
The Chemistry of the Atmosphere: 
Its Impact on Global Change

CHEMRAWN VII 

PERSPECTIVES 
AND 

RECOMMENDATIONS 
Editors: 	 John W. Birks 

Jack G. Calvert 
Robert E. Sievers 

IUPAC 

International Union of Pure and Applied Chemistry 
and 

The American Chemical Society 



The Chemistry of the Atmosphere: 
Its Impact on Global Change

CHEMRAWN VII 

PERSPECTIVES 
AND 

RECOMMENDATIONS 

Dedicated to the Memory of Dr. Walter OrrRoberts 



Copyright © 1992 International Union of Pure and Applied Chemistry 

All Rights Reserved. No part of this publication may be reproduced,stored 
in a retrievalsystem or transmittedin anyform or by any means: electronic, 
electrostatic, magnetic tape, mechanical, photocopying, recording or other­
wise withoutpermission in writingfrom the copyright holders. 

First edition 1992 

This volume may be ordered from the
 
Agency for International Development
 

Bureau for Science and Technology
 
Washington, D.C. 20523
 



IUPAC
 

International Union of Pure and Applied Chemistry 
and 

American Chemical Society 

The Chemistry of the Atmosphere: 
Its Impact on Global Change 

CHEMRAWN VII 
PERSPECTIVES 

AND 
RECOMMENDATIONS 
Plenary Lectures and Recommendations from the 

International Conference on the Chemistry of the Atmosphere 
Baltimore, Maryland, USA, 2-6 December 1991 

Edited by 

John W. Birks 
University of Colorado 

Boulder, Colorado, USA 

Jack G. Caivert 
National Ccrer for Atmospheric Research 

Boulder, Colorado, USA 

Robert E. Sievers 
University of Colorado 

Boulder, Colorado, USA 

Published by
The Agency for International Development 



This publication was made possible through supportprovided by the 
Office of Energy and Infrastructure, Bureau for Research and 
Development, U.S. Agency for International Development. The 
opinions expressed herein are those of the author(s) and do not 
necessarily reflect the views of the U.S. Agency for International 
Development 



- iii -

CONTENTS
 

LIST OF ACRONMYNS V 

INTRODUCTION 1 
Robert E. Sievers 

FINDINGS AND RECOMMENDATIONS 5
Future Actions Committee
 
John W. Birks, Chairperson
 

FUTURE ACTIONS COMMITTEE MEMBERS 27 

INTRODUCTORY REMARKS BY THE PAST 
PRESIDENT OF THE INTERNATIONAL UNI( 

31 

OF PURE AND APPLIED CHEMISTRY (IUPAj 
Valentin A. Koptyug 

INTRODUCTORY REMARKS BY THE CHAIR 35
OF THE (IUPAC) CHEMRAWN COMMITTEE 

Sir Johr M. Thomas 

PLENARY LECTURES 39 
An Approach to Global Climatic Change: 41 
A U.S. Perspective 

D. Allan Bromley 



-iv -

Atmospheric Chemistry and Global Change: 51
 
The Scientist's Viewpoint
 

Daniel L. Albritton
 

Global Environmental Change Overview: 61
 
Developing Countries
 

A.P. Mitra 

Control of Global Change: Industrial View 89
 
E.P. Blanchard 

Control of Global Climate Alteration: Power 97
 
Industry Perspective
 

George M. Hidy
 

Future Energy Sources and the Atmospheric Challenges 109
 
for Research and Development
 

Carl Heinrich Krauch
 

International Cooperation and Some Research Needs 129
 
to Improve Our Understanding of the Chemistry
 
of the Atmosphere
 

Valentin A. Koptyug 

Global Change and the Role of Governments 145
 
Sir Crispin Tickell
 

153APPENDICES 

CHEMRAWN VII ORGANIZING COMMITTEE 155
 

CHEMRAWN VII PROGRAM COMMTIFEE 159
 

CHEMRAWN COMMITTEE 161
 

163CONTRIBUFORS 



ASCEND-21 

BAPMoN 

CFC 
CHEMRAWN 

CMDL 

EMEP 

EPA 

EPRI 

FCCSET 

GAW 

GCM 
GEMS 

GHG 

GTC 

GWP 
HCFCs 

ACRONYMS
 

Agenda of Science for Environment and Develop­
ment in the 21st Century 
Background Air Pollution Monitoring Network 
(WMO) 
Chlorofluorocarbon 

CHEMicalResearch Applied to World Needs 
Climate Monitoring and Diagnostics Laboratory 
Long-Range Transmission of Air Pollutants in 
Europe 
(United States) Environmental Protection Agency 
Electric Power Research Institute 
Federal Coordinating Council for Science, Engineer­
ing, and Technology 

Global Atmospheric Watch (WMO) 
General Circulation Model 
Global Environment Monitoring System (UNEP) 
Greenhouse Gas 

Gigatons Carbon 

Global Warming Potential 
Hydrogen-containing Chlorofluorocarbons 



- V& 

HTR High Temperature Reactor 
HVDC High Voltage Direct Current 
ICSU International Council of Scientific Unions 
IGAC International Global Atmospheric Chemistry Pro­

gram 
IGBP International Geosphere-Biosphere Program 
IMAP International Middle Atmosphere Program 
INC Intergovernmental Negotiating Committee 
IPCC Intergoveinmental Panel on Climate Change 
IUPAC International Union of Pure and Applied Chemistry 
MAP Middle Atmosphere Program
 
MNCs Multinational Corporations
 
MST Mesosphere-Stratosphere-Troposphere
 
NAPAP National Acid Precipitation Assessment Program
 
NAS National Academy of Sciences
 
NASA National Aeronautics and Space Administration
 
NOAA 
 National Oceanic and Atmospheric Administration 
RLEM Research Laboratories for Materials and Structures 
SCOPE Scientific Committee on Problems in the Environ­

ment 
START System for Analysis, Research and Training 
STIB Stratosphere-Troposphere Interactions and Bio­

sphere (Program) 
UARS Upper Atmosphere Research Satellite 
UN United Nations 
UNCED United Nations Conference on the Environment and 

Development 
UNEP United National Environment Program 
USGCRP United States Global Change Research Program 
UV Ultraviolet 
WCRP World Climate Research Program 
WHO World Health Organization 
WMO World Meteorological Organization 
kWh Kilowatt hour 



INTRODUCTION
 

A New Partnership in Stewardship 
Robert E. Sievers*
 

Generel Chairperson
 
CHEN RAWN VII
 

The subject of this conference, global change, means many things to 
different people. Most of us tend to think first of the alterations in the 
chemical composition of the atmosphere. Measurements have been
made of carbon dioxide, chlorofluorocarbons, methane, and other 
species, with sufficient precision and accuracy to leave very little 
doubt in anyone's mind that the concentrations have, in fact,
increased significantly over time. Concentration changes are the most 
certain and best documented forms of global change. What is less 
clear and more uncertain are the consequences of these changes and 
what we can or should do to arrest or reduce the emissions. 

Examination of these complex issues - at the interface between sci­
ence and polj,.y implications - is what distinguishes this conference. 
We brought together - with th' financial assistance of many U.S. and 
multi-national corporations and governmental agencies - a dis­
tinguished group of participants from throughout the world, and,
through the program of lectures and poster sessions, we tieard from 
scientists and policy-makers from universities, private industry,
government agencies, and environmental organizations. It is my hope
that this colference will allow us to begin to forge a new partnership
for the stewardship of our atmosphere. 

Professor of Chemistry and Director of the Cooperative Institute for Research in 
Environmental Sciences, University of Colorado, Bouldcr, CO, USA. 
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Why is this desirable? To understand why a partnership is needed, 
we should consider some cf the other, broader, non-ecological forms 
of global change occurring in many parts of our world. We see a time 
of remarkable change - in Eastern Europe, the former Soviet Union, 
the Middle East, Africa, Asia and in the United States and elsewhere, 
as well. National governments are faced with so many serious crises 
simultaneously that the governed are increasingly less confident 
about the abilities of their governments and political leaders to deal 
with long term problems. In periods of cataclysmic change in the past, 
wise governmental leaders have forged partnerships with leaders of 
commerce, academe, and others, and have sought the active assis­
tan'e of individuals and institutions that serve as constructive agents 
for change. I submit that national governments should now 
encourage those partnerships which are likely to foster long-term 
beneficial effects for our biosphere, and for the health rind well-being 
of its inhabitants. And if national governments falter, because they are 
distracted by other problems such as Balkanization or economic 
difficulties, or are ineffective, then corporations and other institutions 
should step in to take up the slack. 

What form might a partnership for atmospheric stewardship take? 
The partners should include major corporations, academe, environ­
mental groups, and governmental agencies. Partnerships already 
e.'ist, but these would certainly benefit from improved communica­
tion and from cooperative shared activities. 

The Future Actions Committee has considered the questions of 
what scientific facts we can agree upon, and debated the thornier 
issues of what actions we should recommend. One specific recom­
mendation that has been suggested is that our networks of monitor­
ing stations be expanded to include sites based at or near private sec­
tor laboratories throughout the world. This would extend global cov­
erage of present governmental and university-operated sites and 
bring the benefits of collaboiation in studies of global trends and 
processes by private sector scientists and their companies. The details 
must still be worked out, but this is one illustration of a new partner­
ship that should foster communication, cooperation and confidence 
among disparate groups. 

Global Change is clearly an international problem, and we were 
pleased that several scientisN from developing countries were able to 
participate in this co- s1together there were representatives 
from 49 different cot" It has been the developed countries,A'-

such as my own, th,-L 'isproportionately contributed to the 
atmospheric contaminants th re causing global change, it is clear 
that all of us will share the problems that may result. Actions in the 
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developing countries are critical to avoiding or mitigating some of the 
worst of the possible consequences of global change. How developing
countries progress is as crucial to atmospheric quality stewardship as 
what courses the developed nations take. The developing countries 
may be at greatest risk in effectively accommodating possible conse­
quences of the changing composition of the atmosphere. Conse­
quently, it is critical that we involve the developing countries in this 
partnership. This conference and the preceding training workshop, 
on environmental measurements sponsored by the U.S. Environmen­
tal Protection Agency for 25 young scientists from 23 developing
countries, represent one step in that process. This workshop was held 
at Rutgers University with the help of the United Nations Develop­
ment Program, EPA, and others who contributed time and money.
We are especially grateful to Nyle Brady and William Wilson for their
leadership in this activity. The participants learned much that helped 
prepare them for participation in CHEMRAWN and that they will 
carry home with them. Global problems require global measurements 
and global soludors, so these young scientists will help in forging 
new partnerships. 

This returns me to a theme that I have proposed for this conference 
- a new partnership for stewardship of the atmosphere - founded 
on our best understanding of the science of the Earth and its systems.
If we can agree on what we know now, and identify the most impor­
tant gaps and uncertainties in our knowledge, then institutions and 
organizations can have greater confidence that the policies or activi­
ties that are chosen will be well-founded, though perhaps controver­
sial. 

This partnership should involve corporations, governmental agen­
cies, universities, and environmental advocacy groups. It should 
include scientists and policy-makers from developing and developed
countries. National and international scientific organizations should 
serve as organizers and communication facilitators. We should not 
expect miracles from this partnership, and it may be difficult to start 
down this path, but even if we only develop confidence in each other 
and learn more about the atmosphere, we will have made real pro­
gress. And if our work is done well, our children may benefit greatly
from what we have done. 

CHEMRAWN VII is dedicated to the memory of Dr. Walter Orr
Roberts, who began as the Chairperson of this conference but passed 
away last year. He was the founder of the National Center for Atmos­
pheric Research and a member of faculty at the University of 
Colorado. Walt was an extraordinary scientist, a wonderful teacher,
and a builder of organizations and partnerships. He influenced 
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greatly many of us and helped shape several of the ideas that have 
been set forth at this meeting. 
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FINDINGS AND
 
RECOMMENDATIONS
 

Future Actions Committee
 
John W. Birks*, Chairperson
 

Executive Summary 
No place remains on Earth where human activity has not had an 
impact - if not directly through deforestation, cultivation of land,
damming of rivers, and urbanization, then indirectly through inad­
vertent modification of the chemical composition of the atmosphere.
Driven by an unprecedented expansion of both the human population
and its activities, these changes are now occurring on a global scale 
and still increasing in magnitude. Because global changes may ulti­
mately affect the habitability of Earth, they have important implica­
tions for the future well-being of humanity. Perhaps more than any
other component of the Earth system, the atmosphere is a common 
resource, shared by all human societies and intimately involved in 
many life processes. 

Over Antarctca, the continent least directly affected by human 
activities, an "ozone hole" now develops every spring with depletions
of the ozone column exceeding 50%. The scientific evidence clearly
implicates industrial and consumer releases of chlorofluorocarbons 
(CFCs) as its cause. Ozone depletion over midlatitudes has been 
detected at a rate of 0.2-0.8% per year for reasons that are only par­
tially understood, while the Arctic appears to be chemically poised
for possible large ozone depletions in the future. These ozone 

*Professor of Chemistry and Fellow of the Cooperative Institute for Research in 
Environmental Sciences, University of Colorado, Boulder, CO, USA. 
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depletions in the stratosphere allow increased levels of biologically 
damaging ultraviolet radiation to reach the Earth's surface. 

In the lower atmosphere, pollutants such as hydrocarbons, oxides 
of nitrogen, and sulfur dioxide have resulted in elevated concentra­
tions of strong oxidants such as ozone and the deposition of strong 
acids such as nitric and sulfuric acids. These photochemical products, 
oxidants and acids, are much more damaging to crops and ecosys­
tems than are the primary pollutants they are derived from. As fossil 
fuel use has increased, atmospheric oxidants and acidity have 
increased, not only in urban areas, but in rural areas as well. 

An ever-increasing burden of greenhouse gases resulting from 
human activities is accumulating in the atmosphere. The buildup of 
carbon dioxide arises chiefly from the combustion of fossil fuels; that 
of other gases from various activities including agriculture. These 
increases are predicted, based on our current understanding of the cli­
mate system, to result in a significant global warming within several 
decades if emissions continue unchecked. The resultant climate 
change could cause losses of land to sea-level rise, serious dislocations 
in world food production, and widespread damage to natural ecosys­
tems, including accelerated reductions in biodiversity and ecosystem 
services. The more rapid the accumulation of greenhouse gases in the 
atmosphere, the more disruptive their effects are likely to be, and the 
more difficult it will be for societies to adjust. 

Given the interconnected nature of the Earth-atmosphere-ocean 
system and huwian dependence upon it, anthropogenic changes on a 
global scale require adequate responses from the world's scientific, 
technological, economic, and political communities. In the forthcom­
ing United Nations Conference on the Environment and Development 
(UNCED), Heads-of-State and governments will discuss the chal­
lenges and opportunities connected with environmental crises and 
conceivable pathways leading to sstainable development of our 
civilization. In preparation for this conference, the International 
Council of Scientific Unions organized a special conference, 
ASCEND-21 (November 1991), devoted to the Agenda of Science for 
Environment and Development in the 21st Century (AGENDA-21). 

Through the Interntional Geosphere-Biosphere Program (IGBP) 
and World Climate Research Program (WCRP), organized by the 
International Council of Scientific Unions (ICSU) and the World 
Meteorological Organization (WMO) and operating within 
corresponding national prograrns, the world scientific community is 
already cooperating in global change research. Global aspects of 
atmospheric pollution and its consequences are findamental topics 
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for such programs as the International Global Atmospheric Chemistry
Program (IGAC), which is one of the core projects of IGBP. In order to 
stimulate further efforts in understanding changes in the composition
of 	the atmosphere induced by anthropogenic emissions, and to pro­
vide more accurate projections of future states of the atmosphere, the 
International Union of Pure and Applied Chemistry initiated the 
CHEMRAWN VII Conference. 

Even though our understanding of atmospheric chemistry today, as 
presented in the scientific talks and poster sessions of the CHEM-
RAWN VII Conference, is incomplete, enough is know,-;n. to justify seri­
ous concern and attention from the world community. In the case of 
stratospheric ozone depletion, human activity has already caused 
damage tio the atmosphere; regulation of the chemical emissions 
responsible has been late in coming. Although projections of climate 
change resulting from accumulation of greenhouse gases are still unc­
ertain, the scientific basis for concern is real and actions are called for 
now. Considering the large inertia and delayed response of the cli­
mate system, we cannot wait until a clear signal of climate change has 
been detected. Reduction in fossil fuel consumption, which may be 
economically advantageous, would reduce stresses of atmospheric
oxidants and acid precipitation on crops and natural ecosystems as 
well. Lasting solutions to these global problems will require sustained 
multidisciplinary efforts by the community of nations. 

Based on the current understanding of atmospheric chemistry, as 
summarized in this conference, and on the expertise of its individual 
members, the Future Actions Committee makes the following recom­
mendations: 

* With Respect to All Aspects of Global Change Chemistry:. 
1. 	Recognize that all atmospheric problems are interrelated and 

connected with biospheric processes so that an integrated, mul­
tidisciplinary approach must be taken for their solution. 

2. 	 No major experiments aimed at mitigating global change, that 
have regional or global consequences, should be undertaken 
without first securing broad international agreement. 

3. 	Research and develop the means for full social environmental 
costing of energy use. 

4. 	 Develop ecological balance sheets (life cycle analyses) for com­
parison of different processes leading to similar end products. 

5. 	 Apply incentives/disincentives to direct the huge innovative 
potential of public and, especially, private R&D organizations
for the development of more energy-efficient industrial 
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processes and more productive, but sustainable, land use. 
6. 	Provide incentives/disincentives and accelerat development 

of alternative energy technologies, especially solar and safe 
nuclear, subject to strict envirr--mental safeguards. 

7. 	 Encourage corporations to continue the trend toward increased 
participation of environmental scientists in decision-making 
positions. 

8. 	Forge a partnership between governments, industry and 
academia in establishing global change research priorities and 
programs and in formulating responsible policy. 

With Respect to Education: 
9. 	 Foster the education and professional development of atmos­

pheric chemists worldwide, especially in developing countries. 
10. 	 Increase environmental literacy by encouraging environmentl 

chemistry instruction as an impcrtant part of general education 
at all leveLk (elementary school through university). 

11. 	 Improve understanding of global change issues at the political 
level so that due account is taken of them in policy making. 

12. 	 Transfer experience and skills in atmospheric chemistry and 
monitoring techniques to developing countries through a con­
tinuing program of training workshops such as the one held in 
conjunction with the CHEMRAWN VII conference. 

" With Respect to Global Monitoring: 
13. 	 Implement means of establishing adequate quality control in 

atmospheric measurements worldwide. 
14. 	 Encourage government and industry to cooperate with the 

atmospheric chemistry community in developing rlobal inven­
tories of emissions to the atmosphere. 

15. 	 Explore with industry the possibility of strengthening and 
expanding the existig international efforts to establish a high 
quality global monitoring network in developing countries. 
Such networks would enhance our understanding of atmos­
pheric chemistry and global change by: 
a. 	 Establishing chemical sources and deposition patterns for 

acid precipitation. 
b. 	Obtaining trends and variability of tropospheric ozone. 
c. 	 Characterizing the global distribution of carbon monoxide 

and the oxides of nitrogen. 



-9­

16. 	 Monitor UV radiation and ics effects on living organisms and 
their ecosystems, especially in the vicinity of the Antarctic. 

17. 	 Accelerate the development of both research and routine moni­
toring instruments. 

" With Respect to Stratospheric Ozone Depletion: 
18. 	 Maintain a vigorous scientific . esearch agenda. 
19. 	 Continue high priority attention to developing new substitutes 

and replacements for chlorofluorocarbons (CFCs) and 
encourage increased emphasis on recycling and recovery of 
CFCs, hydrogen-containing chlorofluorocarbons (HCFCs),
hydrogen-containing fluorocarbons (HFCs) and bromine­
containing compounds. 

20. 	 Be advised that proposed new fleets of supersonic aircraft 
could result in large changes in stratospheric ozone concentra­
tions and climate. 

* With Respect to Climate Change: 
21. 	 Promote international discussion and agreement about control­

ling future emissions of greenhouse gases. 
22. 	 Obtain a detailed understanding of the global carbon cycle. 
23. 	 Identify and quantify the sources and sinks of greenhouse 

gases and aerosols. 
24. 	 Assign higi. priority to understanding and quantifying the 

many feedbacks involved in climate change. 
25. 	 Quantify the effects of aerosols on climate, including both 

direct radiative effects and changes they induce in cloud 
albedo via their role as cloud condensation nuclei. 

26. 	 Utilize available proxy records of climate change (e.g., tree 
rings, ocean and lake sediments, ice cores, pollen recoirds) to 
obtain a better understanding of the causes of climate change 
in the past and to validate climate models. 

" With Respect to Oxidant Formation and Ac , Precipitation in the 
Troposphere: 
27. 	 Establish regional networks for the early detection of "cleaner" 

air resulting from emissions control strategies. 
28. 	 Elucidate how local emissions influence regional- and jobal­

scale chemistry. 
29. 	 Encourage research to achieve better understanding of 

acidification processes, including dry deposition, in natural 
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ecosystems, and their interactions with other human 
influences. 

30. 	 Strongly enhance research efforts to increase scientific 
knowledge of tropical atmospheric chemistry, including biotic 
interactions. 

FINDINGS 

Stratospheric Ozone 
In the stratosphere, oxygen molecules are photodissociated by 

absorption of ultraviolet light from the sun to produce oxygen atoms, 
which combine with other oxygen molecules to form ozone. This for­
mation of stratospheric ozone is not affected by human activity. Its 
destruction, being catalyzed by the oxides of hydrogen, nitrogen, 
chlorine, and bromine, is, however, enhanced by various human 
activities that increase the concentrations of these ozone-destroying 
gases above natural levels. 

The concentration of ozone in the stratosphere is quite small; its 
mixing ratio does not exceed 10 parts-per-million by volume any­
where in the stratosphere, and, if brought to standard pressure and 
temperature would only be a 3-mm thick shell of gas enveloping the 
Earth. Aside from some light scattering by clouds and aerosol parti­
cles, ozone provides the only significant shield for the biosphere 
against ultraviolet radiation in the wavelength region beginning at 
242 nm (the wavelength cutoff for shielding by oxygen) and extend­
ing to approximately 320 nm. Even in its natural state, the stratos­
pheric ozone layer is an imperfect shield against wavelengths of light 
i, . the biologically damaging UV-B region, defined as 280-320 nm, 
with many species of plants and animals already being stressed by 
exposure to the amount of UV-B that leaks through; hence, the con­
cern for any reduction in the integrity of the ozone layer. 

The ozone distribution in the stratosphere is highly variable, being 
produced mostly near the equator and transported poleward. The 
ozone column is actually about two time3 larger at the poles, where 
until recently there have been few reactions to destroy it, than at the 
equator where it is both rapidly produced and destroyed. Large 
natural variabilities in ozone concentrations make trends difficult to 
detect. However, ihe recent observation of an "ozone hole" that forms 
every spring over Antarctica, with as much as 95% or more ozone lors 
at some altitudes and more than 50% loss in the ozone column, has 
been linked to the accumulation of CFCs and other anthropogenic 
compounds containing chlorine and bromine in the atmosphere. 
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These gases also are most likely responsible for a recently detected 
0.2-0.8% per year downward trend in ozone at midlatitudes as well. 

Preliminary action on the issue of ozone depletion by CFCs has 
already been taken at the international level via the Montreal Protocol 
(1987) and London Amendments (1990). Such action establishes a pre­
cedent for international cooperation to limit the release to the atmo­
sphere of pollutants having global consequences. Unfortunately, this
action came only after the formation of the "ozone hole" over 
Antarctica. The CFCs already released to the atmosphere are expected
to continue to cause large Antarctic ozone losses well into the next 
century, and recent measurements indicate that stratospheric ozone in 
the Arctic and even at midlatitudes is now at risk. 

Climate Change 
Carbon dioxide, water vapor, and other trace gases absorb infrared

radiation emitted from the surface of the Earth, thereby trapping 
some of this radiation and preventing it from escaping to space, with
the result that our planet is some 33°C warmer than it would other­
wise be. Without this "greenhouse effect" the Earth would be a frozen 
planet. Ice core data going back approximately 160,000 years tell us
that the Earth has at times been warmer and at other times much 
colder, with a very high correlation between temperature and the
atmospheric concentration of carbon dioxide. Through fossil fuel 
combustion and deforestaticn, we are currently increasing the atmos­
pheric burden of carbon dioxide. The atmospheric concentration of 
carbon dioxide has increased from a pre-industrial value of 280 ppmv
to more than 350 ppmv today and is increasing at a rate of 0.5%/yr. 

Besides carbon dioxide, other greenhouse gases, including
methane, nitrous oxide, CFCs, and tropospheric ozone, appear to be
increasing at rates such that their cumulative contribution to green­
house warming is expected to approximately match that of carbon 
dioxide. General circulation models predict an average increase in
global temperature in the range 1.5-4.5°C for a doubling of carbon 
dioxide (or its equivalent), to be realized sometime in the middle of
the 21st century. Such a rapid change in the Earth's climate could 
have far reaching effects. Sea level rise resulting from thermal expan­
sion of water and melting of polar ice caps could result in flooding of
lowlands where much of the human population is concentrated, and 
melting of permafrost could result in releases of methane gas, thereby
amplifying the global warming effect. Changes in local temperatures
and rainfall would most likely result in large shifts in agriculturally
favorable climate zones, which may or may not be matched with 
appropriate soils. In many regions, the process of desertification 
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might be intensified. A massive increase in loss of biodiversity and 
ecosystem disruption is possible as many species may be unable to 
adapt or migrate at a sufficient pace. 

Predictions of climate change resulting from changes in the atmos­
pheric content of greenhouse gases and aerosols rely on computer 
models of the climate system, usually of the type referred to as Gen­
eral Circulation Models (GCMs). These models attempt to quantify 
our understanding of the Earth's complex climate system. The models 
are, of course, only as good as the physics, chemistry and biology that 
they include. In recent years, chemistry and biology have been found 
to play increasingly important roles in climate processes. Clearly, 
GCMs must be improved if accurate predictions of climate change are 
to be made. As atmospheric chemists, we emphasizc in our recom­
mendations improvements in understanding of fundamental chemi­
cal processes that must be incorporated in climate models. 

The greenhouse gases that have already accumulated in the atmo­
sphere are principally due to past burning of fossil fuels by the now­
industrialized nations, and these nations continue to be responsible 
for a vastly disproportionate fraction of greenhouse gas emissions. 
The U.S. and European Community, for example, account for only 
4.6% and 6.4% of the Earth's population, respectively, but currently 
contribute 21% and 14% of the greenhouse gas warning potential. 
Stabilization of the atmospheric content of greenhouse gases will 
require the cooperation of both industrialized and developing coun­
tries. 

Oxidant Formation/Acid Precipitation 
In the troposphere, hydrocarbons and oxides of nitrogen, of both 

natural and anthropogenic origin, undergo photochemical reactions 
with the ultraviolet component of sunlight to form strong oxidants. 
Of these, ozone, hydrogen peroxide, and particularly the hydroxyl 
radical play important roles in determining the lifetimes of various 
chemical species released to the atmosphere. Such species may them­
selves be natural or anthropogenic and may serve ,.,. ozone-depleting 
agents, greenhouse gases, or precursors to acid rain. Thus, an under­
standing of the oxidizing properties of the atmosphere is needed for 
the reliable prediction of atmospheric residence times, which in turn 
determine the ozone-depleting potentials of some CFC substitutes, the 
global warming potentials of greenhouse gases, and the extent and 
severity of acid deposition. Surface-level oxidants such as ozone also 
have adverse effects on human health, crops, and forests. 
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Surface-level ozone has increased severa'-fold in most industrial­
ized regions and is often elevated in rural areas as well. There are 
indications that upper-tropospheric ozone has increased several per­
cent in the Northern Hemisphere over the past few decades, with a 
qualitative link to human-influenced nitrogen oxides and hydrocar­
bons, but with poorly defined trends and processes. Thus, a reliable, 
predictive capability is lacking for global tropospheric oxidizing 
efficiency and its impact on both regional and global budgets of trace 
gases. 

Dry and wet deposition of sulfuric and nitric acids have resulted in 
damage to the ecology of many freshwater lakes and, in combination 
with atmospheric oxidants, may be a causative factor of forest decline 
in many regions of the world. Sulfuric acid is derived principally 
from combustion of sulfur-containing coal, while nitric acid is pro­
duced from oxides of nitrogen released to the atmosphere from a 
variety of combustion sources. Thus, both oxidant formation and acid 
deposition are directly tied to fossil fuel use. The impacts of these air 
pollutants on crops and natural ecosystems can be reduced through a 
combination of abatement technologies that limit emissions from 
sources such as power generation plants and automobiles and reduc­
tions in the use of fossil fuels as an energy source. 

RECOMMENDATIONS 
With Respect to All Aspects of Global Change Chemistry: 
1. Recognize that all atmospheric problems are interrelated and 

connected with biospheric processes so that an integrated, multi­
disciplinary approach must be taken for their solution. 

