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If policymakers and the public are to be adequately informed about the climate
change threat, climate modeling needs to include components far outside its con-
ventional boundaries. An integration of climate chemistry and meteorology, oceanog-
raphy, and terrestrial biology has been achieved over the past few decades. More
recently the scope of these studies has been expanded to include the human systems
that influence the planet, the social and ecological consequences of potential change,
and the political processes that lead to attempts at mitigation and adaptation. For exam-
ple, key issues—Ilike the relative seriousness of climate change risk, the choice of
long-term goals for policy, and the analysis of today’s decisions when uncertainty
may be reduced tomorrow—cannot be correctly understood without joint applica-
tion of the natural science of the climate system and social and behavioral science
aspects of human response. Though integration efforts have made significant con-
tributions to understanding of the climate issue, daunting intellectual and institutional
barriers stand in the way of needed progress. Deciding appropriate policies will be
a continuing task over the long term, however, so efforts to extend the boundaries
of climate modeling and assessment merit long-term attention as well. Components
of the effort include development of a variety of approaches to analysis, the main-
tenance of a clear a division between close-in decision support and science/policy
rescarch, and the development of funding institutions that can sustain integrated

rescarch over the long haul.

I. ANALYZING HUMAN-CLIMATE INTERACTION

At one level or another almost all of the questions moti-
vating this volume on The State of the Planet arise from the
interaction between earth’s natural systems and the activities
of human society. None of these issues, however, presents
such a rich combination of complexity and policy immedi-
acy as does anthropogenic climate change. Motivated by this
threat, billions of dollars are being spent each year on climate
science research. Moreover, the formulation of policy responses
occupies political authorities at all levels—from individual
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cities, to national and regional governments, to the United
Nations and summit meetings of the great powers.

Unfortunately, connections remain weak between the efforts
of natural scientists to understand potential climate change, and
the work of social and behavioral scientists on its human con-
tributors, its economic and environmental consequences, and
the formulation of a societal response. As a result, many impor-
tant efforts on earth observation systems and other data gather-
ing, scientific research, and policy analysis—all needed as guides
to action—are diminished in their usefulness for informing pol-
icy choice. Here we explore social and behavioral science aspects
of global climate change and the ways they are intertwined with
the natural science of climate at the frontier of efforts to inform
policymakers and the public. As will be argued below, more
effective integration of the various components of the issue is both
an intellectual and an institutional challenge.
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Figure | provides a simplified picture of the dynamics of nat-
ural/social science and policy aspects of the issue, and can
serve as guide to the discussion. Population growth, technol-
ogy change and economic development are matters of human
choice, producing emissions of greenhouse gases (GHGs)
that are building-up over time in the atmosphere. In combi-
nation with emissions of aerosols and their precursors, and
ozone-producing chemical processes in the troposphere—and
the resulting effects on land use and land cover—these human
activities are changing the radiative balance of the earth. Medi-
ated by complex interactions and feedbacks among the atmos-
phere, oceans and terrestrial biosphere, the expected result is
some level of global climate change over decades to centuries.
Because of the slowness of the process and the noisiness of the
climate system, this change cannot yet be dependably sensed
by casual observation. However, scientific research involv-
ing complex and expensive satellite and other observation
systems, intensive mining of data from ice cores, corals, tree
rings and other records of past change—combined with sophis-
ticated statistical analysis, and complex theoretical and empir-
ical modeling—is producing an ever more convincing picture
of a substantial anthropogenic contribution to the warming
seen over the past century or so [Houghton et al., 2001].

Through its regional and global manifestations, climate
change is expected to have substantial ecosystem effects [e.g..
see Root et al., 2003], so another area of complex scientific
analysis, shown in Figure 1, concerns the economic and social
consequences of such change. It is the public understanding
of these, in turn, that motivates action to reduce emissions
(or to counter their global effects by geo-engineering) and to
devise measures to ease adaptation to levels of climate change
that may be unavoidable. In combination with studies of the
costs of measures to mitigate human influence, these rela-
tions constitute the main inputs to the ongoing debate about
the appropriate policy response to the climate change threat.

