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ABSTRACT 

International concern over the possible environmental and societal impacts of 
the postulated climatic changes resulting from increasing emission of CO2 from 
the burning of fossil fuel has led to a special research program by the U.S. 
Department of Energy and the National Climate Program Office. A four-pronged 
approach to considering the climate aspects of the CO2 issue has been developed. 
First, a variety of climate models are being improved, particularly in terms of their 
representation of the oceans, so that their simulation of the regional and temporal 
response to increasing CO2 can be made more realistic. Second, past climatic 
situations, particularly warm periods, are being studied as possible analogs for the 
warmer conditions that increased CO2 concentrations are expected to induce. 
Third, the results of model and past climate studies will be combined so that 
comprehensive scenarios can be assembled for use in assessment studies. Finally, a 
research program is being developed that will seek early evidence to determine 
whether the climate is responding to increasing CO2. Present results indicate 
tha t the climatic change from doubled CO2 will be greater than 1.5 K, but that 
identifying evidence of such changes in the next twenty years will be difficult unless 
past cl imate variations and their causes are bet ter understood. 

INTRODUCTION 

Observations clearly show that the atmospheric concentration of CO2 has 
been increasing for the last 25 years. There is wide recognition that much of the 
increase in recent years must be due to the burning of fossil fuels. Extensive 
theoretical calculations with many numerical models over the last fifteen years 
have indicated that the increasing concentration of CO2 is likely to warm the 
troposphere and earth's surface, particularly in polar regions and cool the 
stratosphere. Increased CO2 concentrations induce effects directly on biological 
systems and indirectly on the environment and society through the induced climatic 
change. The effects of these changes pervade all of society's interactions with the 
environment, and, as concluded by the U. S. National Academy of Sciences (NAS, 
1977): 

"The climatic effects of carbon dioxide release may be the primary 
limiting factor on energy production from fossil fuels over the next few 
centuries." 
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In response to these concerns, the U.S. Department of Energy, in cooperation 
with the National Climate Program Office, is contributing to a comprehensive 
national research and assessment program in order to provide a more quantitative 
understanding of the fate and effects of CO2 emissions. A six element national 
program has been developed and is now being implemented. These elements include; 

1. Research on the carbon cycle with particular attention focused on 
developing estimates of past concentrations of CO2 and on 
understanding and modeling the fluxes and storage of CO2 among its 
oceanic, atmospheric and biospheric reservoirs. 

2. Research on the climatic effects of increasing CO2 with particular 
attention on using models and past data to develop better estimates of the 
effects and to seek early identification of any C02-induced change in 
climate. 

3. Research on the effects of climate change and an increase of CO2 on 
the oceans, cryosphere, agriculture, the natural biosphere, pests, animals 
and man himself. Note this area includes both the direct effects of the 
CO2 increase itself on the environment and the indirect effects 
resulting from C02^nduced climate changes. 

4. Research on the social, political and economic costs and/or benefits of 
the C02-induced global environmental changes, including an assessment 
of the society's ability to plan for and respond to the change. 

5. Research on the potential for amelioration of global and regional impacts 
through measures to either prevent, cure, moderate, or adapt to the 
C02-induced changes. 

6. Preparation of an assessment report in 1984 that provides an interim 
review, integration, and evaluation of the status of research in each area 
and updates the research strategy for a long term research effort. 

The thrust of the DOE program is on elements 1, 2, and 6 of the national 
program. This paper will outline the research issues that are the focus of the DOE's 
contribution to the climate element of the national program. 

DOE CLIMATE ELEMENT 

Although there is growing recognition that benefits may result from the direct 
stimulation of the biosphere by the increasing CO2, it is the impacts that may 
result from potential C02-induced climate change that are likely to be most 
detrimental. It is therefore essential to develop a thorough understanding of the 
climatic effects that may result. 

* 
This report extracts heavily from contributions prepared by the author for 
inclusion in the DOE planning and conference documents of the CO2 program 
that are listed in the bibliography. These reports contain references and further 
details on many of the points discussed. 
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Study of the climatic effects of CO2 cannot, however, be easily separated 
from study of the climate itself. Present concentrations of CO2 in the 
atmosphere, acting in combination with other absorbing gases (e.g., H2O and 
O3), play an important role in maintaining the current climate. Without CO2 
acting to absorb much of the infrared radiation emitted from the earth's surface and 
then to re-radiate some of the energy back to the surface, surface temperatures 
would probably be several degrees cooler, particularly in polar regions.* The 
atmospheric circulation of moisture would probably also be substantially less active, 
and polar icecaps larger. At the same time, the stratosphere would probably be tens 
of degrees warmer, thereby leading to possibly altered atmospheric dynamics and 
probably somewhat reduced ozone concentrations. 

