
 

• What exactly is geographic information, and why is it important? What is special about it? 

• What is information generally, and how does it relate to data, evidence, knowledge, wisdom, 

and 

understanding? 

• What kinds of decisions make use of geographic information? 

• What is a geographic information system, and how would I know one if I saw one? 

• What is geographic information science, and how does it relate to the use of geographic 

information systems for scientific purposes? 

• How do scientists use GIS, and why do they find it helpful? 

• How do companies make money from GIS? 

 

1.1 Introduction: why does GIS matter? 

 

• GIS is a special class of information systems that keeps track not only of events, activities, and 

things, but also of where these events, activities, and things happen or exist. 

• Knowing where something happens is of critical importance: 

• Geographic location is an important attribute of activities, policies, strategies, and plans. 

• Geographic problems involve an aspect of location, either in the information used to solve 

them, 

or in the solutions themselves. 

• Three bases for classifying geographic problems: 

• the scale or level of geographic detail; 

• the intent or purpose; 

o practical problem solving or normative applications, such as finding new locations 

o curiosity driven or positive uses that advance science, such as predicting behavior 

based 

on location. 

• the timescale; 

o operational decisions required for smooth functioning of an operation 

o tactical decisions that are medium-term 

o strategic decisions for long-term direction 

o transactional timescales at which databases are updated. 

 

 The basic terms need clarification: 

• Geographic refers to the Earth’s surface and near-surface. 

• Spatial refers to any space, often used in place of geographic. 

• Geospatial implies a subset of spatial applied to the Earth’s surface and near-surface. 

• Spatial is special because 

• almost all human activities and decisions involve a geographic component; 

• working with geographic information involves unique, complex and difficult choices; 

 

A brief history of GIS 

• This section mentions several milestones including: 



• the Canada Geographic Information System or CGIS, designed in the mid-1960s as a 

computerized map measuring system; 

• the US Bureau of the Census and the DIME program for the 1970 census; 

• Harvard University’s Laboratory for Computer Graphics and Spatial Analysis which developed 

ODYSSEY GIS in the late 1970s; 

• UK Experimental Cartography Unit pioneered high quality computer mapping in 1968; 

• computer mapping at the national mapping agencies; 

• remote sensing developments including military satellites, Landsat and GPS; 

• ‘The modern history of GIS dates from the early 1980s, when the price of sufficiently 

powerful computers fell below a critical threshold.’ 

 

Anatomy of a GIS 

 

Representative application areas and their foundations 

2.3.1 Introduction and overview 

• Applications generally fulfill the five M’s of GIS: mapping, measurement, monitoring, 

modeling, 

and management. 

• Applications can be traditional, developing, and new. 

• Figure 2.6 shows the classic Rogers model of innovation diffusion and the text applies this to 

GIS. 

• Four domains of GIS applications are: Government and public service; Business and service 

planning; Logistics and transportation; and Environment. 

2.3.2 Government and public service 

• As GIS has become cheaper, so it has come to be used in government decision making at all 

levels from the nation to the neighborhood. 

• Figure 2.7 shows the hierarchy of GIS use in government decision making. 

• Table 2.1 summarizes GIS applications in local government including inventory applications, 

policy analysis, and management/policy making. 

2.3.2.2 Case study: GIS in tax assessment 

• Scientific foundations (2.3.2.4): 

• Dependent on an unambiguous definition of parcels, and common standards about how 

different characteristics (such as size, age, and value of improvements) are represented. 

• Although the application is driven by results rather than scientific curiosity, it follows scientific 

procedures of controlled comparison. 

• Principles: 

• Combines Tobler’s First Law with local knowledge 

• Techniques: 

• Tax assessment requires a good database, a plan for system management and 

administration, and a workflow design. 

• Analysis: 

• Tax assessment uses standard GIS techniques such as proximity analysis, and geographic 

and attribute query, mapping, and reporting. 

• Once a property database has been created, it becomes a very valuable local asset: 



o public works departments may use it to label access points for repairs and meter reading 

o housing departments may use it to maintain data on property condition 

o many other departments may like shared access to a common address list for record 

keeping and mailings. 

• Management and Policy  

• Easy to develop a cost-benefit case for this application. 

