
12.1 Introduction 

• Maps are a very effective way of summarizing and communicating the results of GIS operations 

to a wide audience. 

• It is useful to distinguish between two types of GIS output: 

• Formal maps, created according to well-established cartographic conventions, are used as a 

reference or communication product. 

• Transitory maps and map-like visualizations are used simply to display, analyze, edit, and 

query geographic information. 

• This chapter focuses on maps and the next chapter on visualization. 

• Cartography concerns the art, science, and techniques of making maps or charts. 

• Paper maps remain in widespread use because of their transportability, their reliability, ease of 

use, and the straightforward application of printing technology that they entail. 

• Today’s mapping must be capable of communicating an extensive array of messages and 

emulating the widest range of ‘what if’ scenarios. 

12.2 Maps and cartography 

• There are many possible definitions of a map; here the authors use the term to describe digital 

or analog (soft- or hardcopy) output from a GIS that shows geographic information using wellestablished 

cartographic conventions. 

• There are two basic types of map: reference maps and thematic maps. 

• Maps fulfill two very useful functions as both storage and communication mechanisms for 

geographic information. 

• A major function of a map is not simply to marshal and transmit known information about the 

world, but also to create or reinforce a particular message. 

• Maps have several limitations: 

• they can have the effect of miscommunication, accidentally or on purpose; 

• they are a single realization of a spatial process; 

• they use complex rules, symbology, and conventions that may be difficult to understand and 

interpret by the untrained viewer. 

12.2.1 Maps and media 

• Digital cartography and GIS free map-makers from many of the constraints inherent in traditional 

(non-GIS) paper mapping. Paper maps: 

• are fixed scale; zoom facility of GIS allows viewing at a range of scales; 

• are fixed extent; GIS can provide a seamless coverage; 

• present a static view of the world; GIS representations can be animated; 

• are flat; GIS can provide 3-D visualization; 

• provide a complete view of the world; GIS allows supplementation of additional data; 

• provide a map producer-centric view; GIS allows users to create their own view. 

12.3 Principles of map design 

• Primary goals in map design are to share information, highlight patterns and processes, and 

illustrate results. 

• A secondary objective is to create a pleasing and interesting picture, but this must not be at the 

expense of the message inherent in the data. 

• Robinson et al (1995) define seven controls on the map design process: purpose, reality, 

available data, map scale, audience, conditions of use, and technical limits. 

12.3.1 Map composition 

• Map composition is the process of creating a map comprising of several closely interrelated 

elements: map body, inset/overview map, title, legend, scale, direction indicator, map metadata. 

• A key requirement for a good map is that all map elements are composed into a layout that has 



good visual balance. 

12.3.2 Map symbolization 

• The data to be displayed on a map must be classified and represented using graphic symbols 

that conform to well-defined and accepted conventions. 

• Measurement scales and spatial object types are thus one set of conventions that are used to 

abstract reality. 

12.3.2.1 Attribute representation and transformation 

• Attribute mapping entails the use of graphic symbols. 

• Basic point, line, and area symbols are modified in different ways in order to communicate 

different types of information. 

• The nature of these modifications was first explored by Bertin in 1967, and was extended to the 

typology illustrated in Figure 12.9 by MacEachren. 

• Some of the common ways in which these graphic variables are used to visualize spatial object 

types and attributes are shown in Table 12.1. 

• Automating placement of symbols and labels presents some challenging analytical problems. 

• Most GIS packages include generic algorithms for positioning labels and symbols in relation 

to geographic objects. 

• As a general rule, the typical user is unable to differentiate between more than seven (plus or 

minus two) ordinal categories, and this provides an upper limit on the normal extent of an ordinal 

hierarchy. 

• There are a variety of conventions used to visualize interval- and ratio-scale attributes. 

• Ascribing interval or ratio scale attribute data to areal entities that are pre-defined. 

• The standard method of depicting areal data is in zones. However, as was discussed in 

Section 6.2, the choropleth map brings the dubious visual implication of within-zone 

uniformity of attributes. 

