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This book is designed to serve as an introduction to
the fascinating world of maps. It explains how to use
maps to obtain information about a wide variety of
topics. Throughout the book, maps are viewed in a
broad framework. Thus, the discussion includes
mental maps, aerial photographs, remotely sensed
images, computer-assisted cartography, and geo-
graphical information systems, in addition to tradi-
tional printed maps. The writing style is neither
formalistic nor casual, with an emphasis on clarity of
explanation. The discussions assume that the reader
has no specific prior knowledge of the topic, so that
even novice map users can understand and use the
information and techniques presented.

Chapter 1 explains why maps are useful and lists
the many types of maps available. Then, mapping pro-
cesses are discussed in Chapter 2 because an under-
standing of how maps are produced provides a
necessary basis for their proper use. For similar rea-
sons, important aspects of the size and shape of the
earth are reviewed. Chapter 3 surveys the character-
istics of map projections, especially from the stand-
point of the appropriateness of certain projections for
specific purposes. The link between scale and gen-
eralization is discussed in Chapter 4, as are methods
of scale determination. Because maps are used for
measuring distances and areas, Chapter 5 discusses
techniques for carrying out these measurements.

Techniques used in route selection and navigation
on land and water and in the air are examined in
Chapter 6. Chapter 7 examines how the surface of the
terrain is represented on maps. Contour interpreta-
tion techniques and techniques for producing pro-
files and determining slopes are provided in Chapter
8. Chapter 9 follows with extensive illustrations of a

variety of landform types. The examples shown are,
in large part, selected from the definitive U.S. Geo-
logical Survey collection A Set of 100 Topographic
Maps Illustrating Specified Physiographic Features.

Avariety of locational and land ownership systems,
which are essential for specifying location and for de-
scribing land ownerships, are explained in Chapter
10. These include latitude and longitude, the Uni-
versal Transverse Mercator and State Plane Coordi-
nate systems, metes-and-bounds surveys, the U.S.
Public Land Survey System, and the similar Canada
Land Survey System.

More abstract topics are introduced in the fol-
lowing two chapters. First, Chapter 11 surveys the
characteristics of mapped distributions, such as the
shape and pattern of point distributions. Second,
Chapter 12 analyzes stream patterns and transporta-
tion systems through the abstract concepts of net-
works and trees.

Chapter 13 discusses methods by which thematic
maps are used to convey a variety of qualitative and
quantitative information. Cartograms, map misuse, and
the use of maps as powerful propaganda tools are ex-
amined in Chapter 14. Chapter 15 surveys a variety of
special-purpose maps, including highway and street
maps, weather and climate maps, geologic maps, maps
of the past, maps of the moon and the planets, and
maps in journalism and on television. Chapter 16 is
devoted to the interpretation of graphs. Graphs are
important in their own right, but they are also exten-
sively used as map symbols and as map supplements.

Remote-sensing techniques are becoming in-
creasingly important and accessible to map users.
Therefore, aerial photography, as well as remote
sensing from space, are explained in Chapters 17
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and 18. Chapter 19 describes modern techniques of
computer-assisted cartography, and Chapter 20 ex-
amines geographic information systems. Both of these
approaches are increasingly used to produce unique
products and analyses of interest to map users.

A survey of U.S. and Canadian map producers and
map sources is provided in Chapter 21. This chapter
also includes comments on major map collections that
map users will want to visit when their travels permit.
The final chapter, Chapter 22, briefly discusses the
special problems often encountered when dealing
with foreign maps.

At appropriate points in the text, supplementary
treatments of a variety of topics are provided, in-
cluding discussions of the analemma, dates and time
zones, units of measurement and map scales, the Na-
tional Map Accuracy Standards, and levels of mea-
surement. Finally, appendixes discuss a variety of
background topics, including copyright protection,
the use of the magnetic compass in the field, sources
of mapping programs and databases for microcom-
puters, the International Map of the World, the loca-
tions of Earth Science Information Network Offices,
map storage and cataloging systems, and the British
National Grid.

