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Foreword
by Professor G. O. P. Obasi

Secretary-General
WMO

The study of climate and
climatic change has always
been one of the primary
responsibilities of the World
Meteorological Organization
and of its predecessor, the
International Meteorological
Organization, founded over a
century ago. Even in the late
1960s and early 1970s WMO
was already particularly con-
cerned about changes to the
world's climate and to the
composition of the atmo-
sphere — now an issue of
ever-increasing importance.

In February 1979, WMO convened the first World
Climate Conference jointly with other organizations of
the United Nations system. In the intervening years we
have witnessed the growing concern about climate and
environmental issues that has led to the establishment of
special bodies such as the WMO/UNEP Intergovernmental
Panel on Climate Change and also to a whole series of
ministerial meetings culminating in the Second World
Climate Conference (Geneva, 29 October - 7 November
1990). The Ministerial Declaration of the Conference,
adopted by representatives of 137 countries, helps pave
the way for the preparation of a Framework Convention
on Climate Change.




The great interest of the nations of the world in issues
related to environment in general and to the atmosphere and
climate in particular is well demonstrated by the fact that
many Heads of State and leading diplomats participated
personally in those meetings. Their interventions were well-
considered, clear and thought-provoking. To put on record
some of their views, it was therefore decided to conduct inter-
views with some of these eminent personalities in connection
with WMO World Meteorological Day, celebrated each year
on 23 March.

The WMO Executive Council had already decided that
the theme for World Meteorological Day 1991 should be ‘The
atmosphere of the living planet Earth’ and this was most
appropriate to the purpose of the interviews. This booklet
contains the record of these interviews presented in alpha-
betical order of the names of the countries.

On behalf of the World Meteorological Organization, I
wish to express my gratitude to President Fernando Collor de
Mello of Brazil, President Frangois Mitterrand of France, His
Majesty King Hussein of Jordan, Prime Minister Edward
Fenech-Adami of Malta, President Flavio Cotti of Switzerland
and President Robert Mugabe of Zimbabwe for according the
interviews contained in this booklet. WMO is indeed
honoured by their participation.

Thanks are also due to Dr Hessam Taba who, in his
capacity as a consultant to the Secretary-General of WMO,
assisted in the preparation of these interviews and edited
this booklet.

—afo____

G. O. P. Obasi
Secretary-General
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His Excellency
Fernando Collor de Mello

President of the Federative
Republic of Brazil

According to environmen-
talists, Latin America is
losing its forests and jungles
at an alarming rate, some of
the cities are amony the most
polluted, soil erosion affects
the productive land, and
regional seas are replete with
sewage, chemical and other
wastes. Is the situation
indeed as ominous as it is
presented?

Latin America nowadays faces a series of environmental
problems. These are associated, on the one hand, with
mounting pressures on natural resources, and, on the
other, with rapid urbanization and the very growth of
industrial activity. The serious economic crisis that has
hit the region since the beginning of the past decade has
had an adverse impact on the environment and on the
quality of life of local populations.

One must bear in mind, however, that Latin
America is not the sole region to suffer from environ-
mental problems, which, being to a large extent a con-
sequence of less than sustainable development models,
manifest themselves in more serious forms in the
developed world.
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A problem of particular importance is the rapid decline of trop-
ical forests as a result of increased demand for farmland,
gathering of firewood, the commercial use of wood and inappro-
priate settlement policies. Deforestation affects tropospheric
chemistry and hence the global climate. In your opinion, how
serious are the consequences of deforestation today in Brazil

and how much damage has been done?

The most up-to-date data available on the vegetation cover
of the Amazonian Region, collected by the Brazilian
Instituto de Pesquisas Espaciais (INPE) (Space Research
Institute), Sdo Paulo, show that the actual figures for defor-
estation areas or rates are much less alarming than those
given in certain projections from abroad made available
internationally. To begin with, deforestation has indeed
occurred, but at constant rates, not at exponential ones as
suggested by some scientists and experts. The total area
where deforestation, both recent and traditional, has
occurred approaches 394 000 square kilometres (around
7.8% of the total area of Legal Brazilian Amazonia). The
average deforestation rate for the period 1978-1989 has
been calculated as 21 776 square kilometres (2.2 million
hectares) per year, i.e. approximately four times less than
the 80 000 square kilometres per year estimated by the
World Resources Institute. The data collected by the INPE
indicates that total deforestation in Amazonia corresponds
to 254 tons of CO, emissions into the atmosphere — or 3.7%
of the total emissions throughout the world.

