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FOREWORD

There is no doubt that atmospheric concentrations of CO, and other
"greenhouse’ gases have been increasing and will continue to do so for the
next several decades at least. Climate models predict that this will lead to a
significant rise in world temperatures, particularly in polar regions, during
the next 50 - 100 years. However, there is uncertainty about the timing and
magnitude of the warming, as well as about the strategies that ought to be
adopted to try to reverse the trend, or at least to cope with it.

This Working Paper by William Clark is a perceptive contribution to
these latter policy questions. It was commissioned as a keynote presenta-
tion at the WMO/UNEP/ICSU Assessment Conference on the Role of Carbon
Dioxide and of other Radiatively Active Constituents, in Climate Variations
and Associated Impacts, to be held in Villach, Austria, 9 - 15 October, 1985.

Dr. W.C. Clark was Editor of the widely acclaimed Carbon Diozide
Feview (Oxford University Press, 1982). He came to IIASA in the summer of
1984 and is Leader of the Project on Ecologically Sustainable Development
of the Biosphere. One of his special interests is ithe search for better
methods of applying incomplete scientific knowledge to environmental policy
formulation. In my view, Dr. Clark has been particulariy successful in this
paper in providing a new perspective concerning the carbon dioxide issue.

Dr. R.E. Munn

Leader

Environment Program
IIASA

Laxenburg, Austria
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1. Introduction

Questions raised by the increasing atmospheric concentration of carbon dioxide
have been intensely studied over the last decade. Several recent reports have
summar ized the scientific findings of this work. The question remains,

So what? What are the practical implications for people?

This paper seeks to develop a useful framework for reflecting on how answers to
the ®"So what?" question might look, and on how we might go about getting them.
-1t does not attempt to provide the answers themselves, nor to summarize the
answers that others have given.

Some justification for this approach is warrented. Policy maKers and people in
general have become increasingly impatient with a scientific community that
always seems willing to raise possibilities of terrifying things that might go
wrong, but never seems willing to commit itself on how seriously the
possibilities should be taken, or on what action they require. Why shouldn”t
this essay, or ideally some official document, finally attempt a “bottom line"
assessment of the practical implications of the carbon dioxide question? Can
general frameworks of the sort proposed here really provide a more useful
approach?

My own response to this challenge is based on four fundamental characteristics
that stand out in recent reviews of the carbon dioxide question (1):

*# The carbon dioxide igsue is simultaneously local and global. Al
countries of the earth are potentially affected by carbon dioxide~ related
environmental changes; no country can do much unilaterally to forstall those
thanges. The nature, severity and perception of carbon dioxide~ related
impacts will nonetheless differ greatly among peoples and places. A useful
discussion of the practical implications of the carbon dioxide question must
serve these differing local and national perceptions of an intrinsically global
phenomenon,

*# The environmental changes related to carbon dioxide will take place over
decades and centuries. The world and its environment can be expected to change
dramatically over such periods, significantly altering the context within which
carbon dioxide- related changes will be experienced and social responses will
be assessed. Also, social values are certain to change. A useful discussion
of practical implications of the carbon dioxide question must contend with
those long- term background changes.

*# Possible causes and effects of carbon dioxide~ related changes are
intimately 1inked to other problems of energy, agriculture, population and
environment. The linkages are physical, biological, economic and political.
Action taken on other problems likKe acid rain will reshape the carbon dioxide
question; actions taken on carbon dioxide will affect those other problems in
turn. The practical implications of the carbon dioxide question cannot
usefully be addressed without accounting for linkages to related problems and
their solutions.

* Finally, uncertainty dominates every aspect of the carbon dioxide
uestion, from emission rates through environmental consequences to
socioeconomic impacts themselves. Assessments that do not address these
fundamental uncertainties will be extremely misleading. Useful policy analyses
must find ways of characterizing the implications of our incomplete scientific




knowledge. They must highlight the impossible and barely possible as well as
the most probable impacts of the increasing concentration of atmospheric carbon
dioxide.

“The" carbon dioxide problem has much in common with other grand concerns like
"the" population problem or "the" problem of economic development. Such
multifaceted, complex problems can be better described as "messes", Experience
with messes suggests that any attempt to resolve them will be futile if it
presumes the existence of a few Key “decisions” or "decision maKers" (2), Like
the population and development messes, carbon dioxide will have different
practical implications for different sectors of the economy, different nations,
and different generations, Each of these will make its own interpretation of
costs, benefits, uncertainties and suitable responses. Most of whatever social
responses do occur will consist of each group’s incremental adjustments to its
own ongoing activities, taken in the context of its own agenda of other
problems and solutions. In such a real world mess of multiple actors and
actions, no-one’s needs will be served by single "bottom line" assessments that
purport to speak for all people and all times.

More useful would be a set of effective tools and approaches that individual
nations and interest groups ctould employ in coping with the practical
implications that the carbon dioxide question might hold for them (3),
Collaborative use of the tools to shape regional or even global responses would
be possible, but independent local responses would be facilitated as well. The
tools most needed would help to shape incomplete scientific understanding so
that it can be critically applied in the construction of appropriate social
responses. They would be useful for expanding the conventional menu of
possible social responses and for characterizing their respective strengths and
Timitations, They would provide means of addressing, if not resolving, each
of the fundamental characteristics of the carbon dioxide question listed above.
Ideally, the tools could also be used to fashion a commonly accepted,
relatively unbiased perspective from which the different interests in the
carbon dioxide debate would better comprehend each others’ concerns and
preferred actions.

