentally a ratio-
scaled measurement. Interval scales do not preserve ratios in the same
way. If place X has a mean annual temperature of 10�C (50�F) and place
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Y is 20�C (68�F), we cannot claim that Y is twice as hot as X because the
ratio depends on our units of measurement. In Celsius it is 20=10 ¼ 2, but in
Fahrenheit it is 68=50 ¼ 1:36. Despite this difference, interval and ratio
data can usually be manipulated arithmetically and statistically in similar
ways, so it is usual to treat them together. Together, they are called numer-
ical measures.

Although data may have been collected at one measurement level, it is
often possible and convenient to convert them into a lower level for mapping
and analysis. Interval and ratio data can be converted into an ordinal scale,
such as high/low or hot/tepid/cold. What is generally not possible is to collect
data at one level and attempt to map and analyze them as if they were at a
higher level, as, for example, by trying to add ordinal scores.

It is important to note that not everybody is happy with Stevens’s scheme
for classifying levels of measurement. Velleman and Wilkinson (1993) have
pointed out that it is unnecessarily restrictive to rule out various types of
analysis because the level of the attribute measurement seems not to sup-
port them (they also point out that this was not Stevens’s intention). A good
example is where a nominal attribute—say, a county ID number—seems to
have some relationship with another variable of interest. Often, in spatial
numbering schemes there is a spatial pattern to the numbering—perhaps
from east to west or north to south, or from an urban center outward. In
such cases, relationships might very well be found between a theoretically
nominal attribute (the ID number) and some other variable. Of course, in
this case it would be important to determine what is responsible for the
relationship, not simply to announce that county IDs are correlated with
crime rates or whatever.

Later, Stevens himself added a log interval scale to cover measures such
as earthquake intensity and pH, where the interval between measures rises
according to a power rule. More recently still, Chrisman (1995) has pointed
out that there are many other types of data that don’t fit this scheme. For
example, many types of line object are best represented by both their mag-
nitude and direction as vector quantities (see Appendix B), and we often
refer measures to cyclical scales such as angles that repeat every 360�.
Similarly, recent developments have led to common formats for many
types of data. What type of variable is an MP3 file? Are photographic
images hot-linked to a point on a GIS merely nominal data? There seems
to be no other place in Stevens’s scheme for photographs, which neverthe-
less seem to contain a lot more information than this would imply. Such
criticism of the measurement-level approach emphasizes the important
principle that it is always good to pursue investigations with an open
mind! Nevertheless, the nominal–ordinal–interval–ratio scheme remains
useful in considering the possibilities for analysis.
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D i m e n s i o n s a n d U n i t s

Apart from their level of measurement, attributes also have the property of
dimensionality and are related to some underlying scale of units. If we
describe a stream as a line object, variables we might consider important
include its velocity, cross-sectional area, discharge, water temperature, and
so on. These measurable variables are some of its dimensions of variability.
The choice of dimensions is dependent on the interests of the researcher,
but in many problems in applied science it can often be reduced to combina-
tions of the three fundamental dimensions of mass, length, and time, indi-
cated by the letters M, L, and T. For example, a velocity dimension is
distance L divided by time T, or L=T. This is true regardless of whether
velocity is recorded in miles per hour or meters per second. LT�1 is another
way of writing length divided by time.

Similarly, cross-sectional areas can be reduced to the product of two
length dimensions, or L2, discharge is a volume L3 per unit of time T with
dimensions L3T�1, and so on. Nondimensional variables are an important
class whose values are independent of the units involved. For example, an
angle measured in radians is the ratio of two lengths—arc length and circle
radius—whose dimensions cancel out ðLL�1

¼ L0), to give no dimension. An
important source of nondimensional values is observations recorded as pro-
portions of some fixed total. For example, the proportion of the population
that is white in some census district is a nondimensional ratio.