Global warming, ozone depletion, changes in the oxidative properties 
of the atmosphere, and acid deposition interact in complex and 
poorly understood ways. Global warming, for example, results in 
changes in atmospheric water content, dynamics of transport and 
deposition of atmospheric species, and rates of individual ch, .cal 
reactions. Interestingly, an increased burden of greenhouse ga, s is 
expected to cause the stratosphere to cool, with important implica­
tions for stratospheric ozone depletion. Increases in the oxidative 
efficiency of the atmosphere result in changes in the rates of formation 
of strong acids and therefore in patterns of acid deposition. Oxidants 
also affect the lifetimes of CFC substitutes and hence their contribu­
tions to ozone depletion and climate change. Acid deposition and 
strong oxidants affect plants and their emissions to the atmosphere, 
etc. Thus, one cannot arrive at a thorough understanding of any one 
of these phenomena without considering the complex interplay of all 
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of them. 

2. 	 No major experiments aimed at mitigating global change, that 
have regional or global consequences, should be undertaken 
without first securing broad international agreement. 

Some major experiments designed to correct or mitigate climate 
change and ozone depletion have been suggested- The results of such 
experiments are unpredictable; they could upset existing balances and 
ecosystems. Clearly they should not be undertaken without the agree­
ment of all who could be affected by them. In some cases that could 
mean the entire international community. 

3. 	 Research and develop the means for full social environmental 
costing of energy use. 

The cost to consumers of all energy sources seldom includes the 
environmental cost of the use of that energy. The cost of nuclear 
energy, for example, has not included the cost of decontamination of 
facilities and safe disposal of radioactive byproducts. The cost of fossil 
fuel energy has not included any accounting of damage to human 
health, crops, and ecosystems by atmospheric oxidants and acids, or 
costs likely to be incurred in the future as a result of climate change. It 
has often been asserted that application of full social environmental 
costing would make relatively clean (and greenhouse neutral) energy 
sources, such as safe nuclear, solar, wind, geothermal and hydroelec­
tric power, more competitive with fossil fuels. However, the means 
for full social environmental costing of energy use have not been 
developed. Clearly, an intense research effort is called for, with close 
collaboration of physical scientists, biologists, economists, social 
scientists, and policy makers to develop means for full social environ­
mental costing of energy use. 

4. Develop ecological balance sheets (life cycle analyses) for com­
parison of different processes leading to similar end products. 

Again, the long-term costs of environmental degradation have seldom 
been taken into account when choosing between different chemical 
and manufacturing processes. Processes that are less costly in the 
short term may contribute more to ecological stress and actually be 
more costly when viewed from a long-term, global perspective. A 
scientific approach for the comparison of costs, risks and benefits of 
different industrial processes, taking full global ecological conse­
quences into account, needs to be researched and developed. Again, 
such an effort requires the close collaboration of physical scientists, 
biologists, social scientists, economists, and policy makers. 
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5. 	Apply incentives/disincentives to direct the huge innovative 
potential of public and, especially, private R&D organizations
for the development of more energy-efficient industrial 
processes and more productive, but sustainable, land use. 

Decision-makers in industry acutely a,:-- - of how governmentare 
incentives such as tax b.eaks or disincentives ,,uch as new taxes or
regulations can focus the R&D efforts of government laboratories and 
private businesses. The innovative potential of such organizations is a 
great asset that should be channeled especially to improve the 
efficiency of energy generation from fossil fuels and the efficiency of 
energy use in transportation and industrial processes (from raw 
materials through waste treatment and recycling of materials of high "primary energy content"). Greater efficiency of energy generation
and use translates directly into reduced emissions of the greenhouse 
gas carbon dioxide and other pollutants contributing to oxidant for­
mation and acid precipitation. Incentives/disincent: ,es also should 
be used to encourage the development of alternative methods of agri­
culture that are both sustainable and more productive, while reducing
emissions to the atmosphere of methane and nitrous oxide green­
house gases. Other areas of R&D that should be stimulated include 
studies of the effects of different uses of land on climate change
(albedo, relationships between forests and rainfall, etc.), research on 
more energy-efficient ways to desalinate seawater/brackish water,
development of new materials for more energy-efficient transport sys­
tems (i.e., composite polymers, ceramics, etc.), and development of 
varieties of crop plants that can tolerate greater salt content of soil or 
increased weather variability. 

6. 	 ProvIde incentives/disincentives and accelerate development of 
alternative energy technologies, especially solar and safe 
nuclear, subject to strict environmental safeguards. 

Development of alternative energy sources, such as solar (both pas­
sive and active), nuclear, hydroelectric, wind, biomass, and geother­
mal sources, to replace carbon-emitting fossil fuels should be actively
encouraged. Solar and nuclear fission technologies are expected to 
have the greatest potential for implementation on a large scale. In 
order for new nuclear energy plants to be built, major advances in 
safety of operation and waste management are required. In addition 
to reducing emissions of carbon dioxide to the atmosphere, substitu­
tion of alternative energy sources would result in benefits from reduc­
tions in urban and regional oxidant formation and acid deposition.
The development of new fuel additives, more fuel-efficient automo­
biles, and expansion of mass transit systems could lead to 	greater 
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energy efficiency and reduced emissions of pollutants as well. 

7. 	 Encourage corporations to continue the trend toward increased 
participation of environmental scientists in decision-making 
positions. 

Industrial ecology, the practice of designing and implementing 
manufacturing processes within the context of the external systems 
with which they interact, incorporates considerations of raw materials 
sources, recycling during manufacturing, minimizing process emis­
sions, practicing energy efficiency in product design and in manufac­
turing, and designing for recycleability. Industrial ecology is thus an 
active way to integrate industrial activitie.; into sustainable develop­
ment approaches. These practices will be aided by the participation of 
knowledgeable environmental scientists at decision-making levels in 
corporations, and such corporations are likely to find that implement­
ing these practices will turn out to be excellent business decisions for 
the 21st century. 

8. 	 Forge a partnership between governments, industry and 
academia in establishing global change research priorities and 
programs and in formulating responsible policy. 

Abatement of atmospheric pollution and its consequent effects on the 
planet represent a challenge to governments, industry and academia. 
A tripartite partnership should make it possible to arrive at agreed­
upon, soundly based conclusions and effective policies more quickly 
than if the parties act independently. Academia, industry and 
governments provide both fundamental and applied research. Indus­
try has additional technological capabilities and needs help in modi­
fying processes and products for the more environmentally benign 
future; companies also provide, both directly and via taxation, funds 
for research. Governments must legislate and regulate in order that 
environmentally responsible behavior is followed; governments also 
must allocate funds for research. Thus, creation of an effective 
partnership, in which all three constituencies influence and agree on 
research priorities, schedules of changed practices, and ongoing poli­
cies, should be mutually beneficial. All three groups should also colla­
borate in informing the general public of the issues, options and 
rationales for adopting the chosen policies. International scientific 
organizations provide one important means of establishing and fos­
tering such a partnership. 
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With Respect to Education: 
9. 	 Foster the education and professional development of atmos­

pheric chemists worldwide, especially in developing countries. 
Atmospheric chemists in both developed and developing countries 
will play important roles in the future in elucidating the complex 
chemistry of the atmosphere and in educating policy makers in their 
respective governments. Unfortunately, the disciplinary basis of 
today's universities is inadequate for the education of tomorrow's 
atmospheric chemists. Being an interdisciplinary field, atmospheric 
chemistry requires the collaboration of faculty of many university
departments (chemistry, physics, biology, engineering, etc.) for the 
development of the necessary graduate curricula. 

10. Increase environmental literacy by encouraging environmental 
chemistry instruction as an important part of general education 
at all levels (elementary school through university). 

In order to understand the monumental regional and global environ­
mental problems faced by society, the public needs to be educated in 
the chemistry of the environment. Universities and both nationa1 and 
international scientific societies can contribute greatly to improved 
public understanding of environmental problems and cost-effective 
solutions by offering more courses for non-specialists in atmospheric 
and environmental chemistry than they traditionally have. Further­
more, in many countries scientific and environmental literacy could 
be enhanced by providing workshops for continuing education of 
teachers at the pre-university level. Scientific societies could contri­
bute to this effort by developing and making available the necessary 
educational materials. 

11. 	Improve understanding of global change issues at the political 
level so that due account is taken of them in policy making. 

It is important that both the general public and political leaders be 
made fully aware of the cost/benefit aspects of the many choices of 
action/inaction that must be made with respect to global environ­
mental change. A large part of the responsibility for this educational 
enterprise falls on scientists, who are best able to evaluate the efficacy 
of various approaches. 

12. Transfer experience and skills in atmospheric chemistry and 
monitoring techniques to developing countries through a con­
tinuing program of training workshops such as the one held in 
conjunction with the CHEMRAWN VII conference. 
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Scientific societies, government agencies charged with environmental 
research and protection, and multinational corporations should assist 
in the design of training literature and by providing lecturers and 
equipment for such workshops. This form of technology transfer is 
essential to development of the necessary infrastructure in developing 
countries for environmental protection on both local and global 
scales. 

With Respect to Global Monitorhitg: 
13. Implement means of establishing adequate quality cortrol in 

atmospheric measurements worldwide. 
In order to make credible, scientifically based predictions about future 
trends of atmospheric chemistry, there needs to be international coor­
dination of government agencies, universities, industry, institutes and 
scientific societies to ensure the quality and standardization of the 
essential observations and measurements. There are many constituen­
cies with skills and experiences, including both those who practice the 
relevant sciences and those who design and make the necessary 
instruments. In order to gather the necessary data and have it in a 
properly interpretable form, such data must be of a standard nature 
and it must also be of a reliable quality. Many agencies, universities 
and industrial companies have capabilities in the quality assurance 
and control spheres, and perhaps a division of the International 
Union of Pure and Applied Chemistry (IUPAC) could, together with 
the IUPAC Environmental Program, play a role in establishing inter­
national standards in good laboratory practice and quality control. 
This initiative could provide a vehicle for the continuation of the 
excellent start made with the EPA workshop which immediately pre­
ceded this Conference. The experience and knowledge gained by the 
participants could be developed and extended to other scientists in 
their home countries through further involvement with agencies, 
universities and companies. 

14. Encourage governmeut and industry to cooperate with the 
atmospheric chemistry community in developing global inven­
tories of emissions to the atmosphere. 

Industry and government scientists have access to confidential and 
proprietary information necessary to establishing inventories of 
releases to the atmosphere of chemical species of all types. In combi­
nation with atmospheric measurements of species concentrations, 
emissions data allow the determination of atmospheric lifetimes. 
Knowledge of lifetimes of chemical species is necessary in order to 
model ozone depletion in the stratosphere, degree of climate change, 
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and the spatial deposition of strong oxidants and acids. 

15. Explore with industry the possibility of strengthening and 
expanding the existing international efforts to establish a high
quality global monitoring network in developing countries. 

Corporations are uniquely poised for m-iking an important contribu­
tion to atmospheric chemistry via their international network of 
research and manufacturing facilities. Most developing countries 
have not yet created the infrastructure necessary to make high-quality
atmospheric measurements; however, the necessary logistical sup­
port, technical expertise, and financial resources are already available 
at industrial facilities situated around the world. Furthermore, many
developing countries are located in tropical and sub-tropical regions
where reliable data are scarce. Industry should assist with coordina­
tion of all aspects of the existing efforts in these regions, including, for 
example, those of WMO, IGAC, START, ASEAN and various national 
agencies. It is especially important that an adequate system of quality 
assur- ance/quality control be implemented. 

Such networks would enhance our understanding of atmos­
pheric chemistry and global change by: 
a. Establishing chemical sources and deposition patterns for 

acid precipitation. 
Besides providing more information about the rate of oxidation, 
transport, and deposition of nitrogen and sulfur pollutants, global
measurements of precipitation chemistry are necessary to obtain 
biogeochemical fluxes of these and other species. Current coverage
is extremely sparse, and many of the data currently being obtained 
are unreliable. Wet and dry deposition measurements in develop­
ing countries are particularly lacking, with the result that very lit­
tle is known about sulfur and nitrogen transport and deposition in 
the Southern Hemisphere. The participation of developing coun­
tries in such a network is both technically feasible and geographi­
cally desirable. 
b. Obtai aing trends and variability of tropospheric ozone. 
Unlike stratospheric ozone, which is remotely sensed by satellite 
instruments, the global distribution, trends, and variability of tro­
pospheric ozone are very poorly known. Tropospheric ozone is 
both an oxidant, exhibiting adverse effects on human health, crops
and ecosystems, and a greenhouse gas. As the primary source of 
hydroxyl radicals in the atmosphere, it determines the lifetimes of 
most atmospheric pollutants, including hydrocarbons, carbon 
monoxide, sulfur dioxide, the oxides of nitrogen, and CFC 
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substitutes. Research on techniques for ozone monitoring and the 
implementation of the initial phases of a global network are 
immediate needs. 
c. Characterizing the global distribution of the oxides of nitro­

gen and carbon monoxide. 
Oxides of nitrogen act as a "chemical switch" for ozone production 
and loss in the troposphere. Below a concentration of approxi­
mately 10 parts-per-trillion by volume, oxides of nitrogen react 
with hydrocarbons and sunlight to destroy ozone, while above 
this level the photochemical oxidatioi, of hydrocarbons leads to 
ozone production. In a substantial fraction of the Northern Hemi­
sphere it is thought that nitrogen oxide levels are very near the 
threshold for switching between ozone loss and ozone production, 
while in the Southern Hemisphere NO, concentrations are much 
lower and ozone destruction dominates. In the Southern Hemi­
sphere, the main source of ozone in the troposphere is transport 
from the stratosphere. Thus, predictions of oxidant formation 
resulting from anthropogenic releases of pollutants are extremely 
sensitive to assumptions made about the present global distribu­
tion of nitrogen oxides. Knowledge of the global distribution of 
carbon monoxide is important because of its effect on hydroxyl 
radical concentrations, which in turn determine the atmospheric 
lifetimes of most pollutant gases. Understanding of poorly known 
distributions must be refined with expanded global measure­
ments. 

16. Monitor UV radiation and its effects on living organisms and 
their ecosystems, especially in the vicinity of the Antarctic. 

Although the ozone column is monitored worldwide by both 
ground-based and satellite instruments, there is no global network for 
monitoring UV radiation at ground level. It is important that such a 
network be established and that the measurements include the entire 
wavelength-dispersed spectrum. A UV monitoring network would 
provide early warning of the potential deleterious effects of increased 
levels of UV radiation resulting from stratospheric ozone depletion. 
Little is known about specific effects of increased UV radiation for 
most organisms other than human beings and some crops, although it 
is known to be potentially damaging to living organisms in general. 
5ensitivity to UV is also known to vary substantially among different 
Life-forms. The implication of this variability for ecosystems is that 
-hanges in species compositions and increased extinctions are likely 
to result from increased exposures to UV, effects that would be com­
pounded by rapid climate change and exposure to other human­



caused disruptions such as air pollutants and acidification. 

17. Accelerate the development of both research and routine moni­
toring instruments. 

Our understanding of tropospheric chemistry is currently hampered
by a lack of analytical instruments having the required sensitivity,
selectivity, speed of analysis, and reliability for routine measurements 
of a number of key atmospheric species. In many cases, research
instruments have only recently been developed and routine monitor­
ing instruments are still virtually non-existent. For some chemical 
species, even adequate research instruments are yet to be developed. 

With Respect to Stratospheric Ozone Depletion: 
18. Maintain a vigorous scientific research agenda. 
Although international action involving regulations of CFC emissions
has already been taken, the problem of ozone depletion requires con­
tinued attention. The cause and effect relationship between CFCsreleased to the atmosphere and ozone depletion in the Antarctic stra­
tospliere appears to be firmly established, but many details of the
polar and global chemistry and atmospheric dynamics need to befurther refined. For example, heterogeneous reactions, the importance
of which was not appreciated until discovery of the ozone hole, con­
stitute a whole new area of investigation with many unanswered
questions. New catalytic cycles have only recently been identified
and require further laboratory studies reactionsof the involved.
AJditional field studies are required to vilidate the completeness of
the chemistry included in computer models and to advance
understanding 

our 
of the coupling of this chemistry with atmospheric

dynermics. A particular emphasis is required on understanding the
atmospheric roles of the substitutes being planned for CFCs. The
observed trend of 0.2-0.8% per year ozone depletion at midlatitudes is
of great concern because of possible deleterious effects on human
health, UV damage to crops, and damage to many of the Earth's 
ecosystems. The cause of this ozone depletion remains unaccounted
for in atmospheric models and probably requires the consideration of new processes. Understanding of the mechanism of this depletion is
r.2quired for projections of the future integrity of the ozone shield. 

19. Continue high priority attention to developing substitutes andreplacements for CFCs and encourage increased emphasis on
recycling and recovery of CFCs, HCFCs, HFCs and bromine­
containing compounds. 
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Some interim CFC replacement compounds, the HCFCs, still contain 
chlorine, and, although less active ozone depletion agents und green­
house gases than CFCs, their increased use could eventuilly have 
deleterious atmospheric effects. Better substitutes are called for and 
eventually may be necessary for replacing HCFCs completely. This 
will require continued priority on developing CFC and halon replace­
ments. Closed-system recovery and recycling will continue to be 
necessary for existing compounds and their replacements. 

20. Be advised that proposed new fleets of supersonic aircraft could 
result in large changes in stratospheric ozone concentrations and 
climate. 

It is now firmly established that oxides of nitrogen derived indirectly 
from bacterial sources at the Earth's surface comprise the principal 
catalyst for ozone destruction in the na uural stratosphere and that any 
anthropogenic inputs of oxides of nitrogen to the middle and upper 
stratosphere would result in a decrease in the ozone column. Recent 
studies have shown that proposed fleets of supersonic aircraft flying 
above about 20 km may lead to large ozone depletions and associated 
climate changes. On the other hand, expansions of subsonic aircraft 
flying in the lower stratosphere and troposphere may cause increases 
in ozone concentrations. Furthermore, these effects on ozone and the 
direct emissions of NO. and water vapor by aircraft near the tropo­
pause may have climatic consequences. More research attention 
should be paid to the problems of ozone depletion and climate change 
before the current fleets of aircraft are expanded significantly. 

With Respect to Climate Change: 
21. 	Promote international discussion and agreement about control­

ling future emissions of greenhouse gases. 

Climate change, including global warming, could accelerate rapidly if 
countries now industrializing were to follow the same track as indus­
trialized ones in relying heavily on fossil fuels for their future 
development. If they are to be persuaded to do otherwise, the present 
industrial countries, which created the problem in the past and are 
still adding to it, will have to take visible measures themselves to curb 
their greenhouse gas emissions. Any stabilization of the atmospheric 
content of greenhcuse gases will require cooperation among all 
societies, taking account of their relative responsibilities for emissions 
in the past and potentials for future emissions, as well as their relative 
capabilities for curbing emissions. 
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22. Obtain a detailed understanding of the global carbon cycle. 
Understanding the sources, sinks and chemical transformations of
carbon is critical to predictions of future climate change resulting
from emissions of carbon dioxide, methane and hydroc ' rbons to the
atmosphere. Much of the difficulty associated with balancing the car­
bon budget is that of quantifying small, but highly significant, pertur­
bations on large natural fluxes. Our understanding can be greatly
increased by obtaining global coverage of measurements, developing
methods for measuring fluxes in addition to concentrations of carbon 
compounds, making use of isotope ratio measurements, better quanti­
fying sources and sinks, and interpreting the data obtained in terms of
models that include interactions between the atmosphere, biosphere,
lithosphere and hydrosphere. 

23. Identify and quantify the sources and sinks of greenhouse gases
and aerosols. 

A better quantification of the magnitude of the trace-gas sources ar'd 
sinks is required for an improved understanding of their roles in theatmosphere. These estimates are needed in order to rationalize the
observed trends in the abundance of these compounds, and relative 
source strengths are an aid in identifying the dominant sources that 
would deserve high priority scrutiny in the consideration of any
emission-reduction strategy. A better quantitative und-r2-tanding of
sinks is required to establish accurate lifetimes, which is a key factor
in establishing the global-warming and ozone-depleting potentials of
these species. In many cases, seasonal dependences of the emissions 
are required since many are from human-influenced natural emis­
sions, such as the methane emissions from rice patties. For biogenic 
sources and sinks, mechanisms as well as quantities are pcorly
known. These need to be elucidated so that effective strategies to 
reduce net emissions can be developed. 

24. Assign high priority to understanding and quantifying the many
feedbacks involved in climate change. 

The complex system of solid earth, ocean, atmosphere, cryosphere
and biosphere contains numerous feedback loops, some negative (sta­
bilizing) and some positive (destabilizing). In many cases where feed­
backs have been identified, it is not even known whether the fee lback
is positive or negative. Some examples of important feedbacks
include: 1) effect of temperature on the atmospheric content of water 
vapor (a greenhouse gas contributing to surface warming) and on
cloud formation (which has a net cooling effect); 2) effect of tempera­
ture on ocean circulation and wind patterns, which in turn affect the 
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uptake of carbon dioxide by the ocean; 3) effect of ice melting on sur­
face albedo; 4) effect of UV-B radiation on phytoplank.oa produc­
tivity and thus uptake of carbon by the oceans; 5) effect of tempera­
ture on decomposition of organic matter in sea water to produce car­
bon dioxide; 6) effect of temperature on the solubility of carbon diox­
ide in seawater; 7) fertilization of plants by increased carbon dioxide 
concentration, resulting in increased uptake of carbon by the bio­
sphere; 8) effect of temperature on rates of photosynthesis aad 
respiration; 9) effects of changes in temperature and soil moisture 
content on carbon fixation and storage and on methane emissions; 10) 
effects of changes in extent and geographical distribution of vegeta­
tion on surface albedo; and 11) effects of temperature and sunlight on 
phytoplankton emissions of dimethyl sulfide and therefore on cloud 
condensation nuclei and cloud cover. A quantitative understanding of 
these and other feedbacks (some yet to be identified) is necessary if 
we are to make predictions about future states of the Earth's climate. 

25. Quantify the effects of aerosols on climate, including both direct 
radiative effects and changes they induce in cloud albedo via 
their role as cloud condensation nuclei. 

The net effect of aerosols on climate is believed to be one of cooling. It 
is possible that increases in aerosol loading in the atmosphere since 
the industrial revolution have masked to some extent warming that 
would have otherwise occurred due to increases in carL.on dioxide 
and other greenhouse gases. Over the oceans, cloud formation is lim­
ited by the availability of cloud condensation nuclei. Sulfate and 
nitrate aerosols produced over land as a result of fossil fuel combus­
tion and sulfate aerosols produced above oceans from dimethyl 
sulfide derived from marine phytopiankton are believed to be major 
sources of cloud condensation nuclei and, therefore, to influence 
cloud albedo and climate. It has been hypothesized that phytoplank­
ton may be involved in a negative feedback loop in which aerosols 
derived from phytoplankton alter cloud albedo so as to stabilize cli­
mate. Clearly, a better understanding of the role of aerosols in the cli­
mate system is required for predictions of future climate change. 

26. 	Utilize available proxy records of climate change (e.g., tree rings, 
ocean and lake sediments, ice cores, pollen records) to obtain a 
better understanding of the causes of climate change in the past 
and to validate climate models. 

On geological tir.e scales, climate has varied widely, and thus much 
can be learned a 'out the Earth's climate system from proxy records. 
Climate models, which attempt to quantify our understanding of the 

http:phytoplank.oa
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climate system and predict future climate change, should be refined 
and tested by every means possible; one of the best validations is the
requirement that models be able to reproduce the variability of cli­
mati that has occurred in the past. 

With Respect to Oxidant Formation and Acid Precipitation in the 
Troposphere: 
27. Establish regional networks for the early detection of "cleaner" 

air resulting from emissions control strategies. 
Regulation of the emissions of atmospheric pollutants, in a number of 
countries throughout the world, is expected to lead to reduced levels
of oxidants such as ozone and acid precipitation. Very large changes
in pollutant emissions to the atmosphere could take place in Eastern 
Europe. for example. Also, in the U.S. a new Clean Air Act is expected
to result in reductions in levels of atmospheric oxidants and acid 
deposition. Early detection of trends attributable to reduced emis­
sions will allow improvement of tropospheric models and, in turn,
provide a better scientific basis for future regulations. Early detection,
however, will require networks of instruments of high precision, 
accuracy, and reliability that are frequently intercalibrated. Such a
network currently does not exist, but is feasible with current technol­
ogy. The problem of detecting changes in a'r quality is even more 
severe on the global scale. Over most regions of the globe, ozone 
measurements are not being made at all, thus severely limiting quan­
titative knowledge and predictive capabilities in atmospheric chemis­
try and Thepollution research. same applies for other important
atmospheric constituents such as carbon monoxide and the oxides of 
nitrogen. 

28. Elucidate how local emissions influence regional- and global­
scale chemistry. 

Although a great deal of attention is now being paid to local and even 
continental-scale effects of emissions of species such as oxides of 
nitrogen, carbon monoxide, hydrocarbons, sulfur dioxide, heavy
metals, and aerosols, very little consideration has been given to the 
effects of these emissions on a global scale. Since the discovery of acid
precipitation, it has become abundantly clear that international boun­
daries are no barriers to the detrimental effects of these surface-level 
air pollutants. This is true for oxidant formation as well, and certainly
the climatic effects of tropospheric ozone, sulfate particles and air­
borne particulates will play a role in global climate change. Regional­
to-global scale processes should be better defined through field and 
modeling studies with the aim of improving models of coupled 
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chemistry, transport and deposition. 

29. Encourage research to achieve a better understanding of 
acidification processes, including dry deposition and cloud­
mediated acidification, in natural ecosystems and their interac­
tions with other human influences. 

Deposition of strong acids and other pollutants occurs by both wet 
and dry processes, and these processes appear to have different bio­
lPgical effects. A special case of wet deposition in which plants come 
into contact with acidic fogs or clouds can be especially damaging. 
Efforts should be made to characterize worldwide spatial and tem­
poral distribution of wet and dry deposition of strong acids and other 
pollutants with special emphasis on the role of cloud chemistry. It is 
important to be able to determine "critical loads," i.e., the amount of 
pollutant that can be accepted by the biosphere without producing 
long-term damage. These critical loads may be highly dependent on 
the mode of deposition. 

30. 	Strongly enhance research efforts to increase scientific 
knowledge of tropical atmospheric chemistry, including biotic 
interactions. 

The tropics and subtropics play an extremely important role in atmos­
pheric chemistry on a global scale because of the large natural and 
rapidly growing anthropogenic emissions of gases and aerosols into 
the atmosphere in these regions. The tropics are already heavily pol­
luted by biomuss burning. In the future, increasing industrial pollu­
tion may cause major changes in atmospheric chemistry on all scales, 
leading, for instance, to enhanced oxidant formation and acid precipi­
tation, with substantial negative impacts on ecosystems. In addition, 
deforestation and other land use changes, widely occurring in tropical 
regions, contribute emissions of several greenhouse gases and may 
contribute substantially to climate change. 
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INTRODUCTORY REMARKS
 
BY THE PAST PRESIDENT OF
 

THE INTERNATIONAL UNION
 
OF PURE AND APPLIED
 

CHEMISTRY (IUPAC)
 
Valentin A. Koptyug*
 

We live in a time when humankind is beginning to understand the 
necessity of redefining goals and ways of furthering human develop­
ment. Our civilization iL rapidly approaching a global crisis con­
nected with destruction of the environment and exhaustion of natural, 
unrenewable resources. 

The forthcoming United Nations Conference on Environment and 
Development (UNCED) in Rio de Janeiro (June, 1992) will be devoted 
to discussions at the level of Heads-of-States or Governments of the 
challenges and opportunities connected with global crises and con­
ceivable pathways leading away from a visible dead end and toward 
the possibility of sustainable development of our civilization. 

Specification and realization of the sustainable development con­
cept require much more scientific knowledge of the state and changes
of the environment, ecologically cleaner technological innovations, 
deeper understanding and description of interrelations between 
environmental and economic values and reconsideration of the rela­
tive role of competition and cooperation. Thus, the role and responsi­
bility of science is greatly increased. 

*Past President, IUPAC, and Professor, Presidium of Academy of Sciences, 

Moscow, Russia 
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Taking this into account, Mr. Maurice Strong, Secretary General of 
UNCED, invited ICSU to act as principal scientific adviser to UNCED. 
In order to elaborate adequate recommendations, ICSU, under leader­
ship of Prof. M.G.K. Menon, organized the special working confer­
ence ASCEND-21 - Agenda of Science for Environment and 
Development into the 21st Century. This conference was held 
November 25-29, 1991 in Vienna, Austria. 

Outputs of the ASCEND-21 are: 
* Analytical and forecasting documents relating to sixteen most 

important themes, in particular, reports on such topics as "Atmo­
sphere and Climate," "Industry and Wastes," "Policies for Technol­
ogy," etc. 

* The Conference statement synthesizing the results of discussions of 
all themes as a set of recommendations, including proposals for 
follow-up activities by the international scientific community. 
In concluding remarks to the ASCEND-21 Conference, Prof. Menon 

emphasized once more the great responsibility of scientific unions of 
the ICSU family for the success of humankind's efforts on the way to 
sustainability. One of the most ambitious integrated programs is now 
the ICSU/WMO interdisciplinary International Geosphere-Biosphere 
Program (IGBP) on Global Change, which include, the International 
Global Atmospheric Chemistry (IGAC) Program which has govern­
mental support in many countries. 

