Environmental Statistics
—A Personal Review

Peter Guttorp

NRCSE

Technical Report Series
NRCSE-TRS No. 074

December 3, 2002

The NRCSE was established in 1996 at the University of Washington.



signs aimed at multivariate measurements. While optimality criteria can be useful in choos-
ing between alternate designs, it is more important to develop designs that are easily ex-

plained to field workers and planners.

Much of the work in environmental statistics is aimed at providing decision tools for
planners and decision makers at different levels. The problem of communication with non-
statisticians therefore is very important, perhaps more so here than in other fields of appli-
cation. Research specifically aimed at improving such communication is important, and not
much has been done from the statistical point of view. Methods of display (including un-
certainty) of monitoring data; methods for effects analysis and risk assessment that make
sense to non-technical end users; methods for involving people with a stake in the decisions
being made; and methods aimed at collaborative decision analysis are some of the areas in
which current work is ongoing. In particular, much work is being done in several countries
at the moment on the problem of regional summary measures of environmental quality, so-
called environmental report cards. Other interesting areas involving decision tools include

natural resource management, and environmental economics.

6. The future of environmental statistics

In each of the cases discussed above there has been important aspects of the work
that originated outside statistics. In fact, most environmental statistics projects (and, indeed,
most applied statistical projects) are driven by scientific questions that can only be solved in
cooperation with other scientists. In the past, statisticians have often played the role of an
outside expert, brought in to deal with the inferential aspects of a statistical problem. Our
profession has frequently complained about this role, and urged scientists to bring in statis-
ticians at an earlier stage: while designing their study. However, even then the statistician is
viewed as an outside specialist, not really as a part of the research team. This must change.
Not only in environmental statistics, but in most areas to which we apply our tools, we must

start to learn to maintain a dialogue. This means that not only do we need to explain to other
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scientists what we as statisticians consider important, but we need to learn their scientific
language, so that we become useful members of research teams, rather than outside experts.
Environmental problems are by their very nature multi-disciplinary, and statistics is just one
of several of the disciplines involved. This has, obviously, important implications for how

we teach our graduate students.

Many of the important environmental problems involve directly multi-dimensional,
spatially heterogeneous, and temporally non-stationary random processes. My personal be-
lief is that the development of statistical research tools (Cressie, 1993, is a good place to find
some of the background material) in this area may prove to be the most useful development
in the field of environmental statistics. The multivariate aspect, in particular, is very impor-
tant, in that there are few symmetries in space and time that can be used in setting up models
for realistic situations. As an example, if we are studying the joint distribution of SO, and
SO, during situations of similar meteorology, we will find different space-time correlations

for positive and negative time lags, since most of the SO, is produced from SO, emissions.

With an increased emphasis on the use of monitoring data to make environmental
decisions, it is likely that environmental statistics will be a fruitful area of employment for
statisticians. In addition to employment in governmental agencies and consulting firms, I
would expect that large corporations will need some of the tools discussed in the previous
section for their own environmental decision-making, and thus may need environmental

statisticians to tailor these tools to their particular situation.

There seems to be an increasing demand for environmental statisticians, and, thus,
for more graduate programs with environmental statistics pathways. In addition, there is a
need for more statistics departments with groups of researchers focusing in environmental
problems. As I mentioned above, there is a need for crossdisciplinary work, where statisti-
cians work with other environmental scientists on an equal footing. I do not believe that we

need departments of environmental statistics, or of environmetrics. The focus should be on
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the multi-disciplinary nature of the environmental field, not on creating more subfields of

existing fields.

The area of environmental statistics, albeit not yet a full-fledged subfield on its own,
is full of interesting and complicated problems. There is much to be done, and we can use

many more statisticians to do it.
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