Several recent studies have begun to construct important components of the set
of tool needed for coping with practical implications of the carbon dioxide
question. Much of the most significant recent work is drawn together in a
report by the Scientific Committee on Problems of the Environment (SCOPE)> on
Improving the Science of Climate Impact Assessment (Kates et al., 1983). The
SCOPE study reviews the strengths, weaknesses, and accomplishments of a wide
range of approaches to understanding the implications of climate variation and
change for society. The reader in search of a reasonably comprehensive
bibliography of relevant climate work would do well to start with this study.
An even fuller computerized bibliography is being prepared by R. Warrick (4),
For the non- climatic aspects of the carbon dioxide question, no comparable
tool kit exists, A good review of the most useful methods for general
environmental impact assessment and management is given by Beanlands and
Duinker (1983).

Despite some gratifying progress, however, the tool Kit needed for societies to
cope effectively with the carbon dioxide question is far from complete. For
example, even the best policy analyses and assessments have tended to take
their questions from the immediate concerns of natural scientists studying
carbon dioxide, and to concentrate on providing answers. But as Thomas
Schelling ¢(1983) has shown in the most perceptive treatment vet written on
social implications of the carbon dioxide question, this approach leaves many
of the most practically relevant questions unformulated and unstudied. Missing



are the broader perspectives that could help to locate the carbon dioxide
question within the context of related economic trends, political agendas, and
environmental problems. 1t is these contextual issues that will both shape
impacts of carbon dioxide- related environmental changes on societies, and
provide societies with their options for dealing with those impacts. This
paper attempts to characterize some of the missing perspectives and to provide
some of the tools needed for working with them.

We have heard much in recent years of what scientists want to know about the
carbon dioxide question. The agenda for basic research seems well in hand.
Less clear, however, is what policy makers and publics want to Know, and the
extent to which their needs will be met by the basic research agenda. In this
essay I will attempt to complement existing scientific perspectives with one
that starts from a political viewpoint., One of my primary goals will be to
characterize changes in present programs of scientific research and policy
analysis that will be required if more useful answers to the political
questions are to be provided. Section 2 therefore explores how we might come
better to understand the relevant political contexts of the carbon dioxide
question: How is carbon dioxide linked to other problems and solutions on the
political agenda? Section 3 attempts an analogous treatment of the
environmental context: How is carbon dioxide linked to other environmental
problems, properties, and policies? Section 4 outlines possible social
responses that could significantly alter the practical implications of the
carbon dioxide question: What are the options for action? Section 5 sketches a
framework for assessing the likely effectiveness and limitations of those
responses, using Knowledge of characteristic time and space scales. Section é
proposes several areas for future work that might significantly improve
societies’ abilities to make appropriate responses to the carbon dioxide
question. :



2. The Carbon Dicxide Question in ite Political Contexte

Scientific investigations of the carborn dioxide question have raised an ever
increasing number of possible implications for society., Since few if any of
those implications entail unambiguous direct impacts on today’s 1life,
societies’ concerns have largely reflected those of the scientiste. But as the
debate over carbon dioxide and its implications has evolved, publics and their
politicians have increasingly come to view their concerns about carbon dioxide
within a broader context that incorporates political as well as scientific
perspectives, The scholarly research agenda has not, in general, Kept pace
with these changing and varied perceptions of the carbon dioxide question. As
a result, a gap has widened between the guestions that the experts most want to
address, and the questions that everyone else most wants to have answered.

Clearly, scholarly inquiry on a matter as complex and wide ranging as that
posed by the carbon dioxide gquestion should not be channeled entirely along
lines defined by present political perceptions. Changes in our scientific
understanding of the carbon dioxide guestion should continue toc shape public
perceptions as they have in the past., But societies” actions or inaction will
ultimately take place within a context of other political problems and
solutions. Scholarship that ignores or misperceives that context will become
increasingly irrelevant to what is actually done with respect to carbon
dioxide. An overdue step in efforts to address the practical implications of
carbon dioxide is therefore to document the questions that most concern the
politicians, businessmen, financiers, and private citizens who will be the real
actors in any social response.

Even a casual survey of societies’ concerns about carbon dioxide- related
issues indicates that they span an extraordinary range of perspectives. Some
nations with Arctic territories, for example, have paid great attention to
possible benefits of carbon dioxide- induced environmental changes (eqg. Hare
1981). Several nations of the tropics, on the other hand, have objected to
what they feel is the misplaced emphasis of international organizations on long
term climate changes as opposed to short term variability ¢1). From yet
another perspective, a former Indian foreign service officer has argued that &
long term focus on climate change is appropriate, but that the emphasis should
be on policies that would cool the tropics, not ones that would prevent warming
of the temperate zones {Bandyvopadhvaya 1983,

The presence of scientists in senior policy positions of the Soviet Union has
produced an active and sophicsticated high level discussion relevant to the
practical implications of the carbon dioxide question. For example, responding
to a question of whether modern societies had not become reasonably independent
of climate conditions, a member of the Presidium of the Supreme Soviet
commented:

In fact... present human society needs much more precise assessment of
climatic conditions in order to create a more rational strategy of
development. Many of the activities we engage in, including irrigation
and others, are projected for a long term period in the future. Errore in
ascessment of climatic resources and their possible changes will lead to
increasing losses {(Federov 1979,



The same sernior policy maker noted that

From the social and political point of view it is necessary to consider
whether it is possible to produce climate changes in some region of the
earth as a result of actions in some other region, Is it possible that
one country, on account of actions on its own territory, could have an
impact on the climate of other countries? (Federov 1979).

