Greenhouse Policy and
Climate Uncertainty1
1. Introduction
The global climate warming issue has now become
an international scientific and political happening. It
is difficult today to pick up a newspaper or view television without encountering a story or an interview
on the subject of global climate warming, now familiarly embraced in the vernacular under the rubric
of the "greenhouse effect."

No ideological or political boundary separates the
calls to action. From General Secretary Gorbachev
of the USSR and Prime Minister Thatcher of the
United Kingdom, to prime ministers Mulroney of
Canada and Brundtland of Norway, calls for international action resound.
In March 1989, representatives of 23 nations, including many heads of state, gathered in the Hague
at the urging of President Mitterand of France and
other European leaders and recommended that the
United Nations be given supranational authority to
regulate global activities regarded as the causes of
the greenhouse problem.
Not to be outdone, in the bidding for international
leadership on the issue, the United States through the
pronouncements and actions of President Bush and
Secretary of State Baker, is urging action on many
international environmental fronts. The Congress is
no less active. A half-dozen new pieces of climate
legislation are being considered.
Nor have the academies of sciences and engineering been silent. Quite the contrary, we have been
vocal and forward on the issue. For over a decade
these academies have conducted studies on global
climate change, making assessments that have buttressed the legitimacy of the concerns expressed by
our political representatives. Most recently, as a result of legislation in the last Congress, the academies
have embarked on new studies of climate and the
underlying energy issues. In a move to place its views
before the new Bush administration, the academies
have issued a "white paper" on global change with
broad policy recommendations.
The scientific community has identified an issue
1 Speech given at the Annual Meeting of the National Academy
of Science, April 1989, Washington, D.C.
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that lends itself to support by leaders everywhere—
the mission of saving the inhabitability of the planet.
It is a mission that now ranks in importance and political panache with saving the planet from nuclear
destruction. Like the mission to save the planet from
nuclear destruction, it raises politically divisive concerns such as those between the technologically advanced and developing nations.
How robust is the scientific basis for this grand
outpouring of world concern? What are the policy
directions that make sense in the light of the certainties and uncertainties in our knowledge? What are
the policy problems that need resolution given the
likely social and economic costs of action or the consequences of inaction?
My colleagues Bert Bolin and Steve Schneider have
ably described the state of our knowledge of the forcing functions (those activities that cause the changes
in the composition of the atmosphere) and the atmosphere's response to these changes, or the ways
in which the earth's climate is projected to be altered
as a result of such compositional changes.
As scientists and engineers we often eschew responsibility for policy decisions because they are
laden with judgments balancing known facts, uncertain interpretation, and social and economic costs
more properly made in the political arena. Unfortunately, we cannot totally escape that responsibility
because those political judgments are shaped by the
way w e present our conclusions to those who have
to formulate policy. W e have it in our power to trigger
political action unwarranted by data or scientific findings. Conversely, we can so allay real concerns that
inaction results when action is desirable.

Whether w e in the scientific community like it or
not, we have awakened the political beast and those
communities of scholars who revel in the challenge
of public policy formulation and debate. The ability
of the scientific community to influence actions recedes as groups are increasingly locked into policy
positions.
The fact is that we grapple with an issue that is
noisy in many dimensions. The climate record is
noisy, as are the results of mathematical computations. Knowledge of likely effects is speculative and
the policy debate is informed with contradictory data
and interpretations. Can we isolate the signals from
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the noise in all significant dimensions? That is our
task. That is our obligation.

2. The knowledge base
Any soundly based policy actions must emerge from
our knowledge of causes and effects and the uncertainties in that knowledge weighed against the risks,
consequences, and costs of action. W e know much
about the former and little about the latter. Our
knowledge of the likely causes is well documented.
Our knowledge of the climate system response to
these causes is extensive but fraught with uncertainty.
Our knowledge of the social and economic consequences is weak and speculative.

The concentrations of greenhouse gases have been
accurately measured for over a quarter of a century
in many parts of the world and they reveal inexorable
increases. The C 0 2 record of observations taken at
the National Oceanic and Atmospheric Administration (NOAA) Mauna Loa Observatory in Hawaii is
arguably the most important geophysical record of
this century. W e know much about causes of changing atmosphere composition—the burning of fossil
fuels, the industrial production of CFCs, and the agricultural production of nitrous oxides. W e know less
about others, the sources of the increases in methane,
for example.

