












































Journal of the Pennsylvania Academy of Science 68(1): 42-47, 1994. 

MINIMUM-CHANGE CATEGORIES FOR 
DYNAMIC TEMPORAL CHOROPLETH MAPS1 

MARK MONMONIER 

Department of Geography 
Syracuse University 

Syracuse, New York 13244-1090 

ABSTRACT 

A dynamic choropleth map is a temporally-ordered 
sequence of cartographic "snapshots," each representing 
an instant or period of time. Each map in the series typically 
appears on the screen for so brief a time that the viewer can­
not examine details. A single classification is applied to the 
entire sequence so that a substantial rise or fall in value 
should trigger a change in category. If the classification has 
only two or three categories, and if areal units change 
categories infrequently, the viewer should be able to iden­
tify major historical and geographic trends. A bin-scoring 
method for evaluating potential category breaks can help 
the map author minimize trivial and unwarranted category 
changes that reflect comparatively small changes in value. 
[J PA Acad Sci 68(1):42-47, 1994] 

INTRODUCTION 

This paper addresses the problem of selecting class inter­
vals for dynamic temporal choropleth maps. This is an 
important problem because the map designer might want 
to avoid a wildly fluctuating, visually busy display on 
which minor fluctuations in value obscure more significant 
changes. This paper raises several questions: How might 
a systematic method identify class intervals that minimize 
category change in dynamic cartography? How concep­
tually and computationally complex are such procedures, 
and to what extent can they make dynamic maps more 
intelligible and informative? 

A typical dynamic spatial-temporal choropleth map 
(Figure 1) consists of (1) a fixed base map of shaded-area 
polygons; (2) a title identifying the distribution portrayed; 
(3) a dynamic time line, calendar, clock, year counter, or 
similar graphic or numeric device for showing the direction 

'Received for publication 16 December 1993; accepted 11 
April 1994. 

and pace of time; and (4) a key linking several time­
invariant category intervals to a progressive, light-to-dark 
sequence of fill colors with little, if any, variation in hue. 
For every instant or period of time, the classification assigns 
each polygon the fill color appropriate for its data value, 
so that the resulting mosaic of filled polygons portrays the 
distribution's spatial pattern of low, medium, and high data 
values. The dynamic map is thus a temporally-ordered 
sequence of cartographic "snapshots" (Monmonier, 1990). 

Keeping category breaks constant allows the map to 
register a change whenever, in the transition from one time 
to the next, an areal unit's data value rises or falls to another 
category. Linking the map to a dynamic graphic time scale 
thus allows an efficient, visually effective representation of 
a spatial-temporal process (Koussoulakou and Kraak, 
1992). Yet the map author must be wary of a visually noisy, 
constantly changing display that overwhelms the viewer's 
eye-brain system with a complex multitude of category 
changes largely reflecting minor variations. Equally 
troublesome is a classification that fails to register the times 
and locations of substantial shifts in value. 

In its goal of meaningful category breaks for a temporal 
choropleth map, this research has few precedents. In 
measuring the temporal stability of mapped patterns in 
order to influence the selection of category breaks, it 
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FIGURE I. Elements of a dynamic spatial-temporal choropleth map. The 
dynamic time line and year counter identify the example as a cartographic 
snapshot for 1974. 
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extends the pioneering work of George Jenks, who dev­
eloped a computational procedure for selecting maximally 
homogeneous categories for static choropleth maps by 
generating and evaluating progressively more accurate trial 
solutions (Jenks and Caspall, 1971). Although the author 
(Monmonier, 1982) later refined Jenks's approach to reduce 
computational effort as well as to accommodate designer 
preferences for round-number and inherently meaningful 
category breaks, the present paper is the first to extend the 
class-interval problem to spatial-temporal data and to add 
temporal stability as a design objective. 

This paper begins by developing a procedure for identi­
fying category breaks that minimize visual change. It then 
applies this process to a demonstration data set, examines 
the sensitivity of results to the procedure's various param­
eters, and discusses the implications of this demonstration 
for the use and further development of the method. 

METHOD 

Classification begins by treating the overall range of data 
values as a one-dimensional vector of bins, each represent­
ing a potential location for a category break. After initializ­
ing the bins with values of zero, the procedure addresses 
each pair of temporally adjacent "snapshots" in the 
dynamic cartographic sequence by scoring each data inter­
val for usefulness as a class break and accumulating these 
scores in their appropriate bins. Each transition from one 
time to the next thus adds a utility rating to each bin. The 
pattern of final accumulated scores is a basis for selecting 
an appropriate number of categories as well as for balanc­
ing measured utility with the need to avoid closely clustered 
category breaks. 