• Moreover, conventional choropleth mapping also allows any large (but possibly 

uninteresting) areas to dominate the map visually. 

• Dot density map, which uses points as a more aesthetically pleasing means of representing 

the relative density of zonally averaged data – but not as a means of depicting the precise 

locations of point events. 

• Proportional circles. 

• There is no natural ordering implied by use of different colors and the common convention is to 

represent continuous variation on the red-green-blue (RGB) spectrum. 

• There are four basic classification schemes to divide interval and ratio data into categories: 

• Natural (Jenks) breaks in which classes are defined according to apparently natural groupings 

of data values. Best used when the breaks are relevant to a particular application or 

threshold values. 

• Quantile breaks in which each of a predetermined number of classes contains an equal 

number of observations. Well suited to the spatial display of uniformly distributed data. 

• Equal interval breaks. Best applied if the data ranges are familiar to the user, such as 

temperature ranges. 

• Standard deviation classifications. 

• The choice of classification is very much the outcome of choice, convenience, and the 

accumulated experience of the cartographer and is aided by the ease with which different 

classifications can be tested in GIS. 

12.3.2.2 Multivariate mapping 

• Multivariate maps show two or more variables for comparative purposes. 

• This section illustrates how this can be done with a few examples. 



12.4 Map series 

• Map series by definition share a number of common elements (for example, projection, general 

layout, and symbology) and a number of techniques have been developed to automate the map 

series production process. 

• The heart of map production through GIS is a geographic database covering the area and data 

layers of interest. 

• Such a base cartographic data model is often referred to as a Digital Landscape Model (DLM) 

because its role is to represent the landscape in the GIS as a collection of features that is 

independent of any map product representation. 

• For each DLM, one or more cartographic data models (DCMs) can be created. 

• Thus it will be possible to create multiple different map products from this DLM database. 

• Many similar maps can be created efficiently from a common map template that includes any 

material common to all maps (for example, inset/overview maps, titles, legends, scales, direction 

indicators, and map metadata). 

12.5 Applications 

• The goal of this section is to highlight a few examples that raise some interesting cartographic 

issues. 

• In some instances, prevailing conventions will have evolved over long periods of time, while in 

others the new-found capabilities of GIS entail a distinct break with the past. 

• As a general rule, where accuracy and precision of georeferencing are important, the 

standard conventions of topographic mapping will be applied. 

• Utility applications often use schematic maps and now hybrid schematic and geographic maps, 

geoschematics. 

• Transportation applications use linear referencing. 

• Military uses of maps have special cartographic conventions of multivariate symbols that have 

operational and tactical significance. 

 

14.1 Introduction: what is spatial analysis? 

• The techniques covered in these three chapters are generally termed spatial rather than 

geographic, because they can be applied to data arrayed in any space, not only geographic 

space. 

• Spatial analysis is the crux of GIS because it includes all of the transformations, manipulations, 

and methods that can be applied to geographic data to add value to them, to support decisions, 

and to reveal patterns and anomalies that are not immediately obvious. 

• Spatial analysis is the process by which we turn raw data into useful information. 

• The term analytical cartography is sometimes used to refer to methods of analysis that can be 

applied to maps to make them more useful and informative. 

• In this and the next chapter the authors look first at some definitions and basic concepts of 

spatial analysis. 

• Following introductory material, the two chapters include six sections, which look at spatial 

analysis grouped into six more-or-less-distinct categories: queries and reasoning, measurements, 

transformations, descriptive summaries, optimization, and hypothesis testing. 

• Chapter 16 is devoted to spatial modeling, a loosely defined term that covers a variety of more 

advanced and more complex techniques, and includes the use of GIS to analyze and simulate 

dynamic processes, in addition to analyzing static patterns. 

• The human eye and brain are also very sophisticated processors of geographic data and excellent 

detectors of patterns and anomalies in maps and images. 

• So the approach taken here is to regard spatial analysis as spread out along a continuum of 



sophistication, ranging from the simplest types that occur very quickly and intuitively when 

the eye and brain look at a map, to the types that require complex software and 

sophisticated mathematical understanding. 