While working on this second edition, I have been
conscious of my continuing indebtedness to the many
people who assisted in the production of the first. I

have also appreciated and benefitted from the com-
ments in published reviews, as well as from those
submitted during the revision process. Particularly
appreciated have been the less formal comments of-
fered at meetings, and in letters and telephone calls.
The following reviewers provided numerous useful
suggestions: Daniel E. Turbeville, Eastern Wash-
ington University; Linda M. Marston, University of Wy-
oming; Kenneth W. Engelbrecht, Central Missouri
State University; and Joseph W. Weidel, University of
Maryland. All comments have been considered care-
fully and many have been incorporated into the text.
However, not every suggestion has been heeded. This
is not because of stubbornness but because (as always)
it is impossible to please everyone. A plea for more
detail on a particular topic from one reviewer, for ex-
ample, has frequently been directly countered by a
suggestion from another that the topic be eliminated
altogether. Thus, in the end, I have had to follow my
own view of what is needed. I hope that many of these
decisions will prove correct.

I remain indebted to my colleagues in the Geog-
raphy Department at the University of Wisconsin-
Parkside for their active support and encouragement.
Itis hard to visualize a more congenial group of long-
term colleagues. Finally, as always, I thank my wife,
Hazel, for her continued loyalty and her companion-
ship on the hiking and kayaking expeditions that have
put our map use skills to the test.

John Campbell
Racine, Wisconsin



Preface xi

Introduction 1

Why Use a Map? 1

What Is a Map? 2

Virtual Maps 3
Mental Maps 3
Digital Data 7

Real Maps 7
Planimetric Maps 7
Topographic Maps 10
Thematic Maps 11
Cartograms 15
Remotely Sensed Images 17

Summary 19

Suggested Readings 20

Basic Mapping Processes 21

Shape and Size of the Earth 21
Basic Spherical Shape 21
Locational System 21

Meridians 22
Parallels 23
Graticule 23
Refinements in Shape 23
Ellipsoid 24
Geoid 25
Size 25

Mapping Process 26

Geodetic Control Surveys 26
Latitude determination 27
Longitude determination 27

oa

The Analemma 29
Dates and Times 31
International Date Line 31
Time Zones 33

Deflection of the vertical 35
Control network 35
Horizontal datum 35
Plane Surveys 35
Horizontal locations 36
Elevation determination 36
Vertical datum 36
Topographic Mapping 38
Aerial Photography 38
Stereoscopic Images 38
Ground Control 39
Plotting 40
Summary 41
Suggested Readings 41

Map Projections 42

Map-Projection Concepts 42
Projection Surfaces 42
Plane 42
Developable surfaces 42
Light-Source Location 43
Orientation and Tangency 43
Globe Characteristics 45
Conformality 45
Equivalence 46
Distance 47
Direction 48



iv Contents

Compromise Projections 49
Miller cylindrical 49
Robinson projection 49

Projection Selection 49
Summary 51
Suggested Readings 52

4 Scale and Generalization Concepts 53
Scale 53

0  Units of Measurement and Map Scales 53
Linear Measurements 54
US. Customary Units 54
Metric Units 54
Areal Measurements 55
Nautical Measurements 56

Methods of Stating Scale 58
Word statement 58
Representative fraction 58
Graphic scale 58
Large and Small Scale 59
Scale Determination 60
Use of known features 60
Use of lines of latitude and
longitude 61
Use of map comparison 61
Scale Conversion 61
Representative-fraction (RF) and word-
statement conversions 62
Representative-fraction (RF) and graphic
conversions 62
Word-statement and graphic
conversions 63
Generalization 63
Selection 63
Simplification 63
Combination 63
Locational Shift and Size Exaggeration 63
Summary 64
Suggested Readings 65