• GIS is an important tool for efficiency and equitable local government. 

 

2.3.3 Business and service planning 

• Geodemographic analysis is an important operational tool in market area analysis, where it is 

used to plan marketing campaigns. 

• Geodemographics is a shorthand term for composite indicators of consumer behavior that are 

available at the small-area level (e.g., census output area, or postal zone). 

• It is often combined with lifestyles data on the consumption choices and shopping habits of 

individuals. 

• Market area analysis describes the activity of assessing the distribution of retail outlets 

relative to the greatest concentrations of potential customers. 

• Is increasingly being adapted to improving public service planning, in areas such as health, 

education, and law enforcement. 

• Tools are used to analyze and inform the range of operational, tactical, and strategic functions 

of 

an organization. 

• Operational functions concern the day-to-day processing of routine transactions and 

inventory analysis in an organization, such as stock management (see Logistics section 

below). 

• Tactical functions require the allocation of resources to address specific (usually short term) 

problems, such as store sales promotions. 

• Strategic functions contribute to the organization’s longer-term goals and mission, and entail 

problems such as opening new stores or rationalizing existing store networks 

 

2.3.3.2 Case study: Hierarchical diffusion and convenience shopping (Tesco) 

• Objective is to promote a new ‘Express’ format Tesco store to encourage repeat patronage. 

• Method: 

• Identify postal addresses all of the households within a 1 km radius. 

• Overlay geodemographic profiles in order to tailor coupon offerings to the differing 

consumption patterns (from lifestyles data). 

• Scientific foundations: 

• Distance decay and Tobler’s First Law 

o An assumption that the differences in the observed social and economic characteristics of 

residents between neighborhoods are greater than differences observed within them. 

• Has the potential to invoke ecological fallacy – individual resident in an area is assigned the 

characteristics of the area. 

o Text discusses ethical and scientific implications. 

• Principles: 



• Linear distance versus other kinds of distance (network, psychological). 

• Techniques: 

• Assigning postcode coordinates to catchment area requires point in polygon analysis. 

• Analysis: 

• Need to include analysis of spatial interaction between this and other stores. 

• Generic scientific questions (2.3.3.5): 

• While it is the mix of individuals with particular characteristics that largely determines the 

likely store turnover of a particular location, this example illustrates the kinds of simplifying 

assumptions that we may choose to make using the best available data in order to represent 

consumer characteristics and store attributes. 

o Even blunt-edged tools can increase the effectiveness of operational and strategic R&D 

activities many-fold. 

• Management and policy  

• Increasing role of SAPs as mainstream managers alongside accountants, lawyers, and 

general business managers. 

o Key roles in organizational activity such as marketing, store revenue predictions, new 

product launch, improving retail networks, and the assimilation of pre-existing 

components into combined store networks following mergers and acquisitions. 

2.3.4 Logistics and transportation 

• These deal with the movement of goods and people from one place to another, and the 

infrastructure (highways, railroads, canals) that moves them. 

• The two parts are: 

• static part that deals with the fixed infrastructure; and 

• dynamic part that deals with the vehicles, goods, and people that move on the static part. 

• GPS is an important technology in this area. 

• Many applications involve optimization, or the design of solutions to meet specified 

objectives. 

2.3.4.2 Case study: Planning for emergency evacuation 

• Discusses a planning tool that allows neighborhoods to rate the potential for problems 

associated 

with evacuation, and to develop plans accordingly. 

• The tool uses a GIS database containing information on the distribution of population in the 

neighborhood and the street pattern. 

• The result is an evacuation vulnerability map and identification of worst-case scenarios for a 

given locations. 

• Method (2.3.4.3): 

• Census data are used to determine population and household counts, and to estimate the 

number of vehicles involved in an evacuation. 

• The locations of streets are obtained from street centerline files, which give the geographic 

locations, names, and other details of individual streets. 

• Every intersection in the network is tested to see if it presents a bottleneck, by dividing the 

total number of vehicles that would have to move out of the neighborhood by the number of 

exit lanes. 

• Scientific foundations: 



• Census data are aggregated to areas that, while small, nevertheless provide only aggregated 

counts of population. 