Of course IUPAC, as a member of the ICSU family, should share the 
above mentioned responsibility. We are trying to join efforts of 
IUPAC's Divisions and Commissions in the framework of the Chem­
istry and Environment Program launched by IUPAC two years ago
and to stimulate collaboration of the world community of chemists in 
some active areas. 

In this context, the Union pays special attention to the highly sivc­
cessful series of CHEMRAWN conferences. We may now corsider 
the initiative of Mr. Bryant Rossiter and his colleagues in launching
fifteen years ago this series of conferences as a remarkable foresight of 
future requirements of chemical science. He emphasized that the 
future well being of our planet and of humankind will be highly 
dependent upon the success and responsibility of chemists. 

The CHEMRAWN VII Conference is devoted to one of the most 
important topics of UNCED - namely to the state and changes of the 
atmosphere, to probable consequences of those changes for human­
kind and for all life on planet Earth, and to possible counteractions. 
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On behalf of the Bureau of the International Union of Pure and 
Applied Chemistry and of Prof. A. J. Bard, the President of the Union, 
I wish all participants of CHEMRAWN VII an interesting, stimulating
and creative conference. I hope that the Recommendations elaborated 
by the Conference will be reasonably global and at the same time con­
crete. The near future will demonstrate to what extent our civilization 
is able to develop, in this period of crisis, adequate recommendations 
and to convert words into real actions, leading to sustainable develop­
ment based on integrated scientific, technological, economic and 
social approaches, with social and international solidarity. 

Recommendations of the chemical community have to be 
thoroughly weighed as soon as possible. As was emphasized by the 
Executive Summary of the Bergen Conference on Sustainable 
Development, Science and Policy: "It is better to be roughly right now 
than to be precisely right later." But it seems to me desirable to con­
tinue this phrase in the following way: "Of course, if there is 
assurance that we are roughly right but not fully wrong." 

In conclusion, I would like to emphasize the condition provided by
the Organizing Committee for the CHEMRAWN VII Conference is 
that our work must be highly efficient and successful. 
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Introductory Remarks
 
by the Chairman of the
 

JUPAC CHEMRAWN Committee
 
Sir John Meurig Thomas* 

There are a variety of reasons why I welcome the opportunity of say­
ing a few words at the outset of this Conference. All thirteen of us,
from eleven different countries representing all corners of the globe,
who sit on the CHEMRAWN Committee of the International Union of
Pure and Applied Chemistry have been engaged for nearly four years
in preparing the way for the mounting of CHEMRAWN VII. It has 
been a long and often labyrinthine path, during the course of which 
we encountered financial, logistic and a variety of other problems, all 
of which in the fullness of time were surmounted, thanks to the efforts 
of many. 

Quite early on in the evolution of the idea of convening CHEM-
RAWN VII, North American members of the main CHEMRAWN 
Committee took the lead in setting up the necessary structures needed 
for such a major venture. They were led in sterling fashion by Dr. 
Rudy Pariser. My colleagues on the CHEMRAWN Committee and I 
cannot exaggerate the role that Dr. Pariser has played in all this. He 
has combined clear-headedness, tact, diplomacy, financial responsi­
bility, patience and good humor into a unique amalgam that has not 
only enhanced our respect and admiration of him but has secured for 
us all the prospect of a most timely and worthwhile conference. 

*Chairperson, IUPAC CHEMRAWN Committee, Royal Institution of Great Britain, 
United Kingdom. 
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Professor Sievers, along with all his colleagues on the Organizing 
Committee of CHEMRAWN VII, as well as Dr. Calvert and his 
twenty-five colleagues from all over the world on the Program Com­
mittee, together with Professor John Birks and his twenty or so col­
leagues on the Future Actions Committee, have set in motion all the 
numerous events that are to be pursued in future years, for, as Profes­
sor Sievers has already emphasized, cotinuing action is absolutely 
essential if we are to succeed in our mission to respond responsibly to 
the problems already with us and to execute our stewardship and 
custodianship of the global environment. 

While we all recognize that our deliberations must lead to future 
action - and we shall hear more from the Future Actions Committee 
in that regard - it is perhaps less widely appreciated that even prior 
to assembling for this event, an important Training Workshop has 
already taken place at Rutgers University, New Jersey. 

This two-week workshop, based on two Environmental Protection 
Agency training courses, "Atmospheric Sampling and Measurement" 
and "Quality Assurance for Atmospheric Measurements," augmented 
by lectures on stratospheric ozone and global warming, and the 
modeling of photochemical smog, was attended by twenty-five peo­
ple - young people, all in the early part of their scientific careers ­
from twenty-three Third World countries, from Argentina and Zam­
bia, from Bangalore, Nepal and Uruguay and many other places. 
Their participation in this event has been greatly facilitated by the 
action of key members of the Third World Academy of Sciences. 

Before I draw my remarks to a close, I would like briefly to make 
reference to three other things. First, to say how happy we in the 
CHEMRAWN community are to be associated as joint sponsors of 
this conference with the American Chemical Society, the US National 
Academy and the Third World Academy of Sciences. Second, to say 
how much personal pleasure it gives me to ruminate over the fact that 
it was one of my predecessors at the Royal Institution of Great Britain, 
the Irishman John Tyndall - Michael Faraday's friend and successor 
- who was the first to identify the greenhouse effect and the essence 
of global warming in his work (in the early 1860s) on the infrared 
absorption of gases such as carbon dioxide and methane. He carried 
out that work, using the equipment which we now display at the 
Royal Institution, in a basement laboratory that my students and I still 
use in the Davy-Faraday laboratory which is part of our building in 
the heart of London. 

Last, but by no means least, I want to express, on behalf of all over­
seas visitors to this Meeting, our appreciation of the warmth of the 
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welcome extended to us by our American colleagues. I refer to all the
American people that visitors like me have encountered on visits such 
as this. It is over thirty years since I first came to the United States ­
to the land of J. Willard Gibbs and Abraham Lincoln, two of my
heroes - but Istill feel as stimulated and enthused when Icome here 
now as I did when I first came to the USA in 1959. 1could sense, espe­
cially when I spoke to those young people from the Third World who 
are visiting this country for the first time, that they, too, had been pro­
foundly aroused by a combination of intellectual osmosis and spon­
taneous warm-heartedness, just as I continue to be whenever I come 
here. Thank you. 
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AN APPROACH TO
 
GLOBAL CLIMATE CHANGE:
 

A U.S. PERSPECTIVE
 
D. Allan Bromley* 

It is always a great pleasure for me to come to Baltimore, in part
because one of the Associate Directors in my office - D.A. Hender­
son, former Dean of the School of Public Health here at Johns Hopkins
University and the man most responsible for ridding the world of
smallpox - still lives here and talks often about the city. 

D.A. has agreed to join me and the other members of my office insupplying one of the most demanding and yet essential needs of the
modem Presidency: the scientific and technical information that thePresident and other members of the White House senior staff need to
address issues of national and international importance. Science maynot be - and, indeed, usually is not ­ the only consideration in these
policies: they have social, economic, and political dimensions thatrequire just as much attention as their scientific aspects. But these pol­
icies cannot be adequately addressed without scientific or technical 
input. 

Global change is a prime example of such a policy. Global change iscertainly a physical phenomenon. It depends on the chemistry of the
atmosphere and the interactions of the atmosphere with the oceans,
with living creatures, and with the solid earth. Yet the issues sur­
rounding global change extend in a substantial way into questions of 
*Assistant to the President for Science and Technology, Office of Science and 
Technology Policy, Washington, D.C. USA 
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how we live today and how we will live in the future. The U.S. posi­
tion toward global change must therefore be informed not only by the 
physical sciences but by many other consideratioivs, and in particular 
by the social sciencos. We must make common cause, all of us who 
study this issue, if we are to deal successfully with an issue of such 
complexity and scope. 

My function, within the White House, is that of an honest broker 
for the scientific information on global change. I seek to provide the 
policy-making process with the best available scientific and technical 
input. I also see it as part of my job to provide some sense of how 
reliable that information is. In the past, there have been many cases of 
policy being based on very shaky science that was presented as 
scientific fact without any error bars. It is very important to provide a 
relevant degree of certainty. 

New Information on the Chemistry of the Atmosphere 

Certainly the past several months have kept me extremely busy in 
my role as an information broker. Over that period, there have been a 
number of major scientific developments that have influenced policy 
discussions at the highest levels, and many of these developments 
involve atmospheric chemistry. 

At the end of October, it was announced that ground-based and 
satellite observations have shown significant ozone decreases in 
spring and summer in both the northern and southern hemispheres at 
middle and high latitudes. These decreases were larger in the 1980s 
than they were in the 1970s. The evidence is strong that these losses 
arc due primarily to increases in chlorine and bromine levels, which 
are a result of releases of halocarbons - primarily chlorofluorocar­
bons and halons, respectively - into the atmosphere. We therefore 
believe that additional ozone losses during the 1990s will be compar­
able to those of the 1980s as chlorine and bromine levels continue to 
increase.
 

Until recently, the mechanism responsible for these losses was 
largely unknown. We now believe, however, that we understand the 
mechanisms responsible for the ozone hole over Antarctica. Ice crys­
tals maintained in the lower stratosphere over the very cold circum­
polar oceanic currents provide the surfaces for heterogeneous 
proce sses to significantly decrease the abundances of nitrogen oxides 
and increase the abundances of chlorine oxide radicals, which can 
then catalytically destroy ozone in the presence of sunlight. The 
Northern Hemisphere is distinct from the Southern in this regard. 
While the chemical composition of the Arctic atmosphere is highly 
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perturbed by ice crystals during winter, there is no large ozone hole 
because the meteorological vortex breaks down before the onset of 
sunlight in springtime. 

More recent work has indicated that the decrease of ozone in the 
northern latitudes may result from a change in the partitioning of 
chlorine, nitrogen, and hydrogen species due to reactions on the sur­
face of sulfate aerosol particles. The eruption of Mount Pinatubo 
injected a huge pulse of sulfur aerosol precursors, mainly sulfur diox­
ide, into the stratosphere, setting the stage for a global experiment to 
establish the validity of this proposed mechanism. 

The ozone losses at middle and high latitudes also have important
implications for the climate. We have always thought that 
chlorofluorocarbons - a powerful greenhouse gas - warmed the 
atmosphere. But because of their destruction of ozone, the CFC's and 
other ozone-depleting chemicals have also had the effect of reducing
radiative forcing of the troposphere in mid to high latitudes. In fact, 
new calculations suggest that, contrary to all prior supposition, when 
the direct and indirect effects are included, it may well be that the 
CFC's and the other ozone-depleting chemicals may have had no net 
effect whatever on the global greenhouse phenomena. 

These have been some of the more surprising scientific develop­
ments of the past few months, but there have also been a number of 
others: 
" On September 12, 1991, the Upper Atmosphere Research Satellite 

(UARS) was successfully launched aboard the space shuttle 
Discovery, and it is now functioning perfectly. The spacecraft has 
already measured the Antarctic ozone hole, which is deeper this 
year than ever before; now the hole has been both deep and exten­
sive in four out of the past five years. UARS has also made the first 
global, space-based direct measurements of chlorine monoxide, a 
molecule that is now known to be the dominant catalyst in ozone 
destruction. 

" The eruption of Mt. Pinatubo in the Philippines has injected sulfur 
dioxide into the upper atmosphere at abundances seen on Earth 
only about once every 50 to 100 years. Modeling of the effects of the 
volcano's cloud indicates that it is likely to cool the earth's tempera­
ture below what it would otherwise have been for several years.
This eruption also provides us with a unique global experiment to 
study a wide range of atmospheric and global processes, such as 
precipitation patterns, sea surface temperatures, stratospheric tem­
peratures, and of course a number of questions in atmospheric 
chemistry. 
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" 	A number of important new paleoclimatic records have become 
available, including tree ring data from Tasmania going back well 
over a millennium, new ice cores that will eventually extend 
200,000 years into the past, and rock cores that will extend back 215 
million years. Let me mention the tree ring data in somewhat more 
detail. They show that an anomalous warming is under way in 
Tasmania, perhaps influenced by greenhouse phenomena. This 
temperature increase exceeds any that have occurred over the past 
millennium, but it has not yet emerged clearly from the back­
ground variability of climate in this part of the Southern Hemi­
sphere. Such data will be crucial in trying to detect the signature of 
true global change. 

" 	Finally, it bears emphasis that we have effectively lost 25 percent of 
the anthropogenic component of the world's carbon balance. We 
know how much carbon dioxide is emitted into the atmosphere and 
how much remains in the atmosphere - about 50 percent - but 
we do not understand how much is taken up by the oceans or by 
the terrestrial biosphere. Measurements indicate that the oceans 
take up only about 25 percent of what is emitted into the atmo­
sphere, implying that the land has to take up the other 25 percent, 
but we do not understand how this occurs. 
These new findings, when taken together, have given us important 

new insights into the functioning of the earth's climatic system. But 
they have also demonstrated an extremely important aspect of this 
issue: our scientific understanding of climate change is far from cer­
tain. There is much that we still do not understand about our atmo­
sphere and the behavior of its component gases, and significant 
surprises undoubtedly await us. There will be plenty to keep the indi­
viduals in this room busy for many years. 

Indeed, we already have strong indications that our understanding 
of the effects of many tropospheric ozone precursors on the climate 
system is very uncertain. With better knowledge of the chemistry 
involved and with much more powerful computers to carry out the 
relevant chemical modeling, it is becoming possible for us to include 
higher-order chemical processes in our atmospheric models. Prelim­
inary work suggests that we do not even know whether the net effect 
of the oxides of nitrogen is to increase or decrease the radiative forc­
ing. In addition, second- and third-order processes involving methane 
as a greenhouse gas, while of substantial importance, may be less 
important than previously believed and comparable in magnitude to 
the first-order processes, thus perhaps reducing methane's impor­
tance somewhat. Such a reduction would be very important politi­
cally since methane is the gas through which the Third World 
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currently makes a major contribution to the global greenhouse effect. 

The Global Change Research Program 

The scientific issues I have been discussing are all being studied 
through one of the more remarkable programs now being conducted 
by the federal government: the U.S. Global Change Research Pro­
gram. This program, which has been put together through the Com­
mittee on Earth and Environmental Sciences of the Federal Coordinat­
ing Council for Science, Engineering, and Technology (FCCSET), has 
been a pioneering effort to mesh the activities of many different 
federal agencies and offices - 19 in all - into a coherent, integrated 
approach to the study of global change. The program has been 
extremely successful and has been a model - both nationally and 
internationally - of how many different federal entities can 
cooperate in specific areas of science and technology. 

The Global Change Research Program has three primary goals: 

" Establishing an integrated, comprehensive, long-term program of 
documenting the Earth system on a global scale. 

" Conducting a program of focused studies to improve our under­
standing of the physical, geological, chemical, biological, and social 
processes that influence Earth system processes. 

" And developing integrated conceptual and predictive Earth system 
models. 

Atmospheric chemistry plays an integral role in each one of these 
goals. For example, one of the four integrated themes adopted by the 
program in Fiscal Year 1992 is better understanding of the global car­
bon cycle. Research on this subject involves quantifying sources and 
sinks of carbon, understanding the processes that control them, and 
examining how these processes might be altered by global change. 
We will need better information on atmospheric lifetimes, global 
warming potentials, chemical reactions in the atmosphere, and 
methods of monitoring emissions. This information will be essential 
in developing national and international policies for controlling emis­
sions or altering the natural carbon cycle. 

Fundamental questions of great importance remain unanswered. 
For example, we know that natural fluxes of carbon dioxide are 
approximately 20 times the anthropogenic ones, meaning that a 60 
percent reduction in anthropogenic carbon dioxide emissions ­

which the TPCC has calculated will be needed to stabilize carbon diox­
ide levels in the atmosphere - is equivalent to about a 2 to 3 percent 
increase in the gas's natural sinks. Over the past years, several 
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innovative proposals have been made about ways to sequester carbon 
dioxide and influence these natural fluxes. Of course, these proposals
need much more study, but your community will be heavily involved 
in determining what might be viable and what side effects might be 
anticipated. 

The Federal Response to Global Change 
The federal government is now investing over $1 billion a year in 

the U.S. Global Change Research Program. But the Administration 
has always emphasized that research alone is not adequatean 
response to the possibility of global change. The possible conse­
quences of climate change - in terms of agricultural productivity,
changes in sea level, and different precipitation and storm patterns ­
are too great to be ignored. And the time lags in the earth climate sys­
tem response to perturbations require that we anticipate rather than 
react to changes in that system. 

As a result, we have already instituted a whole series of policies
that will significantly reduce greenhouse gas emissions while at the 
same time having other important benefits. Let me list some of these 
actions to provide a sense of what is under way: 
* The Clean Air Act Amendments of 1990 substantially reduce the 

emissions of a number of gases that are either greenhouse gases
themselves or greenhouse gas precursors. For example, the act puts 
a permanent ceiling on sulfur dioxide emissions and gives utilities 
the flexibility to make reductions by any means. This market-based 
approach is a powerful incentive for energy-saving measures,
which in reducing fossil fuel combustion will sharply reduce car­
bon dioxide emissions. It should be noted that there is no economi­
cally viable technology for capturing the carbon dioxide from fossil 
fuel combustion; to reduce carbon dioxide emissions, we must 
reduce the amount of fuel burned. 
It is important to emphasize that the sulfur aerosols from fossil fuel 
combustion, while they contribute in a major way to smog and acid
raid, are removed from the lower atmosphere by that rain and thus 
never reach the lower stratosphere where they could participate in 
ozone destruction. The sulfur aerosols in the stratosphere come 
from volcanic eruptions, from ground-level emissions of carboe'vl 
sulfide (OCS), and to a very small degree from the exhaust of high­
flying aircraft. 
The National Energy Strategy includes a number of provisions that 
aggressively promote energy conservation. These include steps to 
increase efficiency in electricity generation and use - hence, 
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decreased fuel consumption - encourage energy savings in 
residential and commercial buildings, boost the efficiency of indus­
trial processes, and raise energy efficiency in transportation. The 
federal government is investing a significant amount in research 
and development for conservation and renewable energy technolo­
gies. Our Fiscal Year 1992 budget proposed that the R&D program
for energy technology initiatives increase by 34 percent. 

" The National Energy Strategy also promotes the development of 
nonfossil fuel energy sources, including nuclear, solar, and alterna­
tive fuels. The nuclear option, in my opinion, will prove to be a 
particularly important component of the future energy mix. Today,
nuclear plants provide about 20 percent of America's electricity
needs and make overall U.S. emissions of carbon dioxide 9 percent
lower than they would otherwise be. Nuclear fission is the only
technology currently available to us that can produce the large
blocks of electrical energy now provided by fossil fuel plants with 
none of the associated greenhouse gas emissions. The National 
Energy Strategy includes a comprehensive strategy for nuclear 
energy development, including the development of new kinds of 
modular, intrinsically safe reactors, reform of the current :icensing 
process, and the development of a permanent repository for nuclear 
waste. 

" The United States is committed to the strengthened Montreal Proto­
col agreed to in London in June 1990. We also have implemented a 
phaseout schedule of the major CFC's and halons more rapid than 
is required by the Protocol, whereas few other countries have any
implementation measures in place. While on the basis of the new 
scientific data, this is not affecting global greenhouse warming, it 
takes on even more importance in terms of protecting our ozone 
shield. 
During the 1992 reassessment of the London revisions to the 1987 
Montreal Protocol, the adequacy of current regulations on CFC's 
and halons will be examined, as will the potential need to regulate 
HCFC's. 
All of the above actions influence sources of greenhouse gases.

Regarding sinks for greenhouse gases, the United States is also taking
active steps. For example, we are working with a number of develop­
ing countries to help assess the land available for reforestation and to 
help judge the feasibility of managing it to sequester carbon. Congress
has also authorized the President's Tree Planting Initiative, which is 
iesigned to offiset greenhouse gas emissions and achieve other impor­
tant social benefits through tree planting; the program entails the 
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planting of 1 billion trees per year on 1.5 million acres and the 
improvement of forest management practices. 

Together, the policies I have listed are having a substantial effect on 
our emissions of greenhouse gases, and I believe that the Bush 
Administration has received far too little credit for them. At the same 
time, we have resisted efforts to place caps or mandate reductions 
specifically in our carbon dioxide emissions. We simply do not 
believe that such actions are justified at this time. As Roger Revelle 
wrote in the last article he published before his death: 

"The scientific base for a greenhouse warming is too uncertain to 
justify drasticaction at this time. There is little risk in delayingpolicy 
responses to this century-old problem since there is every expectation 
that scientific understanding will be substantially improved within 
the next decade. Instead of prematureand likely ineffective controlson 
fuel us', ... we may prefer to use the same resources- trillionsof dol­
lars, by some estimates - to increaseour economic and technological 
resilience so that we can then apply specific remedies as necessary to 
reduce climatechange or adapt to it." 
This latter point, regarding adaptation to climate change, has 

recently been made by a subpanel of the National Research Council's 
Committee on Policy Implications of Greenhouse Warming. That sub­
panel, chaired by Paul Waggoner of the Connecticut Agricultural 
Experiment Station, reached the following conclusion: 

"So far as we can reason from the assumed gradualchange in cli­
mate, their impacts will be no more severe, and adapting to them will 
be ne more difficult, than for the range of climates already on earth 
and no more difficult than for otherch iges humanityfaces." 

These generally optimistic studies co-iainly have their critics. But they 
provide a welcome balance to thc sky is falling" rhetoric all too com­
mon elsewhere, and they are part of the data that I take into account 
in my role as an information broker. 

Negotiations on a Framework Convention 
The scientific information and policy responses on climate change 

form the backdrop for thxe ongoing international negotiations on this 
issue. Since last February the Intergovernmental Negotiating Commit­
tee (INC) o a Framework Convention on Climate Change has been 
meeting to establish the relationships, institutions, procedures, and 
funding mechanisms with which countries would cooperate in 
responding to climate change. Though the schedule will be tight, the 
United States remains committed to a convention that will be ready 
for signing during the June 1992 UN Conference on Environment and 
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Development (UNCED) in Rio de Janeiro. The international element 
of these negotiations reflects an important fact. No single country or 
limited group of countries can, in the longer term, have a significant
effect on climate change through unilateral action. As the U.S. Office 
of Technology Assessment has pointed out, even if the United States 
were to reduce its emissions of carbon dioxide by 20 percent from 
current levels, it would represent a decline of just 2 percent in world­
wide emissions of all greenhouse gases. 

One very positive aspect of the negotiations thus far has been the 
progress made in the area of technology cooperation. Technology
cooperation involves not just hardware but also techniques, practices,
methodologies, know-how ­ the software needed to use technologi­
cal hardware. Industrial countries and developing countries musL 
work hand in hand to assess needs, share strengths, and find oppor­
tunities to work together to meet common goals. 

I have long believed that we in the United States have a very impor­
tant window of opportunity related to the provision of environmen­
tally benign energy technology to the Third Vlorld. If w2 are proactive
and provide this technology, know-how, and, where required, finan­
cial support, we stand to gain in three areas: 
1. We will protect the global environment while fostering industrial 

development and economic growth in the Third World. 
2. We will reap substantial positive political fall-out. 
3. We will give American industry access to what will inevitably 

become a huge international ma-ket. 
If, on the other hand, we wait until we either are forced into such 
action - as we will be - or are perceived to have been forced into it,
then we will gain the first benefit to the global environment, as before, 
but we will unquestionably lose the latter two. 

Conclusion 
I believe that the political will and international solidarity exist to 

address all these issues in a meaningful and responsible way. The 
rapid international response to the threat of ozone depletion ­ a 
threat heightened by the development of the ozone hole over 
Antarctica and by the newly discovered reduction of ozone over the 
Northern Hemisphere - demonstrates that the nations of the world 
can, and must, effectively work together when a well-defined 
environmental threat has been identified. 

In dealing with these threats to the global environment, we are 
recognizing a fundamental reality. The Earth is a unified system, and 
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all of us depend on that system. In many ways, the dawning of that 
realization on a broad scale came a few days before Christmas in 1968, 
when the crew of Apollo 8 fired the engine of their Command Module 
and became the first human beings to ever leave the vicinity of the 
Earth and head out toward the Moon. When they looked back toward 
the Earth, for the first time humans saw the planet not as a curving 
blue horizon - which is the view from he Space Shuttle, for example 
- but as a majestic blue and white ball suspended quietly in the vel­
vety blackness of space. Many of the Apollo astronauts have since 
spoken about the profound impact of that view. They were almost 
overwhelmed by the sheer beauty of our planet, by their feelings of 
loneliness as the earth receded into space, and by the seeming fragil­
ity of the planet when viewed, for the first time, as a whole. 

Indeed, I am convinced that when our descendants in the distant 
future look back at the twentieth century, it will be remc.bered, 
perhaps more than anything else, for the photograph taken by the 
crew of the Apollo 8. The Earth is ours to share; it is ours to cherish; it 
is ours to destroy. We are truly in this together. 
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ATMOSPHERIC CHEMISTRY
 
AND GLOBAL CHANGE: 

THE SCIENTIST'S VIEWPOINT 
Daniel A. Albritton* 

This overview examines global change from the perspective of sci­
ence. The emphasis here is on climate change and greenhouse warm­
ing in particular. The rationale for this emphasis arises from the fact 
that humankind interfaces with global change either through its cause 
or its effects. Public policy decisions are focusing on both ends of this 
spectrum, with the most immediate being decisions associated with 
the human role in causing climate change, namely, human-influenced 
greenhouse warming. 

This summary will address four points: (1) the scientific scope of 
global change - what is the research arena?, (2) a status report of its 
current scientific understanding ­ what are the knowns and unknowns?,
(3) the status from the perspective of decisions - what could all of this
mean? and (4) greenhouse-gas research of the 1990s and its relation to 
public policy - what to look for next? 

I.The Global System: What is the Nature of the Science Arena? 
It is instructive to think of the global system in terms of (i) forcings,

(ii) physical processes, (iii) physical responses, (iv) biological 
processes, and (v) ecosystem responses. Namely, a variety of forcing
agents, both natural and human-influenced, activate numerous physi­
cal processes that cause the global system to move to a new physical 
*Director, Aeronomy Laboratory, National Oceanic and Atmospheric Administration, 
Boulder, CO, USA 
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state. This altered state in turn induces a variety of biological 
processes that cause changes in the world's ecosystems, both natural 
and managed. 

The goal of scientific research on global change is to understand the 
role of humans in the forcing agents, to build a predictive under­
standing of how the planet will respond to these forcing, and to 
characterize the impacts that will ensue. Humans and their economic 
affairs enter into public-welfare decisions associated with the forcing 
agents and into similar decisions associated with impact that follow 
the physical and biological responses. As noted, we are at both ends 
of the spectrum. Specifically, there can be large costs associated with 
reducing our forcing of global change, and there can be large costs 
associated with coping with the impacts of global change. When both 
action and inaction can have high costs, the key to wise decisions is 
understanding. 

Global-change science is focusing on three over-arching policy­
relevant questions: 
" How well do we understand our greenhouse-gas forcing? 
" How well do we understand how the global system will respond? 
" How well do we understand the impacts? 
This summary will focus on the first two, with an emphasis on the 
first, because of CHEMRAWN VII's topic - atmospheric chemistry. 

11. Knowns and Unknowns: How Well do We Currently Under­
stand This System? 

The complexity of the Earth system is clear, with its variety of forc­
ing agents, diversity of "wheels", "cogs", and "linkages" that are the 
processes that make up the planetary machine, and the new physical 
and biological states that are reached. While we have learned much 
about this system, there ic still much to learn. The status of the sci­
ence varies considerably, ranging from "certainties" to "unknowns", 
which are arranged here in that order. There are both research and 
policy implications about what we do know and about what we do 
not know. The points given below are drawn from two recent 
reviews: IPCC (1990) and WMO/UNEP (1992). 

(1)The Natural Greenhouse Effect (a "certainty") 
In terms of basic physics: if a body is bathed in visible radiation, it 

warms up and radiates infrared energy (heat). In terms of our planet
Earth, it works the same way, except the atmosphere introduces a 
"blanket" that traps part of that outbound radiation. It is not the com­
mon ainTospheric gases - nitrogen and oxygen - that are the wool 
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in the blanket. It is the minute levels of the gases like water vapor and 
carbon dioxide. 

There are several key points regarding the greenhouse effect: (i) It is 
a natural part of the Earth. (ii) Water vapor and carbon dioxide have 
been part of the atmosphere for millions of years. (iii) Their presence 
has produced an average surface temperature of about 15 degrees 
Celsius. Without them, the average temperature would be about -15 
degrees C, and our planet would be shrouded in ice. 

Thus, there is no doubt that the greenhouse effect is real. We 
understand its basic principles. So, what is the problem and issue 
regarding the greenhouse effect? It is this: Just recently (geologically 
speaking), we have begun to alter it. 

(2) Upward Trace Gas Trends ("highly confident observations") 
In addition to carbon dioxide, there are several other atmospheric 

trace gases that cause the Earth to retain heat: methane, 
chlorofluorocarbons, nitrous oxide, and ozone in the lower atmo­
sphere. Unlike carbon dioxide, these latter gases are chemically 
active, thus giving rise to a wider dimension of their research. 