He added that though such events seemed to him to have & low probability, they
nonetheless had to be considered as a possible source of international tensions
2). Other Soviet policy makers have consistently emphasized the practical
benefits of improved understanding of climate change. The Vice Chairman of the
Council of Ministers has written:

The complex investigation of... global atmospheric and oceanic circulation
processes will make closer the time when science will be able to forecast

climatic variations and long term weather changes thus improving the 1life

of people on earth (Marchuk 1979).

And the Chairman of the State Committee for Hydrometeorology and Control of the
Natural Environment has repeatedly argued that because of the importance of
detecting possible global climate changes, an

urgent measure [ic] the organization of an international system of complex
monitoring of the atmosphere, ocean, and biosphere (Izreal 1984),

A more systematic and critical survey would doubtless identify additional and
comparably diverse perspectives, But such a survey would also probably reveal
a number of more subtle political contexts for the carbon dioxide question. I
base this statement on my own review of what members of the United States
Congress want to Know when they think about carbon dioxide. (1 focuss on US
policy maKers only because extensive documentation reflecting their concerns
was most readily accessible to me). My analysis covered questions asked by
Congressmen of scientists and other expert witnesses during formal hearings
held over the last decade on carbon dioxide, climate, and related issues (3),
Several of the more significant concerns running through their questions are
summarized below.

Winners and losers: Congressmen emphasize the geopoiitical siagnificance of an
environmental change that could be felt worldwide, with some nations benefiting
and others suffering. Their interest is not in global averages, or “bottom
line" assecssments, but rather in who -- especially who among the superpowers --
could win and lose what:

"[1In assessing the importance and severity of the problems for us... I
think it is not particularly useful to average in the good effects with
the bad effects and conclude that everything comes out in the wash." (Gore
1980: 74)(4),

"1 want to focus ... in a more narrow way for the policy makers on this
committee: What happens to the United States...? [Hlow likely is it that
our grain belt will shift northward to Canada?" (Gore 1981: 33,74).

"How would [carbon dioxidel affect China?" {Scheuer 1981: 114).

(4]



"[& Soviet article savs that effects will bel beneficial to them. How
would you respond to that?" (Bumpers 1980: 110).

Recponses, not impacts: WVirtually without exception, the Congressmen assume

that societies will respond to any carbon dioxide- induced environmental

changes that do occur. They are less concerned with asking what are the

environmental {(or economic or social) impacts, than with identifying and

evaluating actions that could modify those impacts. This interest in the
options for effective social response is wide- ranging:

"Obviously in periods of past climate change the human race has been able
to maKe adjustments that allowed it to survive, 1In your opinion, is human
society today, with its greater population and greater technical resources
and complexity, more or less adaptable than in earlier historical periods?
«..» 1 am interested in the Kinds of flexibility that vou think could be
built inte our social and economic structure.,.. What Kinds of systems can
we develop to help us counteract the climatic variations?" (Brown 1974:
185, 214>,

"Can society adapt to increasing levels of carbon dioxide?" (Ribicoff
1979: 29).

MNot surprisingly, however, policy makers’ specific questions about societies”
response capabilities focus on the agricultural impacts and rises in sealevel
emphasized in scientific assessments of the carbon dioxide question:

"[Sluppose that weather conditions were to change, and we were faced with
a worldwide shortage that extended over a concsiderable period of time...
Have we contemplated the appropriate policies to deal with that Kind of
situation?" (Brown 1974: 148),

“Would it not be a prudent approach at this time to produce those types of
hybrid plants that would be adaptable?" {(Myers 1974: 154),

"There are many places in the world, particularly in the developing
countries, where the cost of relocating populations that are located near
oceans would be painful, cruel, and nearly impossible. Those kinds of
dislocations ... can’t be faced and they have potentially devastating
economic and social and political implications... [Tlhe loss is not just
crop loss, but vast human decstabilization, and that goes far beyond the
cost of crops or forest lands or grazing lands." (Scheuer 1981: 85).

Enerqy responses: The implications of carbon dioxide for energr policy attract
more Congressional questions than any other topic. Many of those questionc are
straightforward attempts to understand how alternative fuels or use rates
differ in terms of their carbon dioxide releases:

"We’ve been told that decreasing oil use may help., But you tell us that
coal produces 1.7 times as much carbon dioxide as oil." (Gore 1982: 3).

