than 90 or 95 percent white. Of course, estimatesfor the
somewhat smaller, more narrowly defined white, non-
Hispanic segment of the population would haveyielded
more meaningful minority clusters, based on ethnicity
aswell asrace.

...marketing firms and the producers
of "Beverly Hills 90210" conveniently
equatepostal codeswithincomeand sta-
tus, ...

But better demographic measures alone would not have
made the results meaningful because Zip Code areas
are neither census tracts nor neighborhoods. Although
marketing firms and the producers of "Beverly Hills
90210" conveniently equate postal codes with income
and status, Zip Code boundaries reflect the local geo-
graphic organization and operation of the U.S. Postal
Service, not the boundaries of homogeneous socioeco-
nomic communities. And even if the Postal Service had
deliberately sought racially distinct postal zones, Zip
Code areas generally are much larger than censustracts
and inherently more diverse. (Although an accident of
postal geography might let some Zip Code areas reflect
comparatively large minority neighborhoods in major
cities, postal zones are more likely to be racially mixed
than segregated. Additional information is needed to
tell whether aracially mixed Zip Code reflects, for ex-
ample, a uniform zone with segregated housing or the
juxtaposition of a white ethnic enclave and an impov-
erished black neighborhood.) Moreover, the compara
tively large size of Zip Code areas allows a substantial
separation between residential and industrial neighbor-
hoods, and between homes and toxic dumps. While
residents of rural areas and small cities relying on well
water might be highly apprehensive about groundwater
contamination anywhere within their Zip Code areas,
the water supply systems of large metropolitan areas
with substantial minority populations typically rely on
agueducts and reservoirs, not on local aquifersvulnera
ble to atoxic landfill ablock or even amile away.

Zip Code Convenience

Why then is Zip Code information used so widely in
marketing studies and advertising campaigns? Because
of the obvious and straightforward link between demo-
graphic data and potential buyers or voters. If a study
reveals, for example, that well-heeled Republicans ac-
count for 70 percent of the households in a Zip Code
area, campaign literature mailed to all addressesin the
zone will most certainly reach a high proportion of po-
tential voters likely to support a candidate advocating
traditional family valuesand |ower top-bracket tax rates.
ButintheNLJsanalysis, thislink wasmissing. Simply

put, aggregated demographic datareported by five-digit
ZIP Codes reved little about the people (or the land
use, for that matter) in the immediate vicinity of point
locations.

...the comparatively large size of Zip
Code areas allows a substantial sepa-
ration between residential and industrial
neighborhoods, and between homes and
toxic dumps.

Although environmental racism is real and reprehensi-
ble, five-digit Zip Codes are a poor basis for a broad,
systematic investigation of racist practicesin either en-
vironmental enforcement or the cleanup of Superfund
sites. A credibly thorough geographic analysisrequires
more detailed information based on smaller spatial units
and identified links between toxic dumps and drinking
water.

Mark Monmonier
Syracuse University
nmon2i er @rai | box. syr. edu
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TOPICS IN SCIENTIFIC VISUALIZATION

Constructing Legends For
Classed Choropleth Maps

by Dan Carr

Constructing map legends is a statistical graphics topic
worthy of attention. Map legends can provide a distri-
butional summary for avariable represented on a map.
A distributional summary augments the map’s spatial
information and provides the reader with a few key
numbers to remember. As an example, researchers and
politicians may be concerned if one of "their" counties
had a high death rate due to a specific type of can-
cer that is environmentaly or life-style related. The
high rate becomes more deserving of study (or more
useful for funding leverage) if the rate for the people
in this county is above the 95 percentile for the na-
tion. While death rates have a direct interpretation, a
popul ation-based compari son providesauseful standard
of reference. Thus distributional summaries should be
considered as part of the map construction process.