However, all do share a common property: their atmospheric abun­
dances are increasing. Since the beginning of the industrial era, the 
carbon dioxide concentration in the atmosphere has increased 25%. 
Methane has doubled over the same period. Chlorofluorocarbons, a 
purely man-made molecule, did not exist in the atmosphere at the 
turn of the century and are increasing in abundance at a rate of 
several percent a year. 

Thus, without a doubt, the atmospheric levels of several green­
house gases are increasing. These fundamental observations are the 
pillars of the concern over human-influenced global warming. 

(3) Trace Gas Forcing of the Troposphere/Surface System (a "high­
trust calculation") 

In the decade of the 1950s, the major gas causing radiative forcing 
was carbon dioxide, with the combined effect of all of the other gases 
amounting to only one-third as much. However, by the 1980s, not 
only had the total radiative forcing increased fourfold, but also carbon 
dioxide was then only about half of it. Thus, carbon dioxide is not the 
whole story and radiative forcing is increasing relatively rapidly. This 
demonstrates that, from a scientific perspective, both research and 
policy should consider all of the greenhouse gases and their relative 
contributions. 

(4) Predictions of Future Planetary Responses (application of our 
"best tools") 
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To predict future changes as a result of current forcings requires a
"working replica" of the global system. These are the global models 
that reside in large computers and are intended to be the best "replica
models" of the complex system itself. While admittedly not perfect
miniatures of the system, the best attempts have obviously been made 
to incorporate the known major processes. Examples of such 
proccsses and sub-systems are the following: 

Cloud Feedback ("linkages"). Many of the parts are coupled cycli­
cally. For example, a surface warming will cause more evaporation,
leading to higher levels of cloudiness. Clouds can play two major
roles, the two having opposite effects. First, as viewed from space, an 
increase in cloudiness can yield a whiter Earth, which reflects a larger
fraction of the incoming solar energy back to space. This leads to a 
cooler surface. Second, viewedas from the surface, an increase in
cloudiness yields more trapped outgoing heat radiation, which results
in a warmer surface. Which dominates? When and Where? To 
represent these opposing processes properly is one of the many chal­
lenges to modeling the Earth system. 

El Niflo-Southern Oscillation (a "subassembly"). In the large expanses
of the tropical Pacific, a major subsystem of the planet marches to its 
own drummer. The atmospheric circulation pattern (upward motion 
in the western Pacific, matched by downward motion in the eastern
Pacific) waxes and wanes on approximately a 26-month cycle. During
the high peaks and deep valleys of this variation, U.S. weather and
habitation and fishing along the eastern coasts of the Pacific are 
impacted severely. Hence, considerable research is directed toward 
building a predictive capability for this major subsystem. 

Oceanic Thermal Inertia (a "warm-up" period). The main delay in a
warming of the Earth's surface is the long time that it takes to warm
the oceans. The nature of that delay depends largely on how warm
surface water is carried into the colder deep ocean and vice versa. 
Thus, the large-scale circulation patterns of the ocean, which are
difficult to observe, are a key factor in the timing of a greenhouse 
warming. 

Several future forcing scenarios are input to these models, e.g., (i)
"business as usual" - increasing greenhouse gases and (ii) "bite the
bullet" - decreasing greenhouse gases. Global models, as our best 
tools, then yield predictions for each of the scenarios. The results of
those predictions include values for variables that are of human
interest, e.g., temperature, rainfall, and sea level. Some predictions
from the recent Intergovernmental Panel on Climate Change (IPCC) 
report are given here: 
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* Business-as-Usual: Temperature: up 1°C by 2025 

Sea Level: 
up 30C by 2100 
up 0.2 meter by 2030 
up 0.65 meter by 2100 

" If severe cuts in greenhouse gas emissions were to be made, the
above values would be reduced by factors of 2 - 5. 

• Generally, such changes would not be accomplished smoothly
because of superimposed natural variation. 

• The continents would warm faster and more than the oceans. 
It is quite important to note that it is currently believed that it ishighly unlikely that no warming would occur from a "business-as­
usual" greenhouse gas increase. 

(5) Past Variations ("judgment calls") 
The geological record contains the climate history of the planet.Proxy indicators like tree rings and fossils give estimates of past tem­perature variations. They show that, over the past 10,000 years sincethe last Ice Age, the planet's average temperature has varied I - 3°C,thereby providing a measure of the natural swings in the planet's sur­face temperature. For the past several hundred years, we have been"rebounding" from the "Little Ice Age", which was the most recent 

minimum in temperature. 
Direct temperature measurements have been made for the past cen­tury and a half. These data show the details of the most recent end ofthe warming trend - an increase of about 0.45°C over that span. Ithas occurred largely in two upward jumps, the first in the 1920s andthe second in the 1980s. Do we know why these temperature changes

have occurred? 
The range of these past natural variations can b. compared to theabove predictions. It is clear that if the predicted warmings wereindeed to occur, they would happen faster and be larger than thenatural changes that have occurred over the past 10,000 years.
The past variations can also be used as a baseline to aid in thesearch for the first signs that these predictions are actually occurring. 
(6) What Cannot be Said ("unknowns")
 
The recent 0.45°C warming can neither confirm nor deny whether a
human-influenced warming has occurred. Since the predicted green­

house warming (about 0.7°C) is so similar in magnitude to unex­plained natural variation, the signal does not stand out clearly fromthe noise. Thus, the "jury is still out" on whether a greenhouse warm­
ing has or has not occurred. 
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The current models are not accurate enough to predict regional cli­
mate changes. The greatest uncertainties arise from an imperfect 
understanding of: (i) sources and sinks of greenhouse gases (which 
influence the predicted forcing), (ii) clouds (which influence the 
predicted magnitude of the warming), (iii) oceans (which influence 
the predicted timing and patterns of the warming), and (iv) polar ice 
sheets (which influence the predicted sea level rises). 

III. Perspective: What Does All of This Mean? 

Two perspectives could be formulated, depending on one's point of 
view. These two extremes illuminate the issues involved. 

(1) Action 

* 	A 3°C warming would have huge impacts on society. 

* 	Natural variation would be exceeded - both in rate and magni­
tude. 

* 	Long trace gas residence times imply very slow reversibility. 

* 	Some action sooner is easier than any action later. 

(2) Inaction 
* 	The global system is exceedingly complicated. 

* 	Even the known feedbacks are only crudely represented in current 
models. 

* 	Major discoveries/surprises are very likely. 

* 	Greenhouse gases involve power production, transportation, agri­
culture, etc. 

How can atmospheric chemistry research aid with the decisions of the 
1990s that will have to balance these points? 

IV. The Trace-Gas Research Arena of the Coming Decade: Particu­
larly That of Most Value to Policy Makers? 

Four areas of research will prove to be vital to providing a better 
understanding of our trace-gas forcing of the climate system and to 
addressing the questions that will be uppermost in decision-maker's 
minds in coming years: 

(1)Trace Gas Sources and Sinks 

The science/policy interaction is particularly critical for the green­
house gases. The knowledge of the different sources and sinks of the 
variety of greenhouse gases ranges from excellent (industrial sources 
of chlorofluorocarbons) to abysmal (the role of iron in oceanic uptake 
of carbon dioxide). The studies needed to refine and quantify this 
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knowledge are difficult, but are just the studies that will aid the policy
question, "How much to cut emissions and how?" 

(2) Relative Trace-Gas Contributions 
The trace gases contribute differently to radiative forcing. The 

indices that have been used to characterize these relative contribu­
tions are Global Warming Potentials (GWPs), which depend largely 
on the radiative properties of a species and its atmospheric residence 
time. Many gases have not only the obvious direct contribution, but 
have several types of indirect contributions. An example of the latter 
is methane, which is itself a greenhouse gas and can create other 
greenhouse gases - water and tropospheric ozone - and influence 
the residence times of others. Decisions as to which gases should 
receive the emphasis in emission reductions will depend on their rela­
tive contributions, and scientists will be asked to refine these indices. 

(3) Global Changes - Multiple Issues 
A human perturbation can often cause more than one type of 

environmental issue. Examples are (i) the chlorofluorocarbons, which 
contribute to stratospheric ozone depletion, which could in turn 
reduce radiative forcing (the latter from reduced radiation from a 
cooler lower-stratosphere resulting from the ozone loss), and (ii) sul­
fur dioxide, which causes acid rain, but could partially offset global
warming (the latter via the cooling associated with radiative scatter­
ing of the aerosols). It may be in the coming decade that science ­
atmospheric chemistry in particular - will be turned to by decision­
makers to assist with the end of single-issue policies. 

(4) Minimizing Rude Surprises 
It is clear that there are areas where large uncertainties exist (e.g.,

regional climate change). It is also clear that there are phenomena
that are, for practical purposes, irreversible. An example is the long
lifetime of the chlorofluorocarbons, which imply that, even with our 
most stringent reductions in emissions, the Antarctic ozone "hole" is 
likely to be with us for a century. Consideration of action or inaction 
in the face of uncertainty must weigh the degree of reversibility asso­
ciated with the phenomenon, i.e., whether we can indeed "quit the 
game later after we learn that we are being dealt losing hands." Lastly,
it is also clear that discoveries and "surprises" will continue to occur. 
They can "cut both ways," that is, making the situation better than we 
thought it was and making the situation worse than we thought it 
was. Broad-scale observations of the global system including both-
5hort-lived and long-lived species and made by both satellite-borne 
and ground-based instruments - are a key "early warning system,"
aiding both in discovering new characteristics of the system and 
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teaching us that some of what we thought we knew is not true. 

V. Epilogue: What Have We Learned From Past Environmental 
Issues? 

Both science and policy have faced and struggled with a variety of 
environmental issues over the past two decades. Some lessons are 
emerging: 

" 	Regionalscales merge into global scales. Chlorofluorocarbons from Los 
Angeles contribute to the ozone hole over Antarctica. The pollution 
of North America and Europe may be altering the global oxidative 
capacity. The lesson is clear: it is one atmosphere. 

" 	Understandingthe naturalsystem is basic. Chemical reactions on the 
surfaces of ice particles seem esoteric. But Antarctic ozone 
molecules have a different view. The natural system is what we 
inherited. It is what we are perturbing. The key to an accurate per­
turbation prediction is a well-understood basis set. 

" 	Sustained long-term research is of high value. The past focus only on 
trying to solve the environmental issue at hand has been shown to 
be ineffective, e.g., the focus only on urban smog in the absence of 
(i) monitoring sources, (ii) characterizing fundamental processes, 
and (iii) understanding the chemistry of the surroundings. 
Research and crisis response are antonyms. 

" 	Both science and policy are iterative. Science is not static; discoveries 
continue. Decisions can be made in steps, based on new 
knowledge. The Montreal Protocol on Substances That Deplete the 
Ozone Layer is an example: (i) an initial freeze on 
chlorofluorocarbon emissions based on the scientific understanding 
at the time, (ii) with subsequent polar ozone investigations provid­
ing evidence of new depletion, and (iii) a strengthening of the 
Protocol's provisions subsequently. Dialogue between science and 
policy is the key. CHEMRAWN VII is an example of such interac­
tions. 
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GLOBAL ENVIRONMENTAL CHANGE
 
OVERVIEW: DEVELOPING COUNTRIES
 

A.P. Mitra* 

INTRODUCTION 
The problems, perceptions and activities (both scientific and tech­

nological) in the areas of global change have in the recent past been 
discussed in a number of regional and global forums. These include: 
" Southern Hemisphere Perspectives of Global Change: Scientific 

issues, Research News and Proposed Activities, Mbabane, Swazi­
land, December 1988. 

* IGBP Regional Meeting for South America, Brazil, March 1990. 
* The Asian IGBP Workshop, New Delhi, February 1991. 
" ASCA Workshop on Greenhouse Gases and Climate Change: An 

Asian Perspective, June 1991. 
" Asian IGBP Follow-up Workshop, Singapore, December 1991. 
" ICSU Conference ASCEND 21, November 1991. 

The first five workshops, in particular, dealt with the problems, 
current efforts and the perceptions of the developing countries and a 
number of recommendations emerged. The common concern in all of 
these recommendations was: (i) lack of an adequate data base and an 
inadequate dissemination system, (ii) desire for cooperative programs
within the regions on areas of common interest, and (iii) the need for 
capability building. 

*Formerly Director General, Council of Scientific and Industrial Research, India 
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Several key areas identified for research in these recommendations 
were:
 
" Recognition of the South American continent as a unique paleoen­

vironmental and paleoclimatic data reservoir for the Southern 
Hemisphere, 

" 	Proposal for a coordinated campaign for methane emissions from 
rice paddies in the Asian region, 

" 	Need for building up a few climatic modeling centers with 
advanced computing and modeling capabilities: those currently 
being developed are in China and India (Asian Region) and Brazil 
(South America), and 

* 	Increased efforts in impact studies relating to cycione intensity and 
frequency and effects on agricultural crops. 
A major concern expressed was the absence of national committees 

for IGBP in many of the developing countries. The IGBP Committees 
provide a nodal point and an umbrella support that is considered 
very valuable to developing countries. Developing countries with 
IGBP committees include: Bangladesh, Bolivia, Brazil, China (CAST), 
China (Acad. at Taipei), India, Jamaica, Kenya, Peru, Sri Lanka, Thai­
land, Venezuela, and Zimbabwe. 

In this address, discussions will be centered on the following three 
major elements: 
1. Parameters determining programs and options in the developing 

world, 
2. Emergence of new efforts, and 

3. New Biosphere-Atmosphere interactive measurements and model­
ing efforts. 

PARAMETERS DETERMINING PROGRAMS AND OPTIONS IN 
THE DEVELOPING WORLD 
PastMeteorologicalData- Trend Analysis 

People in the meteorological community in many of the developing 
countries are not convinced that there is positive evidence of warming 
in their own regions. Although such analyses are not always 
comprehensively done, the evidences are often confusing, particularly 
for countries located within the tropical regions. A few examples are 
given here. 

The first example concerns the analysis of 90 years of temperature 
and precipitation data over the Indian subcontinent. The average 
temperature over the entire Indian subcontinent for the 90-year 
period from 1900-1989 is shown in Fig. 1 (Thapliyal and Kulshrestha, 
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Fig. 1. Annual temperature of India. (Thick line 5-year running mean; 
Source: IMD) 
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1991). Although there is a distinct trend of an increase during this 
period of about 0.4C, the fact that the changes were within the ± 
levels has cast in the minds of some meteorological scientists some 
doubt about the genuineness of the positive trend. The global aver­
age during this period is in the range +0.3 to +0.5°C, and the Indian 
results are of the same order. Analyses elsewhere give different types 
of results. In Vietnam, analyses of 60 years of data (1926 to 1985) of 
six typical meteorological stations in the two climatic regions show 
the following: 

North: No significant trend
 
South: +0.3°C in the last two decades
 

In Malaysia, analyses of 11 principal meteorological stations over 100 
years do show an increasing trend: 

Tax = +2.1°C 

TaV = +1.70C 

Tmin = +0.8°C 

where Tmax is the average daytime maximum temperature, Tav is the 
diurnal average temperature, and Tmin is the average nighttime 
minimum. 

There is, thus, a feeling amongst the meteorologists in the develop­
ing countries that a climate change within the tropical regions in the 
past century is not definitely established. 

If one, however, accepts that the trend is real (as in Fig. 1 for Indi 
then some of the results that follow are not always in consonance with 
results obtained elsewhere. Nevertheless, these are scientifically 
interesting. One such result concerns a recent analysis made over the 
Indian subcontinent on the trend of Tmax and Tmin. A remarkable 
result recently reported for parts of the northern hemisphere midlati­
tude continents is that the warming is largely characterized by 
increases in Tmin rather than in Tmax, or, in other words, the diurnal 
range of temperature is decreasing with time while the average tem­
perature is increasing. The results over the Indian subcontinent are, 
however, quite different. These are shown in Fig. 2 (after Dutta, 
Chakravarty and Mitra, 1992). For India it is Tmax that has largely 
increased while Tmin has remained practically constant. The net result 
is an increase in the diurnal range in this region. Such regional differ­
ences are important and need further examination. 
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Fig. 2. Trend in TMAX (a) and TMIN (b) in India over the last 90 years
(after Dutta, Chakravary and Mitra, 1992). 
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Inventory Inadequacies 

Only a few of the deteloping countries have started making their 
own inventories of the greenhouse gas emissions for their countries. 
Most of the currently available information comes from the estimates 
made outside these countries on the basis primarily of statistical data 
available from UN organizations such as FAO and from published 
statistical data from these countries. In these estimates, one often 
resorts to extrapolation of measurements made elsewhere, assuming 
these are also relevant for the conditions of these countries. It must be 
recognized that such estimates can lead to wrong conclusions. One 
major example in this regard is that of methane emissions from rice 
paddy fields. Extrapolation of emission data from the USA and 
Europe to conditions in India and China had earlier given substan­
tially larger values of methane emission than later obtained from 
actual measurements made in India, China and Japan. 

We believe that inventories must be made by the countries them­
selves following internitional methodologies such as those of OECD 
(which should, however, be substantially simpiified) and using emis­
sion data from our own measurements wherever available (and with 
intercalibration arrangements). 

Only a few of the developing countries have, however, so far made 
serious attempts at making their own inventories. These are princi­
pally India, Brazil and China. 

Part of the inadequacies arise from lack of coherence in the mea­
surement systems (e.g., absence of calibration and standardization), 
iniadequate networks (few and widely separated stations), and incom­
plete data bases. While CO2 emissions are relatively easy to deter­
mine from existing statistical data (e.g., Oak Ridge National Labora­
tory CO 2 emission estimates), as also estimates of consumption and 
production of CFCs, estimates of CH4 and N20 emissions require 
detailed measurements of fluxes in a coordinated, intercalibrated and 
well standardized way. Such measurements have recently been 
started in India (the 1991 Paddy Field Campaign) and China. In 
regard to land use changes, there are sometimes discrepancies (as in 
the case of Brazil) between FAO estimates and those obtained from 
high resolution satellite data. Thus, while the satellite estimation of 
the average rate of deforestation in the Brazilian Amazonian Forest 
between 1978 and 1989 was 2.1 Mha per year, the FAO estimate for 
the global tropical deforestation in closed and open canopy forests for 
essentially the same period was 17 Mha per year. 

Among the greenhouse gases, the most extensive sets of measure­
ments in the developing countries are those of ozone. The longest 
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series of measurements are with Dobson Spectrophotometers, but in 
recent years there have been additional balloonsonde measurements, 
as well as measurements with rockets. Dobson stations located 
within the latitude zone ±30' (and the dates from which measure­
ments are available) are as follows: 

NORTHERN HEMISPHERE 
"1. Quetta, Pakistan 300 11'N, 66057'E 1957*2. Cairo, Egypt 30005'N, 31017'E 1974 
*3. New Delhi, India 28038'N, 77013E' 1957 
4. Naha, Japan 26012'N, 127041'E*5. Varanasi, India 25 018'N, 83001'E 

1974 
1963 

*6. Kunming, China 25001'N, 102 041'E 1980 
*7. Ahmedabad, India 23001'N, 102041'E 1951 

with Mt. Abu 24 036'N, 72043'E 1969
8. Mauna Loa, USA 19032'N, 155035"W 1973
9. Mexico City, Mexico 19020'N, 99011'W 1973

*10. Poona, India 18032'N, 73051'E 1973 
*11. Bangkok, Thailand 13044'N, 100034'E 1978*12. Kodaikanal, India 10014'N, 77028'E 1957 
*13. Singapore, Singapore 1'20'N, 103053'E 1979 

SOUTHERN HEMISPHERE 
*14. Huancayo, Peru 12003'S, 75019'W 1964 
15. Samoa, USA 14015'S, 170034'W 1964 
16. Cairns, Australia 16053'S, 145045'E

*17. Cachoeira Pau, Brazil 22041'S, 4500'W 1974 
18. Brisbane, Australia 27025'S, 153005'E 1957 

*Stations located in developing countries. 

There are thus 18 stations within ±300 latitudes and 9 within ± 200. 
For trend analysis for which a long series of data is needed, the sta

tions that can be used are Quetta, New Delhi, Varanasi, Ahmedabad, 
Kodaikanal, and Huancayo. 

For methane measurements, the most important network is the
NOAA/CMDL cooperative flask sampling network. It should be
noted that in this network there are hardly any stations from develop­
ing countries - the only exceptions aie Barbados and Seychelles.
There are, however, several stations in the tropical regions, and 
meteorological data bases are generally good and well maintained. 
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SpecialPropertiesof TropicalRegions 
While discussing the global change activities of the developing 

countries, one should recognize that there are several features which 
are special in the tropical regions. First, the tropical regions are 
characterized by a relatively thin ozone column. This is seen in the 
average total ozone column obtained from Dobson spectrophotome­
ters. A consequence of a thin ozone layer is a much larger dosage of 
UV-B in low-latitude regions. Another characteristic of the ozone 
column in tropical regions is that there is very little year-to-year vari­
ability. Alo, the tropical atmosphere is characterized by a high tro­
popause. 

How Developing CountriesSee TheirProblems 
To most Third World countries the concern is primarily with the 

impact aspects since a majority of these are not major contributors to 
the total greenhouse emissions.* The exceptions are India, Brazil and 
China for which the emissions are as fellows (approximate values): 

India China Brazil 
Fossil fuel (Tg C0 2-C) 130 550 53 
Land use changes and 40-80 250 400-800 

biomass burning 
Rice (Tg CH 4) 3-5 5 --

Animals (Tg CH4) 7 - --

The impact aspects of concern for the developing countries are: 
" Human dimensions of sea-level rise, 
" Changes, if any, in cyclone frequencies, flood conditions and storm 

surges, 
* Effects on agricultural crops (especially wheat and rice), and 
" UV-B effects on health (cataract problems are considered more 

important than skin problems). 
In the ASCA meeting in Melbourne most Asian countries expressed 

concern about possible effects of global change on cyclone intensities 
and frequencies and suggested serious studies - both analysis of past 
observational data as well as modeling efforts - in this direction. 
The key element is the availability of regional scenarios of climate 
change, as opposed to global scenarios and the capability of develop­
ing countries to produce or obtain such scenarios. 

Another main area of concern is the lack of an efficient communica­
tion system providing access to international data bases - a concern 
mentioned in all regional conferences. In this respect the Data and 
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Information System for the IGBP (IGBP-BIS) and the Global ClimaticObserving System are of special value. The Regional Research Net­work program of the IGBP has major possibilities of linking activitiesbetween the developing and developed countries and also in access­ing data from other centers. The program is called Global ChangeSystem for Analysis, Research and Training (START). Fourteenrepresentative regions of START are proposed, as shown in Fig. 3. 
Of highest priority, according to a meeting recently held at Bellagio

in December 1990, are: 
Equatorial South America: Tropical rain forests and rapid land 

use changesNorthern Africa: Extremely sensitive to climatic 
variation and a region of recurrent 
major droughtsTropical Asian Monsoon Major global source of biogenicRegion: gases and of thermal energy to the 
atmosphere and a region of 
rapidly expanding economy 

EMERGENCE OF NEW EFFORTS 
In the past few years new effors have, however, emerged in severaldeveloping countries, and in this section we outline some of theseefforts. The new efforts are in the following directions: 

" New measurement campaigrs for greenhouse gases,
" Improvement of ozone netw .rks and observational systems,
" Satellite remote sensing capability - IRS IA and IBsatellites from
 

India,
 
" ST/MST radars, and
 
" 
Inputs generated during MAP (Middle Atmosphere Program). 
New Measurement Campaignsfor GreenhouseGases 

A major effort has been to derive a more reliable inventory ofmethane emissions from paddy fields, and for this purpose large-scalemeasurements have been made recently in India and China and more
recently in Thailand. 

The Indian measurements were in the form of a campaign launchedduring the main rice-growing season in 1991, spanning the periodAugust to December and involving a network of some twenty fieldsites distributed over the entire country and covering different soiland agricultural conditions including rainfed, waterlogged, irrigatedand wetland areas. A major feature was the introduction of 
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The 14 approximate geographic regions that are proposed in this report as a possible global set of RRNs. 

Regions and boundaries that are adopted for the global START initiative wll be based on regional 
needs and desires. through discussions with appropriate representatives from the nations involved. 

ANT Antarctic (not shown) OCE Oceania 
ART Arctic SAF Southern and Eastern Africa 

CAA Central Arid Asia TAM Tropical Asian Monsoon Region 
CAR Caribbean TEA Temperate East Asia 
ESA Equatorial South America TNH Temperate Northern Hemisphere 

MED Mediterranean TSA Temperate South America 
NAF Northern Africa WNA Western North America 

Fig. 3. Geographical regions proposed as a possible global set of 

regional research networks under IGBP. 
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intercalibration of all measurements through the nodal station at the 
National Physical Laboratory at New Delhi. Absolute calibration 
compatibility at the international level was established by exchanging
samples with the Division of Atmospheric Physics, CSIRO, Australia 
and the National Institute of Agroenvironment Sciences, Japan. Scien­
tists from Japan came to NPL, and a joint intercomparison was also 
made. As a result of this campaign, the total emission from India is 
estimated to be around 3-5 Tg CH4 per year, less than 1/10th of the 
earlier estimates made elsewhere. 

Another serious effort has been in estimating emissions from land 
use changes and biomass burning and also in providing a more accu­
rate picture of forest areas from high resolution satellite images. Two 
special efforts are those relating to the Amazon Forest of Brazil and 
the Indian observations on the forest cover changes. For the Amazon 
Forest, high spectral resolution satellite data have yielded a new esti­
mate of 2.1 Mha per year for the average rate of deforestation between 
1978 and 1989 and a decrease of this value to 1.4 Mha per year in 1990 
(values quite different from what one would infer from FAO figures).
For India a comparison of forest cover between 1983 and 1987 shows 
the following: 

COMPARISON OF FOREST COVER BETWEEN 1983 AND 1987 
(After FRI, Dehradun) 

Class 

Closed 
forest 

1983 position
(sq kms) 
361,412 

1987 position
(sq kms) 
378,470 

Net change in 
forest cover (sq kms) 

+17,058 (+4.7%) 

Open 
forest 

Mangrove 
forest 

276,583 

4,096 

257,409 

4,225 

-19,174 (-6.9%) 

+179 (+4.4%) 

TOTAL 642,091 640,104 -1,937 (-0.3%) 

Upgradingof Ozone Network and ObservationalSystems 
Although there has been no major increase in the number of observ­

ing stations in the developing countries, new techniques have been 
added in recent years. This includes the use of balloons, rockets and 
fairly extensive use of the satellite observations. Part of these new 
efforts have come from the impetus of MAP. 

As an example, Iwill describe the new efforts in this direction made 
in India. 

The observational techniques for India include: 
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* 	Dobson spectrophotometers at Srinagar, New Delhi, Varanasi, Mt. 
Abu, Pune, Kodaikanal and (for limited durations) Dakshin Gango­
tri (in Antarctica); 

" Surface chemical ozonesondes at Pune, Trivandrum, New Delhi, 
Kodaikanal and Nagpur; 

" Balloon measurements over Pune, Delhi, Trivandrum and Dakshin 
Gangotri; 

* 	Rocket measurements at Thumba; 

* 	Ground-based UV-B photometers at Delhi, Jodhpur, Pune and Wal­
tair; 

* 	A laser heterodyning system at New Delhi; and 
* 	Microwave radiometry at 110.836 GHz (limited measurements). 

The Indian Dobson network is among the densest in the tropical 
regions. Of 71 Dobson stations in the world, only 19 are within 
±300N,S and 9 within +0°N,S. Of these 19, India has five. 

The second major strength of the Indian ozone program is the mul­
tiplicity of techniques often used simultaneously or nearly simultane­
ously for profile determinations. In this context, the two 
rocket/balloon/ground-based intercomparison campaigns carried 
out at Thumba, as part of IMAP during 1983 and 1987, are of special 
value. A multi-technique, near-simultaneous set of profiles is given in 
Fig. 4. 

Remote Sensing Satellitesfrom Developing Countries 
In addition to very rapid growth of remote sensing capabilities in 

many developing countries, a major new development has been the 
launching of two remote sensing satellites by India. These are the 
satellites IRS 1A and IRS lB. 

The IRS 1A satellite, launched on March 17, 1988, provides a major 
tool for Indian scientists for remote sensing of several areas of interest 
in global change: land use, forestry, water resources, marine resources 
and agricultural products. The satellite carries three cameras using 
charge coupled devices (CCDs) as detectors and has two types of 
imaging sensors - one with a spatial resolution of 72.5 meters and 
the other with two separate imaging sensors with spatial resolutions 
of 36.25 meters each. 