The vector of bins (Figure 2) must represent the complete 
range of data values, from the smallest value recorded for 
any instant or period of time to the largest value in the data 
set. The map author specifies a level of resolution, which 
divides the range of data values into a finite number of bins. 
For example, if the map author calls for whole-number 
class intervals, and if data values range from 7 to 17, there 
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FIGURE 2. Vector of bins for accumulating utility scores. Number of bins 
depends on the level of resolution chosen by the map author and the dif­
ference between overall maximum and minimum data values. 

need be only 10 bins, representing the intervals 7-8, 8-9, and 
so forth, up to 16-17. But if the map author chooses to carry 
class intervals to the first decimal place, the range 7.0 to 17.0 
would require 100 bins, running from 7.0-7.1 through 
16.9-17.0. Because each small interval along the overall 
range is a potential location for a category break, the pro­
cedure uses each location's bin to accumulate information 
about its utility. Thus, a single break based on a high 
estimated utility for the bin 9.9-10.0 would define a class­
ification with two categories, 7.0-9.9 and 10.0-17.0. 

Figure 3 describes the scoring process for the transition 
between two adjacent times t, and t2 • The horizontal axis 
represents the overall range of the data, and the vertical axis 
represents time. The four arrows represent typical changes 
in value for individual areal units. (For the United States, 
there would be 50 such arrows.) Arrows point to the right 
for an increase, and to the left for a decrease. An arrow 
pointing directly upward represents no change, whereas a 
large deviation of the arrow to the right or left reflects a 
relatively substantial change. All bins directly below the 
arrow receive a score, the value of which depends on four 
parameters. For a relatively trivial (yet non-zero) change, 
with an absolute value less than or equal to .:lh the pro­
cedure subtracts an amount M- from all bins below the 
arrow, thereby assigning demerits that reflect the disutil­
ity of a category break in this part of the range. In contrast, 
for a relatively substantial change, with an absolute value 
greater than or equal to .:l2, the procedure adds an amount 
M + to all bins beneath the arrow, to reflect the utility of 
a category break along this portion of the range. Nothing 
is accumulated in the bins for areas that registered either 
no change between t, and h or only a moderate change, 
between the thresholds .:l, and .:l2. Bins either below the 
lowest data value or above the greatest value for either time 
are not affected. (Although theoretically determined values 
for the four parameters might be useful, their derivation 
was deferred pending a broader assessment of the over­
all technique). 

thresholds t12-
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FIGURE 3. Minimum and maximum thresholds .1., and .1.2 distinguish 
trivial and substantial changes for which demerits M- and merits M + 
(respectively) are accumulated in the bins between data values for adja­
cent times t, and t,. No accumulation occurs when the values at t, and 
t, are equal or the change was between .1., and .1.2 • 
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In this manner, the procedure assesses and accumulates 
merits and demerits for all pairs of temporally adjacent 
cartographic snapshots. If the data represent 21 individual 
years, for example, it accumulates binned scores for 20 
separate year-to-year transitions. 

DATA 

Trial runs based on a set of test data served three objec­
tives: (1) to explore the sensitivity of solutions to the values 
of the four parameters, (2) to demonstrate how the binned 
scores can be used to establish category breaks, and (3) to 
serve as a basis for discussing how and why category change 
might be minimized. 

The data for these trial runs were yearly average civilian 
unemployment rates estimated for the 50 United States and 
for the 21-year period 1970 through 1990. As displayed in 
Figure 4, state-level unemployment rates ranged from 2.0 
percent for Florida in 1973 to 18.0 percent for West Virginia 
in 1983. In general, unemployment in the United States 
(represented by the bold line on the graph) was under 6 per­
cent through 1974, jumped sharply in 1975, declined steadily 
through 1979, rose progressively toward a higher level in 
1982 and 1983, and then fell back to less than 6 percent by 
1988. But the national trend is merely the average of a 
multitude of regional trends and local anomalies reflected 
by the complex zig-zag lines in Figure 4. The difficulty of 
identifying clear yet meaningful minimum-change breaks 
in the data raises the question: Can class intervals have a 

5% lO'Yo 15% 

2% 

Unemployment rate, civilian labor force, 1970-1990 

FIGURE 4. Time-series graph showing trends in yearly average unemploy­
ment rate, for each state and the United States as a whole (thick line), for 
the 21-year period 1970 through 1990. 

significant effect on the visual stability of a dynamic 
spatial-temporal map? 

To examine separately the relative contributions of de­
merits for small changes and merits for large changes, 
separate sets of binned scores were generated for the 
minimum and maximum thresholds (~, and ~2). The first 
set is based on a demerit value M- of -1.0, and the second 
set is based on a merit parameter M + of 1.0. (To separate 
demerits from merits, I set M + to zero for the first series 
of calculations and set M- to zero for the second.) A final 
trial provided a composite solution based on representative 
values of all four parameters. Because the data were reported 
to the nearest tenth of a percent, and because a conscien­
tious map author would not automatically round class 
intervals to the nearest whole-number percentages­
especially for a range between only 2.0 and 18.0 percent­
the level of resolution was set at 0.1, which divides the range 
into exactly 160 bins. 