Dimensional analysis is an extremely valuable method in any applied
work. Because equations must balance dimensionally as well as numeri-
cally, the method can be used to check for the existence of variables that
have not been taken into account, and even to help in suggesting the correct
form of functional relationships. Surprisingly, geographers have shown
little interest in dimensional analysis, perhaps because in a great deal of
human geographic work no obvious fundamental dimensions have been
recognized. Yet, as Haynes (1975, 1978) has shown, there is nothing to
stop the use of standard dimensions such as P (¼ number of people) or $
(¼ money), and this usage may often suggest possible forms of equations.

Finally, interval and ratio attributes are related to a fixed scale of units,
the standard scales used to give numerical values to each dimension.
Through history many systems of units have been used to describe the
same dimensions. For example, in distance measurement use has been
made of British or Imperial units (inches, feet, miles), metric units (meters,
kilometers), and other traditional systems (hands, rods, chains, nautical
miles), giving a bewildering and confusing variety of fundamental and
derived units. Although many systems were used because of their relevance
to everyday life and are often convenient, in science they are unsatisfactory
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and can become confusing. This is something that the National Aeronautics
and Space Agency found out at enormous cost when confusion over the
system of units used to measure the gravitational acceleration of Mars
spelled disaster for a recent mission.

Spatial Data Types in Everyday Life

Look at Figure 1.1, which attempts to summarize the different spatial data

types we have discussed. All that it does is to cross-tabulate measurement

level with the geometric object types to arrive at 12 possible spatial data

types. Now we want you to think about the rather abstract ideas that we

have been discussing. What types of spatial object do you move among in

your day-to-day life? For example:

. Is your house a point or an area, or both?

. Is your route to work, school, or college a line? What attribute might

be used to describe it?

. Are you a nominal point data type? Perhaps you are a space–time

(hence four-dimensional) line?

. What measurement scales would be suitable for the attributes that

you would use to describe each of these (and any other) spatial

objects that you have suggested?
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The answers to these questions give a sense of how potentially rich, but

also how reductive the entity–attribute framework is. As we explore spatial

analysis further, remember this point: Regardless of the insights that spatial

analysis may yield, it is always performed on a representation of reality that

may ultimately limit its usefulness.

1 . 4 . G I S A N A L Y S I S , S P A T I A L D A T A
MAN I P U L A T I ON , A ND S P A T I A L A N A L Y S I S

It is impossible to consider geographic information near the beginning of
the twenty-first century without considering the technology that is increas-
ingly its home: geographical information systems. Although GISs are not
ubiquitous in the way that (say) word processors are, they seem likely to
continue to infiltrate more and more businesses, government agencies, and
other decision-making environments. Even if this is the first time you’ve
read a geography textbook, chances are that you will already have used a
GIS without knowing it, by using a Web site to generate a map of some
holiday destination or driving directions to get there. The capacity for GIS
users to collate and transform spatial data is apparently endless. In this
section we highlight the increasing need for spatial analysis that we believe
the rapid diffusion of GIS technology trails in its wake. The operations that
GISs typically provide are described below.

Ma p p i n g a n d V i s u a l i z a t i o n

Often neglected is the most basic function of a GIS, one that it performs
almost without thinking, which is the provision of maps—and, increasingly,
three-dimensional visualizations—of either landscapes or ‘‘datascapes.’’
More and more frequently, maps are offered as evidence for some case
the presenter is arguing, but maps have been used for centuries as a data
storage and access mechanism for topographic and cadastral (land owner-
ship) information. Since the nineteenth century, the thematic map has been
used to display statistical data and the results of other systematic surveys.
Board (1967) elaborates on this use of maps as data models. Similarly,
Downs (1998) points out that just as microscopes and telescopes magnify
objects so that they can be studied, so maps ‘‘mimify’’ them as an aid to
study. These uses of maps for storage, access, and communication of results
are well known, and by and large, understood and accepted. Less widely
accepted is the use of maps as a direct means of analysis where the act of
display is itself an analytical strategy.
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A Real Exercise

If you have access to a G|S, experiment to see which types of map display

are implemented. Then think about the differences between drawing maps

on screen by computer and drawing them on paper by hand. How do you

think these differences might be reflected in the types of map drawn and the

uses to which they are put?