Atmospheric Radars 
A major new effort has been in the installation and operation of two 

ST/MST radars in Chung-li (Taiwan) and in Tirupati (India); these are 
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in addition to the radar at Jicamarca (Peru) that has been in operation 
for quite some time. Some details of these three ST/MST radars are 
given in the following table: 

GLOBAL DISTRIBUTION OF ST/MST RADARS 

Operating Peak Power 
Facility Frequency Aperture
Location Location (MHz) Product Wm 2 

Jicarnarca, Peru 120S, 72°W 49.9 3.2x1011 
Poker Flat, USA 65°N, 147-W 49.9 2_56x101' 
Mu, Japan 35°N, 136°E 46.5 8.33x10 9 

Arecibo, Puerto Rico 19°N, 67°W 46.8 2.5x10 9 

Sousy, Germany 52°N, 10°E 53.5 1.92x10 9 

Tirupati, India 13°N, 79-E 53.0 3.12x10'0 

Aberystwyth, UK 52°N, 40°W 47.0 1.25x10 9 

Chung-li, Taiwan 25°N, 121°E 52.0 5x10' 
ICEAR, West Sumatra 0012'S, 1000E 47.0 5x10 9 

(Planned) 

The Indian radar was commissioned on ST mode on 29 October 
1990 and is available to the international community of scientists. The 
radar provides high-resolution, 3-D contours of dynamical parame­
ters on a real time basis. In addition, it allows a study of the tropo­
sphere characteristics with a resolution of 150 meters and conse­
quently provides an important tool for study of stratosphere­
troposphere exchange processes. The neighboring rocket range at 
SHAR provides opportunities for intercomparison and complemen­
tarity. 

The Chung-li radar, which has been in operation for several years is 
a Stratospheric/Tropospheric Research Radar and Wind Profiler pro­
viding continuous radio reflectivity and three-dimensional wind 
profiles in the troposphere and also at the ropopause with a height 
resolution of 300 meters. 

Another major effort concerns the planned Equatorial Radar and 
the International Center for Equatorial Atmospheric Research 
(ICEAR) to be built in west Sumatra (0°12'S, 100°19'E). It will have 
sensitivity of a large incoherent scatter radar and be capable of 
observing the entire equatorial atmosphere up to 1,000 km. It will 
operate on 47 MHz with an active phase array configuration similar to 
that of the Japanese MU radar. The planned power aperture is 
approximately 5x10 9 w/m 2. Thus, there is good coverage in the 
Asian and American sectors. 
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Inputs GeneratedDuringMAP 
Several developing countries were major partners in the Interna­

tional Middle Atmosphere Program and established or upgraded a
number of facilities, many of which are of direct interest to global
change programs. Among the developing countries which had major 
programs were the People's Republic of China, Taiwan, India, Brazil,
and Argentina. Rocket facilities were available both in India and Bra­
zil. Laser radars were operational in Brazil at Sao Jose Dos Campos
and in India at Trivandrum. A laser heterodyning system was esta­
blished in India at New Delhi, monitoring on a real time basis profiles
of ozone and water vapor. The high altitude Balloon Facility in India 
at Hyderabad was used extensively during this period. The current 
capability is fabrication and launching of balloons up to 175,000 M3 ,
payloads up to 100 kg, flights up to 36 km altitude, and duration of 10 
to 12 hours. Joint programs with other countries were also under­
taken (such as the ones between the Physical Research Laboratory in 
Ahmedabad and Max Plank Institute of Lindau). 

A special feature of direct interest for global change was the estab­
lishment of the network of UV-B photometers to measure directly the 
solar UV-B radiation instead of computing it indirectly through mea­
surements of ozone. These photometers operate at 290, 300 and 310 
nm. One unit was sent to the Antarctic to measure the UV-B radiation 
en route and at the Indian Station Maitri. A contour diagram of UV-B 
dosages over the Indian subcontinent is shown in Fig. 5. 

For the Indian program, a major target was to evolve a first order 
set of profiles of minor constituents, including greenhouse gases of 
interest (H20, CH4, CFC-1 1, -12 and -22, and N20). 

BIOSPHERE-ATMOSPHERE INTERACTION AND MODELING 
EFFORTS 

MajorPrograms(International) 
There are now several jointly arranged programs between develop­

ing and developed countries. Some of them are listed below: 

Asean-Australia Project Ocean Dynamics 

UNDP-UNEP Malaysia: Socio-economic studies 
Temperature and rainfall agricultural, 
water resources 

India-Germany Sediment Trap 
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Pakistan-USA NWIO Coastal Waters 1991 

Upwelling Regions 1993-1995: Research cruises by ships from 
of Arabian Sea India, USA, Germany, the Netherlands 

Indonesia-France Ocean-atmosphere CO2 fluxes 

GreenhouseGas Sources, Sinks and Pathways 
There are now several estimates of the greenhouse gas emissions 

from developing countries. These estimates do not always agree, and 
the uncertainties are often very large. 

In regard to carbon dioxide, estimates from fossil fuel inventories 
are available (particularly from Oak Ridge National Laboratory). 
Although country estimates sometimes differ from the Oak Ridge 
estimates (as in the case or India where country estimates are lower by 
about 15%) certain conclusions can be made. First, all the developing 
countries together contribute around 2,100 Tg per year out of the glo­
bal value of 5,500, i.e. 38%. Of this amount, the main contributions 
come from only a few of the developing countries, as outlined below: 

Asia Latin America Africa Midale East 
China, 554 Tg Mexico, 74 Tg Egypt, 20 Tg Turkey, 34 Tg 
India, 130 Tg Brazil, 53 T Algeria, 15 Tg Iran, 31 Tg 

Argentina, 26 Tg Nigeria, 12 Tg Iraq, 9 Tg 
Venezuela, 26 Tg 

Accordinig to the Oak Ridge estimates, the growth rate for the 
developing countries is 6.4% vs. 4.4% for the developed world. How­
ever, one should note also that the per capita consumption at the 
present consumption and population level, is uniformly low for the 
developing world. While the world average is 1.2 Tg per capita, emis­
sion from India is 0.2 Tg per capita; so also are the emissions from a 
large number of the deve' oping covntries (Fig. 6). We have given in 
the inset of the diagram z scenario for policy discussions in which the 
increase in per capita consumption for the developing countries and 
the decrease from the developed countries could have a convergence 
value somewhere between the two, and the period needed for the 
convergence could be negotiated. One should note that a uniform per 
capita rate based on the present population is only 0.55 Tg per capita, 
and therefore, choice of one value for the entire world is perhaps not 
feasible. 

One should also recognize that given the large residence times of 
the greenhouse gases, one is not concerned so much with emission 
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Fig. 6. CO2 emission per capita for several developing countries vis­
a-vis world average and a member of developed countries. The inset 
gives a possible policy scenanio. 
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per year but more appropriately with the cumulative input, i.e. histor­
ical emissions. If one does so, then for the period 1950-1986 the cumu­
lative emission from the USA is 27.6% (21.6% in 1986), for India 1.6% 
(2.6% in 1986 ) and for China 8% (10% in 1986). 

For biomass burning, CO2 emissions from the developing countries 
are somewhat large (country-wise distributions are given in Fig. 7).
These are taken from Crutzen and Andreae (1990). A recent estimate 
in India made by the Forest Research institute gives a value around 43 
Tg per year (deforestation: 0.36 Tg per year; shifting cultivation: 1.07 
Tg per year; accidental fires: 27.23 Tg per year; controlled burning:
0.69 Tg per year; fire wood burning: 9.00 Tg per year). Since this is 
one of the major areas of concern for the developing countries, a close 
watch through the satellite system becomes important. 

The most serious repercussions have been from the Pew measure­
ment efforts of methane emission from paddy fields. Recent measure­
ments made in India, China, Japan, Australia, and Thailand have 
shown emissions are significantly lower than earlier estimates and 
that the global value is more likely to be at the lower end of the range
of 20 to 150 Tg per year mentioned in IPCC 1990 document. From the 
estimates made in India and information available from China, it
looks very unlikely that the global estimate of methaw from rice 
paddy fields can exceed 20-25 Tg per year. The missing sources will 
have to be examined. 

As a case study we have examined the total greenhouse gas emis­
-ions and the consequent warming effects (using direct radiative forc­

-1v) for India: 
INDIA: CONTRIBUTION TO GLOBAL WARMING 

(1) (2) (3)=(1)x(2) 
Gas Contribution to 

Global Warming 
(IPCC 90)

(%) 

Emission from 
India to Global 

(%) 

India's Contribution 
to Global Warming 

(%) 

CO2 
CH4 
N20 
CFC 

61 
15 

4 
11 

2.2 (Ours) 
4 (Ours) 
4.8 (EPA) 
0.8 

1.34 
0.6 
0.2 
0.009 
2.23% 

Role of OH in Tropical Regions 
Much of the loss of methane by reaction with the hydroxyl radical 

(OH) in the atmosphere occurs in tropical regions, so much that it 
appears, based on current estimates, that the atmospheric sink exceeds 
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the total sources of methane in the area defined by ±300. This is 
shown in the following table as well as in Fig. 8. 

TROPICAL ZONE (±300) 
Tg CH 4 per year 

Sources Sinks 

Rice 
Wetlands 
Animals 

<80 
30 
40 

Atmospheric Loss 
(OH Reaction) 

Removal by Soil 

300 

10 
Gas Venting, Leakage, 20 

and Coal Mining
Land Fills 5 
Biomass Burning 30 
Termites 30 

TOTAL <230 TOTAL LOSS 310 

[loss > emission]l 

Analogue Approach - Use of Past Warm Periods 

While there is considerable doubt about the use of past warm years 
as indicative of the future, they do provide high resolution tempera­
ture and precipitation scenarios and also an indication that even in 
regions of large scale warming, there are pockets of cooling. This type 
of work was made by Wigley et al. (1980) using 50 years of tempera­
ture data for the period 1925-74 and choosing 1937, 1938, 1943, 1944, 
and 1953 as the five warmest years and 1964, 1965, 1966, 1968 and 
1972 as the five coldest years. For the Northern Hemisphere the aver­
age warming was 0.6°C, and while there was warming of varying 
degrees in most parts of the world, cooling was noticed over Japan, 
much of India and an area including and adjacent to Turkey, the 
Iberian Peninsula and adjacent North Africa, the Southwest coast of 
the USA, a region in Central Asia, and Southwestern Greenland. 
Also, while there was decreased precipitation over much of the USA, 
most of Europe, and Russia, there was an increase in precipitation 
over India and the Middle East. The increase in India varied from a 
few percent along the eastern coast (also in Bangladesh) to almost 
100% in the northwest. There was, however, a decrease in Southern 
India and in the North around Delhi. A more recent study of the 
Indian subcontinent has been conducted by Dutta et al. (1992) using 
data of 92 stations for the period 1901 to 1983 and selecting seven 
colder (1903-1909) and seven warmer years (1977-1983), i.e., the first 
and the last decades of the total time series of the data (1901-1983). 
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Fig. 7. CO2 emissions from changes in forest area and associated 
biomass burning in tropics (after Houghton, 1991 and Houghton et 
al., 1987 and as tabulated in OECD 1991 - partially modified). 
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Differences have been obtained for the entire Indian subcontinent for
Tav, T~nax, and Tmi n. Except for a few localized pock-_.s of negative
deviatlons in Ta, by and large the effect is positive up to as high a
value as 1.50C (Fig. 9). Where cooling occurs, it is noted that this is
mainly due to a larger decrease in Tmin rather than in Tmax. Tmax
changes show warming trends over almost the entire region. There is
also an indication that the plains in North and Northeastern India
experienced cooling while for the rest of India there is a warming, and
the trend corresponds to the global rise in terwperature. By and large,
rainfall amount also increased with warming (MPg. 10). 

Acknowledgements 
I gratefully acknowledge the assistance received from Mr. R.K. 

Bhasin, Mrs. Sudesh Mehra and Mr. H.S. Sharma. 

REFERENCES 
Crutzen, P.K. and M.O. Andreas, Biomass burning in the tropics:

Impact of atmospheric chemistry and biogeochemical cycles. Sci­
ence, 250, 1669, 1990. 

CSIR, Greenhouse gas emissions in India: A preliminary report, Global
Chang,- Scientific Report No. 1., A.P. Mitra (ed.), CSIR, New Delhi, 
June 1991.
 

CSIR, Greenhouse gas emissions in India, 
 Global Change Scientific
Report No. 2, A.P. Mitra (ed.), CSIR, New Delhi, February 1992. 

CSIR, CSIR Program on Global Change, New Delhi, July 1990. 
DST, Geosphere Biosphere Program, Department of Science and Tech­

nology, New Delhi, February 1991. 
Dutta, J., S.C. Chakravarty, and A.P. Mitra, Climate changes over the

Indian subcontinent during the last 80 yc'ars., in course of publica­
tion. 

Houghton, R.A., Tropical d'forestation and atmospheric carbon diox­
ide. ClimaticChange, iApress, 1991. 

Houghton, R.A., R.D. Bonie, J.R. Fruci, J.E. Hobbie, J.M. Meliilo, C.A.
Palm, B.J. Peterson, G.R. Shaver, and G.M. Woodwell, The flux of
carbon from terrestrial ecosystems to the atmosphere in 1980 due to
changes in land use: Geographic distribution of global flux. Tellus, 
39B, 122, 1987. 

IGBP, Global Change Report No. 9: Southern Hemisphere Perspec­
tives of Global Change, B.H. Walker and R.G. Dickenson (eds.),
IGBP, Stockholm. 



- 86 ­

.TGBP, Global Change Report No. 12: Geosphere-Biosphere Program: 

A 5tndy of Global Change, the Initial Care Projects, IGBP, Stock­
hlm, 1990. 

1GBP, Global Change Report No. 15: Global Change System for 
Ana!ysis, Research and Training (START), J.A. Eddy, T.F. Malone, 
J.J. McCarthy, and J. Rosswall (eds.), IGBP, 1991. 

IGBP, Global Change Report No. 16: Report from the IGBP Regional 
Meeting for South America, IGBP, Stockholm, 1991. 

IGBP, Global Change Report No. 18:1, Recommendations of the Asian 
Workshop, New Delhi, India, 11-15 February, 1991. 

IPCC, Climate Change, The IPCC Scientific Assessment, Cambridge 
University Press, 1990. 

Khosoo, T.N., and M. Sharma (eds.), Indian Geosphere-Biosphere: 
Some Aspects (Proceedings of the Symposium "Indian Geosphere 
and Biosphere Program," held in Hyderabad, January 1990), Har-
Anand Publications in association with Vikas Publishing House 
Pvt. Ltd., 1991. 

Mathews, E., I. Fung and J. Lerner, Methane emission from rice cul­
tivation: Geographic and seasonal distribution of cultivated areas 
and emissions. Global Biogeoch. Cycles, 5(1), 3, 1991. 

Mitra, A.P., Indian Programme on Middle Atmosphere: Some results: 
Adv. Space Res., 10(10), 123, 1990. 

Mitra, A.P., Overview: Global change and Indian experience, in Impact 
of Global Climatic Changes on Photosynthesis and Plant Productivity, 
Oxford and IBH Publishing Co., Pvt. Ltd., pp. XVII-XVIII, 1991. 

N.P.L., National Woi'kshop on ozone, B.N. Srivastava. and K.S. Zal­
puri (eds.), National Physical Laboratory, New Delhi, 1988. 

OECD, Estimation of greenhouse gas emissions and sinks, August 
1991. 

Spivakovsky, C.M., S.C. Wolfsy, and M.J. Prather, A numerical 
method for parameterization of atmospheric chemistry: Computa­
tion of tropospheric OH. 1.Geophys. Res., 95, D1I, 18433, 1990. 

Srivastava, B.N., M. Jain, M.C. Sharma, Private communicatzon, 1992. 

Stolarsky, R.S., P. Bloomfield, R. McPeter and J.R. Herman, Total 
ozone trends deduced from Nimbus 7 TOMS data. Geophys. Res. 
Lett., 18(6), 1015, 1991. 

TERI, Proceedings of the International Conference on Global Warm­
ing and Climate Change: Perspectives from Developing Countries, 
S. Gupta and R.K. Pachauri (eds.), 1990. 



-87-

Thapliyal, V. and Kulshrestha, S.M., Climate changes and trends over 
India, Mausam,42(4), 33, 1991. 



- 89-

CONTROL OF GLOBAL CHANGE:
 
INDUSTRIAL VIEW
 

E.P. Blanchard* 

It is my privilege to present an industrial view of the issues surround­
ing atmospheric chemistry and global change. My remarks will be ol? 
a general nature, dealing with matters of policy. 

Let me begin by reaffirming that industrial multinational corpora­
tions (MNCs) have the need and opportunity to address the chal­
lenges of atmospheric change. The need to act derives from a growing
perception that populations and industrial activity are now at a level 
where they have the potential to create global climatic deviations. 
Two compelling forces for corporate action are the need to maintain
 
public consent to 
 rrmnain in business, and the moral imperative ot 
good stewardship. 

The industrial MNCs are qualified to take a leadership role because 
they have many of the attributes necessary for global responses.
Among these are scientific and technological resources, the means to 
effect tech..,,ology transfer, and the opportunity to help develop and 
apply worid standards. Perhaps most important among the charac­
teristics of the companies is the discipline of having to combine 
economic, environmental and social elements in their approach. 

Industry is beginning to respond in organized ways to society's
demands, in cooperative efforts under the auspices of groups such as 
the Chemical Manufacturers Association, through the Responsible 
*Vice-Chairperson, E.I. Du Pont de Nemours and Company, Wilmington, DE, USA 

Previous Pag, Blani 
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Care Program, and others. 

Unfortunately, the demands of society are not always clear and uni­
form, especial!y when we consider global issues. For example, there 
are those who believe environmentalism is all about saving the planet 
and that in this ultimate of all crusades no trade-off is too extreme. 
This view ignores the reality that human beings would become 
extinct in a hostile environment, and the planet would go on perfectly 
well without us. Some other species might flourish in the new condi­
tions. On the other hand, there are people who take a more practical 
view -- they waklt to protect the environment because they under­
stand it is essential to the quality of life as we know it. 

When I was the head of the Du Pont business most involved in the 
chlorofluorocarbon-ozone issue, we periodically discussed the 
scientific data very thoroughly, as new facts became available. But I 
kept coming back to the question, how will all this affect future gen­
erations, including my grandchildren and their children? Inability to 
fully answer that question to my satisfaction weighed heavily in my 
decision to support CFC phaseout. Ultimately, environmentalism is a 
human value. 

My point is, I hope we can all agree that what we a1' concerned 
about here is global change in terms of its effects on 1he huza.i condition, 
current and prospective. 

This is an important point because it should help determine the 
parameters of our efforts, and suggests broader implications than 
purely environmental impacts as we consider how to control global 
ch'mge. The question then becomes to what extent and in what cir­
cumstances is it necessary to control man's contribution to global 
change, consistent with maintaining or enhancing the quality of 
human life. Of course, we also recognize that human welfare begins at 
the lowest levels of the food chain, with the fate, for example, of 
plankton and krill. 

Any discussion of the human condition must include considera­
tions of equity. Unfortunately, in an environmental context, this inev­
itably creates a dichotomy. On the one hand, we must recognize that a 
large proportion of the people of the Earth live in extreme poverty. 
Their only hope for a step-change improvement in their lives is indus­
trial development. On the other hand, such development as it was 
undertaken in Europe and the United States in the formative rt.3ges 
could not be tolerated today simply because of the numbers of people 
involved. Ecological systems could not survive such an onslaught :n 
a way that would sustain the full spectrum of life support conditions 
as we know them. So should the affluent nations tell the people of the 
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Third World to suffer in silence? And would they? The answer is no, 
to both questions. 

It is the responsibility of the global industrial community to help
resolve this dilemma. The challenge is to meet the needs of future bil­
lions and to help raise up from misery those who already inhabit the 
impoverished regions, without bankrupting the environment. More 
precisely, the challenge is to generate and disseminate economic 
well-being without creating environmental distortions that would 
adversely affect the overall quality of life now and in the future. 

A start has been made. Last April, in Rotterdam, 250 international 
companies pledged support for a set of principles embodying this 
concept, under the auspices of the International Chamber of Com­
merce and the Business Council for Sustainable Development. The 
group includes Du Pont, ICI, Bayer, Hoechst, BASF, Dow and other 
major chemical and petrochemical manufacturers. 

The broader concept of human welfare is the guiding principle
behind the position of Du Pont and others on global climate change.
In the case of global warning, we believe there is adequate time to 
develop sound scientific, social, political, and economic bases for 
policy-making. Premature, overly restrictive actions could have 
disastrous effects on national economies and standards of living, as 
well as slowing or halting advances in technology needed for environ­
mental progress. Therefore, public policy must be based on common 
understandings, developed in a global context. 

Our own and other interpretations of the data indicate that some 
global warming is probable within the next 50 to 100 years as a result 
of humankind's activities. The degree of change, rate of change and
regional variations still include many unanswered questions. These 
issues are all well-known to this audience and have been and will be 
explored much more rigorously during this conference. But even 
though the scientific jury is still out on some of the most important 
aspects of global warming, we know that once a climate change 
occurs, it may persist for decades. This is a key point in considering
undesirable change - our grandchildren and great grandchildren 
will have to live with it. 

This suggests we do not always have the luxury of waiting for con­
clusive evidence of deleterious effects. If we are not suve significant
negative effects can be avoided, on the basis of current evidence, steps
to mitigate such effects obviously must be taken as soon as is pru­
dently possible. For example, Du Pont has committed to eliminate 
nitrous oxide emissions from our adipic acid plants, even before all 
the evideace on aware of theglobal warming is in, because we are 
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long lifetime of this greenhouse gas which also apparently has ozone 
depleting potential.1 We are working with other major producers to 
eliminate what previously had been considered an insignificant 
byproduct, and will meet in April to share results. The work includes 
field and laboratory tests, and the group is pleased by progress made 
to date. In addition, Du Pont is looking at a range of processes to see if 
there are other such byproducts that may contribute to global change. 

Of course, the CFC-ozone issue brought the most important indus­
trial response so far to environmental challenges. This issue embraces 
social, ethical and economic considerations of huge proportions. It 
involves massive investment in air-conditioning and refrigeration 
equipment throughout the world, as well as the capital represented in 
the production of CFC-based refrigerants. Compared to the invest­
ment in user equipment, the latter is relatively minor. For example, 
Du Pont projects spending about $1 billion to replace CFC production 
with alternatives. However, at a very rough estimate, we're probably 
talking about a quarter of a trillion dollars invested in installed equip­
ment worldwide, f-r refrigeration and air conditioning. We have 
estimated that about $135 billion of that is in the United States. 

The history of the CFC initiative is well-known, but to summarize 
briefly for the record, in the early 1970s some scientists theorized that 
CFCs might be rising into the upper atmosphere and breaking down 
the ozone layer. At first there was no hard evidence, but in coopera­
tion with government and university progiams Du Pont and others in 
industry supported further scientific research to better understand the 
ultimate fate of CFCs, and we concurrently began looking for alterna­
tive products. Then a significant ozone loss was detected over 
Antarctica. At that point, Du Pont stepped up its R&D efforts and led 
industry support for an international agreement - the Montreal Pro­
tocol - to limit production and use of CFCs. 

In March of 1988, we saw the results of a scientifically impressive 
study initiated by the National Aeronautics and Space Administra­
tion, which -- while still no smoking gun - led us to conclude that 
we must phase out these products completely. At the same time, we 
had responsibilities to our customers - an ethical obligation to con­
tinue to meet their needs during the transition out of CFCs. Consider­
ing that we supplied 25 percent of all CFCs used worldwide, precipi­
tate action on our part would not have been consistent with our 
responsibilities to society. These include the need to maintain refri­
geration for food and medical supplies, as well as for air conditioning 
and other uses. We decided to corixmit to a CFC phase-out and at the 
same time pull out all stops in an effort to find, develop and manufac­
ture environmentally acceptable substitutes. 



Today we have 10 plants for alternatives in operation or under con­
struction, including two large plants - one in Ontario and one in 
Texas - where we have begun commercial production of a new fam­
ily of alternatives. These are the Du Pont "Suva" refrigerants,
announced early this year. We also offer alternatives for foam­
blowing and cleaning. 

Industrial users have been extremely cooperative in helping find 
solutions to the various challenges associated with developing work­
able and ozone-friendly CFC alternatives. However, there have been 
differences of opinion in public policy debate about which com­
pounds are best for what purpose. This is to be expected. The transi­
tion from a few workhorse compounds to many specialized com­
pounds will bring to life different forms of competition, the possibil­
ity of regulatory manipulation, and many opportunities for misunder­
standing. There may be large investments that will fail and poten­
tially successful ventures that will be avoided out of fear of regulatory
over-control or second-guessing. But there wil: also be commercial 
successes. 

The CFC initiative is certainly a watershed event in terms of inter­
national cooperation. Many valuable lessons can be learned from the 
protocol as we seek agreement on other aspects of climatic change.
We hope the full measure of these lessons will be learned. In this I 
would especially include the components that led to the protocol.
These are an initial scientific basis, involvement of the global com­
munity, a flexible framework treaty, fostering continued scientific 
input, and a role for business. I believe decisive leadership from the 
premier producer was essential in this case, and it also seems reason­
able to suggest that only a large company with substantial scientific,
technical and financial resources could have taken that leadership. 

The international agreement on CFCs was unusual in its degree of 
success, although even this was not a complete success as several 
developing nations have been slow to join. One of the major obstacles 
to effective global responses to global problems is ­ to put it mildly 
- lack of alignment in the environmental policies of tht various 
governments of the world. Environmental regulations and the way
they are enforced vary greatly from one country or region to another. 
This is understandable in some cases. Obviously the priorities for a 
country with a shortage of food and medical supplies will be different 
from those in developed countries. However, the regulations also 
vary within the United States, where states superimpose their own 
rules on top of federal standards. Often environmental priorities are 
set by the media. Thii scare-of-the-month prioritizing leads to misal­
location of resources and it goes without saying that it is seldom 
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based on good science. 

Ideally, there would be an objective global authority with the 
resources for solid scientific research, and high credibility with the 
public. In the United States, we have the Environmental Protection 
Agency, which is doing a good job but has limited resources, and of 
course is primarily engaged in enforcing current law. NASA, the 
National Science Foundation, and the National Ocer.aic and Atmos­
pheric Administration are advancing our understalding of the sci­
ence of climate change. Also, we have the National Laboratories, such 
as the one at Los Alamos, which have built up extraordinary research 
capability but which may have a lessening role since the end of the 
Cold War. The National Laboratories have the technical resources and 
the charter to conduct research into complex environmental issues 
such as global climate change, and could help strengthen the bridge 
between science and public policy. There will be no ideal state, but 
perhaps there is a vital new role here for the National Labs, and the 
dedicated scientists who work there. 

Internationally, the best hope may well be some kind of United 
Nations charter that would enunciate guidelines and principles, on 
the premise of sustainable development. These guidelines would seek 
a balance between economic growth and environmental protection, 
along the lines of the Rotterdam Charter. We hope the Earth Charter 
and AGENDA-21, to emerge from next year's U.N. conference, will 
embody this spirit. Such guidelines could not be overly specific, of 
course. For example, a central planning authority could not possibly 
lay down specific and 3ensible worldwide rules regarding the desira­
bility of incineration versus materials recycling. This would depend 
on location and conditions in individual cases. 

The broader point here is that multinational corporations would 
welcome consistent international guidelines and goals, but probably 
would agree it would be counterproductive to include detailed rules 
on "how to" achieve these goals. 

As S. Bruce Smart, Jr. of the World Resources Institute has pointed 
out, sanctions and regulations are occasionally needed, but they tend 
to alienate corporations and make them defensive rather than proac­
tive. 2 lie advocates that society instead should "establish the goals it 
wishes to achieve and translate them into a system of positive 
stimuli". Again we are left with the question of who should establish 
the goals, and create the motivation. And again we come back to the 
community of nations, at least partly because it already exists, in the 
form of the United Nations. 
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Most people I know in industry would be filled with apprehension 
at the prospect of a central bureaucracy dictating rules and regula­
tions for the world. I share that apprehension. But at least the United 
Nations may be able to create some alignment among sovereign states 
in general principle. This would recognize the need for economic 
activity that increases prosperity without undermining the environ­
ment on wh.ch the economic activity depends. 

The general agreement could include some ancillary commitments. 
For instance, no industrial plant should be built anywhere in the 
world without a definitive plan for waste minimization, waste treat­
ment, and emissions reduction. 

No country should subvert the principles by using them for "green 
protectionism." This is the practice in which a government may 
require very strict environmental compliance from multinationals 
while applying relaxed standards to its own national companies. This 
would in effect subsidize the country's own industry and erect a non­
tariff barrier to trade. Instead, standards should be applied uniformly, 
and countries should seek investment by multinational companies 
and use it as an opportunity for the transfer of environmental technol­
ogy. 

In those cases where a state flagrantly disregarded the principles of 
environmental protection as agreed upon by the community of 
nations, sanctions could be employed against that state. 

To return to my original premise, the role of multinational corpora­
tions in all this is multifaceted. First, we must participate in and sup­
port the development of sound science, in cooperation with other 
companies and institutions. There has been extraordinary cooperation 
in response to issues such as the effects of nitrous oxides and CFCs. 
But we need to be more proactive, recognizing that a profoundly 
deeper level of understanding is needed for predicting global change, 
for guiding product stewardship and for making public policy deci­
sions. For example, Du Pont has joined the National Aeronautics and 
Space Administration, the National Science Foundation, Harvard, and 
others, in developing a high-altitude unmanned aircraft io further our 
knowledge of the structure of the atmosphere. A prototype of this 
craft, called Perseus, is currently being flight-tested over California. It 
may be the first of a series of increasingly sophisticated high-altitude 
platforms. I'm not suggesting there's a major breakthrough here ­

but possibly another useful tool for diagnosing atmospheric chemis­
try. 