RESULTS 

The first set of trials included nine solutions for which the 
minimum threshold ~. ranged from 0.1 to 0.9 in increments 
of 0.1, and four solutions for which the threshold ranged 
from 1 to 4 in increments of 1. As shown in Figure 5 for 
the first group, the pattern of demerits descends from both 
ends of the range, with extremely negative demerits most 
prominent between 5.0 and 6.5 percent-the interval 
around which most state unemployment rates fluctuated 

Demerit scores based on minimum threshold 
0~~~~~~~~~~~~ 

-25 

-50 

~1 = 0.9 
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FIGURE 5. Pattern of demerits accumulated for bins between 2.0 and 
12.0 percent with minimum threshold Ll., ranging in increments of 0.1 from 
0.1 (uppermost, innermost curve) to 0.9 (lowermost, outermost curve). 
The horizontal scales of Figures 5-8 are truncated because both merits 
and demerits were zero or minimally insignificant for bins representing 
unemployment rates greater than 12 percent. 
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in the early and late 1970s as well as in the late 1980s. 
Especially noteworthy are the substantial rises and falls at 
several places along the demerit curve; these abrupt varia­
tions suggest that displacing a class break a few tenths of 
a percent might reduce by 20 or more the number of cate­
gory changes. In general, though, the demerit curves slope 
more steeply downward from the lower end of the range 
than from the upper end, which is zero or nearly so for 
unemployment rates greater than 11 percent. Although in­
creasing the minimum threshold treats more changes as 
"trivial," accumulates many more demerits, and pushes the 
curve of binned scores even lower, the patterns of inflec­
tions and incisions are strikingly similar-the product­
moment correlations between the upper and lower sets of 
scores graphed in Figure 5 is 0.70. 

Similar patterns are still apparent in Figure 6, which 
illustrates the effects of awarding demerits for changes as 
great as 4.0 percent. In general, increasing the minimum 
threshold forces the curve not only lower but also to the 
right, that is, toward the higher end of the range, where 
moderately large changes in the unemployment rate have 
been more common. Because of this skew, the bivariate 
correlation between the uppermost curve in Figure 5, re­
flecting a minimum threshold of 0.1, and the lowermost 
curve in Figure 6, reflecting a minimum threshold of 4, 
drops to only 0.51. 

The second set of trials included six solutions for which 
the maximum threshold ~2 ranged from 1 to 6 in increments 
of 1. As Figure 7 illustrates, the pattern of accumulated 
merit scores rises at about the same rate from both ends 
of the truncated range, with a higher, more prominent peak 
for a maximum threshold of 1, and a vague, comparatively 
insignificant curve for maximum thresholds of 5 and 6, 

Demerit scores based on minimum threshold 
0 
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FIGURE 6. Pattern of demerits accumulated for bins between 2.0 and 
12.0 percent with minimum threshold Ll., ranging in increments of I from 
1 (uppermost, innermost curve) to 4 (lowermost, outermost curve). 

which few year-to-year state-level changes exceeded. Rais­
ing the maximum threshold yields a smoother, less jagged 
pattern of scores and forces the peak toward the upper end 
of the range, where large changes have been more common. 
In general, the curves in Figure 7 are less jagged than those 
in Figures 5 and 6, indicating that the merits awarded sub­
stantial changes vary less from bin to bin than the demerits 
awarded trivial changes. 

Figure 8 illustrates how demerits and merits might be 
combined and used to influence the selection of class inter­
vals. The curve represents binned scores accumulated with 
demerits of -1 assigned for changes less than or equal to 
0.9 and merits of + 1 assigned for changes greater than or 
equal to 4. Negative scores outnumber positive ones because 
"trivial" changes, thus defined, are more common than 
"substantial" changes. The resulting scores are thus more 
suited for avoiding meretricious changes in category than 
for assuring that class breaks point out major changes. 

In general, the higher a category break lies on the curve, 
the more temporally stable the resulting map. Consider, for 
example, a three-class map with one break below 3 percent 
and the other break above 9 percent. With both breaks well 
away from the low part of the curve, the map would have 
a comparatively stable pattern. But because its low and high 
categories would have few members, the map would be 
much less informative than if these extreme categories were 
broader. For this reason, the map author eager to balance 
informativeness with temporal stability might note the 
sharp upward jerk in Figure 8 for the bin between 5.6 and 
5.7. A lower category running from 2.0to 5.6 percent yields 
22 fewer trivial changes than a lower category running from 