An early example of this type of use is the work of John Snow, who
produced a map of the distribution of deaths in an 1854 cholera outbreak
in the London district of Soho. In today’s terminology, this was a simple dot
map and made possible by Snow’s access to individual case addresses.
Viewed on its own, this map showed some evidence of spatial clustering
of cases of the disease, but following a hunch, Snow overlaid a second map of
water pumps in the area and was able to show that many cases were con-
centrated around a single source of infected water. On his advice the autho-
rities closed the pump and the epidemic was halted. The discovery of a link
between cholera and water supply led to a movement in the United
Kingdom toward public water supply in the second half of the nineteenth
century. Had Snow worked a little more than a century later with access to
a GIS, he would almost certainly have addressed the same problem using a
battery of techniques from spatial statistical analysis of the sort we intro-
duce later in this book. For now, the important lesson from his work is that
a map can itself be strong evidence supporting a scientific theory.

Snow’s work is a classic, if disputed (see Brody et al., 2000), example of
scientific visualization. This may be defined as exploring data and informa-

tion graphically as a means of gaining understanding and insight. There
are many reasons why visualization has recently become popular in all the
sciences. Developments in sensor technology and automated data capture
mean that data are now produced at rates faster than they can easily be
converted into knowledge. Streams of data are being added to warehouses
full of old data at an extraordinary rate (at perhaps 3 million gigabytes a

day in one recent estimate; see Lyman and Varian, 2000). Second, some of
the most exciting discoveries in science have been associated with nonlinear

dynamics, or chaos theory, where apparently simple mathematical equa-
tions conceal enormously complex behavior and structure that are most
readily appreciated when displayed graphically. To appreciate this point,
just spend half an hour in the popular science section of any bookshop.
Third, as complex simulation models become common scientific products,
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it has become necessary to use visualization as the only practical way to
assimilate the model outputs. A good example is the display of output from
the atmospheric general circulation models used in the investigation of
global warming. (In Chapter 12 we explore other developments in geo-
graphic information analysis that may also stem from these changes.)

Visualization is in the tradition of exploratory data analysis in statistics.
Its worth lies in its emphasis on the use of graphics in the development of
ideas, not, as in traditional graphics, in their presentation. Indeed, visua-
lization often turns traditional research procedures upside-down by devel-
oping ideas graphically and then presenting them by nongraphic means.
This view is illustrated in Figure 1.2. Traditional research plans are illu-
strated on the left-hand side, proceeding in a linear fashion from questions
to data, followed by analysis and conclusions, where maps were important
presentation tools. The contemporary GIS research environment is more
like that illustrated on the right. Data are readily available in the form of
maps, prompting questions. Of course, the researcher may also come to a
problem with a set of questions and begin looking for answers using avail-
able data by mapping them in a GIS. Maps produced as intermediate
products in this process (and not intended for publication) may prompt
further questions and the search for more data. This complex and fluid
process is pursued until useful conclusions are produced. Of course, the
traditional approach was never as rigid or linear as portrayed here, and
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the contemporary approach may be more structured than this description
suggests. The important point is that maps have become tools of analysis

and are no longer simply tools for the presentation of results.
A further, related consequence of the changing role of maps has been the

demise of cartography as a distinct discipline amid recognition that maps
are just one form of display. Early progress in relating ideas from visualiza-
tion to GISs and mapping can be found in Hearnshaw and Unwin (1994),
MacEachren and Fraser Taylor (1994), and Unwin (1994). Now, in a world
where one well-known cartographer has remarked, ‘‘the user is the carto-
grapher’’ (Morrison, 1997), it is worth emphasizing two things. First, if map
displays are to be used effectively as a means of spatial analysis, it is
important that the lessons learned by cartographers about making useful
and meaningful map products not be forgotten. There are some excellent
basic texts, including those by Dent (1990), Monmonier (1991), and
Robinson et al. (1995). Don’t be put off by references to older methods of
mapmaking in these books: It is precisely the point that changes in the
technology of mapmaking have not made the accumulated knowledge of
cartographers redundant. Second, and notwithstanding the ability of
maps to prompt and sometimes answer questions, spatial analysis is
often required to dig deeper: There seems to be a pattern, but is it signifi-
cant? Or does the map really support the case being made? Visualization
and mapping techniques can often make it appear obvious what is going on,
but we often need spatial analysis to answer questions about the signifi-
cance or importance of the apparently obvious.

