
Introduction to Cartography
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Overview

• What is a map?

• Map scale

• Components of a map

• Map types

• Basic issues of map design
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What is a map?

• “A graphic depiction of all or part of a 
geographic realm in which the real-world 
features have been replaced by symbols in 
their correct spatial location at a reduced 
scale.” (Clarke, 2001)

3



What is a map?

• “a symbolized image of geographic reality, 
representing selected features or 
characteristics resulting from the creative 
efforts of cartographers and designed for use 
when spatial relationships are of special 
relevance.” (ICA, 1995)
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Cartographic Basics

• Maps perform two important functions:

– Storage medium for information 

– Provides a picture of the world to help 
understand:

• Spatial patterns

• Spatial relationships

• Environmental complexity
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Cartographic Basics

• Maps tell us:

– Where it is

– What it is

– When it is (often but not always)

– What is nearby

• How far away

• In which direction

• How do I get there

– How might they be related
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Cartographic Basics

• All maps have the same goal:

– Communicating spatial relationships

– Communicating the “form” of the landscape
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Cartographic Basics

• Basic characteristics of all maps:

– Location

– Attribution

– Reduction of reality

– Scale

– Geometrical transformation/projection

– Abstractions of reality

– Symbolism
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Cartographic Basics

• Mapping involves information 
transformations:

– Selection

– Classification

– Simplification

– Exaggeration

– Symbolization
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Scale

• Types of scale:

– Graphical:

– Verbal : One inch represents one mile

– Representative Fraction: 1:24,000
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Large Scale vs. Small Scale

• Small scale = large area

• Small scale = large denominator

1:1,000,000

• Large scale = small area

• Large scale = small denominator

1:24,000
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Large Scale Vs. Small Scale
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Scale & Generalization

• Smaller scale means fewer features

• Smaller scale means smoother features

• Smaller scale means combining features

• Smaller scale means displacing features
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Data Aggregation
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Map Categories

• Reference maps

– Are multipurpose

• Thematic maps

– Qualitative

– Quantitative

15



Reference Maps
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Thematic Maps
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Choosing a Thematic Map Type

• There are many different map types or 
methods of cartographic representation

• Not all GISs allow all types

• Most have a set of basic types

• Depend heavily of the dimension of the data 
to be shown
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Choosing a Thematic Map Type

• Is the data:

– Continuous?

– Discrete?

– What is the accuracy and precision?

– Reliability of the data?

• Data dimension (point, line, area, volume?)

• Scale of measurement (nominal, etc)
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Choosing the Wrong Type of Map

• Common GIS error

• Due to lack of knowledge about cartographic 
options

• Can have perfect symbolization and have 
errors

• Possibility of misinformation

• Reduction in communication effectiveness
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Measurement Scale

• Nominal (name of a place)

• Ordinal (small, medium, large town)

• Interval (arbitrary zero point, e.g. sea level)

• Ratio (absolute zero, e.g. dollars)
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Effective Symbolization
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Symbology
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Selection of Thematic Map 
Symbols
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Homogeneity

• The qualitative feature data may give the 
mapmaker information about the actual degree 
of homogeneity within each feature. 

• For example, a stand of trees might prove to be 
entirely of the same species.

• The stand is a completely homogeneous 
qualitative area feature since all of its defining 
objects (trees) are of the same category (species)
within the homogeneous area (stand)
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Homogeneity

• Mapmakers deal with this in several ways

• They could decide to define the boundary
between the two single species stands as the 
middle of the transition zone

• They may add a transition zone to the 
classification so that the map now includes a 
mixed class as well as the two single species 
classes

26



Homogeneity

• An example of homogeneity within line 
features…..

• For example…… many roads are probably 
completely asphalt or totally concrete

• When these homogeneous features are 
shown on a map as asphalt or concrete roads, 
the maps agree with what’s on the ground
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Homogeneity

• An alternative is to segment the features by 
breaking them at locations where the road 
surface type changes

• The feasibility of this approach relates to the 
map scale
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Single Theme Maps

• To read these single theme maps, you must 
first determine what features have been 
shown with point, line or area symbols

• The graphic marks are symbolized using what 
mapmakers call visual variables

• Certain visual variables work well for 
qualitative data because they do not impart a 
magnitude message; others work well for 
quantitative data because they do
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Single Theme Maps

• For example, a set of point symbols might be 
designed as circles with lines in them that are 
oriented in different directions

• Each of these visual variables gives the 
impression that features are different in type 
or kind but not more or less in magnitude
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Single Theme Maps

• Thus, some other visual variable (size, texture, 
color value or color intensity) may be used 
that is really most appropriate for showing 
quantitative differences
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Point Feature Maps

• It isn’t being used in the strict mathematical 
sense of a one-dimensional figure but, rather, 
as the center of a circle, square or some other 
map symbol representing a point feature 
found at this location or as we saw earlier, 
representing a feature conceived of as a point 
for mapping purposes
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Point Feature Maps

• Geometric symbols are simple shapes, such as 
squares, circles and triangles to represent 
features
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Figure 7.4 38



Point Feature Maps

• Mimetic symbols are often created as a 
combination of geometric shapes such as a 
square with a triangle on top to represent a 
house, or they can be more complex, like a 
small cartoon of a particular type of building 
like a ranger station or a museum
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Point Feature Maps

• A special type of mimetic symbol is the 
standard symbol, which is a symbol that is 
used as a standard in some mapping practice 
or for some mapping product

• Sets of standard symbols have been created 
to show different categories of:
– transportation, 

– recreation and 

– other activities
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Point Feature Maps

• Standard symbols have a more professional 
look but they still suffer problems associated 
with more pictographic symbols in general
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Point Feature Maps

• What, for example, is an obvious icon for a 
vista or an overlook?