Other science-based problems of managing the global com-
mons have a similar structure. The buildup of lead and other
toxics in the environment and the destruction of stratospheric
ozone by chlorofluorocarbons come to mind. However, char-
acteristics peculiar to the climate issue combine to make it
the seemingly intractable policy issue it has become. First are
the long lags in the system. Any change in global radiative
balance results from the buildup of greenhouse gases only
over several decades, which means the emissions in the next
few years have only a small influence on the long-term risk.
Second is our limited understanding of key climate processes
e.g.. the behavior of clouds, the response of ocean circula-
tions, and the influence of aerosols—and the fact that the high
natural variability of the system greatly complicates efforts to
quantify the human influence. Further complicating the deci-
sion of what to do now is the fact that some of these uncer-
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Figure 1. The Expanding Scope of Climate Models. To meet the
needs of policymakers and the lay public, conventional boundaries
of climate analysis must be expanded to include social and behavioral
science aspects.

tainties may be reduced (or perhaps some even increased)
over the next decade or two.

These complexities might not be so troublesome if green-
house gases were a minor byproduct of the modern economy,
but they are not. Unlike lead or chlorofluorocarbons, whose
control was relatively easy, reducing greenhouse gas emis-
sions will require substantial changes in social organization,
impacting all nations and all economic sectors, threatening
substantial economic cost, and stirring rancorous controversy
over the distribution of the burden.

To gain understanding of the combined human-climate sys-
tem, with its many and complicated interactions and feedbacks,
mathematical models at ever increasing levels of complexity
have become essential. Indeed, the history of climate analysis
can be charted by the progressive extension of the boundaries
of these efforts over the last two or three decades—from atmos-
pheric models drawn from earlier work in meteorology, to a
coupling of atmosphere and oceans, to integration with the ter-
restrial biosphere, hydrosphere and cryosphere. Each increase
in model scope has been motivated by the recognition of phe-
nomena that could not be understood through analysis of the dis-
connected components. It is a process familiar in the natural
sciences, Moreover, given the scale and cost of research in these
areas, the change in scope naturally is reflected not just in the
research and analysis, and model structure, but also in the insti-
tutions that fund the work and the disciplinary associations that
grow along with them.

Now, in the past dozen years or so, a new challenge has
emerged in this process of expanding scope. As nations have
begun the difficult task of formulating a response to the cli-
mate change threat, a need arises to provide better information
about how the climate responds to specific aspects of human
activity and the likely effectiveness of proposed control
schemes, and about the human and ecological consequences



of change that we are unwilling or unable to avoid. These pol-
icy choices involve the allocation of human and political effort
and economic resources, and the essential question is: what
should the nations do now given current understanding of the
risks and costs? The political task is to find the appropriate mix
of effort among three areas of effort: (1) mitigation to be
undertaken now and in the next few years, (2) adaptation
measures to be taken now in anticipation of possible future
change, and (3) research to inform these choices. The research
and analysis need, and thus the modeling challenge, is to
understand the human-climate system as an integrated whole,
with a focus on these choices.

Expansion of the scope of analysis, to include the social
and behavioral aspects of these choices as illustrated in Fig-
ure |, involves a reach across disciplinary boundaries that is
greater than those needed to achieve collaboration among
sub-fields of the earth sciences. Moreover, besides the dif-
ferences in the nature of the systems studied, and the research
methods appropriate to each, the institutional and political
barriers are more daunting. Unavoidable tension arises between
scientific research for the sake of science, and science con-
strained to focus on some particular decision problem. Fur-
thermore, because climate change is such a contentious
political 1ssue, there is a risk that pressures to meet the objec-
tives of some particular economic or ideological interest may
corrupl the scientific enterprise.

From the time the climate issue first gained widespread
attention, efforts have been under way to carry out this kind
of integrated work, and a substantial capacity and body of lit-
erature has been developed. (An impression of these efforts can
be gained from the survey by the IPCC [Bruce et al., 1995,
Chapter 10]). Nonetheless, the intellectual and institutional
challenges to integrated analysis of the human-climate system
remain considerable. Some of the more troublesome chal-
lenges to conventional policy assessment methods are well
summarized by Morgan et al. [1999]. If we are to understand
this system, and make intelligent decisions about anthro-
pogenic influence over coming decades, an ever-stronger
strategic collaboration of the natural, social and behavioral
sciences is essential. Otherwise nations will continue to face
a pair of dangers: key economic studies and policy analysis
could proceed on the basis of a flawed understanding of what
is known about the science of climate, and opportunities could
be missed to direct scientific efforts to questions of greatest
importance to policy analysis and political decision.

2. RESEARCH FRONTIERS: THE INTELLECTUAL
CHALLENGE

There are many areas of climate analysis that require close
coordination between natural and social/behavioral scientists
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when pursuing an informed policy decision, but the three that
follow will illustrate the need. All are at the forefront of cur-
rent knowledge, all involve the modeling of human-climate
interaction, and all are challenging areas of research. With
these examples in hand, a few words can be added on the
related task of lay communication.