"Can you comment on the relative impact of biomass fuel sources, as
opposed to fossil fuel and &alternatives to those systems?" (Emery 1974:
141) .,

"1¥ we were to ... begin an aggresive reforestation program [and] use the
net annual growth as fuel... we could make at least a minor effect on



reversing the present trend lines. MNow the only thing that bothers me is,
I haven’t the vaguest idea what Kind of numbers we are talking about... I
do not Know what the overall capability in terms 0f eguivalent amounts of
coal, for example, are from increasing the net biomass resource." (Brown
1981: 77-8),

"1f we [the U.S5.) were to double coal production... what do you feel would
happen to the atmosphere? Is it anything we have to be concerned about?*
{Percy 1979: 32).

“IT1]1¥ we were able to stabilize the use of fossil fuel at our current
level internationally, would vou anticipate any difficulty by the vear
20007?" (Bumpers 1980: 132),

Energy strategy: More often than not, however, the Congressional questions are
looking for more qeneral guidance on how alternative energy strategies differ
in their overall environmental impacts:

"How long do you think it would take to ... quantify the effect of long-
term energy use programs on the environment, both here and in the Soviet
Union and Western Europe?" (Scheuer 1974: 33).

"Ildhat form of energy production would have the least amount of effect on
climate?” <Winn 1976: 129),

“1¥ you had to choose ... between a coal- fired power plant and a nuclear
power plant, which one would you select?" (Tsongas 1980: 40>,

"1+ we support and develop energy programs with prospective dangers, what
should we be doing in the interim to lessen those dangers?" (Ribicoff
1979: 18).

Energy advocacy: Finally, concerns about carbon dioxide have been invoked by
Congressmen to advocate nonfossil energy sources running the spectrum from
nuclear breeder reactors to conservation:

"IWlhat safeguards would any of vou recommend be put into that synthetic
fuel legislation to insure that we develop alternate sources; to promote
diversity, and not commit ourselves to one energy source to the exclusion
of other, more environmentally satisfactory sources?" (Ribicoff 1979: 34>,

"[Ilsn‘t the political response to all these scientific findings ... to
make use of every bit of energy as efficiently as possible, to conserve as
much as possible, and to convert to nonfossil enerqies as quickly as
possible, and add reforestation?" (Bumpers 1980: 132).

"IWe are faced with potentially catastrophic conseguences, requiring
balanced, informed energy policy. It seems to me there is good evidence
for advancing the nuclear option, like Europe, as well as a strong liquid
fuels [from biomass] program.” {lalker 1982: &),

"] believe we ought to discard all of the smaller options of trying to
adapt to it like mavbe giving some travel tax credit to those people in
Florida who have to move their homes or adapting agricultural policy in
Nebraska to come up with sand flea farms... [Should we not] concentrate
instead on boxing the large problem straight in the eve, recognizing its
global cause and selecting the one obvious solution for the problem...



which is a rather dramatic change in the energy consumption patterns world
wide ,., ie, accelerating a moving away from fossil fuel?" {(Gore 1981:
73).

Questions of timing: Before leaving the Congressmen’s focus on policy actions
and other responses it is worthwhile to emphasize their pervasive interest in
related questions of timing. When impacts might occur, when sufficient
information will be available to predict them, and when remedial actions would
have to be initiated are all treated as questions of the utmost practical
significance:

“ITlhe problem of coastal flooding ... is a matter of grave importance,
When would that come into effect?" (Ribicoff 1979: 363,

"When can you maKe public policy recommendations? When will the data base
be sufficient?" (Scheuer 1982: 15),

"wa soon do we have to act?" (Scheuer 1982: 10V,

"[Hlow long would it take to move to the solar sources you recommend? Can
we beat the problem that way, or do we need to go with a current
technology such as nuclear?" {(Carney 1982: 5).

Uncertainty: An examination of Congressional questions about carbon dioxide
also shows that some aspects of basic scientific understanding are of great
concern to policy makers. Foremost among these is the question of technical
uncertainties and disagreements among scientists. Congressmen seemed less
concerned with learning about the specific character or magnitude of these
uncertainties, than with Knowing how long it would take to resolve them. Their
implicit assumption that sufficient time and research will resolve the
politically significant uncertainties of the carbon dioxide debate was not
contested by any of the scientists testifying at the hearings:

"What areas of uncertainty remain?" (Gore 1982: 3).

"How soon are you going to have a data base sufficiently reliable to put
some of these factors into our public policy making machinery on
development of new sources of energy?" (Scheuer 1981: 90>,

"You said we can afford to wait for impacts studies until you have a core
of basic Knowledge. But it is this central core that’s going to trigger
action. Its holding up the decision making process... When can you make
public policy recommendations? When will the data base be sufficient?"
{(Scheuer 1982: 14-15),

"Don“t we Know enough? Can‘t we begin taking corrective efforts...? Now
is the time to begin reaching out for political will, to go to the next
stage." (Walker 1982: 1).