In summary, the global industrial enterprises are best-equi, --d to 
come up with solutions, cooperating among themselves and with 
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institutions. A universal understanding, or philosophy, is developing 
around the idea of sustainable development. This is entirely con­
sstent with the universal need to balance social, environmental, and 
economic considerations, and with the bottom-line discipline of the 
MNCs. And, finally, the MNCs can provide the mechanism for leap­
frogging the technologies that lead to envi-onmental degradation. 

This would be facilitated by an international focus for policy., 
perhaps under the auspices of the United Nations, and an absence of 
governmental micro-management. 

The important thing is, the industrial-scientific community must be 
involved in the policy-making process if for no other reason than to 
keep it reasonably practical. There ',ill be no point in our complain­
ing after the fact if the community of nations formulates policy we 
consider counterproductive. 

REFERENCES 
1. Mark H. Thiemens and William C. Trogler, Science, February 22, 

1991. 
2. NAS colloquium on industrial ecology, May, 1991. 



-97-

CONTROL OF GLOBAL CLIMATE
 
ALTERATION:
 

POWER INDUSTRY PERSPECTIVE
 
George M. Hidy* 

ABSTRACT
 
The electric utility industry is ambivalent to the issue of climate
alteration. Some question the scientific interpreta'4on of results, and
others view the issue as another step towards "forced deterioration" of
the U.S. energy system. Still others view actions to suppress climate
alteration as a major opportunity to promote further electrification ofsociety. Whatever the view, scientific research combined with "elec­
tro" technology development is believed to be crucial to publicresponse. An industry R&D program has emerged that is intended to
provide for an integrated assestutent of the prospects for climate
alteration and its environmental effects. The research complements
the U.S. global clirate research program. Utility interests are concen­
trating on environmental risk analysis opportunities by strengthening
their development of options for high efficiency technologies, as well 
as adaptive or mitigative approaches. 

I. INTRODUCTION 
The purpose of this paper is to summarize the position of the elec­

tric utility indusiry's R&D perspective on the issue of climate altera­
tion. 

*Vice President, Electric Power Research Institute 
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Public awareness of the potential for antl'ropogenic climate altera­
tion has increased significantly over the past decade. Man's influence 
on global climate is said to derive from changes in the earth's radia­
tion balance resulting from a rising accumulation of radiatively active 

(6,-enhouse) gases (GHG) in the a'mosphere. These include anthro­
pogenic carbon dioxide (CO2), methane (CH 4), nitrous oxide (N20) 
and chlorofluorocarbons (CFCs). The industry directly or indirectly is 
involved with all of these gases, through either the production or use 

of electricity. This industry is most often identified with CO 2 emis­
sions, accounting for about 27% of the total U.S. emissions; the total 
U.S. emissions irr turn are about 25% of world CO2 emissions. As a 
highly regulated industry, electric utilities are an identifiable target 
for GHG management, even though their (U.S.) contribution to the 
world total atmospheric GIG burden is relatively small. 

The U.S. electric utility industry is currently experiencing formid­
able pressures for change at both the regional and national levels. 
The pressures are related to increasing non-regulated competition, 
costs and cash flow control, fuel use and management, and multiple 
stresses of environmental protection. These factors, along with 
regional socio-political considerations, form the business environment 
in which utilities respond to management of environmental risks like 
climate alteration. 

The industry response ranges from (a) sufficient skepticism about 
the prospects for significant climate effects to resist unwarranted 
changes in energy use or production to (b) a full, unqualified support 
for energy management minimizing GHG emissions regardless of the 
state of climate science. Resistance to action is partly a logical exten­
sion to utilities' responsibility for management to minimize electricity 
costs to the customer, while accounting for broadening requirements 
for all aspects of environmental procction. Alternatively, motivation 
for action comes from a perception that the customer (public) is 
aggressively supporting changes that will modernize electric services 
while accommodating insurance for environmental protection. 
Balancing these counter pressures remains the choice and judgment of 
each utility, given local or regional settings. 

Regardle3s of their position, the electric utilities are very concerned 
about the potential for major disruption, reduction in reliability, and 
costs that may result if precipitous GHG emission controls were to be 
implemented. At the same time, the industry recognizes the potential 
value of "wider and wiser" use of ele tricity as a means to enhance 
world energy supply while suppressing GHG emissions. Given this 
setting, this paper discusses the science and mitigation issues that are 
reflected in the electric utility response to the risk of climate 
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alteration. Technology alternatives for imposing efficiency on the use 
or generation of electricity are excluded from this paper. 

II. INDUSTRY REACTIONS 

A. Questions About the Science. 
Research on climate alteration and its environmental effects contin­

ues to expand as a result of intensified interest and commitment to 
improved knowledge. As new informat~on emerges, the complexities
of the science have become more explicit, showing the limitations in
"problem definitien." While the theoretical and observational under­
standing of climate and its variability has improved, 3cientists remain 
at odds about the reliability of prediction of climate alteration from 
greenhouse gas forcing. As mathematical schemes to represent ocean 
interactions and cloud processes are added, for example, the apparent
"sensitivity" of climate alteration estimated from current models has 
decreased, at least in terms cf warming potential. 

The potential effects of climate alteration, including precipitation 
patterns, occurrence and intensity of storms, disruption of ocean 
processes, like the current structure or the El Niho warming, remain 
ambiguous. Observations of surface air or sea surface temperature
show well the variability in annual and interannual measures, but do 
not as yet confirm warming within that variability. Other measures 
of climate warming also yield ambiguity; for example, there is some 
evidence over the last century of increased occurrence of sea ice 
around southern Iceland, suggesting ice cap melting, while glaciers
have clearly retreated in the last century. In contrast, phytoplankton 
activity has apparently declined slightly in the Northern Pacific 
(rather than increased with temperature or CO2 absorption, as might 
be expected). Correlation between sunspot activity and temperature
change over the last century also has resurrected the possibility of 
natural forcing or cycles of tens of years. These mixed results lead 
skeptics to question whether the theoretical predictions of climate 
change really represent harbingers of widespread environmental dis­
ruption. 

Just as important as predicting climate in itself is the sparsity of 
specific information about the potential environmental effects of cli­
mate alteration. There is a list of possibilities from sea level rise Ce,
intensification of storms, to loss of water resources, agricultural pro­
ductivity or natural ecosystems. For some possibilities, anecdotal 
information exists from historic records; for others, the effects amount 
to sheer speculation. Many scientists do not separate facts from opin­
ion when speculating about environmental damage. However, the 
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few who have actually attempted by conventional arguments to quan­
tify damage as a function of a measure (if climate aiteiration have 
found that the economic value in loss of gross world product is quite 
modest1 . The valuation of possible effects using today's knowledge 
suggests that essentially all of the identified effects are quite manage­
able by technologies available today2. Analyses of optimization of 
emission management costs vs. estimated benefits of reduction of 
damage3 suggest that economic damage functions would have to be 
highly non-linear with increasing climate alteration to stimulate polit­
ical action, even into the first quarter of the next century. These con­
siderations give focus to the strong need for greatly improved infor­
mation on environmental effects so that convincing risk assessments 
can be done. At present, the decision makers again do net find a 
catastrophe in climate alteration; in one extreme, there may be no 
detectable effects superimposed on the "known" variability of the 
earth-clinate response system. In this light, adaptation (as necessary) 
appears to be a preferable alternative to early, extensive disruption of 
the growing world en ery supply system. 

B. Vulnerabilityof the Ene-gy SysL.-n. 
The industrial health of the United States and indeed all nations 

depends strongly on the reliability and robustness of the national 
energy supply system. The U.S. electrical supply, for example, is 
founded mainly on fossil fuel consumption, with about 70% using 
coal. Coal is also a preferred fuel for power plants for the foreseeable 
future, not only in the U.S. but other large countries like Russia and 
China. A segment of the U.S. electrical utilities fears that an early, 
aggressive national response shifting from a coal-based electicity 
production to lower CO2 emission plants would add substantial stress 
to an industry already hard pressed by other issues. A search for 
demand-side efficiencies combined with wholesale replacement of 
plants, shifts to extensive use of natural gas, or addition of major 
emission control technology on top of sulfur and nitrogen oxide 
reduction requirements, could drive the industry into greatly reduced 
reliability in performance with a strong rise in costs. Most other 
nations also rely heavily on fossil fuel use, which makes the world 
energy system quite vulnerable to precipitous shifts in fuel resources. 
This vulnerability has a direct and critical importance to world 
economic development and public well being. 
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C. Opportunitiesfor Electrification. 
Perhaps the more optimistic and opportunistic segment of the

industry views the issue of climate alteration as integral to a burgeon­
ing technological change that will exploit electrification. Some have 
even stated that electrification worldwide represents an ultimate solu­
tion to efficient energy use, and effective energy pollution manage­
ment. The applications of new end-use electro-technologies, com­
bined with varieties of alternate generation systems and electrical 
transportation, are on the horizon. Realization of many environmen­
tal benefits from electrification will depend on emission controls, or
alternatives for fuel use that depart from dependence on fossil fuels. 

Substitution away from carbon fuels for electricity supply in the 
next century, of course, will be an important goal for resolving
today's environmental issues. Tomorrow's issues remain to be deter­
mined, but the industry is sensitized now to search for them as an
adjunct to introduction of new technologies. These are expected to
include combined cycle systems with fuels cells, resurgence of nuclear 
power and mere ex!ensive reliance on renewables and biomass fuels, 
as well as solar, wind and hydro uower. 

III. 	OPPORTUNITIES FOR R&D 
The electric utilities have relied heavily on four modes of research 

and development to maintain their technological resources. These
include: (a) development programs by major equipment manufactur­
ers and engineering firms, (b) basic and applied research through the 
federal government, (c) individual company or agency programs, and
(d) collaborative research through institutions like the Electric Power
Research Institute (EPRI). In the last decade, collaborative programs
have not only become an increasingly important contributor in them­
selves, but also have facilitated increasingly effective cooperative pro­
grams with equipment 3uppliers, the government, and individual 
utilities. 

The electric utilities have employed all of the above approaches to
address the issue of global change, as a component of its broader 
R&D programs. Through EPRI, a major collaborative effort has been 
initiated that attempts to provide perspective on the range of concerns 
posed by global change. Programs have been established to improve 
our understanding of climate alteration and its environmental effects, 
as well as accelerate the development and demonstration of environ­
mentally benign, efficient supply and end use technologies. Most of
EPRI's program focuses on development of high efficiency and
environmentally benign technologies. However, the Institute also has 
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initiated certain key scientific projects that are intended to comple­
ment the large, federally funded U.S. Global Change Research Pro­
gram (USGCRP). EPRI's scientific work is organized to follow up the 
experiences gained from earlier major, multi-disciplinary efforts like 
the National Acid Precipitation Assessment Program (NAPAP). 

The NAPAP exercise showed clearly that timely and concise com­
munication of scientific results in a form useful to decision makers is 
an essential format for national efforts addressing jointly environmen­
tal, energy and economic policy. Both the U.S. and international cli­
mate change research planning recognize this need, but to date have 
not organized well to effectively supply (risk analysis) information to 
the public (and private) sector. 

A. An IntegratingFramework. 
Perspective on the progress in the earth sciences needs to be imbed­

ded in the advancement of understanding of the technological and 
socio-economic setting that creates response to coping with global 
change. An integrated assessment framework facilitates the structur­
ing of scientific results for evaluating environmental risk. Such a 
framework is exemplified in Figure 1. Here the natural processes are 
closely linked with feedback to the human socio-economic system to 
identify conceptual important connective pathways. From such con­
ceptualizations, environmental research on global change then clearly 
needs to be a balance between the earth sciences and knowledge of 
human values and research. Meaningful assessment will, of course, 
require such assessments on a regional scale, a scale that currently is 
well beyond the capability for prediction. This balance remains to be 
achieved in the USGCRP and other programs4 . 
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Figure 1. Conceptual diagram illustrating the integration of Earth science 

research and social science research to address global change.Shading is added to topics where relatively high level of 
klowledge exists. (Fom Hidy and Peck 4) 

The utility industry's research effort, as exemplified by EPRI's 
work, is organized to address major elements of the framework in 
Figure 1. This design recognizes the smal utility contribution of 
research resources relative to the very large U.S. Global Climate 
Research Program.5 Nevertheless, to date, EPRI has filled important 

areas of weaknesses in the federal program, including: (a) socio­
economic evaluation of the impact of various measures to suppress
GHG emissions, (b) the relation between costs of GHG emission 
reduction vs. projected environmental benefits from climate stabiliza­
tion, (c) critical uncertainties in climate-general circulation models, (d)
historic patterns of climate change and atmospheric chemical compo­
sition, (e) definition of potential environmental effects on utility sys­
tems, as well as itatural e.o-systems, and (f) development of
approaches to carbon cycle modeling, incorporating human interac­
tions with natur,!l processes. 

To strengthen the focus on the distinction between uncertainty
issues that are relevant to decision making compared with emerging
science, EPRI recently has joined with several agencies of the federal 
government to construct a conceptual framework focusing scientific 
studies on decision making questions. The results of this exercise 
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should facilitate the use of an integrating framework to set research 
priorities for the next few years; the results from this key workshop 
will be available by late 1991. 

B. EnvironmentalSciences. 

Results frorc EPRI's studies to date in these areas have noted: (a) 
the potentially very high social costs of suppressing GHG emissions, 6 

(b) the critical importance of improved knowledge of the significance 
of potential environmental effects of climate alteration for cost-benefit 
analysis, 3 (c) the key importance of negative feedback mechanisms 
(oceans and cloud systems) influencing the prediction of climate, (d) 
important ambiguities or inconsistencies of different climate-related 
records for characterizing climate change,7 (e) the vulnerability of 
electricity generation to climate change,8 (f) the specific resilience vs. 
vulnerability of natural ecosystems to climate change in North Amer­
ica, 9 and (g) critical sensitivities of the global carbon cycle to natural 
processes involving, for example, dissolved carbon in the oceans and

10 
soil carbon content. 

As scientific investigations accelerate, new results are showing the 
great complexity of climate forcing and feedback that underscores the 
high degree of uncertainty in predicting future environmental condi­
tions. The uncertainties are compounded when investigators try tu 
extrapolate global average forecasts to geographically specific condi­
tions of greatest interest to decision makers. Using an integrating 
framework of interactive process models, risk analyses will be con­
ducted, accounting formally for predictions in the context of cumula­
tive uncertainties in knowledge. 

Trade-offs between economic development and severe environmen­
tal stress in the regional setting will most likely motivate political 
actons to sacrifice the former as protection against the latter. Poorly 
characterized uncertainties in the knowledge leading to trade-offs will 
reduce confidence in the directions for societal actions. EPRI's results 
to date have assisted its industry sponsors and the public to appreci­
ate better the technological and economic consequences of buying 
insurance to offset potential climate effects. However, EPRI's work to 
date, complementing the international research effort, has yielded lit­
tle that would give industry leaders an ability to understand the 
significance of uncertainties in climate predictions to coalesce an 
industry response. The large uncertainties that accumulation of 
knowledge brings translates into results that call for great care in deci­
sion making, placing high monetary value on new information 
expected from the next decade of research.3 1' 



-105-

C. Mitigation Technologies. 
Despite today's ambiguities in an analytical framework for decid­

ing a course of action blending energy and environmenial protection,
the general direction of policy appears clear. Thus, the electric utili­
ties need to identify and demonstrate technology options that will 
insure stable energy supply, with GHG emission management. In 
addition to developing higher efficiency generation and use technol­
ogy, EPRI's program has explored opportunities for emission reduc­
tions of CO2, or emission offsets using carbon-cycle management. In 
the former case, conventional carbon removal and sequestering tech­
nologies do not look economically promising for U.S. emission con­
trol. Examination of biospheric management options is currently in 
progress. Case studies have looked at carbon storage by forestation, 
by cultivation of halophyte plants, and stimulation of marine vegeta­
tion. Preliminary estimates of the upper limit capability to sequester
carbon in trees annually is about 0.1-1.0 GTC (gigatons carbon) rela­
tive to current anthropogenic emissions of 5-6 GTC 2 . Widespread 
cultivation of halophytes in arid regions could remove roughly
another 0.1-1.0 GTC annually13 . Sequestering of carbon near shore­
lines by seaweed is very limited. However, stimulation of macro­
algae and phytoplankton could remove larger quantities of CO2 from 
the air, but would require massive management practices as yet 
untested at sea. 

Finally, EPRI has explored the potential of aqueous, catalyzed, pho­
toelectrechemical reactions to reduce CO2 to hydrocarbon species. 4 

At best, these reactions have similar conversion rates to photosyn­
thesis, and do not look promising at this time for use in reducing 
power plant CO2 emissions. 

IV. OUTLOOK OF INTERNATIONAL UTILITIES 
The electric utility industry abroad has expressed a range of views 

about climate alteration as in the United States. Since the industry is 
nationalized in many countnes, its views are consistent with govern­
ment policy. The international R&D agenda is similar to that of U.S. 
utilities. One early straw poll15 indicated that international coopera­
tive projects with similar objectives would have common interests 
among a wide range of geo-political sectors. 

Studies to date have bpir- aken to inform the industry about 
the scientific issues, whi' a the technological opportunities
for GHG management, .,on to climate change, should it 
occur. 
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V. SUMMARY 
The 	electrical utility industry recognizes climate alteration as an 

issue for environmental protection. However, representatives of the 
industry are not only divided about the significance of climate change 
and 	its environmental effects, but also the extent to which energy sup­
ply strategy should account for climate alteration. Essentially all utili­
ties, 	nevertheless, would subscribe to progressive efforts to improve 
energy use and generation efficiency. However, incorporation of 
GHG management in an energy strategy beyond incremental commit­
ments is cloudy, especially when one looks at the evolution of future 
international growth and distribution of GHG emissions and their 
ability to be managed. 

Electrical utilities consider that a modest research and development 
activity complementing the very large national programs offers an 
opportunity for critical insight on the issue. Added information 
about the relevant earth sciences, technology options, and socio­
economic contraints will be essential in the short and long term for 
insightful decision making. In this light, utilities have invested in col­
laborative research aimed at supporting periodic assessments of the 
potential effects of climate alteration and their economic significance. 
At the same time, a continuing assessment of options for adaptation, 
mitigation and avoidance of GHG effects on climate is desirable to 
insure that technology is available if needed to deal with global 
change. 
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FUTURE ENERGY SOURCES
 
AND THE ATMOSPHERIC
 

CHALLENGES FOR
 
RESEARCH AND DEVELOPMENT
 

C. H. Krauch* 

What kind of energy policy will minimize global environmental dam­
age in the next century? A challenge for research. 

Summary 
Reserves of fossil fuels will last a long time yet. Liquid, gaseous 

and solid fuels are not expected to be in short supply for at least 150 
years. Liquid propellants are being produced by new methods. At a 
later stage the main burden of energy demand may be met by 
improved, safe methods of nuclear power generation. Research is still 
needed here. 

The damage to the environment associated with the energy supply 
industry, ard indeed with life itself, will become a grave problem 
before many more years have passed. As the population of the earth 
increases, so too does its urgent need for energy and consumer goods. 
The result is widespread pollution of the atmosphere, surface water 
and soil, which may produce drastic consequences as a result of 
climatic change and/or damage to the biosphere. It is vital that 
research be carried out to establish the extent of this threat, so that an 
international consensus can be reached on what countermeasures are 
to be taken. By far the most effective action is based on demographic 
policy. Industrial measures based on the efficient generation and use 

*Board of Directors of the 4s AG, Marl, Gi~ny 
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of energy, and action to preserve the earth's vegetation, must be taken 
at the same time. Alternative energy, as it is known, will play only a 
minor role, and these priorities must be borne in mind when detci-­
mining the future focus of research. 

Fossil Energy Resources 
Our resources will last much longer than the three decades on 

which I will focus my attention. Table 1 shows the presently known 
or presumed resources of fossil and nuclear fuels. Table 2 gives ratios 
of the resources of Table 1 over annual consumption figures (1988). 
These ranges tell us how long the resources will last, if we continue 
consumption at the present rate. Increasing consumption would, of 

4 ,5course, shorten these ranges, as shown in the last column ,' 3 , . There 
will obviously not be a shortage of any of these fuels. 

TABLE 1.WORLD ENERGY SUPPLY -- 1989 
(in billion tons - coal equivalent) 

Deposits 
Known Estimated 

Mineral oil 182 400 
Oil shale, tar sands, heavy crude oil 2,000 
Natural gas 146 450 
Coal 609 7,500 
Nuclear fuel 

130 $/!b U 80 
500 $/lb U 900 

TABLE 2. WORLD ENERGY SUPPLY 
(estimated ranges in years) 

Known deposits Estimated deposits Estimated 
divided by divided by ranges at 

consumption consumption increasing
(1988) (1988) demand 

Mineral oil 40 90 30-50 
Natural gas 60 190 150 
Coal 170 2,000 1,000 

The supply of mineral oil - in its conventional form - will prob­
ably decline between 2020 and 2040. But natural gas will last much 
longer - up to the year 2100 or so - and coal will probably be avail­
able for another thousand years. 
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Heavy crude oils, tar sands, and, above all, oil shales have only
been partially explored so far (Canada, Venezuela). They are avail­
able in huge quantities, as they probably will be for hundreds of 
years. 

One thing is clear: production costs will be much higher, and oil 
prices between $25 and $45 per barrel - based on today's prices -
are not unlikely ($25 to $30 per barrel in the case of heavy crude oil,
including hydrogenation - $35 to $45 per barrel in the case of oil 
shale, including hydrogenation). Such pri es are, however, by no 
means prohibitive. Or, to put it the othei way roun i: such prices are 
still sufficiently low to make "alternative ei-ergy sources" non­
competitive. 

As long as the supply of oil exceeds demand, heavy oil reserves will 
remain untouched. Nevertheless, commercial production and pro­
cessing technologies are available. 

The range of nuclear fuels is somewhere between the ranges for 
mineral oil and natural gas, if we extrapolate today's consumption. It 
iepends greatly on the efforts we make in the field of uranium pro-
Juction. Using breeder technology, the ranges should become virtu­
illy unlimited. 

Liquid Fuels 
Limited supply of fossil fuels is not to be expected for the next 100 

to 150 years. Also, liquid fuels for the transportation sector will not 
run short. 
" Heavy crude oil will be available for a very long time as a raw 

material for the production of liquid fuels. 
" Light mineral oil, presently used in considerable quantities for heat­

ing purposes, can easily be replaced by natural gas. 
" Methanol can be used as an engine fuel, and it can be made from 

natural gas or coal. 
" Finally, a number of commercial processes are available to make 

gasoline (petrol) from natural gas, synthesis gas and/or methanol. 
Considering all this, developments such as the "electro-car" or the 

"H2 Car" cannot be justified on the basis of expected fuel shortages, at 
least not for a very long time. And it may well be that these develop­
ments do not make any sense at all, as it is doubtful whether they lead 
to a better environmental situation. 

Electro-cars do not show superior efficiency with regard to primary 
energy consumption that causes CO 2 emission. In fact, their total 
efficiency is probably lower than that of combustion engines, 
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considering the efficiency chain as it is known today: 

Electricity from coal: 35%
 
Distribution of electricity: 90%
 
High performancp battery: 40 to 70%
 
Electrical drive wi,.. control: 60%
 

Total efficiency is calculated to be in the order of 8 to 13%, thus lower 
than that of a diesel car. There is certainly no apparent advantage in 
the electro-car with regard to carbon dioxide emissions as long as 
electricity from coal is used. And what if electricity were available 
from other, non-fossil sources? 

Well, in that case clean energy with its environmenta! benefits 
would be better used by stationary energy consumers (practically 
without any additional energy losses) than by mobile consumers such 
as electro-cars, where additional expense and additional energy losses 
are unavoidable. Therefore: As long as fossil fuels (oil or natura) gas) 
are still being used for domestic heating purposes, clean energy enter­
ing the marker should first be used in homes, not elsewhere. With 
respect to clean energy, mobile consumers should only be considered 
after all stationary energy consumers have switched over to clean 
fuel. 

These remarks apply just as well to hydrogen cars, and, for all these 
reasons, we conclude that research and development investments in 
the fields of electro-cars and hydrogen cars do not have priority. 

Nuclear energy 
If we look into the next century we can see inherently safe nuclear 

technologies emerging to cover additional energy demand. The high 
temperature reactor (HTR) concept is one route to achieve these goals. 
Unfortunately, expenses for its further development are currently 
blocked by the lack of a political consensus. 

There are a number of issues which require our attention: For exam­
ple, the development of high-temperature resistant fuel spheres 
which prevent oxidization of the graphite matrix in the case of 
overheating and simultaneoas access of air into the reactor. Another 
issue: the further development of modular HTR components, which 
are sufficiently reliable to be suited for export to third world coun­
tries. 

Regarding nuclear fusion, we are much less optimistic. German 
experts (K. Pinkau, director of MPI-Plasmaphysik, Garching) estimate 
that the technology required will be available 50 years from now - at 
the earliest. One of the most difficult aspects is the complexity and 
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sheer number of peripheral aggreg't2s required, which will most cer­
tainly cause a "flight into size." But the torus of the nuclear fusion 
reactor cannot be enlarged beyond a certain limiting value, for a sim­
ple reason: Its wall must allow transfer of the heat of fusion. The 
bigger the torus, the higher the heat flow per area unit of the torus 
wall and the higher the temperature load. Thus, a principal banier is 
set by the thermal stability of the torus wall. We are not aware of any 
solution for this problem, but it is conceivable that our view is too 
pessimistic. 

A final word regarding nuclear energy: if we had an abundant and 
safe source o.f nuclear energy, we could supply all stationary energy 
consumers with electricity, satisfying about 70% of the world's total 
energy requirements. 

Renewable Energy Sources 
The potential for renewable energy sources will remain relatively 

small in the period we are considering here - i.e., the next thirty 
years. It will not exceed 10% of the total energy supply. Eighty per­
cent of the renewable energy supply will be hydropower and energy 
from waste and biomass combustion, while photovoltaics, wind force 
and geothermal heat will hardly supply 2% of the total demand in the 
foreseeable future. 

In the case of hydropower, less than half of world potential has so 
far been put to use. The rapid exploitation of more remote sources is 
closely coupled w,-h the development of a modern low-loss electricity 
transport system (HVDC, high-voltage direct current). While the 
most important technical preconditions have already been met, much 
research is still needed: improvements in thyrislor stations to lower 
production cost; improvements in switches and cable insulation; 
development of electrical machines which are directly linked to the 
I *VDC transmission mains (influence machines). 

By today's criteria, hydropower is the only renewable energy 
source which is economically sound, with current prices of less than 
DM 0.10 per kWh in the case of the larger plants. Increased exploita­
tion of hydropower, for example in Siberia, Africa and Asia, and 
integrating these resources in an intercontinental HVDC network 
would allow peak load equilibration across several time zones and 
could replace a considerable part of today's fossil-based electricity 
gPneration. 

The technologies of waste and biomass combustion ard low­
temperature gasification have only now reached a degree of maturity 
all,-wing the generation of energy on a break-even basis. Particularly 
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attractive is a new concept of waste gasification, which provides for 
the autothermal decomposition of a mixture of waste and dry 
biomass in the presence of air to yield a heating gas (N2, CO and H2).
After purification, the gas is conducted to the next power station, 
where it is used for sub-firing. Public acceptance of this technology 
should be high, as it has no need of gas exhaust stacks. No waste 
water is generated in this process. However, research is still required, 
especially with regard to ash disposal. 

In densely-populated countries (Germany, Japan, 1he UK, etc.), a 
few percent of the total energy requirement can be met by the exploi­
tation of renewable raw materials. Unfortunately, there is little space 
available for this. The use of biological waste (straw, wood wastes, 
etc.) and the cultivation of rapidly growing plants, such as elephant 
grass, appear reasonable, the latter yielding an astonishing 15-30 tons 
of biomass per hectare. Research issues here are optimizing cultiva­
tion and harvesting methods (fertilizing, crop rotation) avoiding soil 
deteriorations, and so on. 

Bio alcohol for Otto engines and rape oil for diesel engines can only 
acquire regional importance in sparsely populated countries, in view 
of the low hectare yields involved. Profitability, which has hardly 
been achieved in Brazil (in spite of considerable government subsi­
dies) is nowadays suffering badly from oil price fluctuations. 

Table 3 shows the yields (including energy yields) of various 
energy plants. Market research and investigation on logistics seem to 
be the only open questions in this area. 

TABLE 3. ENERGY FROM PLANTS - ANNUAL YIELDS 

Net Energy Yield GJ/h 

Rape Seed oil 
Yield t/ha 

7.4 
main product only 

16.8 
waste use included 

82.8 
Alcohol from 

Sugar beet 46.6 28.6 38.6 
Wheat 11.4 -4.6 101.4 
Potatoes 30.0 17.2 32.2 

Whole plant 10.0 134.2 134.2 
combustion 

Combustion of fast 16.0 155.0 155.0 
growing wood 

Excerpt from Energiegutachten Baden-Wiirttemberg, DLR, 1987. 