2.1 Climate Change Projections

Implementing a response to the climate change threat
involves potentially costly decisions that must be made with
a troubling sense of uncertainty as to their consequences.
National economies, and the natural ecosystems on which
they depend, will be substantially affected by changes in cli-
mate, whether with negative or (for some sectors with a few
degrees of warming) positive outcomes. But the main risk is
of large negative consequences. Year to year, nations will
decide how to manage that risk, taking into account the abil-
ity to reconsider decisions in the future, perhaps with better
information. Certainly, the foundation of any discussion about
emissions control and/or anticipatory adaptation is an analy-
sis of the range of possible climate system outcomes if no
action is taken. Development of such projections is a com-
plex task because the analysis must consider uncertainties not
only in climate system response, but also in population growth,
economic development and technological change, and it must
take into account potential feedbacks among these systems
over time should climate change occur.

A key difficulty, then, is to combine the natural science
and social science analyses of these uncertain systems in order
to prepare a useful picture of the nature of the risk. For exam-
ple, in summaries of the state of the science by the Intergov-
ernmental Panel on Climate Change (IPCC), it has been the
practice to present possible outcomes in terms of high and
low values of temperature change over the 21st Century—
between 1.4°C and 5.8°C as stated in the IPCC Third Assess-
ment Report or TAR [Houghton et al., 2001]. This range is
supposed to include uncertainty in both anthropogenic emis-
sions and the response of the climate system to them. Unfor-
tunately, this way of expressing results tends to facilitate the
rhetoric of advocates and public misunderstanding. Environ-
mental activists (and much news coverage) emphasize the
5.8°C threat while climate “nay-sayers” argue that the sci-
ence showing this result is flawed, giving credence to the
impression that the lower number is correct. In this debate
between polar results, lay observers may misperceive the very
nature of the risk, which is not a binary choice (it is a prob-
lem or it is not), but some more complex distribution of pos-
sible outcomes.

The shortcomings of this way of expressing climate change
projections have led researchers to attempt a combined analy-
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sis of emissions and climate uncertainty. One example from
this family of work is the analysis by Webster et al. [2003].
which is the basis of Figure 2. The analysis is applied using the
MIT Integrated Global System Model [Prinn et al., 1999]
and summarized in this volume [Prinn, 2003]. An analysis
of uncertain greenhouse emissions, as projected by its multi-
region, multi-sector model of the world economy [ Webster et
al.. 2002], is combined with an analysis of uncertainty in key
parameters of its model of the climate system [Forest ef al.,
2002]. The result is a representation of the uncertain future
behavior of this human-climate system over the 21st Century
on the assumption that no greenhouse controls are imposed.

Although a strong effort has been made within the IPCC to
incorporate uncertainty analysis in its assessments [Moss and
Schneider, 2000] controversy surrounds this way of applying
social science and natural science models to analysis of uncer-
tainty in the combined human-climate system. Disagreement
usually arises in some combination of concerns about con-
clusions drawn from incomplete science models and/or objec-
tion to the methods applied to long-term economic and social
processes [Schneider, 2001 Reilly et al., 2001; Allen, Raper and
Mirchell, 2001; Webster, 2003]. Also, results must be inter-
preted with special caution when the coupled systems include
models subject to mixes of (perhaps interacting) structural and
parameter uncertainties, and/or where the components move out
of their ranges of well-understood behavior at different rates
with time or scale [Casman, Morgan and Dowlatabadi, 1999].
At the very least, therefore, care should be taken to be clear that
any such result is conditioned on the model structures applied
and the climate processes included and omitted. Further, those
assumptions to which results are most sensitive should be
transparent. With these qualifications, however, representa-
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Figure 2. Probability density function (PDF) of global mean tem-
perature change in 2100 under a no-policy case (solid line) and
under controls that stabilize atmospheric concentrations at 550 ppmv
under a reference projection (dashed line).

tion of the threat in the form of Figure 2. or related outputs of
formal uncertainty analysis. is an improvement over ranges of
outcomes with no confidence bounds. The more complete
analysis can serve both as an aid to public understanding of the
nature of the threat and as a first step toward analysis of year-
to-year decisions about emissions mitigation. Importantly for
this discussion, the credibility of the result depends on careful
coordination between the natural science and social science
contributors to any joint analysis, which in turn requires that
each have some minimal understanding of the methods and
assumptions applied by the other.