• The street layouts of TIGER and other sources can be out of date and inaccurate, particularly 

in new developments, although users willing to pay higher prices can often obtain current 

data from the private sector. 

• The essentially geometric approach cannot deal with many social issues: e.g. evacuation of 

the disabled and elderly, and issues of culture and language that may impede evacuation. 

• Principles: 

• Central to the analysis is connectivity, an instance of a topological property. 

• Techniques: 

• Spatial interpolation performed across the network from the values calculated at 

intersections. 

• Shortest path. 

• Analysis: 

• An excellent example of the use of GIS analysis to make visible what is otherwise invisible. 

• Generic scientific questions (2.3.4.5): 

• Logistic and transportation applications of GIS rely heavily on representations of networks, 

and often must ignore off-network movement. 

• Management and policy (2.3.4.6): 

• GIS is applied to this area in all three modes – operational, tactical and strategic. 

2.3.5 Environment 

• monitoring land use change; 

• assessing the impact of urban settlements; 

• simulation of processes in the urban and natural environment. 

2.3.5.2 Case study: Deforestation in the Philippines 

• Objective is to identify a range of different development scenarios that make it possible to 

anticipate future land use and habitat change, and hence also anticipate changes in 

biodiversity. 

• Method: 

• Used qualitative data collected through stakeholder interviews in a quantitative GIS-based 

analysis to calculate the probabilities of land use transition under three different scenarios of 

land use change. 

• The three different scenarios not only resulted in different forest areas by 2019 but also 

different spatial patterning of the remaining forest. 

• Scientific foundations (2.3.5.4): 

• The theme of inferring process from pattern, or function from form, is a common 

characteristic of GIScience applications. 

• Contrasts nomothetic and idiographic approaches. 

• Principles: 

• GIS makes it possible to incorporate diverse physical, biological, and human elements, and to 

forecast the size, shape, scale, and dimension of land use parcels. 

• It makes use of the core GIS idea that the world can be understood as a series of layers of 

different types of information, that can be added together meaningfully through overlay 

analysis to arrive at conclusions. 



• Analysis: 

• Process is inferred not just through size measures, but also through spatial measures of 

connectivity and fragmentation. 

• General scientific questions (2.3.5.5): 

• Irrespective of the quality of the measurement process, uncertainty will always creep into 

any prediction: 

o Data are never perfect. 

o Simulations are subject to exogenous forces not included. 

• GIS users should not think of systems as black boxes: 

o Users of GIS should always know exactly what the system is doing to their data. 

o User awareness of these important issues can be improved through appropriate 

metadata and documentation of research procedures. 

• The results of analysis should always be reported in sufficient detail to allow someone else to 

replicate them. 

 

 

Introduces Tobler’s First Law of Geography: Everything is related to everything else, but near 

things are more related than distant things. 

 

3.3 Representation for what and for whom? 

• Geographic representation is defined as a representation of some part of the Earth’s surface 

or 

near surface, at scales ranging from the architectural to the global. 

• Short history of maps and the significance of their use historically. 

• Like maps, any application of GIS requires attention to questions of what should be 

represented, 

and how. 

3.4 The fundamental problem 

• Geographic data are built up from atomic elements, or facts about the geographic world. 

• At its most primitive, an atom of geographic data (strictly, a datum) links a place, often a 

time, and some descriptive property. 

• Attribute refers to this descriptive property and may: 

• vary slowly or rapidly; 

• be physical/environmental or social/economic; 

• identify a place or entity; 

• provide a measurement of something at that place. 

• Technical Box 3.3 defines the types of attributes: nominal, ordinal, interval, ratio and cyclic. 

• The fundamental problem is ‘the world is infinitely complex, but computer systems are finite’. 

3.5 Discrete objects and continuous fields 

3.5.1 Discrete objects 

• In the discrete object view, the world is empty, except where it is occupied by objects with 

welldefined 

boundaries that are instances of generally recognized categories. 

• Objects can be counted. 



• Objects have dimensionality: 0-dimension (points), 1-dimension (lines), 2-dimensions (areas, 

polygons): 

• 3-dimensions are problematic in GIS. 

• Associating attributes to discrete objects can be expressed in a table (see Table 3.1): 

• each row corresponding to a different discrete object; 

• each column corresponding to an attribute of the object. 