W e can assess the climate system response in two
ways. W e can simulate the system with mathematical
models and examine the range of responses to the
known and projected forcing functions. W e can also
examine the actual climatic record. Mathematical
models developed by many groups in the United
States and abroad yield the basic projections on
which our concerns are principally based. As Steve
Schneider has described, they yield projections of
global average surface temperature increases ranging
from 2°-5°C since the turn of the century with greater
increases in polar regions for a doubling of greenhouse gas concentrations sometime after the middle
of the next century. The models do not portray regional and local effects well.
The models are approximations to the real world
and their simulation of natural physical processes is
well known to generate considerable uncertainties in
the results, especially as they reproduce critical feedback processes.
Our confidence in the mathematical models is
based on their ability to reproduce the seasonal variations of climate, the general reasonableness of the
manner in which climatic factors are portrayed, and
the consistency of results. Some question whether our
confidence in the output of these models is well
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placed given the uncertainties. Yet there is a preponderance of views among those who have worked the
problem, that a large measure of confidence is warranted but that the uncertainties are troubling and
need much attention.
What about the system response as deduced from
the observational record? Does the observational system response support the theoretical response calculations and does the response e v i d e n c e any
systematic changes in climate.
It is well documented that climate is observed to
fluctuate on all time and space scales. Drought and
wet climates have been the perennial scourge of
mankind. For the past century, during which humanity's introduction of greenhouse gases into the atmosphere has increased greatly, the instrumental
record is equivocal. It is a noisy record affected by
the sampling of the global atmosphere through a network of observations established for other reasons—
principally weather forecasting. It is affected by the
accuracy and representativeness of the observations.
It is also affected by external factors such as urban
growth, which produces real, but climatically artificial, local and regional temperature readings. Such
data reveal that global average surface temperatures
have had a roller coaster history. During the period
1900-40, temperatures increased, cooled during the
1940-65 period, and have increased again from
1965-88.
In over-land areas of the United States where we
have the richest and probably most reliable data,
there has been no detectable increase in temperature
since the turn of the century. This could be a sampling problem. The United States may be unrepresentative of the global average temperature. The data
pool also presents sampling difficulties for the globe.
Over many parts of the less-developed world, the
tropics, and the oceans, data are of poor quality,
sparse, and may be unrepresentative. The best analyses of such data reveal a net increase of about 0.5°C
over the past century. This net temperature change is
consistent with the lower end of the projections from
the mathematical models but could also be a natural
phenomenon. Recent findings of the effects of urban
growth suggest that this increase may be an overestimate.
But, there are puzzling features of the observed
global climate record. For example, temperature increases, largely attributable to the records from tropical and ocean areas, are not consistent with model
projections that the largest temperature increases
should occur in polar regions.
Is it too early to extract the signal from the noise
of the record? Many would argue yes. Others would
argue that a century during which the C 0 2 content
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of the atmosphere has increased some 25% should
have revealed a clear signal by now. Those who argue that the global temperatures of the past five years,
the warmest in the instrumental record, signal the
onset of the greenhouse climate could have come to
an analogous conclusion during the drought of the
thirties. However, they would have encountered the
systematic cooling during the midcentury years,
which incidentally gave rise at that time to predictions by some of a new ice age. In my view, the jury
is out.
W e are confronted with an inverted pyramid of
knowledge; a huge and growing mass of proposals
for policy action is balanced upon a handful of real
facts. Data on likely causes are robust, though future
emission projections vary widely. Projections based
upon mathematical approximations of atmospheric
and oceanic conditions are credible but uncertain.
Evidence from the climatic data is equivocal.

Policy actions must reflect the risk of serious social
and economic consequences of climatic change.
They could be severe but are in the realm of informed
speculation. Most of our information is analogue or
scenario based. W e know a great deal about the effect of weather and climate on agriculture, water resources, forestry, and other economic functions from
extensive study of the effects of droughts or heat
waves or severe winters. W e know the devastating
ramifications for economic and social conditions—
witness the effects of the droughts of the Sahel in
Africa in recent years, and the drought of last summer
on the Midwest. Such analogue information is sound
and can be extrapolated. It is the scenario based information that is speculative. By "scenario" I refer to
the "what if" studies. These studies are useful if they
are considered for what they do: provide a range of
possibilities. But frequently they are interpreted as
forecasts. It is here that the apocalyptic nature of outcomes emerges and penetrates the political consciousness through news stories about imminent
global catastrophe.
If our model projections are correct we can say
some interesting things. For example, we can expect
an increase in sea level. Recent observations seem
consistent with this projection. If sea level rises we
can be reasonably certain that coastal areas will be
affected with saline intrusions and increased coastal
erosion. O n the other hand, we cannot say much
about local and regional effects of temperature and
precipitation changes and their specific local effects
on agriculture, water resource, and ecological and
economic systems. There would be effects on agriculture, but we are not quite sure what they would
be and whether they might be acceptable or even
beneficial. Increased carbon dioxide content of the

atmosphere favors increased photosynthesis and crop
growth. There would be effects on storm tracks, probably moving them toward the poles, a result of the
reduced pole-to-equator temperature gradients. Precipitation belts would likely migrate to more polar
latitudes with consequences for agriculture and water
resources in the Southwest. There would be effects
on natural ecosystems and their resiliency would depend upon the rate of change of climatic temperatures and precipitation. But it is impossible to be
specific beyond such generalization.