• Spatial analysis is a set of methods whose results change when the locations of the objects being 

analyzed, or the frame used to analyze them, changes. 

14.1.1 Examples 

• John Snow map of cholera. 

• Openshaw’s technique, which generates a large number of circles, of random sizes, and throws 

them randomly over the map. The computer generates and places the circles, and then analyzes 

their contents, by dividing the number of cases found in the circle by the size of the population at 

risk. If the ratio is anomalously high, the circle is drawn (Figure 14.4). 

• Spatial analysis can be: 

• inductive, to examine empirical evidence in the search for patterns that might support new 

theories or general principles, in this case with regard to disease causation; 

• deductive, focusing on the testing of known theories or principles against data; 

• normative, using spatial analysis to develop or prescribe new or better designs. 

14.1.2 Types of spatial analysis and modeling 

• The remaining sections of this chapter and the next discuss methods of spatial analysis using six 

general headings: 

• Queries answer simple questions posed by the user. No changes occur in the database, and 

no new data are produced. 

• Measurements are simple numerical values that describe aspects of geographic data such as 

length, area, or shape. 

• Transformations are change datasets, combining them or comparing them to obtain new 

datasets. 

• Descriptive summaries attempt to capture the essence of a dataset in one or two numbers. 

• Optimization techniques are normative in nature, designed to select ideal locations for 

objects given certain well-defined criteria. 

• Hypothesis testing focuses on the process of reasoning from the results of a limited sample 

to make generalizations about an entire population. Hypothesis testing is the basis of 

inferential statistics. 

• Chapter 16 turns to modeling, both static, which describes the use of a sequence to attain some 

defined goal, and dynamic, which uses the GIS to emulate real physical or social processes 

operating on the geographic landscape. 

14.2 Queries 

• In the ideal GIS it should be possible for the user to interrogate the system about any aspect of 

its contents, and obtain an immediate answer. 

• Interrogation might involve pointing at a map, or typing a question, or pulling down a menu 

and clicking on some buttons, or sending a formal SQL request to a database. 

• Simple forms of interrogation are achieved through various views of the data. 

• The usual ones are catalog, map, and table views. 

• Others might be histograms or scatterplots. 

• These different views may be linked to show selected objects highlighted in different views. 

• Exploratory data analysis is sometimes used to describe these forms of interrogation. 

• Exploratory spatial data analysis allows its users to gain insight by interacting with 

dynamically linked views. 

• Second, many methods are commonly available for interrogating the contents of tables, such as 

SQL. 



14.3 Measurements 

• Refers to the origins of the Canada GIS in the need for accurate measurements of area and 

mentions the manual dot-counting and planimeter methods. 

• Figure 14.9 gives the algorithm for calculation of the area of a polygon. 

• Box 4.2 gives the definition of algorithm. 

14.3.1 Distance and length 

• A metric is a rule for the determination of distance between points in a space. 

• Pythagorean or straight-line metric is explained with an equation and diagram (Fig 14.10). 

• Notes this metric does not work for latitude and longitude; must use the spherical metric 

provided in Section 5.6 to calculate great circles. 

• Distance along a route represented by a polyline is often calculated by summing the lengths of 

each segment of the polyline. 

• Since there is a general tendency for polylines to short-cut corners, the length of a polyline 

tends to be shorter than the length of the object it represents. 

• Length of a 3 dimensional line measured off its planimetric representation will also be shorter 

than its true length. 

14.3.2 Shape 

• This section talks mostly about gerrymandering and the need for measures of compact shape. 

14.3.3 Slope and aspect 

• Derivative measures such as slope and aspect are defined. 

• Discusses non-differentiable surfaces and the effects of grid resolution on the calculation of these 

measures. 

• Notes that the spatial resolution used to calculate slope and aspect should always be 

specified. 

• Discusses that there are several alternative measures of slope, and it is important to know which 

one is used in a particular software package and application. 

• Slope can be measured as an angle and as rise over run. 