• A table does not look like the real world. 

 

3.5.2 Continuous fields 

• The continuous field view represents the real world as a finite number of variables, each one 

defined at every possible position. 

• Continuous fields, on the other hand, can be distinguished by what varies, and how smoothly. 

• The challenge of counting the lakes in Minnesota provides an elegant illustration of various 

ways 

to think about the conceptual transition from objects to fields. 

• Technical Box 3.4 explains the concept of 2.5 dimensions. 

3.6 Rasters and vectors 

• Raster and vector are two methods that are used to reduce geographic phenomena to forms 

that can be coded in computer databases. 

• In principle, each can be used to code both fields and discrete objects, but in practice there is 

a strong association between raster and fields, and between vector and discrete objects. 

3.6.1 Raster data 

• In a raster representation geographic space is divided into an array of cells, each of which is 

usually square, but sometimes rectangular (Figure 3.8). 

• All geographic variation is then expressed by assigning properties or attributes to these cells. 

• The cells are sometimes called pixels (short for picture elements). 

• A few fundamentals of remote sensing are introduced in one paragraph, but the reader is 

referred to Chapter 9 for more information. 

• When information is represented in raster form all detail about variation within cells is lost, 

and 

instead the cell is given a single value based on a rule such as largest share or value at the 

central point. 

3.6.2 Vector data 

• Usually, in a vector representation, all lines are captured as points connected by precisely 

straight 

lines (some GIS software also allows curves). 

• Features are captured as a series of points or vertices connected by straight lines: 

• areas are often called polygons; 

• lines are sometimes called polylines. 

• The choice between raster and vector is often complex, as summarized in Table 3.3. 

3.6.3 Representing continuous fields 

• The six approximate representations of a field used in GIS are (Figure 3.11): 

• (A) Regularly spaced sample points 

• (B) Irregularly spaced sample points 



• (C) Rectangular cells 

• (D) Irregularly shaped polygons 

• (E) Irregular network of triangles 

• (F) Polylines representing contours 

3.7 The paper map 

• The key property of a paper map is its scale or representative fraction, defined as the ratio of 

distance on the map to distance on the Earth’s surface. 

• When a scale is quoted for a digital database it is usually the scale of the map that formed the 

source of the data. 

 

• While the paper map is a useful metaphor for the contents of a geographic database, we must 

be 

careful not to let it limit our thinking about what is possible in the way of representation. 

• Digital representations can include information that would be very difficult to show on maps. 

• Digital databases can represent all three spatial dimensions, including the vertical, whereas 

maps must always show two-dimensional views. 

3.8 Generalization 

• Ways of simplifying the view of the world include: 

• describe entire areas, attributing uniform characteristics to them, even when areas are not 

strictly uniform; 

• identify features on the ground and describe their characteristics, again assuming them to be 

uniform; 

• limit our descriptions to what exists at a finite number of sample points, hoping that these 

samples will be adequately representative of the whole. 

• Some degree of generalization is almost inevitable in all geographic data. 

• A map’s specification defines how real features on the ground are selected for inclusion on 

the 

map. 

3.8.1 Methods of generalization 

• Geometry generalization methods, see Figure 3.15. 

• Attribute generalization methods include classification and symbolization. 

3.8.2 Weeding 

• Weeding is the process of simplifying a line or area by reducing the number of points in its 

representation. 

• The operation of the Douglas-Poiker weeding algorithm is shown in Figure 3.17. 

 

Measuring the Earth: latitude and longitude 

• The system of latitude and longitude is often called the geographic system of coordinates. 

• Explains how latitude and longitude are determined and defines various terms such as axis of 

Earth’s rotation, the Equator, meridian, parallel. 

• Before defining latitude further, this section briefly touches on the topics of the figure of the 

Earth, spheroid, ellipsoid, flattening of the spheroid. 

o The distance between the Poles is about 1 part in 300 less than the diameter at the 

Equator. 



o WGS84, NAD83 and NAD27 are mentioned. 

• Latitude is often symbolized by the Greek letter phi (φ) and longitude by the Greek letter 

lambda (λ). 