2.2 The "Danger” Level of Atmospheric Concentrations

Given the environmental threat suggested by Figure 2, a
natural component of the process of international negotiation
and national decision is the formulation of some long-term goal
to guide society's response. This goal might be defined at sev-
eral points in the human-climate system, e.g., at the level of
economic and environmental consequences, or some set of
climate variables. However, perhaps in an effort to avoid the
complicating influence of uncertainties in effects estimates
and models of climate system behavior, the drafters of the
Framework Convention on Climate Change (FCCC) set the
goal of international action on climate as,

.. . stabilization of greenhouse gas concentrations in
the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system . . .
[and] allow ecosystems to adapt naturally

Since the Convention has been ratified by 188 nations, this
notion of stabilized atmospheric concentrations will be an
important component of ongoing negotiations,

In gaining a definition with such useful simplicity, how-
ever, the diplomats created other puzzles vet to be resolved.
When, in the early 1990s, the Convention was negotiated,
focus was heavily placed on CO, with little consideration
given to other substances, and the role they play in the green-
house effect. Negotiators also seem to have been little con-
cerned about the complicating role of uncertainty in the climate
system as it influences the carbon cycle. Thus continuing
problems remain in the definition and use of the stabilization
goal—problems that require joint analysis of the climate sci-
ence and the economics of emissions.

For example, Article 2 of the Climate Convention connects
to a provision of Article 4 that requires nations to report peri-
odically on the adequacy of efforts, and to continue doing so
“until the objective of the Convention is met™. Thus the con-
cept of a concentration target provides a basis for debate about
whether current and anticipated emissions control efforts are
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Figure 3. Probability density function (PDF) of atmospheric CO, concentration in 2100 under a no-policy case (solid
linc) and under controls that stabilize atmospheric concentrations at 550 ppmv under a reference projection (dashed line).

consistent with the Convention. Unfortunately, any such judg-
ment must take account of the uncertainties in the carbon
cycle, which result from complex processes in the oceans and
terrestrial biosphere. There is no deterministic link between
emissions paths and atmospheric CO, concentrations. At best,
any such judgment about the ability of a policy path to attain
a particular atmospheric target can only be made in proba-
bilistic terms. This fact is illustrated in Figure 3. It shows
PDFs of 2100 CO, concentrations for the same two cases that
were presented in Figure 2. The solid line shows the no-pol-
icy case; the dashed line shows an estimate of the distribution
of atmospheric CO, concentrations under a profile of global
emissions control that would lead to (roughly) a stabilization
of greenhouse gases at 550 ppmv under a reference forecast.
The insight to be drawn from the figure is that it is not pos-
sible to make a one-to-one link between policy action over
time and the condition of the atmosphere. Naturally, any pro-
Jjection of the resulting reduction in global temperature change
also is uncertain, as shown by the dashed line PDF in Figure
2. At best the policy outcome can be stated in terms of con-
fidence intervals, or the odds that a particular atmospheric
concentration or climate result will be achieved.

The non-CO, gases introduce other difficulties. The FCCC
also covers CH,, N,O and a set of industrial gases. Each has
a different lifetime and radiative strength, and the lifetime of
CH, depends on the details of tropospheric chemistry, which
changes over time. In this situation even the definition of “sta-
bilization™ is not clear. One approach to this puzzle is to seek
stabilization in carbon-equivalent terms, with the non-CO,
gases weighted according to a set of exchange rates (so-called
global warming potentials or GWPs) defined by the IPCC,

but the result is inconsistent with the intent of the FCCC,
which is to stabilize the instantaneous human influence. The
target could be defined as stabilization of the concentration of
each gas individually, but any strategy to achieve this result
would be highly inefficient economically. Finally, some cli-
matically important substances are left out of consideration
entirely. Tropospheric ozone is ignored and the influence (both
warming and cooling) of aerosols and aerosol precursors
remain outside the the FCCC’s system of greenhouse account-
ing [Reilly, Jacoby and Prinn, 2003]. Resolution of these
issues, to clarify the economic analysis of control schemes
and the language of international negotiations, will require
Jjoint effort by atmospheric chemists and radiative transfer
experts, and those carrying out the economic analysis and
policy assessment.