3. Policy principles
And so we find ourselves in a classic dilemma of
policy formulation—possibly severe but unknown levels of risk of undesirable consequences of climatic
change in the face of great uncertainty about causes,
costs and consequences. The dilemma is compounded because the consequences will be visited
on future generations unevenly through the redistribution of global climatic resources. Policy principles
in such a situation would suggest (1) investment in
improving the information base to reduce uncertainties so that policy actions could be based on improved understanding; and (2) adoption of policies—
insurance policies, if you wish—that address causes
and predicted consequences in such a way that future
options are not foreclosed if projections turn out to
be incorrect, and which may be desirable for other
environmental and economic reasons.
The policy framework would have to recognize the
inherent international nature of the issue, its potential
divisiveness as between developed and developing
nations, the considerable social and economic costs
attendant on significant actions, and the absence of
institutions on the international scene in a position to
formulate and implement necessary policies. Let us
examine the policy issues and see to what conclusions they lead.
Improving the information base to reduce uncertainties in our data, in our projections, and in the
understanding of consequences would seem to be a
sine qua non. These actions are not costly, do not
preclude future policy options, and can sharpen policy decisions. This means investment in improved understanding of physical processes so that they can be
modeled more accurately, intensified examination of
climate data bases, improved assessments of projected emission rates of greenhouse gases, and improved space and ground based monitoring systems.
Programs to achieve some of these objectives have
been formulated in President Bush's proposed Global
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port will be forthcoming from Congress. The World
Climate Research Program of the World Meteorological Organization and the International GeosphereBiosphere Program of the International Council of
Scientific Unions are underway and receiving widespread international support. The first international
intergovernmental forum has been established to examine the full range of climate problems, including
the possibilities for national and international responses under the aegis of the World Meteorological
Organization and the United Nations Environmental
Program.

The really controversial policy issues surround the
possibilities for intervention in the climate change
process. Can we arrest or slow the processes that
increase the concentrations of greenhouse gases? The
answer is yes. But we have no grasp on the social
and economic ramifications of intervention. W e have
a reasonable grip on the sources and amounts of
emissions and we have a reasonable grasp on the
reductions in emissions that would be necessary to
constrain the global temperature increase.
The possible courses of policy action are in a sense
obvious, and they relate largely to the production,
distribution, and end use of energy. If fossil fuels use
is the principal culprit in the C 0 2 buildup, policies
should be directed to the use of the least polluting
fossil fuels, the reduction in use of all fossil fuels, and
development and use of nonfossil energy sources. In
practical terms, we must shift from coal to oil to natural gas, undertake major efforts to increase energy
efficiency, and develop and deploy passively safe
and publicly acceptable nuclear power as well as
other nonfossil energy sources.
Energy policy actions have great leverage because
they also address a broad set of environmental issues.
Most environmental problems are interrelated
through their physics, chemistry, and biology and
have common causes. Thus certain policies will have
multiple environmental leverage. For example, the
problems of acid rain, global warming, and local air
pollution are largely energy-based environmental
problems generated by the use of fossil fuels.
Energy policies that move the national energy system toward energy efficiency also serve many other
national objectives: the lessening of dependence on
foreign sources of oil, thus achieving a greater measure of energy independence; reduction of the energy
component of the trade deficit; and increasing industrial competitiveness to the extent that energy efficiency can lower costs of production.
It is in the implementation of policies that the issues
are joined. It is here that we finally address the economic and social consequences and the hard questions of who pays, who is affected, at what costs, and