5 Measurements from Maps 66
Map Accuracy 66

O  National Map Accuracy Standards 66
Horizontal Accuracy 66
Vertical Accuracy 66

Distance Measurement 67
Direct Methods of Measurement 67
Scaling 67
Map measurer 68

Computer-assisted methods 68
Indirect Methods of Measurement 69
Short distances 69
Long distances 69
Computer-assisted methods 69
Error Sources 70
Measurement error 70
Smoothing 70
Slope 70
Area Determination 71
Areal Scale 71
Direct Methods of Measurement 72
Scaling and computation 72
Polar planimeter 72
Indirect Methods of Measurement 73
Grid squares 73
Dot planimeter 73
Strip method 74
Polygon method 74
Computer-Assisted Methods 74
Small areas 74
Large areas 75
Summary 76
Suggested Readings 76

Route Selection and Navigation 77

Basic Considerations 77
Direction Determination 77
True north 77
Magnetic north 77
Grid north 79
Declination diagram 79
Direction Designation 79
Azimuth 80
Back-azimuth 81
Bearing 81
Back-bearing 81
Land Operations 82
Map Orientation 82
Position Determination 83
Route Selection 84
Water Operations 84
Nautical Charts 84
Publication date 85
Projections 85
Units of measurement 86
Depth indications 86
Special symbols 86
Position Determination 87
Astronomical observations 88
Lines of position 88



Radar 88
Satellite observation 89
Radio direction finding 90
Loran 90
Dead Reckoning 92
Aviation Operations 92
Aeronautical Charts 93
World Aeronautical Charts 93
Sectional charts 95
Flight Planning 96
Summary 98
Suggested Readings 99

Terrain Representation 100

Symbols 100
Spot Heights 100
Land surfaces 100
Water surfaces 100
Contours 101
Contour interval 101
Contour types 102
Layer Tints 103
Illuminated Contours 104
Hill Shading 104
Physical Models 106
Physiographic Diagrams 108
Block Diagrams 109
Summary 110
Suggested Readings 111

Contour Interpretation 112

Contours 112
Characteristics 112
Applications 116
Elevation estimation 116
Reservoir capacity estimation 116
Flood-zone maps 117
Profiling 117
Methodology 117
Cut-line 117
Vertical scale 117
Drawing the Profile 120
Applications 120
Cut and fill 120
Intervisibility 121
Slopes 121
Slope Measurement 121
Gradient 121
Percent 121
Degree 122

Contents

10

Applications 123
Slope-zone maps 123
Maximum slope limitations 123
Trafficability 125
Summary 125
Suggested Readings 126

Topographic Features 127

Drainage Patterns 127
Type of Dissection 128
Dendritic 128
Rectangular 128
Trellis 128
Radial 129
Annular 129
Miscellaneous 130
Texture of Dissection 130
Selected Examples of Landforms 130
Coastal Features and Shorelines 134
Escarpments 135
Glaciation 135
Alpine 135
Continental 138
Mountains 141
Plains 141
Plateaus 141
Solution Features 143
Valleys 143
Volcanic Features 146
Water Features 146
Wind Features 148
Miscellaneous 148
Summary 150
Suggested Readings 150

Locational and Land-Partitioning
Systems 151

Locational Systems 151
Latitude and Longitude Positions 151
Interpolation 152
Subdivisions of degrees 156
World Geographic Reference System 156
Grid Systems 158
Reference Grids 158
Plane Rectangular Grids 158
Universal Transverse Mercator System 159
Civilian system 159
U.S. Military Grid Reference System 163
State Plane Coordinate System 166
Land-Partitioning Systems 168



vi

Unsystematic Subdivision 169
Metes and bounds 169
Bearings 170
Systematic Subdivision (U.S. Public Land
Survey) 171
U.S. Public lands 171
Township, range, and section 171
Plats 171
Property descriptions 174
Irregularities 174
Land Survey in Canada 175
Patterns in areas of French
settlement 175
Patterns in areas of English
settlement 176
Westward expansion 176
Cultural influences 178
Summary 180
Suggested Readings 181