G e om e t r i c I n t e r s e c t i o n s , B u f f e r i n g , a n d P o i n t -
i n - P o l y g o n T e s t s

It is easy using a GIS to raise questions and issues that would once have
taken many months to investigate. Often, the ability to intersect different
types of spatial units in different ways is key to this. For example, we can
easily determine how many cases of a disease occur within various dis-
tances of certain kinds of factory or other facility. We need geocoded data
for cases of the disease and also for the facilities. These are usually avail-
able in the form of mailing addresses for both those afflicted by the disease
and for the suspect facilities. We can then buffer the facilities to some
distance (say, 1 km), perhaps even introducing distortions in the buffer
shapes to account for prevailing wind directions. Point-in-polygon opera-
tions then allow us to determine how many cases of the disease occur in
the relevant buffer areas. The end result is a set of numbers recording how
many cases of the disease occurred in the vicinity of each factory and how
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many occurred nowhere near a factory. The results of such a study could be
presented as evidence of causal links. But how do we assess the numbers
produced by this sequence of routine GIS operations? This is exactly the
type of problem with which spatial analysis is concerned, which GISs them-
selves are often ill equipped to handle.

Ma p O v e r l a y

In map overlay, two or more layers are combined in various ways to produce
additional new, combined layers. The classic example is combining a num-
ber of development suitability classifications into a single composite index.
This application was one of the original inspirations for GIS technology (see
McHarg’s 1969 classic Design with Nature). Input coverages might include
land slope, woodland density, transport accessibility (which might in turn
have been generated from a buffer operation on the transport system),
environmental sensitivity, and geological suitability for building. Map over-
lay of these coverages produces a composite coverage formed from multiple
intersections of all the input layers. Areas in the composite layer each have
multiple attributes, derived from the attributes of their ‘‘parents’’ and can
be assigned an overall suitability for development.

The fundamental operation here is geometric intersection. A related
operation merges polygons in different layers, depending on the similarity
of their attributes. Again the operation is essentially the geometric manip-
ulation of input polygons. Incidentally, both these cases are good examples
of the interchangeability of the raster and vector models, since either can
readily be performed in a system based on either model. In fact, the two
operations are developments—in geographical space—of the intersection
and union operations familiar from set theory and Venn diagrams.
Because it is so often a part of any geographic information analysis, map
overlay and some of the issues it raises are discussed further in Chapter 10.

L i n k i n g G I S a n d S p a t i a l A n a l y s i s

We have been deliberately vague about this so far, but an obvious question
arises. If spatial analysis is so necessary—even worth writing a book
about—why isn’t it a standard part of the GIS tool kit? Why don’t we
have geographical information analysis systems? We would suggest a num-
ber of reasons, among them:

1. The GIS view of spatial data and that of spatial analysis are dif-
ferent. As we have seen, GIS is mostly built around the entity–
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attribute model. This is important in spatial analysis because that
is the form in which the data we analyze are available. However,
the spatial analysis view of spatial data is more concerned with
processes and patterns, which we will see is a very different per-
spective.

2. Spatial analysis is not widely understood. Spatial analysis is not
obvious or especially easy, although it is not as difficult as some
accounts make it appear. The apparent difficulty means that it is
hard to convince software vendors to incorporate spatial analysis
tools into standard products. The basic requirement for a spatial
database is far more important to most large GIS buyers (govern-
ment agencies, utilities) than the ability to perform obscure and
complex spatial analysis functions. Spatial analysis tools are there-
fore one of the possible additions to GISs that are frequently left
out. This problem is becoming less significant as software engineer-
ing methods enable vendors to supply add-ons and extensions for
their products that can be sold separately from the original soft-
ware—often at considerable profit. Third-party vendors can also
supply add-on components more easily than previously.