Thresholds and surprises: A second area of basic science of great concern to
the Congressmen is the matter of thresholds. They want to Know whether the
increasing carbon dioxide concentration might one day push the natural system
across a threshold and confront policy makKers with a situation that is suddenly
deteriorating so rapidly that it swamps societiec’ adaptive capabilities. This
question dominates all others dealing with the scientific understanding of
carbon dioxide:




"[Youl remarked that the range of effects between present concentrations
and doubling covers no significant thresholds and our conclusions are not
completely dependent on the timing [of carbon dioxide increasesl. I+
there doesn’t seem to be a significant effect to doubling, where is the
critical point? Where do we run into a real problem?" (Scheuer 1980: 31),

"Another type of what might be called a threshold: is there any evidence
that you reach a point where the ocean uptake ceasec or diminishes
drastically... because of saturation effects?" (Brown 1981: 82,

"lIs there a trigger point when the dynamics take over?" (Gore 1982: 10J.

In summary: A systematic documentation of the full range of political
perspectives on the carbon dioxide question would almost surely enrich our
ability to design, evaluate, and implement social responses. 1In the meantime,
even the preliminary perspectives highlighted here suggest some potentially
useful directions for thinking about the practical implications of the carbon

dioxide question.

Perhaps the most important of these is that policy makers seem to be much more
interested in responses than in impacts. They want to Know what difference
alternative actions could maKe to the practical implications of the carbon
dioxide question., They do not want, and probably would be very skKeptical of,
the sorts of detailed cost-benefit or yield reduction assessments that continue
to entrance most segments of the academic impact assessment community. The
profound implications of this action orientation for efforts to design useful
research on the carbon dioxide question will be a central theme of the
remainder of this paper.

More generally, it is clear from even the sample of policy maKer opinions cited
here that the carbon dioxide question reaches into many dimensions of political
life. Ite practical implications are intimately associated with pressing
problems of East - West and North - South relations, of energy and agricultural
policy, and of the need for long range social planning. A useful understanding
of what the carbon dioxide question means for societies must at least attempt
to address these broader contextual issues.



3. The Carbon Dioxide Question in its Environmental Contexts

The previous section suggested that when publics and their politicians think
about the carbon dioxide question, they do so primarily in terms of alternative
activities that would change its practical implications, To a somewhat lesser
extent, they think in terms of the sensitivity of important environmental
properties like climate and sealevel to carbon dioxide- related environmental
changes,

We know, however, that many of the policy responses discussed in the political
context of the carbon dioxide question would also have important practical
implications for environmental problems otherwise unrelated to carbon dioxide.
For example, many of the alternative energy strategies considered by the US
Congressmen quoted in section 2 would have significant implications for acid
rain concerns as well, 1In addition, the environmental properties that concern
policy maKers in the context of the carbon dioxide question are often
influenced by other human disturbances. A currently popular example is the
important role of "greenhouse® gases other than carbon dioxide in any future
climate change (Cicerone et al., 1985).

The political perspective is ill- suited to perceive the often complex linkages
forged by physical, chemical, and biological processes between policy actions
and the state of the environment. HNonetheless, it is precisely those linKages
that must be understood for the design of effective social responses to the
practical concerns raised by carbon dioxide and related questions. In addition
to the political perspective called for earlier, efforts to deal with the
practical implications of carbon dioxide therefore require tools for viewing
policy maKers’ concerns about carbon dioxide within their overall environmental
contexts,

An_atmospheric example: One step towards the Kind of synoptic environmental
framework that is needed has been developed by Drs. Paul Crutzen of the
Max-Planck Institute for Chemistry, and Thomas Graedel of ATT-Bell
Laboratories, as part of their contribution to the program on "Ecologically
Sustainable Development of the Biosphere” being carried out at the
International Institute for Applied Systems Analysis (1), Crutzen and Graedel
focus on the atmospheric environment and the ways in which chemical processes
influence its nature, composition, and response to disturbance. Their analysis
is therefore far from comprehensive. It is worth examining in some detail,
however, because it sketches a useful framework to which complementary studies
of soils, water and the biota could be added.

The approach adopted by Crutzen and Graedel can usefully be viewed as a form of
environmental impact assessment (Clark, 1985c)>. For the purposes of this
essay, I have adapted their work to show where carbon dioxide fits in the
broader pattern of relationships among human activities, natural fluctuations,
and the state of the atmospheric environment.

Experience in environmental impact assessment shows the importance of beginning
with an explicit statement of valued environmental components, ie. properties
of the environment that are thought to be most worthy of attention or
protection in a given assessment context {Beanlands and Duinker 1983). As
such, valued environmental components (should) reflect the judgements of the
broader political and social communities as well as those of scientific
experts, This is why the analysis of political concerns relating to carbon

10



dioxide is such an important aspect of any attempt to assess its practical
implications. Experience also shows that the list of valued environmental
components should not be restricted to properties known to be directly
influenced by the activities or policies under consideration in a given
assessment. Rather, to allow for the possibility of indirect or unanticipated
effects, they should cover all the properties sufficiently valued that some
significant segment of society would want to know if any significant change
were to occur-in them. The list of valued environmental components appropriate
for a given assessment will therefore vary in detail according to specific
social, political, and environmental circumstances, But for our illustrative
purposes here, the valued environmental components identified by Crutzen and
Graedel and described in Table 1 will suffice.

