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There is a long historical association of statistics 
and cartography, especially as relates to the theory 
of the adjustment of observations. Almost all of this 
history can be evoked by simply mentioning the name of 
Carl F. Gauss, an inventor of the method of least 
squares. In this tradition redundant measurements are 
used to estimate the amount of error contained in empi 
rical observations, and "optimal" estimates are obtain 
ed by minimizing the mean square of this error, relative 
to some model of the phenomena being investigated. The 
classical theory is applied to the adjustment of 
surveys but the more modern work, under the name of 
collocation, also has applicability to interpolation 
problems, as encountered in the preparation of an 
isopleth map. These theoretical techniques are widely 
used in geodesy, but unfortunately are only rarely 
taught to cartographers or statisticians.

There is also a tradition in which cartography takes 
the form of graphical illustration of statistical data. 
Today this is often referred to as "thematic" carto 
graphy, sometimes "statistical" cartography. The early 
roots lie in the work of Playfair, Minard, Quenelet and 
similar individuals, and are detailed by Funkhouser and 
several reports of the International Statistical Assoc 
iation, a tradition which continues to this day. By 
the mid-1800's choropleth and isopleth maps had been 
invented, and data were being assembled by rectangular 
grid cells - a technique lately "rediscovered" in
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relation to computer assisted cartography. Today thema 
tic cartography is an active area of experimentation, 
research, and (more recently) psychological testing. 
One need which I have emphasized for many years is to 
incorporate our uncertainty into such maps by drawing 
them in defocused form, fuzzy in proportion to the 
variance of the data. On a modern CRT one might do this 
by alternating displays within the refresh cycle. We 
are now also moving into a period in which color 
graphics are becoming very inexpensive and it is appa 
rent that experimentation with the tensorial nature of 
this medium is underway. As our banks of data increase 
in size the importance of visual summaries can be 
expected to increase in importance.

In elementary statistics the first descriptive measures 
learned concern the central tendencies. There are of 
course the two-dimensional variants of these: the 
center of gravity, the bivariate median, the point of 
minimum aggregate travel; and the dispersion measures 
(the standard distance, bivariate ellipses, Mendeleev's 
cartography and its extensions by Bachi, and so on). 
It is even possible to go further than is usually done, 
to bivariate regression, for example - treating the 
picture of a child's face as a linear (or non-linear) 
function of the picture of the face of its parents, or 
regressing a geographical map on its historical 
precedents. The ^-coefficient in such a regression 
is of course now a tensor rather than a scalar value. 
We can also apply transformations to the geographical 
variables. In urban studies logarithmic distances 
from the center of the city are often used, and carto- 
grams are a form of bivariate uniformization designed 
to stretch the space so that the effect of some vari 
able, such as the size of the areal units, is elimina 
ted. Unfortunately most useful two dimensional 
transformation are not separable and require the solu 
tion of partial differential equations. Thus they are 
not easily effected.

The analysis of time series data is often studied only 
in the more advanced statistical courses. This is 
mostly because the observations can no longer be 
considered independent; there is an essential order to 
the phenomena which the simpler measures (mean, vari 
ance, etc.) do not capture. But the geographical 
case is even more complicated. It would be considered 
absurd to arrange times series data in alphabetical
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order, by month say, before the analysis. Yet one 
commonly finds geographical data analyzed in alphabet 
ical order. The spatial dependencies are thus ignored, 
and most statistical tests are invalid in such a situa 
tion. It is rare that a statistician applies a geo 
graphical "runs" test, or considers geographical 
adjacency relations when doing a test for the 'signifi 
cance 1 of some observation, even when the phenomena are 
as important as the incidence of leukemia. It is 
necessary to model the spatial spread effects in these 
data in order to obtain valid inferences. There are 
also resolution effects which cannot be ignored. When 
using spatially aggregated data, by county say, we are 
obtaining a blurred picture of the phenomena being 
studied. I am continually amazed at how many profess 
ional statisticians are unaware of the sampling theorem 
and its implications for areal measurements. Concommit- 
antly it is obvious that the many techniques which have 
been developed for the enhancement of spatial data 
(e.g., edge detection) should be applicable to the 
bivariate geographical arrangement of health related 
phenomena. For the comparison of two geographical 
arrangements (e.g. pollution and cancer) bivariate cross 
spectral analysis recommends itself, especially as this 
can now be done using the fast Fourier transform. The 
interesting and colorful bivariate cross-maps recently 
introduced by the Bureau of the Census do not seem to 
me to have quite the sensitivity needed for such 
important studies. At a more advanced level it is 
usually appropriate to consider dynamic effects and to 
go on to time-space series work. Thus this-short 
essay has only touched on a few facets of the relation 
between cartography and statistics.
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