Finally, there is the issue of defining the benefits of restrain-
ing atmospheric concentrations, or some other measure of cli-
mate change. Such measures are needed for comparison with
the expected control costs and to inform discussions of the
appropriate long-term atmospheric target. Here again, attain-
ing clarity will require a complex inter-weaving of economic
and ecological analysis of the advantages of avoiding change,
and the underlying natural science of the change itself. A num-
ber of difficult challenges stand in the way of widely accepted
estimates of such benefits—including accounting for uncer-
tainty and risk preferences, the difficulties of valuation of non-
market impacts, and the puzzles presented by attempts to
aggregate effects over very different national circumstances. As
a result, it is likely that a portfolio of benefit measures will
be used to inform the choice of target, including physical meas-
ures, at global and regional scales, computed by global cli-
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mate models [Jacoby, 2003]. Again, if climate model results
are to be appropriately applied, natural scientists must inform
the related social and political analysis.

2.3. Uncertainty, Learning, and Sequential Decision

The projections of climate change in Figure 2, under a no
policy assumption or some imagined path to a stabilization
goal, are useful in illustrating the nature of climate change
risk. But because of their assumption of a fixed policy path
over time they are not realistic representations of the temper-
ature outcomes under possible paths of resolution of climate
system uncertainties. The limit to their descriptive capability
can be illustrated using Figure 4, which shows a pair of deci-
sion trees. The squares represent points where decisions are
made; the circles indicate times where uncertainty is resolved.
In this example, future climate policy choice is simplified to
a set of decisions by a single global authority at a couple of
points in time. “No mitigation™ or “fixed target” policy sce-
narios essentially assume that the decision context is the one
shown in the upper part of the figure. Choices about a miti-
gation path are made now, and maintained over time; key
uncertainties will not be resolved until the end of the period
(for this illustration, the end of the 21st Century). This is the
assumption implicit in the results shown in Figures 2 and 3.
That is, choices are made today either to take no action over
the century, or to follow a trajectory of emissions control that
is presumed to lead to 550 ppmv.

Useful as calculations based on this assumption may be for
illustrating the nature of the risk, they do not provide an accu-
rate picture of the choice problem. In the jargon of environ-
mental economics, greenhouse gases are a “stock pollutant”.
As noted earlier, their influence on the environment comes
not from emissions today but from their buildup over time-
over many decades in the climate case. Furthermore, society
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does not today decide what response it will take over the long-
term future. Even were it wise to commit to such long-term
paths, nations are limited in their ability to make far future
commitments. Moreover they need not do so: they can decide
what to do today knowing that any decision, such as the strin-
gency of mitigation efforts, can be reconsidered in the future
(perhaps with some options foreclosed by events along the
way). And, since key uncertainties about climate system
response to human influence, and the possible economic and
ecosystem effects, may be reduced over time by research and
observation, there is always a choice between acting now or
waiting for more information. Thus the more correct repre-
sentation appears in the lower part of Figure 4. In a simplified
two-stage version, it shows that we will decide and act, then
learn over time, then decide again—in a sequence extending
far into the future.

Here lies the core of the debate over climate policy and cli-
mate research—an issue well illustrated by an early exchange
in EOS [Risbey, Handel and Stone, 1991a,b; Schlesinger and
Jiang, 1991a,b]. How much mitigation should be undertaken
now given what we may learn over time, what resources should
be devoted to ensuring that this learning occurs, and where
should resources be directed? The issue of sequential choice
under uncertainty, with learning, is an extensive and complex
topic in the literature of economics and policy analysis [e.g., Web-
ster, 2002], with special complications depending on whether
actions are taken by some individual decision maker or as the
result of a negotiation involving several parties. In either case,
the structure of the human-climate interaction matters, as does
the question of which uncertainties are expected to be nar-
rowed, and how soon. Of course, relevance to policy is not the
only criterion in deciding climate science research strategy. To
the extent it is important, however, those carrying out the social
science research and policy analysis need the active involvement
of those at the forefront of the natural science work.

Later 2100
Do more Learn
Do less
Do more Learn
Do less

Figure 4. Decision trees for alternative versions of the climate decision problem. The top tree shows the scenario form;

the bottom tree represents sequential decision with learning.



2.4 Communicating Results

Up to this point the discussion has proceeded as if the
main task was communication and collaboration among
natural scientists, social and behavioral scientists, and pol-
icy analysts. But there is another key connection that crosses
the borders of discipline, and that is communication with
policy-makers and the lay public. It is difficult enough for
the non-specialist to gain a clear impression of the climate
change issue when information is so charged with the agen-
das of one or another side of disputes over specific policy
initiatives. Even more problematic is the fact that natural and
social scientists have so little understanding of how their
research results—regarding the climate system and its uncer-
tainties, the potential effects of change, and the costs of
control efforts—are appropriated and interpreted by non-spe-
cialists. Without greater interaction with behavioral scien-
tists, who do try to understand this process, important
information may be misperceived or ignored, and policy
effort misdirected.