Environmental impact assessment aims to establish the causal relationships
between such valued environmental components and potential sources of
environmental disturbance. Atmospheric science has contributed to this goal by
addressing relevant relationships at the deeper level of atmospheric
constituents and processes. The last decade has brought about major advances
in our understanding of atmospheric chemistry and its interactions with the
biosphere (National Research Council, 1981; National Research Council, 1984;
Bolin and Cook, 1983). This understanding now lets us begin systematically to
connect sources of atmospheric perturbation to higher level atmospheric
properties in terms of fundamental chemistry and physics,

Determinents of atmospheric components: Present Knowledge regarding the
relevance of changes in specific atmospheric chemicals to changes in the valued
atmospheric components of major social and scientific concern is given
qualitative expression in Figure 1. Note that the convention used in the
figure is to indicate only direct effects. Thus changes in ozone
concentrations are shown to affect the valued atmospheric component of
"Ultraviolet absorption" because it is ozone molecules themselves that have the
ultimate impact. Halocarbons ¢eg. “Freons’) and nitrous oxide, though
assuredly relevant to ultraviolet energy absorption, are not shown to affect
this valued atmospheric component because their action occurs indirectly, by
changing the concentration of ozone. The rationale for this "direct effects"
convention will become clear shortly,.

Carbon dioxide is somewhat unusual among the atmospheric chemicals listed in
Figure 1| in that it directly affects only one of the valued atmospheric
components, namely the thermal radiation budget or climate., (I will argue
later that Crutzen and Graedel’s list should be expanded to include the direct
impact of atmospheric chemicals as nutrients or toxins for living organisms).
In this respect assessment of the practical implications of changes in
atmospheric carbon dioxide should be relatively simple as compared to, say, the
implications of changes in atmospheric sulfate compounds. Complications arise,
however, because carbon dioxide is not the only chemical to affect
significantly the thermal radiation budget. Figure 1 reflects the finding of
recent studies that changes in other radiatively active gases such as methane,
nitrous oxide, certain halocarbons, and ozone could have a cumulative impact
comparable to those of carbon dioxide on climate. Any attempt to assess the
practical implications of the changing concentration of carbon dioxide will
therefore have to include an analysis of possible changes in the concentrations
of these other gases as well.
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Sources of chanqge: What are the sources of change in radiatively active
atmospheric constituents? Present Knowledge regarding the effects on specific
atmospheric chemicals of natural fluctuations and human activities is given
qualitative expression in Figure 2. Again, the convention of indicating only
direct effects is emploved. MNote that a significant number of atmospheric
chemicals -- including carbon dioxide and most of the radiatively active gases
-- are cumulatively affected by multiple sources. Useful assessments will have
to consider the simultaneous implications of policies or other actions that
influence each of these sources., Wariability of the natural environment will
also have to be taken into account for most of the chemicals listed here. Once
again, because of the linkages among environmental processes, the carbon
dioxide question cannot be treated in isolation.

To complete the chemical connection between sources and valued atmospheric
components, it is finally necessary to attend to the matter of indirect effects
-- the fact that source- induced changes in chemical species ‘a’ may affect a
given valued atmospheric component only through an intermediate influence on
chemical species ‘b‘. ( We have already alluded to an example of such indirect
effects in the case the “ozone problem". Industrial processes add halocarbons
to the atmosphere. These affect the ultraviolet energy absorption only via
intermediate impacts of halocarbons on ozone.) Tracking the indirect effects
of chemical interactions is one of the central tasks of contemporary
atmospheric science. The immense complexity of even the relatively well
understood interactions precludes their discussion here. An excellent overview
of the field is provided in the recent U.S. National Academy of Sciences report
on Global Tropospheric Chemistry (National Research Council, 1984),
Conceptually, however, the substance of such a discussion could be captured in
a matrix constructed along the lines of Figure 3.

A synoptic framework: The three figures discussed above can be combined to
provide a framework for assessing the overall implications of human activities
and policies on selected components of the atmospheric environment. In
particular, they can be used to suggest the specific environmental context
within which a useful understanding concerning the practical implications of
the carbon dioxide question should be possible. As shown in Figure 4, we can
begin with a valued atmospheric component 1ike “thermal radiation balance® and
its immediate chemical determinants (Figure 1), trace these back through their
interactions with other atmospheric chemicals (Figure 3), and finally identify
the sources responsible for initiating those interactions (Figure 2). The
ultimate product is a matrix showing the impact of each potential policy action
or other source of disturbance on each valued atmospheric component (2).
Figure 5 shows the results of Crutzen and Graedel‘s initial effort to
incorporate in such a matrix our present Knowledge of the relative magnitudes
of the various impacts.

Each cell entry of Figure 3 indicates the relative impact of the specified
perturbation source on the specified valued atmospheric component, assessed
across all relevant chemicals. This can be seen more clearly in terms of the
specific example of the impact of coal combustion on the thermal radiation
budget (Location ‘a‘ in Figure 3), The entry in this cell is derived by first
assessing from the information summarized in Figure 1 all the atmospheric
chemicals that could significantly impact the thermal radiation budget, namely
particulate carbon, carbon dioxide, methane, nitrous oxide, oxides of sulfur,
plus certain halocarbons and ozone. We then work backwards through the
information summarized in Figures 2 and 3 to identify all the sources of major
perturbations to these chemicals. An additional assessment of the strength and
possible interactions of those impacts leads to the qualitative assessment

12



given in cell “a’ of Figure 5. Obviously, the details of such an assessment
can be enormously complicated. Large research programs, scientific monographs,
and official reports have focussed on just one or two cells of the matrix (eq.
the many works on "energy and climate”: (Jaeger 1983, National Research
Council 1977, Bach et al. 1983>. Even these relatively narrow efforts
inevitably end up pushing scientific understanding to and beyond its limits.
For this reason, some estimate of the relative confidence that the scientific
community has in its inevitably incomplete and uncertain assessment is
essential. Crutzen and Graedel have therefore included a qualitative
expression of relative uncertainty in each of the cell estimates given in
Figure 5.