3. The spatial analysis perspective can sometimes obscure the advan-

tages of GIS. By applying spatial analysis techniques, we often
raise awkward questions: ‘‘It looks like there’s a pattern, but is it
significant? Um . . .maybe not.’’ This is a hard capability to sell!

As a result, there is no single, readily available software package that
implements many of the techniques we will be studying. This is unfortunate
for two reasons. First, you may find that you cannot use a lot of the tech-
niques you learn in this book right away, simply because they are not
generally available. Second, one of the reasons for writing this book is our
belief that spatial analysis, no matter how it is defined, has a crucial role
to play in the ongoing development of geographical information science
and technology, so that its absence from that technology must surely be
regrettable.

1 . 5 . CONC L U S I ON

In the remainder of this book we take you on a tour of the field of spatial
analysis, in the context of GIS technology—geographic information analy-
sis, as we have called it. We have organized the tour in what we hope you
will find is a logical way. In the next chapter we look at some of the big
problems of spatial analysis: what makes spatial statistical analysis differ-
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ent from standard statistical analysis and the pitfalls and potential therein.
In Chapter 3 we describe some fundamental issues in the analysis of spatial
data, defining the important concept of process. In Chapter 4 we deal with
the description and statistical analysis of point patterns, and in Chapter 5
we look at more recent approaches to this important topic. We explore
similar topics for line objects in Chapter 6 and for areas in Chapter 7.
Chapters 8 and 9 deal with the analysis of continuous fields. In Chapter
10 we look at map overlay operations from a spatial analytic perspective.
Multivariate data are commonly encountered in geography, and in Chapter
11 we briefly review some simple methods for exploring such data, empha-
sizing the idea that these data are inherently spatial. Finally, in Chapter 12
we describe some newer directions and developments in spatial analysis.
Throughout, we have tried to keep the level of mathematics and the statis-
tical prerequisites as low as possible, but there are places where we have to
draw on what may be unfamiliar mathematics to some. To help you along,
we have included two appendixes that summarize the statistics and matrix
algebra that you will find useful. If your mathematics is a little rusty, we
suggest that you have a look at these more or less straightaway . . .

CHA P T E R R E V I EW

. Spatial analysis is just one part of a whole range of analytical tech-
niques available in geography and should be distinguished from GIS
operations, on the one hand, and spatial modeling, on the other.

. For the purposes of this book, geographical information analysis is
the study of techniques and methods to enable the representation,
description, measurement, comparison, and generation of spatial
patterns.

. Exploratory, descriptive, and statistical techniques may be applied to
spatial data to investigate the patterns that may arise as a result of
processes operating in space.

. Spatial data may be of various broad types: points, lines, areas, and
fields. Each type typically requires different techniques and
approaches.

. The relationship between real geographic entities and spatial data is
complex and scale dependent.

. Representing geographic reality as points, lines, areas, and fields is
reductive, and this must be borne in mind in all subsequent analysis.

. Although we have emphasized the difference between spatial analy-
sis and GIS operations, the two are interrelated, and most current
spatial analysis is carried out on data stored and prepared in GISs.
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. Even so, relatively little spatial analysis of the type to be described in
this book is currently carried out in standard GIS software packages.
This situation is likely to change, albeit less rapidly than we are
accustomed to in other technology products.

R E F E R E N C E S

Bailey, T. C., and A. C. Gatrell (1995). Interactive Spatial Data Analysis.
Harlow, Essex, England: Longman.

Board, C. (1967). Maps as models, in R. J. Chorley and P. Haggett, (eds.),
Models in Geography. London: Methuen, pp. 671–725.

Brody, H., M. R. Rip, P. Vinten-Johansen, N. Paneth, and S. Rachman (2000).
Map-making and myth-making in Broad Street: the London cholera epidemic.
The Lancet, 356(9223):64–68.

Chrisman, N. (1995). Beyond Stevens: a revised approach to measurement for
geographic information. Paper presented at AUTOCARTO 12, Charlotte, NC.
Available at http:==faculty.washington.edu/chrisman/Present/BeySt.html,
accessed on December 23, 2001.