11 Characteristics of Map Features: Shape
and Point Patterns 182

Shape 182
Subjective Description 182
Numerical Indices 182
Desired Characteristics of a Shape
Index 182
Specific Measures 183
Miller’s measure 183
Bunge's measure 183
Boyce-Clark radial shape index 185
Advanced techniques 187
Comment on Shape Indices 187
Point Patterns 187
Types of Distributions 188
Quadrat Analysis 188
Quadrat size and orientation 189
Weaknesses of quadrat analysis 190
Nearest-Neighbor Analysis 190
Spatial Correspondence of Areal
Distributions 193
Coeflicient of Areal Correspondence 193
Chi-Square Statistic 194
Other Mcthods 197
Summary 197
Suggested Readings 198

Contents

12

13

Characteristics of Map Features:
Networks and Trees 200

Networks 200
Terminology 200
Accessibility 201
Connectivity 201
Network Types 201
Measurement 202
Applications 202

Trees 203
Hierarchic Order 203
Bifurcation Ratio 203

Summary 204

Suggested Readings 204

Qualitative and Quantitative
Information 205
Point Symbols 205

Dot-Distribution Maps 205
Nonproportional Point Symbols 205

Levels of Measurement 207
Nominal 207

Ordinal 208

Interval and Ratio 208

Graduated Point Symbols 209
Linear Symbols 209
Nominal Information 209
Quantitative Information 209
Ordinal representation 210
Flow Maps 210
Areal Symbols 211
Nominal Distributions 212
Quantitative Distributions 212
Choropleth maps 212
Classification 214
Evaluation 215
Unclassed choropleth maps 217
Bivariate and multivariate maps 217
Dasymetric maps 218
Prism maps 218
Surfaces 220
Isolines 220
Types of Isolines 220
Isometric lines 220
Isopleths 220
Summary 222
Suggested Readings 222



14 Cartograms and Map Misuse 224

Cartograms 224
Linear Cartograms 224

Routed linear cartograms 224
Central-point linear cartograms 225

Area Cartograms 226

Noncontiguous cartograms 226
Contiguous cartograms 227
Interpreting area cartograms 227

Map Misuse 228
Map Inaccuracy 228
Propaganda 229

General characteristics 229

Symbol distortion 230

Use of imaginary events 232
Distortion of concepts 232

The Peters projection 233
Summary 234
Suggested Readings 235

15  Special-Purpose Maps 236
Transportation Maps 236

Highway and Street Maps 236

Highway maps 238
Street maps 240
Automated Navigation 240
Route Maps 240
Weather and Climate Maps 241
Weather Maps 241
Climate Maps 243
Geologic Maps 243
Maps of the Past 246
Historical Maps 246
History Maps 247

Maps of the Moon and Planets 248

Journalistic Cartography 248
Television Maps 251
Summary 252

Suggested Readings 253

16 Maps and Graphs 254
Line Graphs 254
Types of Variables 254
Maps as Graphs 254
Types of Scales 255

Arithmetic line graphs 256
Logarithmic line graphs 261

Contents

17

Surface Graphs 264
Bar Charts 265
Types of Scales 265
Use of Symbols 266
Other Types of Bar Charts 267
Loss-and-gain bar charts 267
High-low bar charts 267
Interpretation Problems 267
Pie Charts 267
Area and Solid Diagrams 270
Proportional Symbols 270
Graduated circles 270
Other geometric symbols 272
Realistic figures 272
Volumetric Diagrams 273
Special Diagrams 273
Scatter Diagrams 273
Population Profiles 274
Circular Graphs 276
Climatograph 276
Wind-rose 277
Triangular Graphs 278
Summary 278
Suggested Readings 279