Just two examples will make the point about the need for
greater interaction on this disciplinary boundary, Above it
is argued that greater care needs to be taken to accurately
present uncertaintics in projections of emissions and cli-
mate outcomes, as if such information (perhaps expressed
in PDF’s) would be commonly understood, producing a
coherent interpretation and reaction. Not so. Studies of atti-
tudes to risk show that they differ among cultures, and
across individuals within a culture or nation [Renn and
Rohrmann, 2000; Slovie 2002). People have different views
of the nature of a particular risk, or of what it would be
worth to reduce it, even if they agree on the magnitude of
the effect under various outcomes. There may be many ways
to summarize information about climate change, each with
meaning to a particular party, but there may be no way to
achieve a uniformly shared impression, and perhaps even a
difficulty in achieving a common measuring rod. More-
over, research on cognitive processes shows that people do
not absorb new information passively, as if the mind were
a blank slate so far as the issue at hand is concerned [e.g.,
Kemprton, Boster and Hartley, 1995)]. They approach any
new phenomenon (like climate change) with a set of exist-
ing cultural models and concepts, through which they view
the new information. This pattern may help explain why so
many lay people think the solution to the climate problem
is to control spray cans!

Those of us who work on natural and social science
aspects of climate have something important and useful to
offer to non-specialists and policymakers, but good work
as defined within our own disciplinary standards is not
sufficient.
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3. INTEGRATED ANALYSIS: THE INSTITUTIONAL
CHALLENGE

3.1 Interdisciplinary Modeling and Analysis

For purposes of the work outlined above it is fortunate that
strong similarities exist between the analytical methods applied
by natural scientists, in models of the climate system and its
response to greenhouse gases, and the models used by social
scientists (economists mainly) in studies of the origins of
these gases and the costs of controlling them. It is thus pos-
sible for researchers from these diverse disciplines to come to
understand one another’s methods, and even to develop mutual
respect for the difficulties each faces. Both build models that
attempt to capture the structure of a complex system of many
components. The natural scientists confront interactions of
the atmosphere, oceans and land surface. Economic analysis
must integrate multiple nations and economic sectors, each
with particular technological characteristics. But both have
models that specify these components, their individual behav-
ior, and the interactions among them. Each has some set of nat-
ural forcings: existing greenhouse gas concentrations, solar
variability, etc. on the climate side, and population change,
technological advance, resource depletion and other such phe-
nomena for the economic analysis. Then cach discipline forces
its model with outside influences: growing greenhouse gas
emissions introduced into the climate model, policies such
as emissions mitigation imposed on economies.

In both cases the larger models—the atmosphere-ocean
general circulation models and multi-region, multi-sector gen-
eral equilibrium economic models—solve for equilibria period
by period, for a range of time steps from minutes to months
in climate models and usually a five or ten year period in eco-
nomic models. Each creates transient projections by intro-
ducing vectors of greenhouse forcings or economic processes
like technical change. Each is calibrated to match some his-
torical period, and each has parameters—some estimated sta-
tistically, some set by expert judgment - that can serve as a
basis for exploring within-model uncertainty.

Despite these similarities, of course, substantial differences
complicate the integration of social science and natural science
modeling efforts. The modeling of human systems must deal
with uncertainties that are not faced in the analysis of natural
systems. The chemistry and physics of the atmosphere may be
uncertain, but modelers need not consider the possibility that
future molecules might invent new ways of reacting, or that a
forest may anticipate a coming change in soil moisture and start
moving a decade ahead of time. In economic models, on the
other hand, invention and anticipation are important processes.
Furthermore, except in some long-term Darwinian sense
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processes modeled in the natural sciences don’t reflect pref-
erences for ultimate outcomes, or attitudes to risk. These are
relevant, however, in modeling the social processes that under-
lie any response to the climate threat.

These differences in the characteristics of the components
of the human-climate system can lead to disagreement over
methods, and even to conflict over philosophy of approach
to analysis. Thus. the frequentist-subjectivist controversy
emerges in the climate debate, and elicitation of expert judg-
ment and application of Bayesian methods are likely to be
more familiar and comfortable in some applications than in
others [Webster, 2003].