To determine the climate response to increased CO2, the climate research 
elements of the plan will be focused on answering the following major questions: 

What will be the seasonally-dependent regional and global climatic 
changes induced by projected changes in atmospheric CO2 
concentration? 

How rapidly will the changes be taking place and to what extent will the 
projected changes depend on the time-dependent characteristics of the 
climate and the rate of increase of CO2? 

To what extent are the projected changes dependent on other 
climatically-related events and activities of man and nature? 

The first question is intended to focus on determining the 
quasi-equilibrium* climatic change to which society becomes committed by 
increasing the atmospheric CO2 concentration. Because the temporal response 
characteristics of the atmosphere, oceans, ice, and land surfaces are quite different, 
the actual climatic changes that occur will probably be delayed and might even be 
different than the quasi-equilibrium projections. The second question is intended to 

There are no models now capable of comprehensively simulating the climate 
assuming the complete absence of CO2. This is because of the wide range of 
interacting processes, including other radiatively active gases, atmospheric 
chemistry, water vapor cycling and dynamics that play a role in determining the 
climate. The qualitative comments in the text are based on extrapolations of 
expected first order effects derived from model studies that incorporate CO2 
concentrations within a factor of two of present concentrations. 

Because the real climate is never truly in equilibrium, and because the CO2 
concentration will be constantly changing, an estimate of the quasi-equilibrium 
change may be most appropriate for purposes of comparison and evaluation. 



- 4 -

address these issues so that assessment studies and the search for evidence of 
climatic change can consider the time-varying nature of the response, including the 
dependence on varying rates of increase of CO2. The projected change in CO2 
concentration is, of course, only one of many possible influences. In developing 
estimates of the limits of possible climatic changes, the DOE CO2 program must 
consider, at least indirectly, the possible climate effects of such other influences as 
volcanoes, chlorofluorocarbons, other combustion emissions, and surface albedo 
change, so that a proper context for the C02-induced changes can be provided. 

To address the three key questions, a four part research program is being 
developed that draws on efforts to understand both the present climate and past 
climate changes. The program stresses those increments of a total climate research 
program that are most directed toward resolving the uncertainties in estimating the 
effects of increasing CO2. Initial efforts to develop improved understanding and 
analytical techniques are followed by application and the seeking of confirmation of 
estimates in the real world. The basic components of the research program will 
include: 

Developing improved, verified models for use in estimating limits on the 
climatic effects of increasing CO2 concentrations. 

Searching historic and paleoclimatic records for evidence of different 
climates (particularly those warmer than the present) that can be used to 
study the mechanisms of climate change, to determine the ranges of past 
variations, and to develop analogs of possible C02-induced warmer (and 
warming) climates. 

Using model predictions of climate change, evidence of past climate 
change, and our experience with the present climate to develop scenarios 
that encompass plausible upper and lower limits of the possible 
C02-induced future conditions. So that adequate ecological, social, and 
economic analyses can be made, the scenarios must estimate changes in 
such parameters as regional and seasonal variations of temperature and 
moisture in agricultural and watershed areas; extent of sea-ice, ice 
shelves, and mountain snow; and ocean currents and temperatures in areas 
of substantial oceanic productivity. 

Evaluating and analyzing present data in search of evidence that the 
predicted C02-induced climate changes are in fact occurring. 

An outline of the most important research issues and of current 
DOE-supported research in each of these areas will be described in the following 
sections of this paper. While the effort that DOE will be devoting to climate during 
its 10-year research program will be substantial, this effort is only a relatively small 
(although highly focused) part of the extensive national and international scientific 
effort now underway to improve understanding of climate, its variations, and the 
potential impacts of various perturbing factors. The coverage of specific research 
activities in this report is heavily weighted to DOE-supported activities. The 
general analysis and discussion, however, attempt to recognize the breadth of the 
total research effort and DOE's need to interface with it. Thus, we want to 
acknowledge the important contributions made to C02-related research by the 
programs of other agencies, particularly the National Oceanic and Atmospheric 
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Administration (NOAA), the National Science Foundation (NSF) and the National 
Aeronautics and Space Administration (NASA) in the United States and under the 
auspices of the Global Atmospheric Research Program (GARP), the United Nations 
Environment Program (UNEP), the ICSU/SCOPE Committee and other groups at the 
international level. Without these strong basic and applied research efforts, the 
DOE effort would not be productive, even with a substantially greater level of 
support. 