Remote Sensing from Airborne
Platforms 280

Methods and Images 280
Electromagnetic Spectrum 280

Types of Remote-Sensing Devices 280

Spectral range 281
Signal source 281
Detector location 281
Aerial Photography 281

Types of Aerial Photographs 281
Vertical photographs 281
Oblique photographs 281

Photographic Materials 283
Negatives and positives 283
Emulsion types 284

Photo Characteristics 286
Scale 287
Planimetric shift 288

Aerial Photo Products 289
Single prints 289
Photomosaics 290
Orthophoto products 292

vii



viii

18

19

Photo Interpretation 292
Visual clues 292
Interpretive keys 294

Stereoscopic Pairs 294
Stereoscopic viewing 294
Interpretation 295

Other Airborne Imagery 296

Radar 296

Scanners 296

Summary 297
Suggested Readings 297

Remote Sensing from Space 299

Spectral Characteristics 299

Collection Systems 299

Ground Resolution 300

Image Creation 300

Examples of Remote-Sensing Systems 300
Landsat 300
SPOT 303

Image Processing 303
Linear Contrast Stretching 304
Edge Enhancement 304

Thematic Information Extraction 304
Classification 304
Change Detection 306

Interface with Geographic Information
Systems 306

Summary 306

Suggested Readings 307

Computer-Assisted Cartography 308

Overview 308
Advantages of Computer-Assisted
Techniques to the Map Producer 308
Implementation Problems of Computer-
Assisted Techniques 309
Effects of Computer-Assisted Techniques
on the Map User 309
Format and Data Capture 309
Digitizing 309
Labeling 310
Vector and raster digitizing 310
Other Considerations 310
Machine coordinates 310
Geocoding 311
Format and the user 311
Output 311
Applications 312

Contents

20

Microcomputer Programs 312
Larger-Scale Applications 314
Irrigation potential 314

Terrain analysis 314
Other applications 314

Database Availability 314

U.S. Geological Survey Products 315
Digital line graphs 315
Digital elevation models 317
Digital land-use and land-cover data 318
Geographic Names Information
System 318
Census Bureau Products 318
TIGER 318
World Data Banks 320
Other Databases 320

Summary 321
Suggested Readings 322

Digital Geographic Information
Systems 323

Overview 323

Definition 323
Antecedents of GISs 323
Formal GISs 325

GIS Components 325

Data Input and Storage Structure 325
Data Adequacy 326
Data Forms 327
Points 327
Lines 327
Areas 327
Surfaces 327
Rectification 327
Labeling 327
Format Considerations 327
Manipulation and Analysis Techniques 328
System capabilities 328
Basic operations 328
Reclassification 328
Overlaying 329
Distance functions 330
Modeling 331
Output Capabilities 334
Statistical reports 334
Maps and graphs 334
GIS Applications 334



21

Contents

Industrial site selection 334
Military examples 334
Other examples 335
Summary 335
Suggested Readings 336

U.S. and Canadian Map Producers
and Information Sources 337

U.S. Federal Map Producers 337
Major Agencies 337
U.S. Geological Survey 337
Bureau of Land Management 338
National Ocean Service 338
Defense Mapping Agency 339
Other Agencies 339
Army Corps of Engineers 339
Bureau of Indian Affairs 339
Bureau of the Census 341
Central Intelligence Agency 341
Department of Agriculture 342
Department of Transportation 344
National Aeronautics and Space
Administration 345
National Park Service 345
National Weather Service 345
Tennessee Valley Authority 345
Major Map Series 345 0
U.S. Geological Survey Topographic
Maps 345
National Ocean Service Nautical
Charts 348
Nonfederal Map Producers 349
State Agencies 349
Major Private Firms 350
AAA Cartographic Services 350
Donnelley Cartographic Services 350 22
General Drafting Company, Inc. 350
Gousha/Simon and Schuster, Inc. 351
Hammond Incorporated 351
National Geographic Society 352
Nystrom 352
Rand McNally and Company 352
Information Sources for Maps and Related
Materials 353
Federal Sources of Information 353
Earth Science Information Center
Network 353