• And what if there are 10 such cryptic symbols 
on a map?
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Point Feature Maps

• Notice in figure 7.2 that the orientation or 
hue of the mimetic symbol for a coniferous 
tree can be changed to show the tree is alive 
(vertical or green) or dead (horizontal or 
brown)
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Point Feature Maps

• Although these symbols may look very 
abstract, they can be read correctly even 
when very small

• They can also be used for larger categories 
having hundreds of individual features

• This lets mapmakers pack more information 
into the map that they can with larger mimetic 
or pictographic symbols
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Line Feature Maps

• Mapmakers make line feature maps with 
qualitative line symbols showing different 
categories of linear features, such as roads, 
streams or boundaries
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Line Feature Maps

• The lines used to symbolize linear features on 
maps have width as well as length, and the 
symbol width rarely corresponds directly with 
the feature width on the ground
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Figure 7.8 50
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Line Feature Maps

• Some hues have been standardized for certain 
features

• For example, water features are usually 
shown with blue lines

• Boundaries are depicted with red lines

• Roads are drawn in black and 

• contour lines are drawn in brown
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Line Feature Maps

• The individual marks repeated along the line 
usually are geometric, but they can also be 
mimetic

• Mimetic shapes may be easier to discern than 
abstract geometric shapes, but they’re more 
difficult to miniaturize and repeat along a line
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Line Feature Maps

• For example, the lines on a map can be used 
to represent features that are linear (fences or 
walls), as well as networks (roads and 
railroads), the edges of area features
(administrative boundaries), and the land 
surface form (contours)
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Area Feature Maps

• Qualitative area feature maps use area 
symbols to portray features that are 
homogeneous within regions
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Area Feature Maps

• These include:

– Color hue

– Pattern shape

– Pattern orientation
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Area Feature Maps

• Or she could use a combination of pattern 
shape and hue (red elephants and blue 
donkeys) to make sure you correctly see the 
category for each region
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Area Feature Maps

• If mapmakers instead use visual variables that 
give a magnitude impression, such as:

– color lightness,

– color intensity, 

– pattern texture or 

– size,

• you’ll likely see quantitative rather than 
qualitative differences in the data
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Ecoregions

• Figures 7.10 and 7.11 exemplify two basic 
types of qualitative thematic maps that differ 
in the kind of data collection areas being 
mapped, though both use color hue as the 
primary visual variable
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• This type of map is often called a categorical 
map – a map that has polygons enclosing 
areas assumed to be uniform or areas to 
which a single description can apply
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The ecoregion map 
in figure 7.11 is an 

example of mapping 
area features that 

are inherently 
homogeneous in 

some way, such as 
having the same 
bedrock geology, 

soils or vegetation
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Multivariate Maps

• Most qualitative thematic maps use a 
separate symbol to represent each category

• But sometimes mapmakers show several 
attributes of the feature within the same 
symbol on a multivariate map
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Multivariate Maps

• In theory, mapmakers could show four 
different qualitative attributes at once by 
varying the symbol’s shape, hue, pattern and 
orientation

• In practice, symbols showing even two or 
three feature attributes can be very difficult to 
read if they are not created carefully

67



Multivariate Maps

• With the second method of symbolizing 
multivariate information, mapmakers show a 
concept defined by a composite of attributes
rather than raw data for a single theme
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Multivariate Maps

• This is the case 
with the 
ecoregion map 
in figure 7.11
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Ecoregion

• The concept of an ecoregion is defined by:

– Temperature

– Precipitation

– Vegetation

– Soils geology

– Human influences on the landcape
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Ecoregion

• Similarly, the concept of a soil class is defined 
by a set of soil attributes, including:

– Slope

– Depth

– Drainage

– Color

– Texture
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Multivariate Point Symbols

• Mapmakers like to use point symbols to show 
multivariate qualitative information because 
they can pack information into each symbol by 
combining several visual variables

• The resulting symbol is sometimes referred to 
as a glyph
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Multivariate Point Symbols

• Some multivariate point symbols are 
pictographic, but most are geometric

• For example, the symbols for landfills and 
dumps shown in figure 7.13 are circles and 
squares
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Multivariate Point Symbols

• For instance, they may use two shapes, such 
as a star within a circle, which is a common 
way to show capitol cities

• More often they will show two different 
attributes of a feature with two different 
qualitative visual variables as in figure 7.13
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Multivariate Line Symbols

• For example, road maps may be enhanced 
with multivariate data

• It’s common to see highway maps with red 
lines for freeways, black lines for state 
highways and gray lines for US or state 
highways

• Sometimes these single variable line symbols 
are augmented to show a second variable
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Multivariate Line Symbols

• These are called cased line symbols as the 
interior line is bounded by a casing that is 
shown in a different color

• For example, road categories might be shown 
by different hues, and the casing lines could 
be patterned as solid, dashed, or dotted lines 
to show where the roads are in tunnels or on 
bridges
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Multivariate Area Symbols

• Mapmakers can make qualitative multivariate 
maps for area features in a number of ways

• One common method is to overlap two types
of area symbols that are appropriate for 
nominal data
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Multivariate Area Symbols

• On other maps, two different hues, such as 
yellow and blue are used for two different 
categories so that their area of overlap is seen 
as the hue combination – in this case green
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Multivariate Area Symbols

• Could you predict what hue should be used to 
show the overlap between an area symbolized 
with purple and another shown in green?

• In such cases, it’s necessary to refer to the 
map legend to see what each hue represents
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Visual Variables
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Representing Attribute Values
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Representing Categories
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