Column assessments: The most useful aspects of the framework developed by
Crutzen and Graedel are not their individual cell assessments, but rather the
synoptic perspective gained by viewing the relations among those cells. Two
dimensions of this synoptic perspective merit special attention, First,
consider the “"cumulative impact assessment” that comes from looking down any
individual column of Figure 5 and noting all of the natural fluctuations and
human activities that signhificantly affect a specific valued atmospheric
component. In the case of the thermal radiation budget, the figure summarizes
our understanding that while fossil fuel combustion is now the dominant source
of chemically mediated climate change, other factors including certain
industrial processes, biomass burning, crop production, and changes in the
biological activity of natural vegetation and soils all may play a sianificant
role. (I emphasize that Crutzen and Graedel’s framework includes only
chemically mediated impacts. Physically mediated impacts can also be important
and would have to be included in any truly synoptic framework for analysis. 1
will return to this issue later). As several recent reports have emphasized,
efforts to understand the liKely course and implications of climate change must
move beyond a preoccupation with individual chemicals 1ike carbon dioxide, to
include a comprehensive appreciation of the multiple sources involved,

Row assessments: The second synoptic dimension of environmental perspective
summarized in Figure 5 comes from looking across individual rows., This view
shows all of the valued atmospheric components significantly affected by a
specific source of natural fluctuations or human perturbation. It is the
aspect of the Crutzen and Graedel framework most immediately responsive to the
“action" orientation of policy maKers indicated in section 2. The figure shows
that policy measures taken to change the source of perturbation to one valued
environmental component will almost inevitably affect other environmental
components as well, To continue our earlier example, action to reduce coal
combustion because of its impact on climate (Location “a‘ in Figure 35) could
also be expected to have a significant effect on photochemical oxidants, the
acidity of precipitation, visibility, materials corrosion, and probably the
absorption of ultraviolet radiation. The extent of the effect would ocbviously
depend on the details of the policy adopted. But one conclusion is
inescapable: When policy maKers are led by their concerns about carbon dioxide
to ask "1f we were to double coal production, what do you think would happen to
the atmosphere?", assessments will have to transcend not only carbon dioxide as
an isolated chemical, but also climate as an isolated property of the
environment before they can produce truly useful answers,
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Expanding the framework: As noted earlier, the framework developed by Crutzen
and Graedel would have to be expanded before it could provide a truly synoptic
environmental frameworkK for assessing the practical implications of the carbon
dioxide gquestion. A relatively easy addition would be one or more valued
environmental components reflecting the role of atmospheric chemicals as direct
fertilizers or toxins for plants, Such a modification would allow integrated
treatment of such phenomena as the stimulation of plant growth by carbon
dioxide and its inhibition by sulfur oxides -- both products of fossil fuel.
combustion (3)>. Somewhat more ambitiously, the approach could be expanded
beyond its present chemical focus to include appropriate physical and
biological processes, and the sources of disturbance to them. DicKkinson’s
(1985) recent attempt to sketch a comprehensive framework for understanding the
impact of human activities on climate shows the potential of such an integrated
approach (see also Bach 1981). Ultimately, the need is for a qualitative
framework that puts in perspective the impacts of human activities and natural
fluctuations not just on the atmospheric environment, but on the biosphere as a
whole. This is necessary, among other things, to provide some defense against
the well-Known pitfall of policy responses that simply shift pollutants from
one medium to another,

Are comprehensive environmental frameworks of the sort described here feasible?
éAre they even desirable, given the obvious likelihood that they would
degenerate into even grander versions of the mindless checklists that long
plagued conventional environmental impact assessment? Such questions cannot be
answered ex cathedra. Useful answers will be obtained only through experiments
that apply simple first steps 1ike the Crutzen and Graedel framework to actual
assessment problems and evaluate the extent to which useful results are
obtained. 1In the meantime, however, it is clear that most contemporary efforts
to address the practical implications of environmental issues remain
preoccupied with what, in the context of the Crutzen and Graedel framework,
amount to single cell assessments or, at most, cumulative column assessments.
The U.S. National Academy of Science report on Changing Climate (National
Research Council 1983) and the WMO/ICSU/UNEP assessment of The Impact of an
Increased Anthropogenic Input of Carbon Dioxide on the Environment are recent
examples of the cumulative column approach, focussed largely on concerns of
climate. Such approaches are scientifically challenging and arguably provide
the most effective vehicle for advancing our long term understanding of the
scientific issues involved. Moreover, some of the more specific questions
posed by policy makers can be addressed relatively effectively and efficiently
from the cumulative assessment or column total perspective.