CLIMATE MODELING 

Because we have not identified an historical precedent for the climatic 
situation of increasing concentrations of CO2, numerical models will have to be 
the primary tools used to make climatic projections. To generate confidence, 
models must represent all of the relevant aspects of the chemistry and physics of 
the atmosphere, hydrosphere, cryosphere, and biosphere, and be verified against a 
wide variety of past climate change scenarios. Because the models depend on the 
extent of our understanding of the many processes that are involved—particularly of 
the numerous complex and subtle feedback mechanisms—there is great need for 
fundamental improvements in our perception of how the climate system functions. 
Especially because the projected changes are unprecedented in mankind's 
documented climatic experience (i.e., in at least the last 100,000 years), there is a 
possibility that we are overlooking important mechanisms or improperly 
representing processes as climate conditions evolve beyond the range of validity of 
various parameterizations. 

The problems of most immediate concern with present projections are the 
many simplifications made in most of the numerical models being used to project 
future climate. Present models applied to the CO2 problem, for example, are 
only beginning to treat with adequate realism topography, land-sea distributions and 
seasonal variations, and still treat only poorly land surface and cryospheric 
processes, ocean heat capacity and transport, and clouds. Many of these 
parameterizations can be improved or, at least, their climatic effects can be much 
better represented. Although it is not likely that we will have completely 
satisfactory parameterizations during the next several years due to a combination of 
limitations including computer capacity, diagnostic capabilities, and lack of a 
fundamental understanding of many of the components of the climate system, there 
should be a sufficiently adequate representation of the system to allow reasonable 
limits to be placed on many of the climatic effects of increasing carbon dioxide. 

Because of the large number of processes that make up the climate system, a 
wide range of analytic and numerical models have been developed to represent it. 
This breadth of approach, ranging from relatively simple zero and one-dimensional 
models to comprehensive three-dimensional ocean-atmosphere models, offers some 
assurance that the full range of important response mechanisms are at least being 
considered since in each model efforts are made to incorporate many of the 
processes having the temporal and spatial response characteristics appropriate to 
the issue at hand. The temporal and spatial aspects of the CO2 problem, however, 
do require treatment of more mechanisms than are normally required in just 
representing the present climate. 



- 6 -

Model development, improvement, modification, and testing is a continuous 
and on-going process among the many groups developing numerical models. To 
accelerate an improved treatment of the potential climatic effects of increasing 
CO2 concentrations, however, requires improvement and testing of particular 
aspects of these models that may now be of critical importance in studying 
non-C02 issues. A spectrum of simple and complex models will continue to be 
needed to gain overall insight because of the great range of processes involved. 
Increased emphasis will be placed on use of general circulation models (GCMs) to 
investigate regional efforts and on improving particular parameterizations in 
statistical dynamic models (SDMs) so that results from the two types of models can 
be better intercompared. In addition, some new models may be needed that focus on 
particularly important processes (e.g., oceanic downwelling, polar climate). 

Although the direct radiative effects of CO2 induce a relatively rapid 
atmospheric response (days), the indirectly induced climatic effects on the oceans, 
ice, and land surfaces have a much longer time constant (up to hundreds of years). 
Since changes in these conditions in turn can further affect the climate, climate 
models for CO2 studies must properly treat a very wide range of processes. The 
major improvements needed in models are now generally recognized to involve 
treatment of the oceans, cryosphere, clouds, radiation, boundary layer physics, and 
the land surface and biota. One of the priorities of this program will be to 
determine which of these areas are most important to placing limits on the climatic 
effects of enhanced CO2, and then encouraging improvements of those areas. 

DOE sponsored research is now focusing on a number of major outstanding 
questions, including the following: 

1. Will improving the representation of oceans in climate models yield 
qualitatively different perturbation results from models with very simple 
oceans? What about the effects on climate of the ocean's response to 
C02-induced climate change? 

2. Will simulation of the seasonal cycle yield qualitatively different results 
than models that assume constant sun (nominally, the annual average)? 