ix

National Geodetic Information
Center 353
EROS Data Center 354
National Environmental Satellite, Data,
and Information Service 354
Nonfederal Sources of Information 355
Publications 355
Earth Observation Satellite
Company 355
SPOT Image Corporation 355
Map Collections 355
Library of Congress 355
National Archives 356
The American Geographical Society
Collection 356
Defense Mapping Agency 356
Specialized examples 356
Canadian Government Maps 357
Topographic Mapping 357
Aeronautical Charts 357
Defense Mapping 357
Other Maps and Related Publications 357
National Geographical Mapping
Program 358
Map Information and Ordering 358
Maps from Statistics Canada 358
Toponyms 358

Names on Maps 359

Northern Land Use Information Series 360
Aerial Photography 360
Hydrographic Charts 360
Summary 360
Suggested Readings and Reference
Materials 360

Foreign Maps 363

Language 363
Signs and Symbols 364
Locational Systems 364
Graticule 365
Centesimal system 365
Prime meridian 365
Plane Rectangular Grids 365
Units of Measurement 366
Foreign Map Products 366
Summary 367
Suggested Readings 367



Appendixes
A Copyright 368
B Magnetic Compass Use 369

C Sources of Mapping Programs and
Databases for Microcomputers 373

D International Map of the World 378

E Earth Science Information Center (ESIC)
Network 380

F Map Storage and Cataloging Systems 387
G British National Grid 395

Glossary of Selected Terms 397
Index 419

Contents



WHY USE A MAP?

Maps are an ancient invention, probably having ex-
isted for over four thousand years. Remnants of clay-
tablet maps dating to about 2500 B.c. have been found
(figure 1.1). In addition, primitive, maplike scratch-
ings in the sand, as well as maps in other forms, likely
existed for many millennia before that.

These early maps performed useful functions for
their creators, functions that maps still perform for us
today. For example, maps are especially effective de-
vices for recording and communicating information
about the environment. Most importantly, they clearly
preserve the locational attributes of that information;
that is, they show the relationships between one fea-
ture and another. Not only do they show that there is
a forest outside of town, but they also indicate the
extent and limits of both forest and town. This is
something that other forms of recording and com-
municating information, such as written descriptions,
tables, and graphs, generally do not do as effectively
or efficiently. Furthermore, maps can also indicate
distances and directions between locations, or the
areas occupied by different types of land uses or
features.

In more recent times, maps have acquired addi-
tional applications. For example, they are useful for
determining the patterns formed by many types of
distributions on the earth’s surface. The arrange-
ments of cultural features, such as the spacing be-
tween towns or the patterns of roads and other
transportation facilities, can be analyzed using maps.

FIGURE 1.1 Clay-tablet map, circa 2500 B.c. Oldest
known map, discovered in the ruins of Nuzi in northern
Mesopotamia by the American School in Baghdad and
Harvard University. Mountain ranges are shown on the left
and right. Two rivers join near the bottom of the map and
flow toward the upper-left corner. Localities of special
interest are designated by circles, within which the names
are written. (Size of the original: 7.6 by 6.5 centimeters.)
SMN 4172. Photograph courtesy of the Harvard Semitic Museum.
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Similarly, the alignments of physical features, such as
streams and lakes, and the crests of hills and the floors
of valleys, can be determined. The arrangements of
such features can be explored, organized, and ana-
lyzed by visual and statistical methods, using maps as
the database. These techniques have aided investi-
gators in the generation of hypotheses about why the
patterns are as they are. These investigations have
suggested, for example, that certain economic rela-
tionships underlie the locational pattern of settle-
ment and that the pattern of some physical features
affects the location of specific human activities. Sim-
ilarly, regular physical relationships underlie the pat-
terns of stream erosion, the arrangement of drumlins
in glaciated regions, and the alignment of river tri-
butaries, to name just a few of the vast multitude of
possible examples.