Merit scores based on maximum threshold 
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FIGURE 7. Pattern of merits accumulated for bins between 2.0 and 12.0 
percent with maximum threshold Ll.2 ranging in increments of 1 from 1 
(uppermost, outermost curve) to 6 (lowermost, innermost curve). The three 
lowermost curves (for Ll.2 of 4, 5, and 6) are too low and flat to accom­
modate labels. 
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2.0 to 5.5 percent. Similarly, an upper category from 8.9 to 
18.0 would yield 10 fewer trivial breaks than an upper 
category from 9.3 to 18.0. But whether such small improve­
ments in temporal stability warrant consideration is ques­
tionable, especially if trivial shifts account for a small pro­
portion of all category transitions. With the United States 
unemployment data, for instance, the "best" three-category 
solution based on Figure 8 (with intervals 2.0-5.6, 5.7-8.8, 
and 8.9-18.0) acutally yielded a visually busier map (with 
264 category shifts) than the "worst" three-category solu­
tion (with intervals 2.0-5.5, 5.6-9.2, and 9.3-18.0 producing 
only 249 category shifts.) Yet as paradoxical as this com­
parison of category shifts might seem, the first solution will 
have fewer "trivial" transitions and thus better represent 
the data than the second. 

DISCUSSION 

Although other test data sets might yield more compel­
ling and impressive results, this exercise has usefully 
demonstrated that bin scoring can find whatever category 
breaks yield fewer inconsequential category changes than 
neighboring breaks. Yet, as these results also indicate, a 
break with fewer trivial category changes need not yield a 
less busy, more temporally stable dynamic cartographic 
time series. Moreover, a substantial improvement is not 
guaranteed-while the bin-scoring method can identify 
relatively stable, more meaningful solutions, the data might 
not yield a "best" solution that is markedly more stable 
than a "worst" solution. 

The demonstration examined but one bin-scoring ap-

Scores based on ~ 1 = 0.9 and ~2= 4 
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FIGURE 8. Pattern of binned scores for a composite evaluation with a 
minimum of threshold of 0.9 used to assess demerits of -1.0 for small, more 
trivial value changes and a maximum threshold of 4 used to assign merits 
of 1.0 for more substantial shifts. 

proach, namely, assigning merits (instead of demerits) to 
breaks representing large year-to-year changes in value. But 
because large changes affect many bins, across a large part 
of the range, merits tend to have little impact on the pat­
tern of binned scores. Although assigning merits to major 
shifts is theoretically justified because it promotes a more 
meaningful temporal map, in practice adding merits to the 
bins might not warrant the added complexity. 

Further modifications are possible. Scoring could weigh 
more heavily shifts in value than conform to the overall 
trend by rising when the national average rises and falling 
when the nation as a whole falls. Yet the map author who 
considers anomalies more significant than general trends 
could chose to weigh contrarian shifts (anomalous changes 
significantly out of step with the nation as a whole) more 
heavily. Another modification might assign greater import 
to shifts at the lower end of the range, thereby recognizing, 
for example, that a 2-percent rise in the unemployment rate 
from 2 to 4 percent is proportionately more significant than 
a 2-percent increase from 16 to 18 percent. An enhanced 
scoring method might also ignore or discount temporary 
fluctuations (represented by the "spike" on the left side of 
Figure 9) so that category changes tend to reflect salient or 
steady shifts in value. Abrupt but lasting changes are more 
noteworthy, and a small change in value that is part of a 
gradual, long-term transition is hardly "trivial." The 
method might also consider the relative size of ah areal unit 
as well as its isolation from other places having a category 
change; after all, if the map author wants a visually stable 
map, it is more important for a class break to avoid a minor 
change in value when the area symbol is large and visually 
prominent than when the symbol is either comparatively 
small or adjacent to other symbols with a similar change 
in category. 

CONCLUSIONS 

Further experimentation with a variety of representative 
or artificial data sets might suggest guidelines for selecting 
thresholds and for setting the relative merits and demerits 
awarded various situations. These guidelines could be 

abrupt fluctuation, 
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steady, consistent 
transition 
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minimum max imum 

FIGURE 9. Three prototypical shifts in value that the bin-scoring method 
might identify and weigh differently. 
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useful to map authors intimidated by the apparent com­
plexity of bin scoring and its various options. Graphs such 
as Figure 8 and interactive previewing of the visual effects 
of various category breaks are important, though, because 
the method ought not be applied blindly. Bin scoring can 
be a useful tool for making map authors aware of the visual 
consequences of decisions about category breaks. 

In general, a map author concerned about temporal sta­
bility might either select relatively narrow intervals for the 
extreme categories or present the highest and lowest cate­
gories as separate cartographic time series. Experimenta­
tion guided by graphs such as Figure 8 might well suggest 
the need for more than one dynamic map. If more than one 
temporal two-category map is required, the method pre­
sented here could be helpful in identifying appropriate 
category breaks. 
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