A great dea can be learned about maps legends by
examining the options available in GIS packages and
by looking at publications. For example Goldman
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(1991) provides numerous county-based choropleth
maps showing death rates and environmental hazards.
The maps show counties with high death rates or high
potential sfor exposure and include both density and per-
centilelegendsthat are based on the number of counties
involved. The use of distributional summaries based
on the number of political regions is common and of-
ten convenient. Thedistributional summariespromoted
here answer questions about percentage of people or
percentage area. These differ for summaries that count
the number of political regions. Figure 1 provides an
example.

The 802 regions represented in the map are health ser-
viceareas. Health serviceareas (HSAS) are either coun-
ties or aggregates of counties as discussed in the last
newsletter article (Carr and Pickle 1993). The spatial
patterns of mortality rates are clearly of interest with
the higher ratesin the Northeast. Thelegend providesa
tablelookup capability for the classes of mortality rates.
The legend also provides a distributional summary for
the percent of the white male population. For example
the legend indicates that 50% of white males live in
HSAs with rates at or below 22.4 deaths per 100,000.

White Male Colon Cancer: 1980-1989
Age-Adjusted Rate Per 100,000

Figure 1. Example of a county-based choropleth map.

Figure 2 shows three candidate distributional sum-
maries. All three plots involve sorting the HSA values
in increasing mortality rate order before calculating the
cumulative values. The left plot is an approximate cu-
mulative distribution for the described population. The
center plot gives cumulative percentagesfor the number
of HSAs and theright plot providesthe cumulative per-
centages of map area. The second summary is mostly
of interest because it is often used. The area-based
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25% —19.6

5% —16.2
Min=3.3

summary is often relevant for maps of environmental
variables. The area-based summary is interesting here
because it provides a rudimentary characterization of
what we see on the map. (While the map projection
is area preserving, the characterization would be more
exact if our visual response were linear with area and
unaffected by color interactions.)

A well-known problem with choropleth maps is that
the large regions draw visual attention that is not nec-



Percents

essarily proportiona to the described population. Fig-
ure 3 shows the difference in percentages between the
area-based and population-based cumulative estimates
in Figure 2. The striking result demonstratesonce again
theimportance of plotting the difference between curves
rather than visually estimating the difference. The pos-
itive percents suggest that after putting the values in
mortality-rate order, the large area HSAs are encoun-
tered sooner than the high population HSAs. This sug-
gests a relationship between mortality rate and popula-
tion density. When the population percents define the
classintervals, visual attention drawn to therelative ar-
easwith different shading can have apopulation density
based interpretation.

Candidate Cumulative Distributions

Number of HSAs HSA Area

g
J

0 10 20 30 40

White Male Population

0 10 20 30 40

20 40 60 80 100
20 40 60 80 100
20 40 60 80 100

0
0
0

0 10 20 30 40

White Male Colon Cancer Rate Per 100,000

Figure 2: Example cumulative summary distributions.

Consider viewing a series of maps that use the same
percents to define class intervals. A few maps may
have an unusually small total area devoted to the high
rate class and an usually large total area devoted to the
low rate class. For gray scale maps this changes total
amount of reflected light and actsasacue. Defining the
classintervals symmetrically with respect to population
percents allows the meaningful class area comparisons
within amap. This comparison can be donefor the pair
classesin gray scale maps such as Figure 1.

The striking result demonstrates once
again the importance of plotting the dif-
ference between curves rather than visu-
ally estimating the difference.

For example, the lowest rate class covers amuch larger
area than the highest rate class. The comparisons are
easier when a symmetric color scheme is used like the
onedescribed below. Of coursedirectly plotting mortal -
ity rate versus population density is better than relying
on visual estimates of class area differences and other
variables need be considered than surrogates like popu-

lation density and spatial position. The point isthat the
area devoted to the classes can be suggestive.

Area Cumulative - Population Cumulative

N

10 20 30 40

15 30

Percent

0

White Male Colon Cancer Rate Per 100,000

Figure 3: Differencein percentagesbetween area-based
and population-based cumulative estimates.

