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CHAPTER II

AN OVERVIEW OF CARTOGRAMS

2.1 The Cartogram

Effective visualization of geographical data can be a challenge to achieve.

Commonly, color or shading is used to communicate information and degrees of variation

between regions.  In Figure 2.1a the choropleth thematic map of the United States is

shaded relative to the density of the population of each state, with black representing areas

of high population and white representing areas of low population.  While it is easy to

discern which states contain large numbers of people, the viewer cannot possibly grasp the

magnitude of the population density.  Merely coloring New Jersey black does not convey

how many people are actually squeezed into each square mile.

a) Traditional choropleth thematic map. b) Cartogram.

Figure 2.1: Population density maps of the U.S.

On the other hand, imagine taking the United States and shrinking or enlarging

each state in proportion to its population.  With a quick glance at the transformed map in

Figure 2.1b, the viewer can easily identify the regions where the most people live, as well

as the areas where the fewest people live.

Area cartograms are deliberate exaggerations of a map that communicate

information about regions through their spatial dimensions [6]. Traditional maps give

prominence to states containing more land area whereas cartograms inherently give
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prominence to the data that is being analyzed.  In an equal population cartogram, for

example, the sizes of regions are proportional to the number of their occupants.  Since

traditional maps depict areas in proportion to the amount of land they occupy, they could

be called equal land area cartograms.  While population is most commonly used [22], any

piece of geographical data can form the map base of a cartogram.

2.2 Classifications of Cartograms

There are several computer algorithms for constructing cartograms, each with its

own techniques and capabilities.  Computer generated cartograms can be classified by

their ability to maintain the following properties: continuous topology, perimeter

preservation, and conformal mapping.

2.2.1 Continuous Cartograms

Both cartograms in Figure 2.2 portray the same information, yet in two very

different ways.  In the first cartogram, Figure 2.2a, the states have been scaled to their

proportional size and relocated as necessary to prevent overlap.  This cartogram is

classified as noncontinuous due to its disjointed nature.  The connective relationships have

been sacrificed in order to retain the exact shapes of the states.

a) Noncontinuous cartogram. b) Continuous cartogram.

Figure 2.2: Two population cartograms of the U.S. (a: Reproduced with permission from [16], page
163, figure 7.17;  b: Reproduced from an uncopyrighted federal government document
[24], page 56).
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Another form of noncontinuous cartogram substitutes abstract shapes, such as

circles, for the original region shapes [4].  These cartograms require an additional means

of clarification so that the viewer can identify the regions.  The interactivity of the world

wide web has been creatively researched for this purpose [7], whereby user movement of

the mouse pointer over an abstract shape causes an automatic highlighting of the

corresponding region on a traditional map.

A much more challenging problem is demonstrated in the continuous cartogram

shown in Figure 2.2b, where the connectivity of the states is upheld despite the drastic

distortion of their shapes.  Ideally, the region shapes would not be distorted beyond

recognition during the map transformation.

2.2.2 Perimeter-Preserving Cartograms

A perimeter-preserving cartogram is one in which the map outline is left unaltered

while the map interior is transformed.  Algorithms of this type have the capability of

“pinning down” vertices, thereby rendering them immovable.  A map of the counties in

Britain is shown in Figure 2.3a.  The transformation of this map into a perimeter-preserved

cartogram can result in an identifiable country with distorted, unrecognizable regions, as

shown in Figure 2.3b.  However, each county is still connected to its adjacent neighbors,

upholding continuity despite the drastic changes in shape.

More common are nonperimeter-preserving cartogram algorithms that do not have

the capability to fix vertices.  The perimeter is not preserved in Figure 2.3c, resulting in a

cartogram where the viewer may recognize the individual counties, but fail to identify the

country.

2.2.3 Conformal Cartograms

Commonly, the subtle nooks and crannies on the map become the dominant factor

in the viewer’s ability to recognize regions.  Conformal mapping refers to the local

preservation of angles (i.e. details) during the transformation of a region [4].  In a
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conformal cartogram, the detailed boundaries are preserved and drawn similar to those on

the original map.  Conversely, non-conformal cartograms generalize, or entirely disregard,

preservation of the region shapes during the cartogram process, often resulting in regions

that the viewer cannot identify.

a) Original map. b) Cartogram with perimeter
preserved.

c) Cartogram without perimeter
preserved.

Figure 2.3: Population in British counties and major cities (Reproduced with permission from
author [4], pages 20-22, figures 14b, 14c, and 14e).

The continuous cartogram of the U.S. in Figure 2.2b is conformal since only

squash, stretch and skew transformations were employed on the original map.  However,

the two cartograms of Britain in Figures 2.3b and c are both nonconformal, since interior

angles were lost in the generalization of the county shapes.

2.3 Applications of Continuous Cartograms

Cartograms can be appealing due to their captivating design and creativeness in

presenting routine information.  In the perception research performed by Borden Dent,

cartograms were described as “innovative,” “interesting,” and “stylish” [2].  Throughout

this century, cartograms have been used in social, political, epidemiological, and

commercial applications.
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2.3.1 Social Applications

Population density is the most prevalent social cartogram, properly emphasizing

the magnitude of the population instead of the region sizes.  Dorling reiterates a profound

point:

“Maps are designed to show land and to be used for military purposes,
seaward navigation, and the demarcation of territory… not to allow us to
visualize spatial social structure” [5].

a) Original map. b) Cartogram.