Vol. 70,, No. 9 , September 1989
with what societal disruptions. In the case of the
greenhouse problem, we are forced to address the
fundamental activities of society that relate to economic growth, the production of food, and the
sources of energy. W e are talking about changing the
global energy and agricultural systems, to say nothing
of the implications for global population growth.
Recently the Environmental Protection Agency
(EPA) issued a most useful report in response to a
congressional request for options for stabilizing the
greenhouse gas concentrations in the atmosphere. A
sampling of some of their proposals indicates the
pervasiveness of the measures that need to be considered (the social and economic costs were not
assessed): raise average gasoline mileage of new
cars to 50 mpg—a doubling of present fleet mileage;
impose fuel emission fees to reflect full social costs
of about $30/ton of coal and $3.00/barrel of oil;
launch major reforestation programs; and phase out
CFCs.
Ultimately if the climate warming is to be prevented other forms of intervention in the world energy structure will be required. The logical direction
for policy is to encourage the development and use
of nonfossil energy sources. Science, engineering,
and technology offer the promise of alternative energy sources, such as nuclear energy. Today the problems of public acceptability of nuclear power are
severe. Concerns about nuclear power plant safety
and the disposal of radioactive wastes dominate any
concerns about the greenhouse problem. But research on passively safe reactors has been underway
for years and it appears that commercially useful passively safe reactors are on the horizon.
The world must face up to the fact that within the
bounds of current technological knowledge there
may be no way out of the greenhouse problem without some recourse to the nuclear option. Other forms
of nonfossil energy have become more promising as
the years have passed. There is new promise in photovoltaics, with efficiency increases up to 30% in recent experiments. Biomass as a source of energy can
be further emphasized. Policy options aimed at other
causes of increasing greenhouse gas concentrations,
such as the release of CFCs and deforestation, present
their own politically divisive features. The tropical
deforestation issue confronts us with the conflict between economic development and environmental
protection in a direct way. Mankind has traditionally
used the environment for economic growth and mankind's track record is poor. W e in the United States
have polluted our rivers, destroyed our wildlife, and
replaced our forests with farms. W e continue to overuse the last of our natural rain forests in the northwest
for economic gain.
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N o w , recognizing the global consequences of the
destruction of forests, w e call upon other nations
emerging from economic penury to arrest their development to protect the global environment. Is it any
wonder that countries like Brazil or India or China
perceive our proposals as hypocritical? Nobody has
yet advanced a workable proposal, but many have
been suggested. The swap of foreign debt for the preservation of tropical forests is an interesting proposal,
but who will pay?
The issue of economic development and environmental protection arose in March 1989 in London at
a conference called by Prime Minister Thatcher to
phase out the production of CFCs. China, India, and
other nations refused to submerge their need for CFCs
and associated economic development in the global
interest in environmental protection. If w e are to be
serious about international action, a global bargain
will be necessary. But what kind of global bargain
makes sense?
The divisive nature of the issue is also evident in
the suggestion that w e shift from fossil fuels such as
coal to other kinds of fossil fuels such as oil and gas.
But what of countries like China whose energy future
is dependent on their large supplies of coal? The recent United Nations report, Our Common Future
(1987), on economic development and the environment carried the message on the necessary global
bargain clearly. Global environmental protection will
only be resolved in the context of the economic development of less prosperous nations.
If w e cannot arrest the processes of climate change
then w e will need to adapt to them. Adaptation policies need to be those that will foreclose least on
future options. It seems wise that w e introduce into
our long range planning for our coastal areas the possibility of a sea level rise of the order of one-half
meter over the next fifty years. Water resource planning must take into account the possibility that
the climatic regimes of the future will be different
and water resource infrastructures and management
techniques will have to incorporate a flexibility
not inherent in present planning. Planning for
agricultural adjustment will need to take advantage
of genetic engineering of plants and animals so that
they can be more tolerant of environmental extremes.
Perhaps, however, the policy approaches to the
climate warming issue which w e seem to be taking
are inappropriate to the problem. W e are dealing
with intergenerational matters w h e r e the conse-
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quences of action taken by one generation are visited
on another. Nor do w e have guidelines for developing policies in the face of uncertainties of the scope
involved in the climate problem. W e address a problem in which knowledge and information are being
continually refreshed by new findings and interpretations, and our assessment of risk and uncertainties
are continually changing.

Robert Lind of Cornell University has suggested
that w e should not think in terms of choosing a static
"best policy," but think in terms of strategies and sets
of options. W e should think in terms of a continuous
policy process where w e periodically reassess our responses in light of new findings and information. In
such a policy approach, the design of research and
information gathering projections must become an
integral part of the policy process.
This view suggests that what w e might do is establish continuing mechanisms and processes that periodically, say every three or five years, would be
charged with performing an evaluation of the state of
our knowledge about the science and implications of
various policy options. Through this process, recommendations for changes in policies and in areas
of scientific investigation would emerge. In this way,
by a series of incremental policy steps, policy would
be kept in lockstep with knowledge.
In the end, scientists and engineers must accept
the responsibility for having triggered a worldwide
movement that may result in policies of a pervasive
nature affecting all humanity. Each of us is responsible for representing the extent of our knowledge and
accompanying uncertainties so that there is a balance
between optimism and catastrophism. Each of us can
make headlines any day by projecting or intimating
that mankind faces a global catastrophe.
W e have sufficient experience to know that controversy makes headlines and those not as familiar
with the scientific uncertainties take us at our word.
Our pronouncements will be excerpted to suit the
needs of an exciting story. W e need to make sure that
the uncertainties in our knowledge are well understood and that there are risks in action as well as in
inaction. W e need to be true to ourselves and our
work as well as to the humanity w e serve.

Let us not confuse selected observations with representative samples. Let us not confuse scenarios with
predictions. Let us not confuse short-term fluctuations
with long-term implications. Above all, let us not
confuse our friends and colleagues who must make
the political decisions that will ensure the inhabitability of this planet.
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