During the Bergen Ministerial Conference on Sustainable
Development in the ECE Region (May 1990), the Secretary of
the Environment of Brazil spoke on your behalf. He mentioned
the importance of the rainforest and referred to the results of the
study and research work conducted at the Institute of Research
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for Amazonia (INPA) in Manaus. He gave an account of how

the destruction of the tropical forest in Brazil would affect
climate not only in the region, but all over the globe. Since this
is an extremely important issue, would you (ike to offer your
own personal view?

As I have been stressing since the time of the electoral
campaign to the Presidency, one of my Administration's
priorities is to tackle environmental problems by means of
a positive approach. In this context, I do recognize the
importance of protecting climate and the atmosphere. In so
far as the protection of the great carbon reservoirs — such as
forests and oceans — is a part of this problem, Brazil is ready
to offer its contribution in a constructive manner, through
incentives to programmes and projects for the protection of
the Amazonian forest. We consider it absolutely indispens-
able, however, that other countries play their part in this
process, e.g. by reducing emissions of greenhouse gases of
fossil-fuel origin derived from their gigantic fleets of cars and
from their industrial parks.

There is a new administration in Brazil and you yourself, as a
young President, are seriously preoccupied with problems of
atmospheric pollution, adverse climatic changes and defores-
tation. You have already taken some steps within the country
to improve the situation. Could you please outline in some detail
the measures you have taKen?

With the aim of promoting the protection of the Amazonian
forest, we in Brazil are finalizing the overall economic-
ecological mapping of the region. This programme is based
on the assumption that environmental protection cannot be
dissociated from the promotion of social and economic
development. It will allow the precise definition of potentials
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of the various areas in the region, which is necessary for the
correct applicability of models of sustainable development in
the forest. In that programme, it is expected that 20 new
‘extractivist reserves’ would be added to the five reserves
already existing. Combating of illegal deforestation and
burning in the critical period of June to September has been
made possible by ‘Operation Amazonia’, an overall effort
launched in April 1990 and combining sophisticated
satellite surveys and monitoring with local checking and
enforcement on the ground. Illegal, indiscriminate taking of
lands in Amazonia is being forcefully opposed by all means
permitted by law, including even the co-operation of the
Armed Forces.

A comprehensive programme of environmental edu-
cation is being launched at the same time, with a view to
broadening and deepening perceptive motivation of the
younger generation with respect to the importance of envir-
onmental protection in conjunction with the promotion of
sustainable development.

Since you have already curbed some of the projects which were
not environmentally sound, what sort of alternatives do you
fave in mind and what sort of assistance would you require?

It is not easy to implement development-project options that
are clearly directed to a ‘sustainable’ dimension. These
options often require considerably larger investments, longer
planning, a solid effort towards motivating local communi-
ties, and onerous fiscal and supervisory operations. They
also require special education and training of personnel,
and access to technologies and equipment which are often
too expensive and not available in the domestic market. It
will be absolutely necessary to intensify international co-
operation in the environmental area. Equally essential, steps

must be taken to promote more just and equitable world-
wide economic relations, without which the reactivation of
economic activity and economic growth in developing
countries cannot take place. It is in this sense that we
welcome with great interest the new language of co-
operation reflected in the recent Declaration of Dublin
(European Communities Council) and the Declaration of
Houston (Summit of the Seven).

Al activities necessary to maintain a clean atmosphere, to
prevent adverse climatic change, to control deforestation, to
avoid undesirable environmental impacts on agriculture, in brief
to meet the very goal of sustainable development, require ex-
penditure. In your opinion fiow can the necessary financial
resources be made available to developing countries in order to
broaden their access to environmentally clean technologies?

The channelling of additional financial resources, under
concessional conditions, and the right of access, on preferen-
tial terms, to the new, ‘clean’ technologies, those that protect
and help recover the environment, are two fundamental
issues. They are intimately related to the promotion of
sustainable development in developing countries.

New and additional credits and technologies are neces-
sary not only for improving the quality of the environment
in each country, but also in terms of providing the means of
implementing whatever new international obligations are
agreed upon through international negotiations. In fact,
every agreement should include specific arrangements for
the transfer of additional resources to developing countries.