But for assessing the broader options of social response raised by policy
maKers -- options concerning major choices of energy and agricultural
strategies -- the narrow perspective of even the best "column" assessments is
inadequate. If we are going to produce useful Knowledge for gquiding such
choices, a much greater portion of our assessment resources and energies must
be put into row assessments of the net impact of major policy options across a
wide range of valued environmental components. This is a difficult but not
impossible task. A few studies have attempted partial "row assessments", among
them the US National Academy of Science’s reports on Nuclear and Alternative
Enerqy Systems and Atmosphere- Biosphere Interactions (National Research
Council 1979, 1981). The pitfalls and potential revealed through such studies
provides a foundation of experience on which the next generation of assessments
on the practical implications of the carbon dioxide question could usefully be
built.
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4, Social Responses: A FrameworkK for Enriching the Options

The range of possible social responses that has been explored in the context of
the carbon dioxide debate remains extremely narrow. The policy makers’
questions reviewed earlier in this paper reflect a preoccupation with actions
that would reduce the production of carbon dioxide through changes in energy
policy. Much less attention was paid to the possibilities for adaptation to
changing agricultural conditions and sea level. Other options were virtually
ignored., The scholarly community, with few exceptions, has been no more
enterprising. The environmental perspective presented in the previous section
may help to understand the rich connections of the carbon dioxide question with
other problems and human activities. But it provides no mechanism for
exploiting this Knowledge to design practical response options. Moreover, the
environmental perspective is inherently biased towards preemptive policies that
change the way human activities affect the environment, rather than adaptive
towards policies that change the way in which the environment affects human
activities.

In other contexts, expanding the range of actively debated options for action
has often been one of the most useful roles played by policy analysts (1). How
can this be done for the carbon dioxide question? MNeeded are tools that can
systematically survey possible leverage points across the whole sequence of
interactions running from human actions through environmental change to social
consequences. In particular, we require approaches that will help to Keep
visions of what societies might do from being unduly constrained by the names
scientists give to problems. As Schelling (1983) has argued, the policy debate
surrounding what we call “the carbon dioxide problem" would almost certainly be
different if the same concerns had initially become popularized as "the climate
problem” or "the water problem*. In the same insightful paper, Schelling goes
on to sketch a framework for expanding the range of social response options to
carbon dioxide-induced climatic change. With minor modifications, his approach
can be applied to the fuller set of valued environmental components that
section 3 of this paper showed to be entangled in the carbon dioxide question.

A framework of responses

My point of departure is the classic environmental impacts model shown in
Figure éa. (This linear model is obviously too simplistic for most tasks. For
the one to which we will put it here, however, it will sufficed, 1In this
useful caricature of complex reality, human activities 1ike fossil fuel
combustion release pollutants and other substances like carbon dioxide (see
Fig. éb)., These substances interact with a variety of other environmental
constituents and processes as discussed in section 3. Changes result in one or
more valued environmental components like climate. These changes in turn have
social consequences through their impacts on important properties like
agricultural vield. As noted above, most thinking on possible policy
interventions to this sequence has focussed on the two ends, ie. on polluting
activities and on agricultural consequences. Schelling (1983), however, has
argued that social responses are in general possible at each stage of the
sequence. To help guide the design and assessment of specific policy options,
he posed a frameworkK consisting of four potential goals for social response,
one corresponding to each stage of our simple impacts model. In a form slightly
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altered to give greater generality, these potential goals are listed in Fiqure
éc and described below.

Altering production of poilutants or other potentially disruptive emissions
changes the possibility of inducing environmental changes in the first place.
Some such changes might, of course, be beneficial. The framework makes no
presumption that less production is better than more. Recovering releases of
emissions from the environment is another potential option. As Schelling
(1983: 463) puts it “If we cannot help producing too much, can we remove some?"
Social responses capable of modifying the environment could counteract unwanted
changes in valued environmental components, or encourage wanted ones. A long
tradition of environmental management, impact mitigation and ecosystem
restoration activities reflects efforts to achieve this goal. Finally, the
goal of adapting to change can be pursued through a wide range of formal
policies and informal actions that seek to mitigate the damages and capitalize
on the opportunities associated with changing environments.

Possible means of achieving each of these general response objectives through
specific policy actions are discussed in the following sections, which draw
heavily on Schelling‘s (1983) original treatment. The options are summarized
in Table 2. Note that at this stage ! make no judgement on the desirability or
even feasibility of implementing any of these options. As emphasized at the
beginning of this paper, different people from different places and generations
may be expected to hold very different views on such questions. My objective
here is to provide a tool for enlarging the range of options these different
people might want to consider in debating and shaping the futures they each
might want to build.

coals of social response: Altering production

Measures to alter production of carbon dioxide and related emissions have
dominated the discussion of social response to the carbon dioxide question.
Focussing first on carbon dioxide itself, Figure 2 showed six potentially
significant sources of perturbations in the natural rate of carbon dioxide
emissions to the atmosphere. <(Other reviews of the relevant science might add
or subtract sources from this list. Such details are crucial for the
assessment of specific options; they are not relevant for my present purposes
of illustrating a general framework.> It is worth bearing in mind throughout
the following discussion that, to a first app