Finally, the overall energy balance of energy generation concepts is 
a research topic in itself. As far as we can tell today, there is a good 
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chance that there are processes in which the overall energy balance is 
clearly positive - which would mean that energy is gained without 
adversely affecting the CO2 balance. All other types of alternative 
energy are, for the present, simply much too expensive. 

Using Fhotovoltaic processes to generate electricity, for example, is 
about 10 times as costly as using coal. This is not only due to the low 
degrees of efficiency of today's photovoltaic cells, but also to the 
expensive peripheral aggregates needed, such as batteries and 
transforming equipment. In recent years, the public has been con­
fronted with a number of success stories and future scenarios in this 
field. But these stories have been rather misleading and created the 
entirely wrong impression of a genuine and presently available alter­
native to the technologies presently used. A sober view of the prob­
lems, of the technical weaknesses to be eliminated, and of the conceiv­
able fields of application would be more helpful. 

Table 4 gives an overview of the probienms still to be solved and the 
general issues in the fields of photovoltaics, solar energy, wind energy
and geothermal heat. Of these four alternative energy sources, it is 
likely that wind and geothermal energy will be the first to reach the 
threshold of profitability. Unfoutunately, however, the potential of 
these technologies will even then be rather limited, as only few 
regions are suitable for their application. 

TABLE 4. THE PROBLEMS OF ALTERNATIVE ENERGIES 

Problems 
Photovoltaics Solar Farms Costs of peripheral aggregates, construc­

tion and space are high. Decreasing 
efficiency with increasing temperature.
Limited durability. 

Solar Heat Mirror Power 
Stations 

Peripheral aggregates costly. Operation 
only in direct sunlight. High temperature 
process, service and maintenance 
requirement. 

Wind Power Wind Parks Expensive construction, gear and bearing
problems at larger units. Operation
irregular, impossible to plan.
Only suitable for coastal regions. 

Geothermal 
Energy 

Hot Dry Rock 
Power Stations 

Deep drilling (>5000 m) problematic.
Even experiments are extremely
expensive. 
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Hydrogen Technology 
Hydrogen as an energy carrier is often mentioned in the debate on 

future energy supplies. In view of its easy storage and transportation, 
hydrogen is often claimed to be the ideal carrier for the collection of 
energy found "in th2 wrong place or at the wrong time". Take solar 
farms in the Sahara desert as an example. 

As an energy carrier, hydrogen would, of course, compete with 
electricity - and a critical comparison shows that the odds are set 
against it. The reasons are the following: 
" 	High-voltage DC technology provides for much more profitable

long-distance transportation of electricity (with low losses) than is 
the case with hydrogen pipelines. Table 5 shows a comparison of 
two transport systems - HVDC transmission vcrsus hydrogen. 

" At the same price per calorie, the end-user will prefer electricity. 
The electricity system has already been installed and paid for. All 
users are used to electricity and its devices. 

" With an .expanding electricity network the inclusion of small local 
electricity generating facilities is becoming less and less difficult 
and the need for storage facilities (for hours or days) diminishes. 

" There will still be a need for seasonal storage of energy, for which 
hydrogen is totally unsuited, as sufficiently large caverns to hold 
large quantities of hydrogen do not exist. Seasonal storage is most 
easily accomplished with coal. 

• 	The liquefaction of hydrogen is much too expensive to be used for 
storage, 14 kWh being required per Kilogram of liquid hydrogen ­
that is one third of its heat value. 

" Using hydrogen as a fuel in cars or airplanes affords no advantages,
neither in the field of the environment, nor in the field of resource 
protection. It is also not justified economically. An exception may
be the use of hydrogen for bus and truck fleets which operate on 
constant routes in towns resulting in reduction of emissions in the 
town centers. 

• 	 Storage of hydrogen in the form of metal hydrides is too cumber­
some for use in motor vehicles, as the storage devices are simply 
too heavy. 
The conclusion is: From both the ecological and the economical 

points of view hydrogen cannot be a competitive carrier of energy,
which means that the various hydrogen research projects currently
receiving public subsidies should be critically reviewed. One should 
keep in mind that there will be no such thing as a "hydrogen world" 
or even a "solar hydrogen world." 
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As a raw material for chemistry and as a material used for other 
technical purposes the importance of hydrogen is still increasing. 

TABLE 5.TRANSMISSION OF ELECTRICITY
 
FROM CENTRAL AFRICA TO EUROPE
 

Comparison of Costs (Pf/kWh)
 

HVDC-System H2-System
Hydro- Photovoltaic Hydro- Photovoltaic 
Power Power Power Power 

Cost of Electricity 3.0 80 3.0 80 
Generation 

Cost from Transport 0.6 16 2.9 77 
Losses 

Other Transport Costs 3.5 3.5 17 17 

Total Cost of Current 7.1 99.5 22.9 174
 
in Europe
 

Environmental Problems 
All in all, the situation is not particularly ominous, seen from the 

point of view of the availability of resources. The same cannot be said 
with regard to disposal. World demand for energy is constantly on 
the increase. This is on the one hand due to increasing population
(Figure 6), and on the other hand to the fact that developing niations 
have a long way to go in order to catch up. They are pursuing a path
of industrialization in order to provide food for an ever-increasing
population, and it would be presumptuous to deny such needs. 
Unfortunately, experience shows that the path from primitive
economies to High Tech normally passes via a maximum specific 
energy consumption. The first car is normally an old 'gas-guzzler.'
High energy consumption seems to be characteristic of moderately 
developed countries. 

The People's Republic of China plans to increase the consun . don 
of coal by a factor of forty in the period between 1975 and 20 5, if 
nuclear power cannot be used to a significant extent.6 Adequate sup­
plies are certainly available. Just imagine: China would then be using 
about five times as much coal as all the world did in 1990. Already
today, China is the world's largest producer of coal with a production 
of more than 1 billion tons per year. Even granting that socialist sys­
tems never achieve their economic goals, the perspective is breathtak­
ing in the truest sense of the word. Considering that some other coun­
tries, Russia for example, might also increase their consumption of 
coal, the efforts made in western countries to reduce coal consump­
tion appear to be o_' little effect by comparison. 
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Figure 6 World Population Growth 
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In any event, it will be necessary to use modem technology wher­
ever power stations based on coal are to be constructed. For example,
the so-called GuD-power plant systems developed i.a. in Germany
during the last decade could be used (they are based on a combina­
tion of gas and steam turbines, with - ,.gh Carnot degree of
efficiency, and a total efficiency of the order of 45%). The practical
testing of various types of GuD-systems still requires some effort. In
addition, the advantages of power/heat coupling (cogeneration,
KRAFT/WARME-Kopplung) can be used, at least in all cases where
industrial complexes are to be supplied with energy. Unfortunately,
the practical applicability of cogeneration is frequently overestimated. 
Economically, uniform heat requirements the year over are an abso­
lute necessity, and this uniformity does not generally exist in residen­
tial areas. To eliminate this fundamental disadvantage of power/heat
coupling should be a difficult, but rather worthwhile topic for further
research (conversion and storage of excess low-tcmperature energy
available in the summer). 

As we all know, the generation and use of more and more energy
and ongoing industrialization pollute the atmosphere, soil and
ground water. The damage done is manifold and it is accumulating.
Additionally, the Earth can absorb only a small fraction of this load. 
Some kinds of emissions can be limited by sophisticated technical 
means, which are, by nature, expensive. 

Think of catalytic converters in modem cars, or of desulfurization 
and NO,-reduction measures in power stations, of sewage treatment 
plants and waste utilization plants with heavy metal concentration. 
But these technologies are by no means widely used ­ consistently so 
only in rich countries: Poverty is dirty. 

It is common today to select individual types of emissions and to 
examine their harmful effects separately: Stratospheric ozone and
fluorochlorohydrocarbons, tropospheric ozone and NOx, pollution in
 -
tl' Mediterranean sea, algal overgrowth, heavy metals in waste 
material dumps, to mention j,' t a few. However, we must become 
aware that the total picture is even more complex if the synergies of 
noxious substances are considered. Not only scientists but also the 
public should be conceined. 

What about the ubiquity of pollution, which is absolutely unavoid­
able with the world's population growing at the present rate? 
Research and development work in this sector is certainly needed. 

In the eyes of many scientists, the greenhouse effect is the greatest
hazard we are facing today. There are, however, dissenting voices. 
Take recent data from the meteorology institute of the German Max­



-120­

Planck-Gesellschaft, which predict only a rather moderate warming of 
the atmosphere. Who is right? Will the increase be 0.3 degree? Will it 
be 1.5 degrees, or even 4.5 degrees if the content of greenhouse gases 
doubles? Maybe we shouldn't rely on computer prognoses alone ­
in any case they are not understandable to the general public. 

Simple physical considerations show that an increase in carbon 
dioxide must, of necessity, at least cause some increase in tempera­
ture. This increase is difficult to quantify - the heat capacity of the 
continents, and, above all, the oceans has a buffering effect. Motion 
and exchange of water layers complicate the picture. Increasing eva­
poration and the formation of clo- 'Is will slow the heating process, 
and the changing albedo (decreases in ice-covered areas, increases in 
desert areas) will also have an influence. A certain temperature 
increase seems to have happened in the last century (Figure 7). 

Another look in the Earth's past may be helpful - there were 
extended polar ice caps in the Cambrian Age - even though the CO 2 
content of the atmosphere was several percent. The Earth's average 
temperature was most probably around 20'C - in spite of a tremen­
dous greenhouse effect (Figure 8). We conclude that the latest com­
puter results, which only predict a rather moderate temperature 
increase, are most likely correct - which does not mean that we are 
not going to have certain climatic changes. 

While the likelihood of catastrophic changes in the Earth's climate 
is still under debate, another hazard is on the horizon: The biological 
effects associated with increasing carbon dioxide concentration in the 
troposphere. Besides the fertilizing action of carbon dioxide (often 
mentioned as an advantage in American literature), detrimental 
effects in the biosphere have to be anticipated. 

Throughout the Earth's history, the CO2:0 2 ratio had an important 
and very well-documented influence on the development of the bio­
sphere (Figures 9 and 10). In fact, this ratio was a key parameter of 
evolution and the high rate of change we are witnessing today sug­
gests that there may be significant consequences. For example: 
micro-organisms adapt much faster to changing environments than 
plants do - and the resulting evolutionary asymmetry may be a 
problem for plant health. We already have a carbon imbalance in our 
atmosphere, and the imbalance may be further increased by plant 
diseases and the resulting decrease in the earth's plant cover. There is 
no doubt that a careful study of global atmospheric changes and their 
effects on the Earth's biosphere are among the most important issues 
of research today. 
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Comment of Figures 9 and 10 
The serious atmospheric changes beginning with the onset of the Cam­

brian Age go hand in hand with the development of biological life forms 
(Figure 8: Increasing oxygen content, decreasing carbon dioxide content). 

The number of animal and plant families increases in two stages (Figure
9), corresponding to two stages of atmospheric change. The development of 
aquatic life forms occurred during the first stage, and the development of ter­
restnal life forms during the second stage. Their changing environment, par­
ticularly changes in oceanic pH values, forces animal and plant species to 
adapt. The formation of bones and calcareous shells, for example, is strongly
pH-dependent. Only few plant or animal species have survived over periods
longer than 2 or 3 million years. Changes in the CO2 content of the atmo­
sphere beyond 1,500 ppm always necessitated adaptation. 
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Energy Policy 
Carbon dioxide as a topic will gravitate to the center of public

attention in the decades to come. This will affect the discussion of 
energy generation and utilization, Energy sources, which are neutral 
with regard to the CO2 balance will be called for, and it is certain that 
attempts will be made to limit carbon dioxide emissions using both 
tax incentives and penalties. Ob,".ously, combustion processes and 
individual traffic will be the focus of criticism. And it is also obvious 
by now that Germany intends to spearhead the development of anti-
CO2 measures. 

While we do see the dangers of increasing CO2 levels, we would 
suggest to proceed with caution. If Germany wishes to give new 
impulses to the rest cf the world, it should better be the right ones. 
Unfortunately, we can see little consensus among experts, so far. I 
would like to point out sor,e of the issues, as Isee them: 
" Almost all biological processes are in some way "CO2-relevant". 

Therefore, there will be a network-like interdependence of COQ 
effects. It is difficult to view processes in isolation, and it would be 
wror.g to narrow the problem down to coal firing in power plants 
and transportation. 

" Emissions and remissions of CO2 are equally important for the 
atmospheric CO2 balance - remissions being the conversion of 
CO2 to plant mass, i.e., carbohydrates by means of photosynthesis. 
It would be foolish to ignore remission processes - this would 
jeopardize success, as there is a strong interdependence. Globally,
the decline of remissions of CO2 is more cramatic than the increase 
of emissions. The effect that a country has with regard to the 
world's CO2 balance does not depend only on its emission (or per
capita emission) - it depends on the ratio of emission to remission. 

" Industrial measures alone cannot solve the CO2 problem if the 
world population continues to grow at its present rate and the "con­
sumption backlog" of the deveioping countries is to be abolished. 
The effect which a country has on the CO2 balance depends not
 
necessarily on the living standard of its population. The ratio of
 
population:number of trees is much more important. Countries
 
which require heating in the winter show relatively high CO2 emis­
sions. Countries without forests have minimal remission values. In
 
both cases the influence on the CO2 balance is negative.
 
Figure 11 shows only the emissions - if we had included both
 
emissions and remissions, the USSR would get a much more posi­
tive rating, and Japan a much more negative one.
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" It is a difficult task to single out processes and optimize them with 
regard to CO2 emissions. Saving energy has to be the major goal. 
Normally, saving energy and lowering CO2 emissions go hand in 
hand. There is also one caveat - be careful with high technical 
investment to limit CO2 emissions - technical ir vestment3 have 
their own effect on the CO2 balance. 

" 	Both energy savings and reforestation are steps in the right direc­
tion. For example, 80 to 90% of the energy used today for the heat­
ing of buildings could be saved using the well-known methods of 
insulation and passive solar heating. Obviously, this would require 
a revolution in the field of architecture. 

" To capture CO2 from combustion processes, sending it to the bot­
tom of the ocean in the form of dry ice, a suggestion which has 
recently been published, is, in our opinion, utopian. 

" The most reliable way to measure progress with regard to the CO2 
balance is to compare national primary energy consumptions. The 
Federal Republic of Germany has shown a decreasing consumption 
during the last 20 years - even without a carbon dioxide tax. 

" 	So far, there are widely differing views regarding the effects of the 
increase in atmospheric CO2. It would be helpful to clarify contr­
oversial issues by means of research programs and to achieve some 
sort of consensus - because, wiih a consensus on the issues, 
significant counter-measures will be accepted much i.%ore readily. 

" I beg your pardon but it will not be possible to be successful 
without also addressing the problem of over-population. 

Conclusion 
The question we asked in the beginning was: 

What kind of energy policy will minimize global 
environmental damage in the next century? 

There is a clear answer: The problem of global environmental dam­
age certainly cannot be solved by the industrialized countries alone 
nor can it be solved by technical means alone. Technical "actionism" 
may even be harmful, because it would generate an ill-founded feel­
ing of security in the public - such as "technology will take care of 
it." What is urgently required is the development of a consei sus in the 
scientific and political communities regarding the environmental 
dangers to be expected. A significant amount of basic research is 
required to further clarify the issues. 
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Diagnosis should come before therapy, and the patien , should 
believe in the diagnosis. It will not be possible to take measures on a 
global scale before consensus has been achieved on the issues. Obvi­
ously, the prime issue is stopping the growth of the world population. 

This is a tremendous sociological task connected with immense 
psychological barriers. Finding effective actions is of course a subject 
of research. The most important measure on the technical side will be 
supporting developing countries: to avoid further deforestation and 
to 	 use environmentally acceptable technology in their further 
development. Know-how transfer in the field of environmental pro­
tection will require considerable effort on the part of the industrial­
ized nations. 

The accompanying measures in our own country are obvious: as far 
as possible good housekeeping with energy, improving the state of 
health of our forests, and reducing the emissions in energy produc­
tion, specifically the CO2 emission. 

Although presently unpopular, we have to do research in the field 
of nuclear energy in order to develop even safer reactor types. Indus­
trial processes should be developed which are more selective and less 
energy-intensive than some of the processes used today and which 
are suitable for use in the third world. This involves, among others, 
the implementation of sophisticated chemistry. 
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INTERNATIONAL COOPERATION
 
AND SOME RESEARCH NEEDS TO
 
IMPROVE OUR UNDERSTANDING
 

OF THE CHEMISTRY
 
OF THE ATMOSPHERE
 

Valen,'n A. Koptyug* 

As is known, CHEMRAWN is the acronym for Chemical Research 
Applied to World Needs. The purposes of LUPAC CHEMRAWN 
Conferences are identifying and supporting basic and applied 
research that help to solve global human problems. 

Among many global needs which the humankind has recognized 
by the end of the 20th century, the most important one is the need for 
sustainable development in a situation when the world population is 
growing, natural non-renewable resources are becoming more and 
more limited, and environmental degradation is becoming more and 
more visible and dangerous. The cumulative impact of humankind's 
activities has reached a point where the life on Planet Earth is at risk 
from global environmental changes. 

This is the reason why the United Nations decided to convene in 
June 1992 a special UN Conference on Environment and Development 
(UNCED) in order to analyze the international collaboration concern­
ing global changes and to work out a program of actions for the 21st 
century based on the scientific approach (AGENDA-21). 

Among other important topics, the UNCED will pay attention to 
the protection of the atmosphere with emphasis on the greenhouse 
effect, ozone layer depletion and transboundary air pollution. 

*Professor, Presidium of Academy of Sciences, Moscow, Russia 



-130-


Therefore, the CHEMRAWN VII Conference "The Chemistry of the 
Atmosphere: Its Impact on Global Change" may be considered as a 
part of the preparatory work of the world chemical community for 
the UN Conference. 

In preparatory work for UNCED, the International Union of Pure 
and Applied Chemistry has also launched a broader mission-oriented 
Program on Chemistry and Environment.1 We are now studying pos­
sible liaisons of this program with other international programs and 
trying to recognize the areas which are not sufficiently covered by the 
existing programs relating to the chemical aspects of environmental 
pollution. 

Environmental problems, including atmospheric pollution, have 
been attracting attenLion of the United Nations since the 1970s. Their 
anxiety on the state of the atmosphere is illustrated in particular by 
the documents listed in Table 1. 

TABLE 1. INTERNATIONAL AGREEMENT IN THE
 
FIELD OF ATMOSPHERE PROTECTION2
 

Convention on Long-Range Transboundary Air Pollution, Geneva, 
1979. 

" Protocol to the 1979 Geneva Convention. Long-Term Financing of 
the Cooperative Program for Monitoring and Evaluation of the 
Long-Range Transmission of Air Pollutants in Europe (EMEP), 
Geneva, 1984. 

* Protocol to the 1979 Geneva Convention. Reduction of Sulfur 
Emissions or their Transboundary Fluxes by at least 30 per cent, 
Helsinki, 1985. 

" Protocol to the 1979 Geneva Convention. Control of Emission of 
Nitrogen Oxides or their Transboundary Fluxes, Sofia, 1988*. 

Vienna Convention for Protection of the Ozone Layer, Vienna, 1985. 
" Montreal Protocol on Substances that Deplete the Ozone Layer, 

Montreal, 1987. 
" 	Amendment to the Montreal Protocol on Substances that Deplete 

the Ozone Layer, London, 1990. 
'here is also a 1991 draft protocol on volatile organic compounds. 
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The current UN activity in this area is concentrated on three main 
aspects of atmospheric pollution: 
" estimating the effects of increasing concentrations of greenhouse 

gases on the Earth's climate and recognizing ways to avoid possible 
negative consequences; 

* 	supporting monitoring and developing recommendations on how 
to keep an "ozone umbrella" against dangerous ultraviolet radia­
tion; 

" 	developing recommendations and reaching an agreement on how 
to prevent acid rains. 
The UNCED Preparatory Committee has presented at its 3rd ses­

sion (August 1991) a set of documents with the analysis of: 
• interrelations between air pollution, ozone layer depletion and cli­

mate changes, 
" existing systems of monitoring transboundary air pollution and a 

basis for international actions; 
" recent scientific findings on ozone depletion and a basis for interna­

tional actions;5 

" probable consequences of climate changc; 3,0 

• possible ways of restructuring systems of energy production and 
use, and of transportation (as the key sources of atmospheric prob­
lems and climate change) in accordance with the requirements of 
sustainable development; 3 

" 	most important goals that rise from the preceding item for the 
AGENDA-21 (Agenda of Science for Environment and Develop­
ment in the 21st Century).7 

The above-mentioned global aspects of atmospheric pollution are 
fundamental for many existing international programs 8, including the 
International Global Atmospheric Chemistry (IGAC) Program.8,9 This 
program is a core project of the well known International Geosphere 
Biosphere Program (IGBP) established by ICSU in 1985 and seeks to 
understand quantitatively the chemical and physical processes that 
determine the atmospheric composition. The structure of the IGAC 
Program is shown in Table 2. It is mainly based o. he earlier created 
program of the International Association of Meteorology and Atmos­
pheric Physics and partly overlaps with the SCOPE project on Trace 
Gas Exchange between the Biosphere and Atmosphere. 
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TABLE 2. STRUCTURE OF THE IGAC PROGRAM 

I. 	 Natural Variability and Anthropogenic Perturbations of the 
Marine Atmosphere: 

" North Atlantic Regional Study, 
" Marine Aerosol and Gas Exchange-Interaction with Atmos­

pheric Chemistry and Climate,
 

" East-Asian-North Pacific Regional Study.
 
II. 	 Natural Variability and Anthropogenic Perturbations of Tropi­

cal Atmospheric Chemistry: 
" Biosphere-Atmosphere Trace Gas Exchange in the Tropics, 
" Deposition of Biogeocaemically Important Trace Species, 
" Impact of Tropical Biomass Burning on Atmospheric Chemis­

try and Biogeochemical Cycles, 
" Chemical Transformations in the Tropical Atmosphere and 

Their Interaction with the Biosphere, 

" 	Rice Cultivation and Release of CH4 and N20. 
III. 	 The Role of Polar Regions in Changing Atmosphere Composi­

tion:
 
" Polar Atmospheric Chemistry,
 

" 	Polar Air-Snow Experiment. 
IV. 	 The Role of Boreal Regions in Biosphere-Atmosphere Interac­

tion: 
* 	High-Latitude Ecosystems as Sources and Sinks of Trace 

Gases and their Sensitivity to Environmental Distribution. 
V. 	 Trace Gas Fluxes in Mid-Latitude Ecosystems. 
VI. 	 Global Distributions, Transformations, Trends and Modeling. 

" Global Tropospheric Ozone Network,
 
" Global Atmospheric Chemistry Survey,
 
" Development of Global Emission Inventories.
 

VII. 	 Cloud Condensation Nuclei as Controllers of Cloud Properties. 
VIII. 	 Intercalibration/Intercomparison. 

In many cases the IGAC Program will be built on the existing 
national programs. This explains a regional character of the main part 
of the projects. 
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Very close to the IGAC Program is the Stratosphere-Troposphere

Interactions and Biosphere (STIB) Program.8 Its structure is shown in
 
Table 3. 

TABLE 3. STRUCTURE OF THE STIB PROGRAM 

I. Stratospheric Changes and the Penetration of UV-Radiation 
II. Stratosphere-Troposphere Exchange 
III. Anthropogenic Trends and Natural Variability 
IV. Stratospheric Aerosols and Their Climate Effects 
V. The hnpact of Stratospheric Changes on Climate 

If we now look at the agenda of the CHEMRAWN VII Conference, 
we will see that it corresponds to the well recognized global problems
of atmospheric pollution which are considered through the prism of 
chemical science. Chemistry as a scientific branch of knowledge is 
concentrated in this case on photochemically induced free radical 
reactions in which quite simple species such as molecules of oxygen, 
ozone, nitrogen, sulfur oxides, and chlorofluoromocarbons are 
involved. Many of corresponding elementary reactions are or can be 
well studied, but their combination in the open dynamic system of the 
atmosphere leads to many difficulties and uncertainties in the estima­
tion of global results. 

I will not further discuss the main problems of global changes and 
iheir causes. Instead I would like to draw attention to other impor­
tant aspects of chemical pollution of the atmosphere which in my
opinion introduce some additional complications and are not ade­
quately covered by international programs and projects. 

'he atmosphere of the Earth is a life-supporting and life-protecting 
system. But in our days it has also turned into a reservoir for many
by-products of human activity. This reservoir is simultaneously play­
ing the role of a flow reactor for chemical transformation of pollutants 
and the role of a transport system for delivering pollutants and pro­
ducts of their transformation, many of which are harmful, to sensitive 
parts of the ecosystems. 

Therefore, we should take into considrration not only a change of 
protecting properties of the atmosphere ("greenhouse" effect, destroy­
ing "ozone umbrella") but also the distribution of various harmful 
3ubstances and products of their transformation through atmospheric 
:hannels. In this area the greater part of international efforts are 
lirected to the problem of acid rains and its origins. 
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But we should not forget other dangerous groups of pollutants. 
Among them are metals. 

There exists a danger of poisoning the biosphere by global metal 
pollution. 0," This type of pollution involves not only soil and aquatic 
systems but also the atmosphere. Tables 4 and 5 give a general pic­
ture of trace metals emissions from natural and anthropogenic 
sources to the atmosphere. As is seen from these data, the anthropo­
genic emissions have become dominant for most trace elements in the 
atmosphere. Anthropogenic emissions of lead, cadmium, vanadium 
and zinc exceed the fluxes from natural sources by 28-, 5-, 3- and 3­
fold, respectively. Industrial contribution of arsenic, copper, mercury, 
nickel and antimony are 100 to 200 percent of the emissions from 
natural sources. 

Of course, there are some uncertainties in the estimation of global 
emissions of heavy metals to the atmosphere (cf. Table 6) due to large 
amounts of natural and anthropogenic sources with different, and, in 
some cases, variable levels of emission, but general conclusions are 
reliable. 

The International Institute for Applied Systems Analysis has 
emphasized: "As with acid pollutants, atmospheric emicsions of 
heavy metals are an international problem, often travelling 1,000 or 
1,500 kilometers before deposition." 2 

The problem is really international, but at the same time a coordi­
nated, international heavy metals monitoring program is not yet 
launched, as can be judged from the data of Table 7, which summar­
ized the ni mber and location of the WMO GAW stations.4 

The global WMO Background Air Pollution Monitoring Network 
(BAPMoN) run by WMO and UNEP has traced long-range transboun­
dary air pollution since 1968 and has provided most of the atmos­
pheric data to the UNEP Global Environment Monitoring System 
(GEMS). Together with the Global Ozone Observing System, it is now 
a part of the WMO Global Atmosphere Watch (GAW), which operates 
a network of 337 stations in 78 countries. 4 

The weli developed Cooperative Program for Monitoring and 
Evaluation of the Long-range Transmission of Air Pollutants in 
Europe (EMEP), in its fifth-phase projects (1990-92), includes gas and 
particles measurements of SO 2, $OZ,NO2, 03, NOT-, NH3, NH 4 , 
NHO 3 and precipitation measurements of pH, SOg,NO3, C-, NH4,t K, 
Na, Mg, and Ca. But the measurements of heavy metals are still in the 
stage of planning. 



TABLE 4. WORLDWIDE EMISSIONS OF TRACE METALS
 
FROM NATURAL SOURCES TO THE ATMOSPHERE
 

(thousand tonnes per year)10 

Wind-borne 

Elements 
Antimony 
Arsenic 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 
Zinc 

soil 
particles 

0.78 
2.6 
0.21 

27 
4.1 
8.0 
3.9 

221 
0.05 
1.3 

11 
0.18 

16 
19 

Sea salt 
spray 
0.56 
1.7 
0.06 
0.07 
0.07 
3.6 
1.4 
0.86 
0.02 
0.22 
1.3 
0.55 
3.1 
0.44 

Volcanoes 
0.71 
3.9 
0.82 

15 
0.96 
9.4 
3.3 

42 
1.0 
0.40 

14 
0.95 
5.6 
9.6 

Forest 
fires 
0.22 
0.19 
0.11 
0.09 
0.31 
3.8 
1.9 

23 
0.02 
0.57 
2.3 
0.26 
1.8 
7.6 

Biogenic 
sources 

0.29 
3.9 
0.24 
1.1 
0.66 
3.3 
1.7 

30 
1.4 
0.54 
0.73 
8.4 
1.2 
8.1 

Total 
2.6 

12 
1.4 

43 
6.1 

28 
12 

317 
2.5 
3.0 

29 
10 
28 
45 



TABLE 5. WORLDWIDE EMISSIONS OF TRACE METALS
 
FROM ANTHROPOGENIC SOURCES TO THE ATMOSPHERE
 

(thousand tonnes per year)10 

Mining + 
smelting & 

Elements refining 
Antimony 0.10+1.42 
Arsenic 0.06+12.3 
Cadmium ...+5.43 
Chromium ... 