3. Will the temperature changes induced in polar regions involve lengthening 
the melt season and shortening the freezing season, or will the 
temperature change be relatively uniform with season? 

4. What will the seasonal and regional distribution of changes be? 

5. What is the role of clouds in amplifying or moderating the changes? 

6. Will the climatic response to increasing CO2 be qualitatively different 
than a logarithmic interpolation of the model predicted quasi-equilibrium 
response to increased CO2? 

7. fe it useful to consider changes to the global climate or must we also 
focus on changes in weather regimes? 
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8. What level of confidence can we have in model results? How can we 
better verify climate models (e.g., by modeling historical and 
paleoclimates)? When can we expect to have predictions that can serve 
as the basis for realistic scenario studies? 

DOE is now supporting a number of modeling groups in order to increase the 
focus on C02/climate studies. These include; 

1. The National Center for Atmospheric Research (NCAR) under the 
direction of Dr. Warren Washington is coupling an atmospheric GCM to an 
oceanic GCM. Present attention is focused on the methods for coupling 
the models so that extended studies can be performed. 

2. Oregon State University (OSU) Department of Atmospheric Sciences and 
the Climate Research fiistitute under the direction of Dr. Lawrence Gates 
are also coupling an atmospheric GCM to an oceanic GCM with the intent 
of running the model in a fully coupled mode. As part of a model 
comparison with the Lawrence Livermore National Laboratory (LLNL), 
OSU will be considering the effects of various approaches to 
parameterization of the ocean (prescribed SST, zero heat capacity ocean, 
fixed mixed layer depth, variable mixed layer depth) on the model 
projections for doubling of CO2. 

3. Lawrence Livermore National Laboratory under the direction of the 
author is using a two dimensional statistical dynamic climate model to 
investigate the role of particular feedback processes in contributing to 
the climatic change from increased 002-

4. The University of Michigan under the direction of Dr. William Kuhn has 
incorporated an interactive hydrologic cycle into a one dimensional 
radiative-convective model. 

5. New York University under Dr. Martin Hoffert is constructing a combined 
energy balance/carbon cycle model that incorporates a two dimensional 
schematic ocean circulation in order to investigate the need for 
consistent treatment of the ocean in the two types of models. 

6. Atmospheric and Environmental Research, Inc. under Dr. Wei-Chyung 
Wang will be examining the need for very detailed representation of the 
infrared radiation in the atmosphere, particularly the importance of the 
overlapping of H2O, CO2 and O3 absorption bands, and the need to 
consider the radiative effects of other combustion generated gases. 

7. Lamont Doherty Geological Observatory under Dr. George Kukla is 
developing a data base on cloud cover in the Arctic for use in model 
verification. The predicted extreme sensitivity of polar climate is the 
special incentive for this effort, which may also be useful in searching for 
evidence of climatic change. 

8. Lawrence Berkeley National Laboratory under Dr. Hal Rosen is analyzing 
filter samples of Arctic aerosol to determine the carbonaceous component 
as the basis for modeling studies of possible regional climatic effects. 
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As I mentioned earlier, there are also many groups doing relevant research on the 
CO2 problem but supported by agencies other than DOE. 

RECONSTRUCTION OF PAST CLIMATES 

Past climate has been quite variable, although periods 2-3°C warmer than 
present, which are believed characteristic of doubled CO2 concentrations, have 
not yet been identified during historical, or even Pleistocene, times. Although there 
is not yet convincing evidence that variations in CO2 concentration caused any of 
these past climate variations, there are some hints from model calculations that the 
response of the surface/troposphere system to a global perturbation to the radiation 
balance may not be strongly dependent on the type of radiative perturbation that is 
imposed (e.g., change in solar insolation, change in atmospheric opacity, etc.). For 
example, it appears that climate models respond in similar ways to changes of 
comparable magnitude in solar input and trapping of infrared radiation by CO2. 
The similarity of response to different perturbations can perhaps be understood by 
recognizing the already important role of water vapor and energy transport in 
balancing the latitudinal radiation imbalance. 

If, indeed, one warm climate is similar to another, it then seems reasonable to 
seek insight from the modeling and analysis of past climates, both in terms of past 
climates that have been especially warm and by examining the transition between 
different climate states. Thus, DOE has added its funding support to this research 
effort so as to augment the relatively large funding of NSF, NOAA and other 
agencies in such a way that analysis focuses on warm climatic conditions of the past. 