The gap is even greater between the natural sciences and
social sciences like economics on the one hand, and the behav-
ioral sciences on the other—a phenomenon that can be seen in
the paucity of inputs from these fields in existing integrated
assessment [Bruce et al.. 1995]. The common pool of termi-
nology and techniques, and opportunities for linkage of ana-
lytical models. which facilitate collaboration between earth
science and economics, are missing in the interaction with
behavioral science. The study of human behavior naturally
focuses more on survey methods, individual and group exper-
iments and studies of brain function—areas of work unfamil-
iar to most researchers working on the climate issue. Yet if
effective communication is to be achieved. greater under-
standing is going to be needed about how different groups of
people perceive climate information, form judgments, and act.

3.2 Institutional Barriers

Institutional barriers to the strengthening of existing inter-
disciplinary work are well known. Conventional academic
departments, organized along disciplinary lines. are both a
blessing and a curse. In their disciplinary orientation they
encourage depth of analysis, pushing back the frontiers of the
individual field whether it be ocean dynamics, plant biology
or economic modeling. But by their laser-like focus on prob-
lems in the field they dampen incentives to devote work to
topics on the boundaries. The disciplinary journals, at once the
arbiters of scientific advance and the key to academic advance-
ment, are major plavers in this process.

This fact about research. particularly as conducted in aca-
demic institutions. leads to other observations about conditions
that are helpful if not essential to bringing the best minds to
interdisciplinary work. One key requirement 1s a problem def-
inition that provides a mutual intellectual challenge- one that
cannot be successfully attacked by any one discipline alone.
Even if such a common challenge is defined. however. top
researchers often will resist being diverted completely from
their home disciplines. Thus the interdisciplinary work also
needs to offer opportunities for contribution to the individ-

ual’s home field and journals. At least in the academic context,
then, the institutional problem of effective interdisciplinary
work is to a large degree an intellectual one as well. Prob-
lems need to be formulated in ways that attract the needed
talent, and standards need to be maintained as to what con-
stitutes quality work in the interdisciplinary domain.

Of course, university departments are not the only sources
of work on climate issues. In most countries, government
agencies, laboratories and their contractors are the channels for
most of the human and financial resources devoted to climate
research. Indeed, these agencies often are the funding sources
for most of the university-based work. No doubt the discipli-
nary imperatives apply also here to some degree. In these
agencies, moreover, the wide scope of the climate change
issue comes again into play as a barrier to integrated work. In
normal government organization (using the US as an exam-
ple) the regulatory and price-incentive policies that might be
part of any climate response are spread across one set of agen-
cies (Environmental Protection Agency, Treasury); the major
sources of emissions are covered by another set (Agriculture,
Transport, Energy, Federal Energy Regulatory Commission):
and the major sources of climate research include these agen-
cies, plus several others (National Science Foundation, National
Atmospheric and Space Administration. National Oceano-
graphic and Atmospheric Administration). In a recent effort
to prepare a strategic plan for US climate science research. over
a dozen federal agencies were involved [US CCSP, 2003].
Naturally, each has its turf to protect.

As suggested earlier, progress has been made in developing
institutions that can integrate the natural science of the atmos-
phere, oceans and terrestrial biosphere. Unfortunately, despite
the efforts cited earlier it has proved more difficult to link
this work with analysis critical to public decision about emis-
sions control, adaptation, and research direction. In part the dif-
ficulty originates in features already noted: the gulf in
terminology and modeling methods 1s greater than among the
natural sciences alone, and the funding agencies are vet more
fragmented. But there is vet another source of difficulty. Cli-
mate change has become highly charged politically. and exist-
ing governments- -who are the source of the bulk of the
funding—often have policies not only regarding the appro-
priate policy response but also about the acceptable descrip-
tion of the threat and topics for investigation. The problems that
this environment creates for work on human-climate interac-
tion are subtle but important. Some scientists resist bringing
their work too close to the human-climate frontier, with its
political entanglements. because they fear their efforts will
be diverted to what thev view as unfruitful arcas of work.
Even more pernicious is the worry that areas of investigation
will be closed off. or at least not encouraged. because they
raisc issues that have already been decided as a matter of gov-



ernment policy. The concern of individual scientists and
research institutions for their reputations, and a long tradi-
tion of free inquiry in many countries, are a bulwark against
these pressures, but they are nonetheless inevitable in con-
nection with such a contentious social issue.