Copper 0.42+23.2 
Lead 2.55+46.5 
Manganese 0.62+2.55 
Mercury ...+0.13 
Nickel 0.80+3.99 
Selenium 0.16+2.18 
Thallium ... 

Tin ...+1.06 
Vanadium ...+0.06 
Zinc 0.46--72.0 

*Including agricultural use. 

Manufacturing 
Drocesses + 
commercial 

uses* 
... 

1.95+2.02 
0.60+... 
17.0+... 
2.01+... 

15.7+4.50 
14.7+... 

... 

4.47+... 
... 

4.01+... 
... 

0.74+... 
33.4+3.25 

Energy Waste 
production incineration Total 

1.30 0.67 3.5 
2.22 0.31 19 
0.79 0.75 7.6 

12.7 0.84 31 
8.04 1.58 35 

12.7** 237 332 
12.1 8.26 38 
2.26 1.16 3.6 

42.0 0.35 52 
3.85 0.11 6.3 
1.13 ... 5.1 
3.27 0.81 5.1 

84.0 1.15 86 
16.8 5.90 132 

**Plus 248 thousand tonnes for transportation 

http:33.4+3.25
http:15.7+4.50
http:1.95+2.02
http:0.16+2.18
http:0.80+3.99
http:0.62+2.55
http:0.10+1.42


TABLE 6. COMPARISON OF TOTAL EMISSIONS OF TRACE METALS
 
IN THE ATMOSPHERE ACCORDING TO TWO RECENT REVIEWS
 

(thousand tonnes per year) 

Sources 
anthropo-

Element natural* genic* natural** 
Antimony 2.6 3.5 1 (0.5-1.8)
Arsenic 12 19 8 (3-13)
Cadmium 1.4 7.6 1 (0.3-7)
Chromium 43 31 60 (44-130) 
Copper 28 35 20 (18-22)
Lead 12 332 27 (4-45) 
Manganese 317 38 600 (516-750)Mercury 2.5 3.6 20 (2.5-150)
Nickel 29 52 27(8.5-54)
Selenium 10 6.3 10 (6-14)
Vanadium 28 86 65 (40-79)
Zinc 45 132 90 (36-200) 

*Nagu,1990.10 

anthropo­
genic** 

24 (18-38) 
40 (25-80) 
7.7 (5.5-11) 
50 (21-94) 
140 (56-260)
425 (300-470) 
215 (107-320)
6 (1.7-11) 
80 (43-98) 
7 (1.1-11.7) 
170 (110-210) 
500 (315-840) 

**Malachov and Machonko, 1990.11 (Values in parentheses indicate a spread of data of various authors), 



TABLE 7. NUMBERS OF GAW STATIONS4 

(by 31 December 1990) 

Regions 

Parameters South 
North & 
Central Pacific 

measured Africa Asia America America (SW) Europe Antarctic All regions 

Precipitation 14 17 7 41 14 74 1 168 
chemistry

Particles 8 5 2 11 20 33 1 80 
Sulfur dioxide 1 1 1 - 2 28 - 34 
Oxides of - 1 - 1 4 20 9 28 

nitrogen 
Carbon dioxide 
Ozone 
Heavy metals 

4 
9 
-

1 
43 
-

1 
5 
-

14 
17 
-

6 
11 
-

12 
49 

4 

2 
7 
-

40 
141 

4 
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Efforts are now underway to develop global inventories under an 
atmospheric chemistry project within the International Geosphere-
Biosphere Program of ICSU.4 ' 

The worldwide contamination of the environment (air, water and 
soils) with toxic metals (especially with Pb, Cd, Hg, and As) is a 
matter of concern. In many urban areas and around some point 
sources the natural emissions are insignizant in comparison with the 
anthropogenic metal pollution. The influence of heavy metals on 
human health is usually considered from the point of view of acute 
rather than chronic effects. In the present situation, the long-term 
effects of exposing human populations to small doses of toxic metals 
in the environment should receive adequate attention. The reliable 
information for the estimation of postponed effects of small doses of 
toxic elements can be obtained through medical surveys of population
(including genetic alterations) in regions of geochemical anomalies, 
characterized by high crntents of heavy metals, with the simultane­
ous investigation of surrounding ecosystems, taking into account the 
tendency of some heavy metals to accumulate in components of 
ecosystems. Therefore, it is believed that launching joint projects of 
this type by the WHO, UNEP ("Biogeochemical Cycles" and "Health 
and Toxicology" programs) and IUPAC will be very important for 
understanding the scale of hazard. 

The main sources of heavy metals pollution of the biosphere,
including the atmosphere, are connected with mining, smelting and 
refining in non-ferrous metallurgy, and with energy production and 
the transport sector (exhaust gases of cars and trucks, burning leaded 
gasoline). 

The most important way to preclude anthropogenic changes of the 
atmosphere is the reduction of emissions of harmful chemical sub­
stances by industry, power generation, transport, and municipal utili­
ties. Introducing some international restrictions on emissions is 
demonstrated by the above-mentioned conventions and protocols. Of 
course this should be supported by vast technological changes in the 
area of production. Therefore, a giant problem emerges - how to 
develop industry in the context of a new vision of the future in con­
nection with environmental problems and in the context of sustain­
able development of our civilization. 

This is the reason why the next CHEMRAWN VIII Conference will 
be devoted to Chemistry and Sustainable Development (sub-heading 
- Towards a Clean Environment, Zero Waste and Highest Energy 
Efficiency). 
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The toxic effects of heavy metals is one side of the problem of global 
environmental pollution, including atmospheric, by trace metals. 
Another side - a catalytic effect of many metals - has direct relation 
to the chemistry of the atmosphere. The role of catalysis in the atraos­
pheric chemistry is an area that is open for fruitful international 
scientific collaboration. The same is related to the more general area 
- the investigation of the role of aerosols and heterogeneous 
processes in the chemistry of the atmosphere"3 (N 11, p. 1729). 

Another important direction of international activity seems to be 
the creation of kinetic data bases for adsorption processes, gas-phase
and surface reactions, and photochemical transformations. The 
IUPAC Commission on Chemical Kinetics (former Chairperson Prof. 
E. T. Denisov, now Dr. J. T. Herron) is trying to join efforts of special­
ists of many countries in this direction. In April 1991, the special inter­
national workshop "Databases in Chemical Kinetics" was held in 
Novosibirsk and the situation in this area was discussed. 

Databases on chemical kinetics are very important for developing 
mathematical models of chemical processes in the atmosphere" (N 
10, p. 1627; N 11, p. 1757). 

It is my pleasure as the editor-in-chief of the Russian review journal 
"Uspekhi Chimii" (Advances in Chemistry) to inform you that after 
we had decided to devote two issues of this journal to the chemistry 
of the atmosphere, a group of specialists invited by Prof. Yu. N. 
Molin, covered, among others, almost all of the above-mentioned 
"hot" areas by prepared papers. 13 

Now I would like to return to the JUPAC Chemistry and the 
Environment Program and to pose a question - what is being done 
and what can be done under the aegis of the 1UPAC in relation to the 
chemistry of the atmosphere? 

First of all, it is necessary to stress the importance of this CHEM-
RAWN VII Conference that should additionally stimulate interna­
tional collaboration in many of the discussed areas. The recommen­
dations that will be developed by the Future Action Committee will 
serve as a guide in this joint work. 

A list of ongoing IUPAC projects relating to the problem under dis­
cussion is given in Table 8. 

http:papers.13
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TABLE 8. IUPAC PROJECTS RELATING TO THE
 
CHEMISTRY OF THE ATMOSPHERE
 

I. Analysis of Situation and Methodological Aspects 

" 	Compendium of Agencies, Institutes and Ongoing Activities in 
the Field of Atmospheric Chemistry 

" 	Inventory of Regulations for Emissions and Standards on 
Ambient and Workplace Atmosphere 

* 	Inventory of Current Tropospheric Sampling Programs PAC, 
62, N 1, 163-176 (1990) 

" Evaluation and Harmonization of Current Tropospheric Sam­
pling Networks Worldwide 

" 	Assessment of Uncertainties in the Projected Concentration of 
the Carbon Dioxide in the Atmosphere, PAC, 63, N 5, 764-796 
(1991) 

" Inventory of Missing Emission Data Necessary to Evaluate 
Global Atmospheric Changes 

" The Use of Passive Samplers for Monitoring Atmospheric Con­
stituents 

" Major Concerns and Research Needs for our Understanding of 
the Chemistry of the Atmosphere 

II. 	 Nomenclature and Units 

* 	Glossary of Atmospheric Chemistry Terms, PAC, 62, N 11, 
2167-2219 (1990) 

" 	Glossary of Terms Used in Environmental Analytical Chemis­
try 

* 	Evaluation and Recommendation of Units for Use in Atmos­
pheric Chemistry 

III. 	 Kinetic Data 

" Evaluated Kinetic and Photochemical Data for Atmospheric 
Chemistry, J.Phys. Chem. Reference Data, 18, 881-1087 (1989) 

" Kinetic Data Evaluation for Application in Modeling Studies of 
Global Atmospheric Chemistry 

IV. 	 Characterization, Transport and Reactions of Atmospheric Par­
ticles 
* 	Source Apportionment of Atmospheric Particles 
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" Sampling of Airborne Particulate Matter for Analysis 
* Sampling and Analysis of Carbonaceous Particles in the Atmo­

sphere 
" Characterization of Individual Environmental Particles by

Beam Techniques 
" Characterization of Environmental Particle Surface by Fourier-

Transform Infrared and Nuclear Magnetic Resnance Spectros­
copies 

* Characterization of Particle Surface Charge 
" Microanalysis of Individual Aercsol Particles 
" Characterization of the Cr(IU)/Cr(VI) Ratios in Aerosols 
" Interaction of Electromagnetic Radiation with Airborne Parti­

culate Matter
 
" Acid-Base Equilibria on Particles in the Atmosphere
 
" 
Mass Transport by Airborne Particulate Matter 

V. Other areas 
" Recommendation for the Determination of pH in Acid Rain 
" Analysis of Wet Deposition (Acid Rain): Determination of the

Major Anionic Constituents by Ion Chromatography, PAC, 63,
907-915 (1991) 

* Pesticides in Air 

The projects of Section I and partly Section II are coordinated by the
Commission on Atmospheric Chemistry (the former Chairman, Dr. J.G. Calvert, now Dr. J.Slanina), of Section III ­ by the Sub-Conmittee 
on Gas Kinetic Data Evaluation for Atmospheric Chemistry (Chair­
man, Prof. J. A. Kerr) and of Section IV - by the Commission on
Environmental Analytical Chemistry (Chairman, Dr. J.Buffle). 

I would like to draw attention mainly to Sections I and IV. 
The workshop organized in July 1990 by the Commission onAtmospheric Chemistry on the assessment of uncertainties in the pro­

jected concentrations of carbon dioxide in the atmosphere demon­strated that the predictions of trends in increasing radiatively active 
gases and their greenhouse effect are subject to a large margin ofuncertainty14 (cf. 15). The participants of this workshop identified themost important causes for the uncertainty in the projection of future
carbon dioxide concentrations and proposed corresponding recom­
mendations for future research. 
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The methodological consistency of potential global change assess­ment is very important, taking into account the possible scale of theeconomic and social response to be required. Therefore, the scientificcommunity should pay adequate attention to the analysis of all basicdata and models used for forecasting.


The importance of this area 
for the international collaboration maybe additionally demonstrated by the existing disagreement in therelative roles of the effect of anthropogenic chemical substances andnatural processes in "ozone hole" formation. 
The projects of Section IV illustrate the IUPAC entry into the area ofheterogeneous chemistry of the atmosphere. The ongoing projects aremainly related to the problen of characterization of particles andtheir surfaces. The reactions on the surfaces, the catalytic role of com­ponents, including heavy metals, and the fate of products are waitingfor the initiatives of the chemical community in cooperative efforts.It is also desirable to mention the importance of a study of the roleof aerosols in the transport and transformation of radioactive sub­stances (SCOPE project on Biogeochemical

Radionuclides Migration) and 
Pathways of Artificial

of using the chemical compositionfeatures of particulate matter, emitted by industry, es,"cially particlescontaining heavy metals, as tracers for the identification ,csources ofemission at long distances. 
A proposal of the International Union of Testing and ResearchLaboratories for Materials and Structures (RILEM) to the IUPAC toorganize collaboration on the problems of atmospheric actions onvarious materials, including the materials for the facades of buildings,slould be taken into account as well. This is also a part of hetero­geneous atmospheric chemistry.


In conclusion, I would like to stress once more that the transition to
sustainable development requires 
a significant strengthening of theinteraction between chemical science and industry in all areas, and in
connection with this to 
attract your attention to George Whitesides'
papers "What Will Chemistry Do in the Next Twenty Years?" and ofWolfgang Jentzsch '"What Does Chemical Industry Expect from Physi­cal and Industrial Chemistry" presented to the Jubilee Symposium
devoted to the BASF 125 year anniversary.
 

Refe'ences 
1. Chemistry and the Environment. The IUPAC Program, 1990.Register of International2. Treaties and other Agreements in theField of the Environment, UNEP, Nairobi, May 1991 



-144­

3. 	 Protection of the Atmosphere Sectoral Issues. Documents of the 

session of the UNCED Preparatory Committee,third 

A/CONF.151/PC/60, June 1991.
 

4. 	 Protection of the Atmosphere: Transboundary Air Pollution, ibid, 

A/CONF.151/PC/59 

5. 	 Protection of the Atmosphere: Ozone Depletion, ibid, 

A/CONF.151/PC/58. 

6. 	 Protection of the Atmosphere: Climate Change, ibid, 

A/CONF.151/PC/57. 
ibid,7. 	 Protection of the Atmosphere: Options for AGENDA-21, 

A/CONF.151/PC/42 Add 1. 

8. 	 Compilative Information on International Organizations and Pro­

grams Relating to Chemical and Biochemical Aspects of Environ­

mental Problems. IUPAC and Siberian Branch of the USSR 

Academy of Sciences, 1991. 

9. 	 Chemistry and the Environment: Proceedings of Regional Sym­
1989. B.N. Noller and M.S. Chadha (eds.),posium, Brisbane, 


Commonwealth Science Council, UK, 1990.
 

10. 	 Nriagu, J.O., Global Metal Pollution, Environment, 32, 7-11, 2-33, 

1990. 

11. 	 Malachov, S.G., and E.P. Machonko, Uspekhi chimii (Russianjour­

nal), 59, 1777-1798, 1990. 

12. 	 Alcamo, J., IIASA Option, September 1991, p.1 3 . 

13. 	 Uspekhi chimii (Russianjournal),59, N9, N10, 1990. 

14. 	 Slanina S., Chemistry International,13, N1, 10, 1991. 

15. 	 Kondratjev, K.Ya. Uspekhi chimii (Russian journal), 59, N10, 1587 

1990. 

16. 	 Whitesides, G., Angew. Chem. Int. Ed. Engl., 29, 122, 1990. 

17. 	 Jentzsch, W., ibid, 1209. 



Global Change
 
and the
 

Role of Governments
 
Sir Crispin TickeU* 

The twin problems of conferences of this kind are: 
" How to formulate conclusions and recommendations in a way that 

people, businesses and governments can understand and act upon; 
" How to convey such conclusions and recommendations to the 

policy-makers and decision-takers. 
Scientists are not necessarily good at simplifying their thoughts,

using plain language, abandoning shades and qualifications, or
 
indeed committing themselves one way or another. Politicians and
 
business leaders and others have their problems, too.
 
" They like clear and unambiguous advice;
 
" They operate on short time scales;
 
" 
Few of them understand science and its methodology: their mental 

structures are different; 
" They have a lot of other things to think about.
 
The bridge between long-term science and short-term policies can be
 
long and fragile. In some countries it scarcely exists at all. Scientific
 
advisers do their best, but the cogs of the wheels do not always mesh.
 

The problem is still greater at the international level, which is usu­
ally one further move from reality: 

*Warden, Green College, Oxford, UK 
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" Different governments see things very differently;
 
" There is less of a common sense of interest;
 
" Agreement on common action is always difficult; no one wants to
 

be put at a disadvantage by acting alone, particularly in environ­
mental matters when pollution can all too easily pay. 

So when scientists, people, governments and the international com­
ipunity are faced with the complexities of global change, their first 
need is for a common base, some fundamental ideas on which all can 
broadly agree. I will not pretend such a base yet exists. Yet we have 
something like one, at least in the international sphere, in the form of 
the report of the World Commission on Environment and Develop­
ment, chaired by Gro Brundtland, Prime Minister of Norway, and 
published on 20 March 1987. 

The central idea of the Brundtland report was "sustainable develop­
ment," defined as "development that meets the needs of the present 
without compromising the ability of future generations to meet their 
own needs;" and development itself - a very elastic term -. was 
described as involving "a progressive transformation of economy and 
society" for "the satisfaction of human needs and aspirations." 

Of course these definitions raise more questions than give answers, 
but it would be unwise to dismiss them as word chopping or mean­
ingless rhetoric. From them some key concepts emerged. Here are 
some I culled from a recent re-reading of the Report: 
" the notion of intergenerational equity; 
" the need to avoid endangering "the natural systems that support 

life on earth;" the atmosphere, the waters, the soils and the living 
beings; 

" the ultimate limits to growth and the need to change its quality; 
" the notion of a capital stock of resources, (some of them non­

renewable) which must be conserved and enhanced; 
" global interdependence, and the need to define and promote the 

common interest; 
• the need to ensure a stable level of population; 

" the need to reorient technology and manage risk; and 
" the need to merge "environment and economics in decision­

making" at both the national and international level. 
Let us stand back and look at the nature of the problems comprised 

in environment and development. Here are some simple points to 
give a sense of perspective: 
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" In the last 2,, million years, the earth has been in an ice age mode; 
" The last 10,000 years have seen all hum-in civilization;
 
" 
In the last 250 years the industrial revolution has changed the face

of the planet. It is based on an unprecedented consumption of
natural resources, especially fossil fuel; 

" The last 20 years have seen growing awareness of some of the 
consequences. This awareness was of course most eloquently
expressed by the Brundtland Commission, and has since become
widespread, even among those reluctant to admit the conse­
quences. 
What are the consequences? In the countries which pioneered theindustrial revolution, there has been an amazing rise in living stan­

dards which the rest of the world now wishes to emulate. Economic
wealth on a familiar definition rose at an almost incredible rate dur­
ing most of this century. 

The success of the industrial countries was founded on their ability
to feed their growing populations. They each had an agricultural
revolution before an industrial one. Others have not done so well.
Total world population rose from 2 billion in 1930 to 5.3 billion now,
and will rise again to over 8 billion in 2025. But the ability to feed thispopulation is in doubt (more and more poor countries, for example,
in Africa and Latin America, have to import food). The prospect of 
any substantial rise in living standards in countries without the 
resources and skills of industry must be illusory. 

The carrying capacity of the earth is inevitably a relative if not sub­
jective concept. But some recent calculations are of interest, and I 
quote from Norman Myers: 
" If we all had a vegetarian diet and shared our food equally, the bio­

sphere could comfortably support around 6 billion people; 
o If 15% of our calories came from animal products (and again food 

were shared equally), the figure would come down to 4 billion peo­
ple; 

" If 25% of our calories came from animal products, then it would fall 
to 3 billion; 

" And if 35% of our calories came from animal products, as in North
America today, then it would fall to 2.5 billion. 
So even if all sorts of improvements could be envisaged the pros­

pect of a rise in human population to 6, 7, 8 billion and upwards isalarming indeed. Such a rise is more than a prospect. Even allowing
for war, famine, and disease, the rate of increase - at present some 90 
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million more people every year - suggests that we are on the back of 
a tiger. 

We now have to look at the repercussive effects of the industrial 
revolution on land and land use; on fresh water; on industrial pollu­
tion; on the oceans; on the atmosphere, in particular acidification, 
ozone depletion, and global warming; and on other forms of life. 

Can the industrial revolution be extended to the whole planet? If 
not, what is development for? What should be on the agenda for the 
Earth Summit? 

Almost any forward look compels the conclusion that we cannot 
continue as we are, and that was fully recognized by the Brundtland 
Commission. We face not the end of Nature (the foolish title of a 
recent book), but a change in Nature, in many ways an acceleration of 
the processes of life. In looking to the future we must reckon with: 

" our alarming degree of ignorance. We simply do not know enough 
about how the world works. Certainly one of the aims of this 
conference is to help find out. Much current science is about detail 
and the short term. Few even try to encompass the scene as a 
whole; they are often regarded with suspicion when they do. 

" the character of much change. We tend to see change as something 
gradual. But critical change is often abrupt. It proceeds by steps or 
thresholds instead of slopes. We bounce rather than progress from 
one apparently stable state to another, and the bouncing (and 
necessary readjustment) can be extremely painful for those around 
at the time. 

" 	the prospect of surprises. Most people feel that something will 
always happen to stave off disaster; but disasters have happened in 
the past, and will happen again. The discovery of ozone holes was 
entirely unexpected, a point made by the President's Science 
Adviser. 

But ignorance and uncertainty are no excuse for not making the 
best judgements we can and taking action where necessary or possi­
ble. There are certain obvious catalysts which affect both the quality 
of human life, and life itself. The most obvious is the impact of popu­
lation increase. 

It would be pointless to try and work out all the consequences. But 
two stand out of particular importance. First we should expect a 
great increase in human displacements. In 1978 there were something 
like 5 million refugees in the world on a narrow political definition. I 
believe there are now more than 17 million. If we add in some 10 mil­
lion environmental refugees or economic migrants, it means that at 
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present there are around 25 million refugees worldwide. With dis­
ruption of current patterns of life, that number would increase 
dramatically. Sea-level rise would have particularly big effects. It is 
not fanciful to estimate that with world population rising to 8 billion 
or more, the refugee rate could rise proportionately with alarming 
consequences for the integrity of human society as a whole. 

There would also be more direct risks to human health with 
changes in existing patterns of disease. Temperature and moisture 
are both critical to the ability of viruses, bacteria and insects to multi­
ply. Thus we could see the spread of diseases we had thought under 
control or far away. Nor should we forget that with loss of biodiver­
sity, it will be less easy to tap the natural world for the constituents of 
drugs to cope with changes in bacterial and viral populations. 

After this visit to the Chamber of Horrors, you may well wonder 
why the governments and peoples of the world are not concerting 
action to meet an unprecedented range of problems. The answer is 
tb.t they are trying to do so. The agenda for the Earth Summit 
ncludes an Earth Charter; conventions, agreements or protocols on 
climate change, biodiversity. and forestry; and an Agenda 21 to set 
out a list of actions necessary in the next century. 

But 	 of course these raise wide issues reading into the better 
management of our planet. In order to give discussion some preci­
sion, I mention four issues which came up at a meeting of the Aspen 
Institute which I chaired last July: 
" The question of institutions and instruments: 

i) tchnical ones already exist: fir example, the United Nations 
Environment Program, the Wcrld Bank, the World Meteoro­
logical Organization and the Vkrld Climate Program; 

ii) 	 then there are the central organs of the United Nations: the 
General Assembly, the Security Council, and the International 
Court of Justice; 

iii) 	 but we may have to consider something new: for example an 
Ecological Security Council; a Commission for Sustainable 
Development; or z series of GATT-type mechanisms arising 
from the specific conventions. 

" The question of finance: we need to make better use of existing 
resources, but also look at something new (e.g., Global Environ­
mental Facility, and Multilateral Fund under the Montreal Proto­
col); 

" The question of legal issues with the possibility of major develop­
ment of international environmental law; 
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The question of technology and how best to transfer and diffuse it. 
Unfortunately, the preparations for this Conference are not going 

well. As I said at the beginning, countries do see these problems very 
differentlyr In a way, "environment" has been captioned by the indus­
trial (countries, and "development" by the non-industrial ones, and 
each is talking a different language. Polarization has followed, and 
the sad old rhetoric of the 1970s has revived. Why? In my view the 
main reasons are: 
" The industrial countries tend to think of the problem as one which 

involves them much less than the rest of the world. In fact, 
i) they are directly or indirectly (and however unwittingly) 

responsible for the mess (for example, 70% of carbon emis­
sions, 23% from the United States alone); 

ii) their consumption patterns are a root cause, and so far they are 
unchanged. Such patterns are of course an example that other 
countries wish to follow; 

iii) by not giving an example of restraint but continuing to preach 
it to others, they lack credibility; 

iv) they are as guilty as anyone in continuing to use economic 
instruments and methods of thought that fail to take account of 
the environmental dimension. 

" Frr their part, the non-industrial and other countries believe - in 
my view wrongly - that they have the industrial countries over a 
barrel; somehow they sec-abargain in which they trade some meas­
ure of environmental restraint against massive quantities of aid, 
deb- forgiveness, new terms of trade, etc. They too are guilty, 
although more forgivably, for using outdated economic analysis 
and policies. Many still see the concern in industrial countries 
about the environment as a trap to slow their development, and 
keep them in subservient poverty. 
I am afraid that both sets of countries nourish illusions. Environ­

ment concerns them all, and so does development. They have yet to 
understand the gravity of the problem. The interests they share are 
vastly greater than those which divide them. Most important, 
environmental change will affect all, but be more damaging to poor 
countries than to rich ones. They are supremely vulnerable. 

By contrast, most of the industrial countries should be able to 
manage over time. But they could scarcely prosper in an impover­
ished world when they would be a shrinking proportion of the popu­
lation and where they would be vulnerable to invasion, infiltration 
and the growing pollution of others. This was an essential point in 
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the NAS Panel on the Policy Implications of Greenhouse Warming to 
which Dr. Bromley referred. In fact, wealth and poverty cannot sit 
together for long. Yet the gap between rich and poor is ever widen­
ing. According to Swaminathan: 
" in 1880, the ratio of real per capita income between Europe on one 

hand and China or India on the other was 2:1 
" by 1965 the ratio was 40:1 
" in 1991 it was 70:1. 
Thus all need a new international regime. But those who need it most 
are the poor. They should be the lpaders rather than the laggards. 

In relation to the size and scope of the issues, we have hardly
started to cope with them. We need not only to behave differently but 
to think differently: 
" We need to rerast our vocabulary. Words are not only a means of 

expression but also the building blocks of thought. The instru­
ments of economic analysis are blunt and rusty. Such words as
"growth," "development," "cost benefit analysis," even "gross
national product," are used in such a rhisleading way that they are 
more than ripe for redefinition; 

" We need to realize that conventional wisdom is sometimes a con­
tradiction in terms. 

" We need to change the culture. Many have lamented the division 
between the cultures of science and the arts. They are right to do 
so. But neither is now in charge. Our real bosses are the business 
managers. Their calculations are strictly short term. 

" We need to recast parts of our educational systems to promote
better understanding of the environment. In some countries this 
has begun already, and in others it was always there. In general, I 
have found the young more in tune with nature than their teachers. 

" We need a value system which enshrines the principle of sustaina­
bility over generations. Here the Brundtland report has made a 
beginning. But we bave far to go. The proposed Eaith Charter for 
the Summit next year - the first test. 
By comparison, behavg differently is almost easy. It follows 

naturally from thinking differently. Little is possible without a 
vigorous public opinion putting pressure on local authorities and 
governments. But the governments themselves are best placed to 
exercise leadership. There are five !riain areas for action: over people, 
over generation and use of energy, over use of land, over industry, 
and over biodiversity or other forms of life. 
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For governments a measure of internal reorganization is necessary: 
for example, there should be tight coordination at the center to ensure 
integration of policies; environmental audit within Departments, and 
environmental accounting in annual budgets; environmental costing
and pricing with full social cost taken into account; and use of fiscal 
incentives and disincentives. 

All this would amount to a refashioning of our society. But the 
prospect need not stun us into inaction. I suggest five principles on 
which governments should act, singly and together. 

First, they should now do what makes sense for reasons other than 
any one environmental factor: the so-called "no regrets" policies. 

Next, they should take out insurance policies against disaster, and 
pay the necessary premiums in terms of precautionary investment. 

They should re-target and give more financial support to relevant 
scientific research and coordinate the results. 

They should work out an international strategy which recognizes
the realities, sets the framework for collective action, takes good 
account of equity, and above all is founded on national as well as 
international interest. 

Last, they should deal with environmental issues together. Isolated 
measures to cope with one of them can sometimes make others worse. 

I have left the two most difficult points to grasp to the end: 
" We forget that human societies are inherently fragile: not just that 

of the Soviet Union but in Africa and elsewhere. We do not wan to 
suffer the fate of preceding civilizations. 

" We are hooked on the idea of progress, the thought that whatever 
the setbacks or deviations, human beings advance upwards and 
onwards. Hence our engrained feeling that problems can always be 
solved, resources should be exploited to the full, dynamism is 
better than stability. Certainly this has been a most powerful ener­
gizer. Yet in the longer term this philosophy requires at least 
modification. Sustainability - or sustainable development - car­
ries the implication of balance with nature over indefinitean 
number of generations. Thus animal species, including our own, 
and the ecosystems of which they are part, must eventually achieve 
a stability in which population and resources are in broad equili­
brium. Malthus may have got his methodology wrong but his 
insights were right. Steady-state societies have a tendency to atro­
phy. 'Rather we need a steadier state in which our species can 
accoranodate change instead of being endangered, damaged or 
destroyed by it. Only thus can we come to terms with the realities 
of our planet. 
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