Additional financing for domestic environmental plan-
ning could be channelled by means of more bilateral grants
or concessions as well as by a new financing unit within the
World Bank (we note that the proposed establishment of a




‘Global Environmental Facility’ within the purview of the IBRD
is under consideration by its Development Committee).
Additional resources are also needed if we are to face positively
the environmental components embedded in most develop-
ment and infrastructure projects.

There is little doubt that the reduction of the emission of green-
house gases and the consequent adverse climate change require
a new policy in the use of fossil fuels, wider use of alternative
energy, an effective energy conservation programme, the curbing
of deforestation in tropical regions and the exploitation of
natural resources on a sustainable basis. In this context, you
may wish to explain the present situation in Brazil as regards
the use of gazohol and ethanol or any other energy alternatives
you have developed.

Greenhouse gas emissions derived from fossil fuel combus-
tion are relatively small in Brazil. The highly industrialized
countries, being most responsible for that kind of emission,
must take the lead in making commitments aiming at
reducing these emissions. As for the specific question
concerning the use of alcohol as an alternative to other fuels,
let me stress that Brazil has developed an autonomous and
quite efficient technology in this field. As you know, a
substantial part of the Brazilian car fleet is alcohol-run, thus
contributing significantly to the reduction of CO, emissions.

As pointed out by the Brazilian delegation to the White House
Conference on Science and Economics Research Related to
Global Change (April 1990), the following questions deserve
particular attention: What activities, in the developing coun-
tries, have to be curtailed for environmental purposes that do
not imply a serious social cost? Is it possible to allow a better

distribution of emissions within the national boundaries so that
the most productive and desirable activities are favoured? Do
you not agree that these problems require solutions prior to the
setting up of requlations and legislation which would be diffi-
cult for developing nations to respect?

One should never separate the question of implementing
environmental protection measures in developing countries
from that of promoting social and economic development.
The present situation in our countries requires a special and
differential treatment, the mobilization of additional
resources and access to new technologies. These are sine qua
non conditions if we are able gradually to adapt productive
activities to environmentally more demanding standards.
The measures of control eventually to be adopted through
new international agreements on the protection of the envi-
ronment must not take the form of an inequitable freeze of
present levels of quality of life in the various countries.

The setting of ceilings for greenhouse gas emissions
and the identification of ‘emitting’ activities to be selectively
controlled, under more or less comprehensive standards, in
accordance with their positive impact on economic develop-
ment, should be among those ideas to be contemplated in
the forthcoming negotiating process that will lead to a
framework convention on climate.

In your opinion, what are the most urgent measures required to
prevent Latin America from becoming the victim of a profound
socio-environmental crisis?

As already indicated, it seems to me that those elements
absolutely necessary for a programme that would prevent
the double crisis — socio-economic and environmental — in
Latin America and the Caribbean must include the return of
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economic activity to the region; the re-negotiation, in more
equitable terms, of the regional external debt; and the chan-
nelling of financial and technological resources on a prefer-
ential basis. Within the next year, the Regional Action Plan
for the Environment in Latin America and the Caribbean,
now under preparation, should be adopted. As an outcome
of governmental negotiations, the Action Plan is expected to
establish priorities for co-operative action within the regional
context. It should inter alia also provide the basis for diver-
sifying channels and mechanisms responsible for receiving
foreign resources, originating from both multilateral and
bilateral initiatives, for programmes directed to the protec-
tion of the environment in the area.

Brazil will host the 1992 United Nations Conference on
Environment and Development (UNCED). What do you feel
should be the main outcome of the Conference?

Owing to its dimension and importance, the United
Nations Conference on Environment and Development, to
be held in Brazil in 1992, will undoubtedly become one of
the great diplomatic events in the history of the United
Nations. The fundamental goal of the Conference will be to
include, definitively, environmental considerations in the
planning and promotion of social and economic develop-
ment, emphasis being given to the importance of concepts
of sustainable, environmentally rational development.
UNCED should play a fundamental role in the
consolidation of principles which should guide economic
activity of the different societies according to a revised
model of development. For that reason, it should create
mechanisms that permit the sharing, on a global scale, of
the benefits of economic development — the assumption
being that underdevelopment and poverty constitute, in

their own right, major causes for the degradation of
the environment. UNCED should furthermore consolidate
mechanisms to ensure differential and preferential
treatment for developing countries in the field of legal
obligations related to the environment, as well as to permit
these countries, under more favourable conditions, access
to financial resources and technologies indispensable for
the implementation of sustainable development models.