The important advantage of estimates based on past data over estimates made 
by models is that such conditions actually occurred. Understanding past conditions 
in terms of warm climate analogs can thus provide needed information on regional 
changes and on the response of precipitation, soil moisture, the cryosphere, the 
biosphere, ground water, lake levels and ocean temperatures and currents. We may 
not yet know the causes of the changes — although many people are trying to 
determine the causes — but we do have a demonstration of an actual climatic state, 
representative of a period with a warm temperature anomaly. 

When we look back at the past, there are three major warm periods: earlier 
this century, earlier this millenium, and about 4,000 to 8,000 years ago (the 
hypsithermal). The first two are "historic warm climate analogs," and the last a 
"paleoclimatic warm climate analog." There were warm periods even earlier (e.g., 
about 120,000 years ago), but so little is known about them that it is doubtful that 
much additional insight into the regional patterns of climate can be gained, although 
insight into the possibilities for higher sea level may be instructive. 

The initial area of emphasis in looking at the last century has been on using 
selected years for which instrumental records are available as a guide to 
establishing possible future patterns of climatic change. The mean annual surface 
temperature of the Northern Hemisphere (and quite probably of the whole globe) 
varies considerably from year to year. Because of this variability, one may select 
individual warm years or use a composite of warm years as possible analogs for a i 
future warmer world (resulting from increased CO2 or other causes). It must be 
recognized, however, that such short-lived climatic states have not had time to 
reach equilibrium with the oceanic and cryospheric reservoirs, and, therefore, such 
analogs must be used with great care. Nonetheless, some early work in this area 
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seems to be reenforcing model results that indicate relatively large changes in 
temperature in high latitudes and drying out of the interiors of mid-latitude 
continents (e.g. the U.S. Midwest). 

Further back in time, the hypsithermal period of 4,000-8,000 years ago appears 
to offer the best potential for intensive investigation during the next several years. 
This period is of special interest because in some regions temperatures were 
apparently 2 to perhaps 4°C warmer than the present, although sea surface 
temperatures were not very different. This is almost as large a change as model 
simulations indicate might be induced by increasing CO2 concentrations during 
the next 50 to 100 years. Understanding summer precipitation and moisture 
patterns during these periods could offer, for example, significant insight into 
evaluating agricultural impacts as the world warms. 

In coordination with on-going studies sponsored by NSF, research is being 
accelerated to improve understanding of this period. The goal of the major DOE 
research effort on this subject is to document the climatic patterns of 5,000 to 
7,000 years ago (apparently the warmest part of the hypsithermal) over as wide an 
area of the earth as possible. Multivariate statistical methods permit using the 
modern distribution of pollen and marine-plankton data to transform the distribution 
of their fossil remains into estimates of the temperature patterns of past times. In 
addition to mapping the temperatures, the moisture conditions and the airmass 
patterns occurring 5,000 to 7,000 years ago can also probably be reconstructed. T îe 
goal is to produce global maps; first efforts will concentrate on mapping the 
Northern Hemisphere, however. 

Among the outstanding questions in the use of past climatic periods as analogs 
for a warmer C02-induced world are the following: 

1. Were the last century's and the hypsithermal warming really global in 
extent? Did oceanic and polar regions warm? 

2. Were warm years and periods of the past really similar in regional and 
latitudinal detail, not just in global response? 

3. How are the weather regimes of warm climates different than for cold 
climates? 

4. Can we develop enough information about past warm climates to use for 
model verification studies? 

5. Is the analog approach useful given the different time scales, causes, and 
rates of change? 

The research effort in analysis of past climates, like the modeling effort, 
relies on research by many groups, and the relatively new initiatives of DOE are 
only initial efforts in what must become a major world-wide effort. DOE is now 
supporting the following groups: 

1. TTie University of East Anglia under the direction of Dr. T. M. Wigley is 
being assisted in its reconstruction of past climates. For DOE, studies of 
warm years during the past century and during the Medieval warm period 
are underway. 
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2. The Oak Ridge National Laboratory under Dr. T. J. Biasing is classifying 
seasonal climatic regimes of the last hundred years with particular 
attention to changes occurring over important agricultural and water 
resource regions. 

3. Brown University, under Dr. Thompson Webb, III, in cooperation with 
researchers from several other universities, is assembling all available 
data on the climate of the hypsithermal as a possible warm climate analog. 

