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The ''Grayware'' Required to Deal with 
GlobaiChangelssues 

Abstract 
It has become increasingly apparent that improving our under
standing of the functioning of the Earth as a closely coupled 

interactive system is a prerequisite to knowledgeable man
agement of the planet's resources and to the preservation and 
enhancement of the global environment. Developing this un
derstanding is indeed a tremendous scientific and institutional 
challenge. A primary objective of this paper is to underscore 

need for the Nation's higher educational system to better 
prepare our future citizens, decisionmakers, and scientists to 
·deal with global change issues. 

A second major theme of this discussion is the role the 
mapping sciences can play in both detecting the signals.~nd 

helping to predict the impacts of global change. Specific 
examples of ongoing research are used to illustrate this 
ooint. Satellite observation of lake ice is being tested as a 
potential means for detecting regional climatic change, and 
coupling of ecosystem process models with GIS techniques is 
being used to predict the response of lakes located in north
eastern Wisconsin to alternative climate change scenarios. 

Background 
was with great pleasure that I participated last August in 

the ASPRS/ACSM/RT 92 Convention Plenary Session titled 
"Rising to the Challenge of Global Change: the Role of the 
Mapping Sciences." Among the nine speakers participating 
in the three plenary sessions conducted during the week, I 
was the only academician. Accordingly, my presentation (on 
which this paper is based) took a somewhat different view of 
the challenges faced by the mapping sciences in responding 
to the challenges of global change. This was a view not of 
global changes per se, nor of the hardware, software, or data 
required to understand global change problems. Rather, my fo
cus was on the "grayware" requirements associated with global 
change. By "grayware" I mean both the intellectual perspec
tives and the academic infrastructure required to understand 
and rationally respond to global change problems. In this re
gard, I wish to make the following points in this paper: 

• As traditionally configured, higher education in the United 
States is ill-equipped to provide the "environmental liter
acy," interdisciplinarity, and macroscopic perspective attend
ant to scholarly understanding of global change issues. Many 
parts of academia are in the process of determining how they 
can better respond to these issues. 

• The mapping science community is currently faced simulta
neously with tremendous challenge, opportunity, and obliga
tion in advancing the understanding of global change. On the 
one hand, I am confident we have the tools to help ferret out 
the signals of global change in the interest of science. On the 
other, I belie·;e we also have the tools to help predict the im-
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pacts of global change in the interest of rational policy devel
opment. 

• Though we mapping scientists might currently be providing 
synoptic data about relatively large geographic areas, global 
change studies typically require yet a further expansion of 
both the spatial and temporal horizons within which most of 
us traditionally undertake our work. 

Before amplifying upon each of the above topics, I wish to 
point out that I am not of the doom and gloom persuasion 
relative to global change. We must recognize that the supply 
of questions in this arena far exceeds that of answers. My 
colleague, Reid Bryson (who has been at the game of earth 
system science long before it has been referred to as such), 
has aptly pointed out that the institutional structure of sci
ence often creates false impressions of how the Earth system 
actually works (Bryson, 1992). We need be careful to avoid 
what Bryson refers to as "consensus science." When we are 
confronted with a problem of the magnitude of global warm
ing and the seriousness of policy decisions required to re
spond to it, the public has a right to be assured that 
decisionmaking is founded on good science, not simply good 
fellowship. The mere fact that there is a preponderance of 
scientific opinion on a given issue does not minimize the re
quirement for convincing evidence. When the press reports 
that "the majority of scientists" believe that global warming 
results from the increase in carbon dioxide in the atmo
sphere, and only a minority disagree, in and of itself this 
does not confirm the validity of the global warming hypothe
sis. Consensus alone does not determine scientific validity; 
the evidence must. It is the objective accumulation of such 
evidence that the mapping sciences are all about in my esti
mation.1 

The Academic Report Card 
Having highlighted the need for "pure" science in addressing 
global change questions, let me also say that the days of de
nying the existence of global environmental problems should 
be long behind us. Other authors, including those contribut
ing to this journal, have summarized the litany of pressing 
environmental problems currently faced by our global soci
ety. I make no attempt to reiterate them here. Rather, I wish 
to simply point out that the current reality dictates the need 
for pervasive environmental consciousness throughout the 
world and for effective ways to deal with problems that can
not be solved from the vantage point of a single discipline. 
How well are U.S. universities meeting these needs for each 
and every student? My contention is that there is substantial 

1 0ne of the anonymous reviewers of the initially submitted version 
of this paper appropriately pointed out that in the social science re
search paradigm there is often no "objective accumulation" deter
mining the direction of research. Instead, "socially determined 
accumulation" is the norm. These contrasting paradigms often 
impede interdisciplinary work between natural and social scientists. 
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