 

• Some statistics: 

o two points on the same north–south line of longitude and separated by one degree of 

latitude are 1/360 of the circumference of the Earth, or about 111 km apart. 

o One minute of latitude corresponds to 1.86 km, and also defines one nautical mile. 

o One second of latitude corresponds to about 30 m. 

o One degree of longitude along 60 degrees North is 55 km. 

• On a spherical Earth the shortest path between two points is a great circle, or the arc formed 

if 

the Earth is sliced through the two points and through its center. 

• Some trivia: the French originally defined the meter in the late 18th century as one ten 

millionth 

of the distance from the Equator to the Pole. On the spherical Earth, the actual value of Equator 

to Pole would be 10 018 km. 

5.7 Projections and coordinates 

• Projections are needed because many technologies for working with geographic data are flat, 

including paper and printing, which evolved over many centuries and long before the advent of 

digital geographic data and GIS. 

• The Cartesian coordinate system assigns two coordinates to every point on a flat surface, by 

measuring distances from an origin parallel to two axes drawn at right angles. 

o We often talk of the two axes as x and y, and of the associated coordinates as the x and 

y coordinate, respectively. 

• Since it is common to align the y axis with North in geographic applications, the coordinates of 

a 

projection on a flat sheet are often termed easting and northing. 

• A map projection transforms a position on the Earth’s surface identified by latitude and 

longitude 

(φ, λ) into a position in Cartesian coordinates (x, y). 

o Every recognized map projection can be represented as a pair of mathematical functions: 

x = f (φ, λ) 

y = g(φ, λ) 

• Two datasets can differ in both the projection and the datum, so it is important to know both 

for 

every dataset. 

• Two important properties of projections are: 

o The conformal property, which ensures that the shapes of small features on the Earth’s 

surface are preserved on the projection. 

� Useful for navigation because a straight line has a constant bearing. 

o The equal area property, which ensures that areas measured on the map are always in 

the same proportion to areas measured on the Earth’s surface. 

� Useful for analyses involving areas. 



• Major classes of physical models used are cylindrical, azimuthal and conic. 

• Where the developable surface coincides with the surface of the Earth, the scale of the 

projection 

is 1. 

o Tangent projections are where the developable surface coincides with the surface of the 

Earth along only one line. 

o Secant projections attempt to minimize distortion by allowing the paper to cut through 

the surface, so that scale can be both greater and less than 1. 

• The grid of latitude and longitude is known as the graticule. 

 

5.7.1 The Plate Carrée or Cylindrical Equidistant projection 

• The simplest of all projections maps longitude as x and latitude as y, and for that reason is 

also 

known informally as the unprojected projection. 

• Discusses the serious problems that can occur when doing analysis using this projection and 

talks 

about Tissot indicatrix (without using that term). 

 

5.7.2 The Universal Transverse Mercator projection 

• Based on the Mercator projection, but in transverse rather than Equatorial aspect. 

• There are 60 zones in the system, each zone being 6 degrees wide. 

• The UTM system is secant, with lines of scale 1 located some distance out on both sides of the 

central meridian. 

o Scale is 0.9996 at the central meridian and at most 1.0004 at the edges of the zone. 

• The system for defining the coordinates in meters measured from the Equator and central 

meridian is described. 

• Mentions the problem that maps will not fit together across a zone boundary. 

• Good for analysis because distances can be calculated for points within the same zone with 

no 

more than 0.04% error. 

 

5.7.3 State Plane Coordinates and other local systems 

• In the 1930s each US state agreed to adopt its own projection and coordinate system, 

generally 

known as State Plane Coordinates (SPC), in order to support high-accuracy applications. 

• The UK uses a single projection and coordinate system known as the National Grid that is 

based 

on the Oblique Mercator projection. 

 

5.8 Measuring latitude, longitude and elevation: GPS 

• Very briefly explains the constellation of satellites. 

• Positioning in three dimensions (latitude, longitude, and elevation) requires that at least four 

satellites be above the horizon. 

o If elevation is not needed then only three are needed. 



• Simple GPS can get horizontal accuracies within 10 m; differential GPS can improve it to 1 m 

or 

better. 

• Vertical accuracies are much less. 

o With 10 m horizontal accuracy, only 50 m vertical accuracy can be obtained. 

o A variety of vertical data are used, even within single countries. 

 