• Unfortunately there are two different ways of defining run. Figure 14.16 shows the two 

options, depending on whether run means the horizontal distance covered between two 

points, or the diagonal distance (the adjacent or the hypotenuse). 

• Also, the number of surrounding points used to calculate slope and aspect will vary, as do the 

weights (see Box 14.4). 

14.4 Transformations 

14.4.1 Buffering 

• Builds a new object or objects by identifying all areas that are within a certain specified distance 

of the original objects. 

• In raster, buffers can be spread outwards from objects to create friction surfaces. 

14.4.2 Point in polygon 

• In its simplest form, the point in polygon operation determines whether a given point lies inside 

or outside a given polygon. 

• The standard algorithm is shown in Figure 14.19. 

14.4.3 Polygon overlay 

• Discrete and continuous overlay are very different. 

• From the discrete-object perspective, the task is to determine whether two area objects overlap, 

to determine the area of overlap, and to define the area formed by the overlap as one or more 

new area objects. 

• The continuous-field version of polygon overlay does this by first computing a new dataset in 

which the region is partitioned into smaller areas that have uniform characteristics on both 



variables. 

• Each area in the new dataset will have two sets of attributes – those obtained from one of 

the input datasets and those obtained from the other. 

• Notes that the new map contains a new junction of four lines, formed by the new 

intersection discovered during the overlay process. 

• Since the results of overlay are distinct in this way it is almost always possible to discover 

whether a GIS dataset was formed by overlaying two earlier datasets. 

• One of the issues that must be tackled by a practically useful algorithm is known as the spurious 

polygon or coastline weave problem. 

• But although the same boundary line may be represented in both source datasets, its 

representations will almost certainly not be the same. 

• The most common method for dealing with this is the specification of a tolerance. 

• If two lines fall within this distance of each other, the GIS will treat them as a single line 

and not create slivers. 

• Overlay in raster is much simpler – the attributes of each cell are combined according to a set of 

rules. 

14.4.4 Spatial interpolation 

• Spatial interpolation is a process of intelligent guesswork, in which the investigator (and the GIS) 

attempt to make a reasonable estimate of the value of a continuous field at places where the 

field has not actually been measured. 

• Notes that the one principle that underlies all spatial interpolation is the Tobler Law. 

14.4.4.1 Thiessen polygons 

• To estimate value at any point take the value measured at the closest point. This leads to a map 

in which the value is constant within polygons surrounding each point. 

14.4.4.2 Inverse-distance weighting 

• IDW is the method that is most often used by GIS analysts. 

• It estimates unknown measurements as weighted averages over the known measurements at 

nearby points, giving the greatest weight to the nearest points. 

• The mathematical notation is given. 

• There are various ways of defining weights, but the option most often employed is to computer 

them as the inverse squares of distances. 

• IDW is an exact method of interpolation because its interpolated results honor the data points 

exactly. 

• Cautions that IDW uses weights that are never negative, values are always calculated between 

the limits of the measured values, and it tends to regress to the mean outside the area of the 

data points (Figure 14.26). 

14.4.4.3 Kriging 

• The basic idea is to discover something about the general properties of the surface, as revealed 

by the measured values, and then to apply these properties in estimating the missing parts of the 

surface. 

• Provides a good but general explanation of the development of the semivariogram, isotropic and 

anisotropic semivariograms, range, sill and nugget. 

• Notes that a non-zero nugget occurs when there is substantial error in the measuring instrument. 

• To make estimates using Kriging, it is necessary to reduce the semivariogram to a mathematical 

function, usually by selecting one from a set of standard functional forms and fitting that form to 

the observed data points in the semivariogram. 

14.4.4.4 Density estimation 

• Most often applied to the estimation of point density. 



• Like slope and aspect, density can only be determined over a spatial resolution of a given 

distance (d). 

• Notes that, in general, many geographic themes can only be defined rigorously if spatial 

resolution is made explicit, and much confusion results in GIS because of our willingness to 

talk about themes without at the same time specifying spatial resolution. 

• In density estimation, each point is replaced by its kernel function and the various kernel 

functions are added to obtain an aggregate surface, or continuous field of density. 

 

 