In an attempt to achieve greater integration, analysis centers
have been created in several European countries (with both
national and EU funding), in Japan and elsewhere, and they
often involve participation by the major climate modeling
centers. Although such efforts have a long history in some
countries (e.g., the Netherlands), much of this development is
relatively new and results are yet to be seen, particularly
regarding the integration of policy economics and other social
and behavioral science inputs. The same holds for the US
where a number of integrated analysis groups are active, some
with ties to the federally sponsored climate modeling cen-
ters. However, for an issue where the co-evolution of climate
learning and policy development is so crucial the level inte-
grated work is inadequate. The Strategic Plan for the US Cli-
mate Science Research Program, completed in July 2003,
devotes some attention to integration of the type discussed
here, under its focus on “decision support™ [US CCSP, 2003].
Institutional means adequate to achieve this objective remain
to be formulated, however. Given the fragmented nature of
the disciplines, the large number of agency interests involved,
and the high level of political disagreement about the policy
response that is warranted at this time, it should be no surprise
that the task 1s so difficult.

4. CLOSING THOUGHTS

As this volume is being prepared the nations are focused
on short-term issues including the implementation of Annex
B commitments under the Kyoto Protocol, the continuing
debate over US policy, and the search for ways to encourage
deeper involvement by developing countries. In this discus-
sion, and in the inputs to the process by the IPCC and other
assessment efforts, it is discouraging how little effective
integration has been attained between the natural sciences and
social and behavioral science and policy analysis. However,
it should always be kept in mind that climate is a century
scale problem. and society is just at the start of an effort to
mount a sustained, well-calibrated response. Over and over
in the decades to come, nations and sub-national decision
makers will revisit their decisions about emissions mitiga-
tion (including aid to less developed countries), anticipa-
tory adaptation, and research priorities—at each point seeking
guidance from integrated assessments of the then current
state of knowledge. An important task today is to create the
institutional structure that can facilitate these needed inputs
to public and private choice.
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Considering the complexity of the human-climate issues
illustrated above, and the difficulties in achieving the needed
integration of talents and approaches, three suggestions come
to mind regarding the organization of this work. First, there
is need for a flexible capability to integrate the needed climate
science with social and behavioral inputs to studies of differ-
ent aspects of the climate change issue. Building interdisci-
plinary teams and carrying out such research and analysis
requires years of work, and yet at any one time we do not know
what issues will prove most important five or ten years hence.
This situation calls for the support of a diverse set of efforts,
at least in the research phase. applying a variety of methods. By
the same token, it argues against the construction of single,
dominant national centers, that attempt to encompass all the
needed integrated work in one place or under one organization.

Second, it is important to keep as clear a distinction as pos-
sible between the needed research and integrated assessment
of policy issues on the one hand, and close-in decision support
on the other. All nations use some form of short-term “policy
shop™ activity to help inform leaders at the point of political
decision. It is an essential function, although the institutional
form differs substantially from country to country; depending
on the circumstance it may be sought from consultants, gov-
ernment laboratories, agency stafl, etc. Because of their prox-
imity to political choice. one should always expect that
assessments carried out under these conditions will be subject
to guidance on the problem definition and the options that
can be considered. Morcover, such assessments usually will
be on a very short time schedule, as they usually are called into
being only when decisions are at hand. From the discussion
above of the intellectual and institutional barriers, it can be seen
that political direction and a short time scale practically insure
that serious integration of natural and social/behavioral science
components will not take place.

To achieve the needed joint work. then, research groups
need to be created and sustained that are insulated from the
short-term political pressures that likely will characterize this
issue for the foreseeable future. In some countries it is possi-
ble to maintain this type of independence within government
agencies and laboratories, and in others not. In keeping with
the argument above for diversity, large countries like the US,
Japan or major European nations, or the EU itself, can reduce
the pressures on any one group by sustaining several. The
imputs to short-term decision can then be drawn from them as
appropriate by a separate activity for this purpose.

Finally, there is the issue of the funding and organization of
the more research-oriented of these two functions. As intro-
duced in the discussion surrounding Figure 1. the extension of
modeling and assessment activity outside the conventional
boundaries of climate science, to include ecological and soci-
ctal components, is a much more difficult task than the ear-
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lier integration of air chemistry and meteorology, oceanog-
raphy, and terrestrial biology. Even worse, in some govern-
ments (including the US) there is no institutional champion for
the integration. To some degree this may be because of a lack
of separation between the close-in decision support and pol-
icy relevant research; to some degree it may simply reflect
the fact that too many governmental agencies have a stake in
the problem and in research directed to their particular focus.
Solution of these problems thus requires leadership and sus-
tained attention at the highest national level. Given the long-
term nature of the issue, it is a goal worth pursuing.
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