Thelegend in Figure 1 shows both population percents
and mortality rates as class boundaries. The mortal-
ity rates are quantiles determined from the cumulative
distribution. The arrows in the left plot of Figure 2
illustrates the process of going from selected percents
to the corresponding quantiles. A convenient approach
is to linearly interpolate between the points on the cu-
mulative distribution rather than treat the distribution as
a right continuous step function. Thus the estimated
guantiles may not produce the intended percentages
when used as class boundaries. However, using more
accurate but non-standard percentages complicates the
description. Unlessthere is big discrepancy, ssimplicity
suggests emphasizing that the quantiles are approxi-
mate.

Simple Design and Boxplots

When designing map legendsit hel psto pay attention to
graphics methods that have been successful in the past.
The boxplot has been one of the few modern statistical
plotsthat hasworked its way into elementary statistical
texts and into use by applied scientists. The boxplot
with its emphasis on approximate .25, .5 and .75 quan-
tiles recognizes some important factors in its design.
First it uses a simple standard (.25, .5 and .75) that is
easy to accept. Second, the standard relates strongly to
important concepts of central tendency, distributional
spread, and assessment of symmetry. Third, the sum-
mary focuses mental attention on afew valuesthat can
be used for making comparisons.

Emphasizing a few values for mental comparison isan
important principle. The human short term memory can
only handleabout 74+ 2 units of information at onetime.
(Depth of thought may relate moreto what peopleuseas
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units of information than to the +-2). Ehrenberg (1981)
argues persuasively that short term memory considera
tionsshould beusedinthedesign of tables. For example
an ordinary person can divide atwo digit number by a
two digit number and have room to store an approx-
imate two digit answer. Most people have difficulty
when they try to ratio two three-digit numbers. What
happensin the graphical environment is somewhat dif-
ferent because the graphic can be used for rapid mental
refresh. However one might conjecture that people will
withdraw from map reading if there are more than seven
or so obvious and equally important classes or layers of
information.

Color Scales

The legend in Figure 1 uses six classes with internal
boundaries determined approximately by 5, 25, 50, 75,
and 95 percentiles. While humans can easily distin-
guish many more than six gray levels, Figure 1 appears
complicated. Part of difficulty relates to the dot-based
representation of gray, part rel atesto the spatial variabil-
ity that provides a changing background against which
to judge color and part relates to using as many as six
"equal" classes. When full color is available the map
can be made to appear simpler by using shades of red
for high rates and shades of blue for low rates. This
"grouping” of information has only two equal classes
at the top and three ordered classes nested inside. The
red and blue colors can be ordered both in terms of
saturation and value. Using low-saturation near-white
colors in the middle of the scale eases the transition
from blueto red. Putting the saturated and dark colors
at the extremesfollows the advice of Eduard Imhof (see
Tufte 1990) by devoting relatively little areato saturated
colors.

Of course other color scales can be considered, but the
abovescaleisareasonable start for thosewho arenot red
color blind. The verbal description above does not do
the color selection justice. For those interested, com-
pressed color postscript files are available by anony-
mous ft p to gal axy. gnu. edu and stored under
submi ssi ons/ eda/ maps. Thedirectory aso con-
tains the Splus commands files and the data used to
produce the maps. Splus users can easily modify the
colors and experiment with legend variations.

Variations

Legend variations are worth considering. Those who
are intensely studying the phenomena may want to see
the full cumulative distribution so they can read the
percentage for any mortality rate. The Figure 1 leg-
end shows only selected values both to save space and
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keep the legend simple. The legend scalingis linear in
percentages rather than mortality rates to provide pro-
gramming convenience and generality. If the legend
scaling were based on mortality rates, the quantiles cor-
responding to the standard percentiles could be so close
that they would overplot. For visua communication a
linear scale in terms of mortality rates would also be
helpful.

When full color is available the map can
be made to appear simpler by using
shades of red for high rates and shades
of blue for low rates.

Many map variations are worth considering. Perhaps
the most suggestive and elegant map in the map direc-
tory cited above is that showing the extreme residuals
from the smooth. These local discrepancies from the
smooth can be very useful for hypothesis generation.
However new topics like exploration of spatial residu-
als and disaggregation approaches to smoothing using
high resolution population data deserve separate con-
sideration.
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