Figure 2.4: Equal population cartogram of the former Soviet Union (Adapted and reproduced with
permission from [21] as reprinted in [4], Figure 10f, page 16).

Depicted in Figure 2.4 is the 1990 population density of the administrative regions

of the former Soviet Union, shown on a traditional map and on a cartogram.  The

cartogram vividly reveals the vast quantity of people living in the northwest corner.

Similarly, two striking cartograms of the world are shown in Figure 2.5, with one

portraying population and the other gross national product (GNP).  China and India engulf

most of the population cartogram, signifying their containment of most of the world’s

population. The GNP cartogram is a stunning contrast, displaying constriction where we

just saw bloating.  This cartogram visually identifies the three world market leaders: the

U.S., Western Europe, and Japan.

A variety of social data can be visualized effectively by means of a cartogram.  A

cartogram has even been used to show places mentioned in country music lyrics, as shown

in Figure 2.6!
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a) World population cartogram.

b) Gross national product cartogram.

Figure 2.5: Cartograms of the countries of the world (Reproduced with permission from [21] as
reprinted in [4], Figures 4a and 5a, pages 9 and 11).

2.3.2 Political Applications

Mapping political elections on cartograms is logical since each region can be

sized relative to its significance to the overall election.  In Figure 2.7, the Michigan

presidential election of 1968 is depicted by county in both the traditional map and in a

cartogram.  Nixon dominated Michigan territorially but Humphrey dominated

demographically [12].  The hidden element that is revealed by the cartogram is the vast

quantity of voters living in the Detroit area.  What appeared on the traditional map to be
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a Michigan landslide for Nixon was unveiled on the cartogram to be a landslide for

Humphrey!

Figure 2.6: Cartogram of the places mentioned in country music lyrics (Reproduced with permission
from Harper’s Magazine as reprinted in [3], page 10, figure 1.7).

Figure 2.7: Map and cartogram of the 1968 Michigan presidential election by county (Reproduced
with permission from [12], page 101, figure 4).

A comparison of the thematic and cartogram maps showing the 1960 U.S.

presidential election results is depicted in Figure 2.8.  On the traditional map, Nixon’s

domination of the mid-western states, represented with dot patterns, could convince the

viewer that Nixon won.  However, shading the popular vote on a population cartogram
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reveals the balance between the dot and line patterns, indicating the actual closeness of the

election.

a) Traditional thematic map. b) Cartogram.

Figure 2.8: 1960 U.S. presidential election (Reproduced with permission from [6], pages 77-78,
figures 1 and 2).

2.3.3 Epidemiological Applications

Diseases that appear to be clustered on conventional maps may, in fact, be evenly

distributed when mapped onto a population cartogram.  The transformation of San

Francisco shown in Figure 2.9 was created by researchers at Berkeley.  Note that the

shaded Golden Gate Park industrial tract does not contain any residential homes and, as

such, collapses to a single point on the cartogram.  The apparent clustering of a disease on

the northeast side of San Francisco turns out to be very evenly distributed when the

population density is equalized.

The locations in New York of Wilm’s tumor cases, a childhood cancer,  is depicted

in Figure 2.10.  The apparent clustering in the Syracuse and Buffalo regions were likewise

discovered to be also evenly distributed with respect to the state’s population once

mapped upon a population cartogram.
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a) Geopolitical map of census tracks. b) Disease distribution on geopolitical map.

c) Cartogram of the census tracks. d) Disease distribution on the cartogram map.

Figure 2.9: Hypothetical disease mapping for San Francisco City/County (Reprinted from [19],
Social Science and Medicine, Vol. 26, Selvin, S. et al., “Transformations of Maps to
Investigate Clusters of Disease,” pages 217-8, 1998, figures 3, 4, 5, and 6, with kind
permission from Elsevier Science Ltd, The Boulevard, Langford Lane, Kidlington 0X5
1GB, UK).

2.3.4 Commercial Applications

Cartograms have been used in commercial areas to show production and consumer

markets.  Three continuous cartograms are shown in Figure 2.11 that capture unique

views of the United States markets.  The “Farm View” cartogram resizes states

proportional to their number of tractors, and the “Market” and “Manufacturing”

cartograms visualize retail sales and employees in manufacturing, respectively.  Similar

cartograms can be used in strategic planning to visualize a consumer product base or

potential market areas.  In Figure 2.12, the global sources of two of our important natural

resources is made quite clear.
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a) Traditional map.

b) Cartogram.

Figure 2.10: Mapping of Wilm’s tumor cases in New York (Reprinted from an uncopyrighted federal
government document [14], pages 56-7, figures 1 and 2).
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Figure 2.11: Cartograms of the U.S. retail and production markets (Reproduced with permission from
[11], pages 320, 338 and 342, figures 1, 2, 21, and 26).

a) Coal production. b) Oil production.

Figure 2.12: Cartograms of world resources (Reproduced with permission from [16], page 164, figure
7.19A).