Maps are not limited only to showing information
about physical and cultural features found on the
earth’s surface. They are also used to show distribu-
tions of more abstract features, such as the flow of
trade, the use of communications, the extent of po-
litical influence, or the areas occupied by peoples of
various races, languages, or religions. They provide a
major source of historical documentation and are used
for regional planning and property-assessment pur-
poses. In addition, features found on the surface of
extraterrestrial bodies, such as the moon and the
planets, have been mapped, as have imaginary envi-
ronments used as the settings for works of fiction.

Regardless of the topic or the locale maps fre-
quently play a role in providing information and ex-
planations regarding topics of interest. The rest of this
introductory chapter examines just what constitutes a
map.

WHAT IS A MAP?

The answer to the question, What is a map? may
seem rather obvious to someone who is interested
enough in maps to read this book. Maps, after all, are
neatly drawn, bird’s-eye views of the earth's surface.
They show where places and things are located and
help us find our way from one place to another. We
are all familiar with many kinds of maps—from those
confusingly folded, multicolored road maps that are
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stuffed into the glove compartments of our automo-
biles; to the beautifully drawn illustrations in books
and atlases that provide information about the distri-
bution of climates, vegetation types, languages,
income, political patterns, and myriad other topics; to
the topographic sheets whose intricate contours and
drainage patterns serve as guides for our hiking or
fishing expeditions. A visit to the map collection of
your community or university library will convince you
that a tremendous variety of maps is available.

In recent years, new methods of gathering, ana-
lyzing, and presenting information about the earth
have been introduced, including aerial photography
and satellite-based remote sensing, as well as com-
puter methods. These developments have made it
necessary to recognize that the conventional maps
mentioned previously are only part of the contem-
porary map picture and that the definition of maps
must include an extremely broad range of “prod-
ucts.” Some of these products show topics that are
physical (such as road maps), some show more social
or cultural topics (such as language maps), and some
show even more abstract subjects (such as maps of
income levels). In addition, many products, such as
aerial photographs or satellite images, qualify as maps
even though they do not resemble conventional maps.
It also has been suggested that some “maps” are not
even visible. Invisible maps may exist only as bits of
electronic information stored in the memory of a
computer, or, even more abstractly, only in our minds.
Finally, maps are not limited to representing infor-
mation about the earth. They are equally useful, for
example, for showing features found on the moon or
the other planets, and they can present patterns that
exist on the ground (topographic maps), under the
ground (geologic maps), or above the ground
(weather maps).

Given the variety of possible maps, this text uses a
broad, flexible definition: A map is any concrete or ab-
stract image of the distributions and features that occur
on or near the surface of the earth or other celestial
bodies. The great variety of map concepts that fall
within this definition can be classified as either
(1) real maps or (2) virtual maps.!

!The classes used here are simplified from those proposed by Harold
Moellering in “‘Real Maps, Virtual Maps, and Interactive Cartography,” in
Spatial Statistics and Models, ed. Gary L. Gaile and Cort J. Willmott
(Dordrecht, Holland: D. Reidel Publishing, 1984), 109-32.
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FIGURE 1.2 Map image on the screen of a cathode-ray
tube (CRT).

Courtesy of Intergraph Corporation.

A real map is any tangible map product that has a
permanent form and that can be directly viewed (often
referred to as “hard copy”). Conventional drawn or
printed products (traditionally called maps) fit into
this category, as do maplike aerial photographic
products or the end product of some other type of
remote sensing, maps produced using devices con-
trolled by computers, block diagrams and similar
drawings, and relief models and globes constructed
to represent some part or all of the earth’s surface.

Virtual maps are related to real maps in one way or
another and have qualities that allow them to be con-
verted into real maps. They are divided into three
types.