4. The University of Massachusetts under Professor Raymond Bradley, in 
cooperation with groups at the University of East Anglia and the 
University of Colorado, are initiating an effort to compile available data 
so that the meteorological record can be extended back to 1850 in order 
to provide better insight into the variations of recent climate. 

CLIMATE SCENARIOS 

To allow an encompassing evaluation of the environmental and societal 
consequences resulting from increasing CO2 and consequent climate changes, it is 
essential to develop a comprehensive estimate of changes in many climate 
parameters. As a minimum, such a scenario (or perhaps several scenarios of 
maximum, average, and minimum change) must include estimates of changes of such 
parameters as regional and seasonal variations of temperature and soil moisture in 
agricultural and watershed areas; extent of sea-ice, shelf-ice, and mountain snow; 
and wind stress, ocean currents, and temperatures in areas of substantial oceanic 
productivity. We expect that this list will be substantially extended through 
discussions with those carrying out the assessment studies. 

The scenarios should be based on an integrated intercomparison of the climatic 
changes projected by use of verified models, analysis of past climates and 
extrapolation of current trends. Such an effort will be an important step in looking 
for internal consistency of results, for confirmation of projected changes from 
various modeling and historical approaches, and agreement of recent trend data with 
anticipated changes. The effects of using various types of models, each with their 
own particular assumptions and parameterizations, will need to be considered so 
that possible changes are not inhibited and predicted changes are not merely forced 
artifacts. It is essential that scenarios for both maximal and minimal CO2 effects 
be developed so that limits can be placed on possible societal impacts. Because 
most approaches will initially be considering climate equilibrium situations (e.g., a 
past warm period or a model simulation of doubled CO2) and not the conditions 
occurring as the climate evolves from the present to that state, it will be difficult, 
but essential to estimate rates of change and the likelihood that climate change is 
not continuous (i.e., that the climate is transitive). 

A variety of approaches will be used, including evaluation of past warm 
periods using paleoclimatic and historical data, trend extrapolation (e.g., extension 
of changes from 1880 to 1940), selection of warmest decade and/or warmest years, 
etc. Climatic changes found to be common to these different approaches and to 
model results will be used to construct a set of likely scenarios. Particular 
attention will be paid to regions where impacts may be economically or ecologically 
significant (e.g., agricultural regions, watersheds, mountain snow, etc.), to the 
seasonal effects, and to correlations of changes between regions. 
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In addition to developing a consensus scenario on the climatic effects of 
increasing CO2, it will be important to determine how dependent this projection is 
on other factors that may potentially affect the atmosphere. There are indications, 
for example, that increasing concentrations of fluorocarbons will decrease 
stratospheric ozone. The cooling of the stratosphere that can be expected from 
increasing CO2 will, however, tend to increase stratospheric ozone, thereby 
helping counter the effect at high altitudes. On the other hand, fluorocarbons and 
some other emitted gases (sometimes acting through secondary species the gases 
interact with chemically) tend to reinforce the CO2 climatic modifications in the 
lower atmosphere since these gases also tend to absorb and re-radiate infrared 
radiation. Aerosols, including those emitted at the surface, formed from gases in 
the atmosphere, or injected to high altitude by volcanoes, can also affect the 
atmosphere^ radiative balance, and thereby the climate. Just as projecting CO2 
concentrations and climate changes is subject to uncertainty, these further 
evaluations will also involve uncertainties; it will still be important, however, to 
address these questions. 

Major issues that need to be addressed are only beginning to become obvious. 
These issues include: 

1. What parameters can be estimated with confidence by models and analogs? 

2. What parameters are most needed for assessment of impacts? 

3. How should uncertainties be expressed in climate predictions? Is 
development of a range of scenarios the best approach to expressing 
uncertainty? 

4. What does it mean if models and analogs agree or disagree? 

To address these questions, and others, DOE is now relying on the sponsorship 
of workshops as the forum for discussion. During the past two years, workshops 
were sponsored under the auspices of the Aspen Institute for Humanistic Studies, 
which resulted in the book Climate Change and Society by Dr. William W. Kellogg 
and Robert Schware. During the next two years workshops will be convened under 
the auspices of the National Center for Atmospheric Research under the leadership 
of Dr. William Kellogg and Stephen Schneider. 