Cressie, N. (1991). Statistics for Spatial Data. Chichester, West Surrey,
England: Wiley.

DCDSTF (Digital Cartographic Data Standards Task Force) (1988). The pro-
posed standard for digital cartographic data. The American Cartographer,
15(1):9–140.

Dent, B. D. (1990). Cartography: Thematic Map Design. DuBuque, IA: WCB
Publishers.

Diggle, P. (1983). Statistical Analysis of Spatial Point Patterns. London:
Academic Press.

Downs, R. M. (1998). The geographic eye: seeing through GIS. Transactions in
GIS, 2(2):111–121.

Ford, A. (1999). Modeling the Environment: An Introduction to System
Dynamics Models of Environmental Systems. Washington DC: Island Press.

Fotheringham, A. S., C. Brunsdon, and M. Charlton (2000). Quantitative
Geography: Perspectives on Spatial Data Analysis. London: Sage.

Haynes, R. M. (1975). Dimensional analysis: some applications in human geo-
graphy. Geographical Analysis, 7:51–67.

Haynes, R. M. (1978). A note on dimensions and relationships in human geo-
graphy. Geographical Analysis, 10:288–292.

Hearnshaw, H., and D. J. Unwin (eds.) (1994). Visualisation and GIS. London:
Wiley.

Lyman, P., and H. R. Varian. (2000). How Much Information. Available at
http:==www.sims.berkeley.edu/how-much-info, accessed on December 18,
2001.

MacEachren, A. M., and D. R. Fraser Taylor (eds.) (1994). Visualisation in
Modern Cartography. Oxford: Pergamon.

24 GEOGRAPHIC INFORMATION ANALYSIS



McHarg, I. (1969). Design with Nature. Garden City, NY: Natural History
Press.

Mitchell, A. (1999). The ESRI Guide to GIS Analysis. Redlands, CA: ESRI
Press.

Monmonier M. (1991). How to Lie with Maps. Chicago: University of Chicago
Press.

Morrison, J. (1997). Topographic mapping for the twenty-first century, in D.
Rhind (ed.), Framework for the World. Cambridge: Geoinformation
International, pp. 14–27.

Ripley, B. D. (1981). Spatial Statistics. Chichester, West Sussex, England:
Wiley.

Ripley, B. D. (1988). Statistical Inference for Spatial Processes. Cambridge:
Cambridge University Press.

Robinson, A. H., J. L. Morrison, P. C. Muehrcke, A. J. Kimerling, and S. C.
Guptill (1995). Elements of Cartography, 6th ed. London: Wiley.

Stevens, S. S. (1946). On the theory of scales of measurements. Science,
103:677–680.

Tomlin, C. D. (1990). Geographic Information Systems and Cartographic
Modelling. Englewood Cliffs, NJ: Prentice Hall.

Unwin, D. J. (1981). Introductory Spatial Analysis. London: Methuen.
Unwin, D. J. (1994). Visualisation, GIS and cartography. Progress in Human

Geography, 18:516–522.
Velleman, P. F., and L. Wilkinson (1993). Nominal, ordinal, interval, and ratio

typologies are misleading. The American Statistician, 47(1):65–72.
Wilson, A. G. (1974). Urban and Regional Models in Geography and Planning.

London: Wiley.
Wilson, A. G. (2000). Complex Spatial Systems: The Modelling Foundations of

Urban and Regional Analysis. Harlow, Essex, England: Prentice Hall.
Worboys, M. F. (1992). A generic model for planar spatial objects. International

Journal of Geographical Information Systems, 6:353–372.
Worboys, M. F. (1995). Geographic Information Systems: A Computing

Perspective. London: Taylor & Francis.
Worboys, M. F., H. M. Hearnshaw, and D. J. Maguire (1990). Object-oriented

data modeling for spatial databases. International Journal of Geographical
Information Systems, 4:369–383.

Zeiler, M. (1999).Modeling Our World: The ESRI Guide to Geodatabase Design.
Redlands, CA: ESRI Press.

Geographic Information Analysis and Spatial Data 25


	first