One type of virtual map consists of images that can
be directly viewed but are not permanent. A map
image projected onto the screen of a cathode-ray tube
(CRT) is an example (figure 1.2). Such an image is
real while the device is turned on, and the informa-
tion that it presents is similar or identical to that of a
real map of the same topic. The difference is that as
soon as the CRT is turned off, the image vanishes.

A second type of virtual map consists simply of
mental images that are in many ways the conceptual
equivalent of a conventional printed map.

The third type of virtual map consists of informa-
tion gathered by researchers in the field or obtained
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by remote-sensing methods about such topics as sur-
face elevations, rock types, soils, ethnic types, income
levels of inhabitants, types of crops, and names and
locations of geographic features. Such geographic data
are traditionally stored in written notes, books, or
computer printouts, all of which can be directly
viewed. Increasingly, however, they are stored in dig-
ital form in a computer memory or storage device,
such as a magnetic disk. This form of map is common
for remotely sensed information, which is often gath-
ered and stored directly in digital form, but also fre-
quently includes information converted from printed
or written sources. Computer software and hardware
systems permit this type of information to be seen in
tabular form, or in the form of a visual image.

All three types of virtual maps can be converted into
visible, “real” map products.

While there is not complete agreement on the use
of the term virtual map, the label does convey the
idea that a map is simply a special format for the
storage of geographic data. Whether the information
is called “map data” or “virtual maps,” there is no
doubt that it is an integral element of the mapping
process. Virtual maps are discussed frequently in this
book, beginning with the next section.

VIRTUAL MAPS

Mental Maps

As already noted, the current concept of maps must
encompass much more than the artifacts traditionally
called maps. Indeed, the most familiar but, at the same
time, most unusual forms of maps are the virtual maps
called cognitive maps, or mental maps.

Mental maps are images we have in our minds.
These images provide us with an awareness of the lo-
cation of places in the world, the relationships be-
tween places in terms of direction and distance, the
size and characteristics of regions, and so on. Mental
maps have been called “the environmental image, the
generalized mental picture of the exterior physical
world that is held by an individual.”? Some mental

2Kevin Lynch, The Image of the City (Cambridge, Mass.: M.I.T. Press,
1960), 4. Much of the discussion that follows is based on this book.
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FIGURE 1.3 Mental map images of the same
neighborhood, drawn by three different boys: Dave,
Ernest, and Ralph.

From Pcter Gould and Rodncy White, Mental Maps (Pelican Books. 1974).
Reprinted by permission.

maps are a kind of miniature map in the mind, some-
times rather vague and ill-formed, but sometimes
complete with accurate details. Other mental maps are
more subtle and difficult to define because they are
somewhat more abstract and are tailored to one’s in-
dividual conceptions, experiences, and needs, even
to the point of distortion. Indeed, it has been sug-
gested that mental maps ““are quite unlike [real] maps
. . . because they are personal, fragmentary, incom-
plete, and presumably, frequently erroneous.”?

One aspect of the mental map concept is easily il-
lustrated. Simply visualize the route that you usually
follow from your home to the shopping center, or
recall the gencral outline of the United States and the

3John S. Keates, Understanding Maps (Ncw York: John Wiley and Sons. A
Halsted Press Book, 1982), 53.

locations of its cities and states. Consider how easily
vou move about in different environments with the
help of vour mental images. The framework that
mental maps provide allows you to tell others about
the route that you follow, and they may be able to vi-
sualize it as well. Furthermore, such a mental image
provides a frame of reference to which you can add
information on the basis of vour new experiences. A
mental map can be converted into a more conven-
tional real map by sketching its image on a piece of
paper (figure 1.3). We all do this when we want to
guide our friends to our new house or to indicate to
a stranger the best route to follow to see the local
tourist attractions.

Another aspect of mental maps is illustrated by
considering where in the country you would prefer
10 live if vou were given a choice. You are almost sure