EVIDENCE OF CLIMATIC CHANGE 

The complexity of the surface-atmosphere system, the constraints of current 
understanding, and the recognition that even the unperturbed climate will vary all 
limit our ability to use models and past climatic data to provide accurate 
projections of the climate into the future. It is therefore essential to seek 
confirmatory evidence in the current observational record. Early identification of 
the predicted changes would provide significantly increased confidence in the 
projections of later, larger changes, or, if predicted changes cannot be found, may 
indicate the need to reevaluate model projections. 
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Current model estimates suggest that the Earth should have experienced a few 
tenths of a degree warming since the late 1800s due to the increase of CO2 
concentrations from about 290 to the current 338 ppm. While the variation in 
decadal-average Northern Hemisphere temperatures during this period has been 
about half a degree, the overall change over this period has been very small. 
Further, since the warmest decades during the last century were the 1930s and 
1940s, it is not straightforward to identify the supposed C02-induced change, 
which should be a monotonic increase. Thus, it appears that natural variations, 
perhaps related to such factors as intensity of volcanic activity or sunspots, 
currently are large enough to mask the expected CO2 variation and that the 
thermal inertia of the oceans may be delaying manifestation of the rising 
C02-induced equilibrium temperature change. While a few researchers suggest 
that we can already see the signal or at least should be able to start identifying 
C02-climate signals in the near future, most experts believe that an unambiguous 
climatic signal of C02-induced effects might not be evident until the year 2000, 
assuming that CO2 emission trends continue and the computer simulations are 
correct. 

A critical question is whether more refined analysis of observations may find a 
statistically significant signal sooner than the year 2000 so that increased 
confidence can be placed in model results. There are several approaches that may 
provide an indication of the projected climate changes within the next twenty 
years. Very large temperature responses (approximately 10°K) are projected in 
polar regions and the equatorial stratosphere for a doubling of C02- Although 
natural fluctuations are quite large in polar regions, we may be able to identify and 
isolate some of the causative factors. Li the equatorial stratosphere, the data base 
is rather limited, but natural fluctuations are apparently rather small. 
(Fluorocarbon induced effects, however, may act in an opposite sense, thereby 
making signal identification more difficult). Finding a C02^nduced signal in this 
region, however, will mainly verify the radiative prescriptions used in numerical 
models, and may add little confidence to projections of regional and global changes 
at the surface. Another possible precursor may be the minimum temperature of 
polar air masses, a quantity that may change more than the global average if 
present model projections showing an amplification of temperature change in polar 
regions are indicative of wintertime effects. 

Certainly, projected changes in these and other parameters that are developed 
as part of the construction of scenarios (e.g., intensity of the hydrologic cycle, 
snow-line, sea-ice and permaforst extent, properties of polar ice masses, etc.) need 
to be compared with the observational data base in order to identify particularly 
sensitive indicators. It may also be useful to look at sets of parameters from the 
scenarios to determine whether their coupled response is in agreement with 
observations. 

To help develop a well-structured research plan for seeking early evidence of 
climatic change, DOE is convening a workshop 8-10 June 1981. In preparation for 
this meeting, DOE has asked twelve experts in polar, atmospheric, marine and 
biospheric science to develop prioritorized lists of variables that can be expected to 
exhibit statistically significant responses to increased CO2 and the induced ^ 
climatic changes during the latter part of this century. Based on the results of the 
workshop's deliberations of the suggestions made by the experts, which will be 
reported on verbally at the Leningrad workshop, DOE expects to initiate research to 
develop and analyze past data, to recommend future efforts to monitor the climate, 
and to urge an international effort to detect C02-induced climatic change. 
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Although achievement of success in early identification of C02-induced 
climate changes is likely to be difficult, it is important to lay the framework for 
such identification. At the least , it is important to be able to explain why such a 
large change as is projected for early in the next century may not be apparent until 
we are almost there. 

SUMMARY 

The CO2 issue has special interest to the DOE because of the important role 
of fossil fuel emissions in increasing atmospheric concentrations. An intensive, 
directed research effort is being supported by DOE to help reduce uncertainties in 
predicting the potential climatic consequences. By interfacing model results, 
cl imate patterns derived from past warm periods, and evidence from observations 
about how the climate is responding, DOE will a t tempt to develop scenarios about 
what the future climatic conditions may be, assuming CO2 concentrations 
continue to increase due to energy-related emissions. 
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