In addition, the climax of the 1992 Conference
should be the adoption of various international legal
instruments for the protection of the environment. Finally,
it should set an agenda for sustainable development in the
next century.

* % k%
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His Excellency
Francois M. Mitterrand

President
of the French Republic

The heads of 24 governments
from all the continents met
on 10 and 11 March 1989 in
The Hague (Netherlands) at
the Summit on the Protection _
of the Global Atmosphere, RN: 5 -
convened by three countries, :
including France. The fact
that you appeared personally
demonstrates the importance
you attach to this problem.
Would you (ike to expand on
this topic?

France attaches the highest importance to protection of the
global atmosphere, whether in order to preserve the
stratospheric ozone layer or to limit emissions of toxic as
well as greenhouse gases. It was for this reason that my
country took the initiative of making such an appeal,
together with Norway and the Netherlands. Actually, 1
believe that a supra-national body must be created which
will alone be able to monitor effectively compliance with
the international regulations to be decreed for this purpose.

In your address at The Hague you inferred that, even if
uncertainties still remained from the scientific point of view,
the nature of the problem was such that it required immediate

11



international action. Many nations still believe that
protection of the environment and ecosystem is an expensive
undertaking. Do you believe that observational and research
aspects of the monitoring and protection of the global
atmosphere should receive priority?

It was, of course, the scientists who first warned all the
citizens and leaders of the various countries about
the urgency of ensuring the global protection of the
environment. France therefore attaches the highest
importance to the development of research and to the
proper dissemination of observations. It was, in fact, for
this reason that, in June 1989, I requested the creation of a
World Observatory of the Planet and that, at the last
summit in Houston, I proposed, on behalf of France, the
creation of a centre for disseminating satellite data
concerning environmental protection. Nevertheless, I
consider that our action should not be limited to research
aspects and that it is a matter of urgency to act even if all
of the scientific uncertainties have not yet been removed.
If our countries do not adopt concrete measures to limit
emissions of harmful gases, the resultant delay will have
considerable economic repercussions in the future.

The signatories of the Hague Declaration acknowledged that
the industrialized nations had a special responsibility to assist
the developing countries, which might be the ones most seriously
affected by changes in the thﬂ% s climate and environment.

What form do you think such assistance could take?

Clearly, the more prosperous nations have special obli-
gations toward the developing countries, particularly
since it is our countries which still pollute the atmosphere
most. The assistance which we should give to the
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developing countries can take several forms, such as the
creation of international bodies devoted to the solution of
problems specifically affecting the developing countries.
France thus proposed the creation of the Sahara and
Sahel Observatory, which has started its work to control
desertification. We must also not forget the various
economic forms of aid, including loans or gifts, to the
developing countries which are the most affected by
climate changes.

Do you feel that the nations of the world are ready to con-
template joint action to combat and mitigate the threat to the
world from the greenhouse effect?

I note that all nations of the world have become aware of
the threat of the greenhouse effect to climate evolution.
Obviously, we are not yet all in agreement on how the
necessary action is to be undertaken. However, I feel that
an increasing number of countries are prepared to make
appropriate efforts by making known the limits of carbon
dioxide emissions which they intend to respect. This
process will still take a long time, but I think that wisdom
will prevail.

13
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His Majesty
Hussein 1

King of the
Hashemite Kingdom of Jordan

The fact that you personally
attended the Hague Summit
demonstrates your great
interest in and profound
concern regarding problems
of climate change and pre-
servation of the environ-
ment. You stated that the
quality of life was being
threatened by the growing
dangers to the Earth's
atmosphere. Do you wish to
highlight some of these

dangers?

The dangers to the Earth's atmosphere are manifold.
Some of them may seem area-specific, such as defor-
estation, desertification, and depletion of freshwater
resources, which afflict Jordan and the Middle East in
general, or acid rain and pollution in more highly
industrialized regions; but these phenomena are global in
their effect, just as much as the greenhouse effect or the
depletion of the ozone layer. This is because the ecosystem
is so finely balanced that a disruption in any part of it
would throw the system out of balance. Hence the
importance of the Hague Summit of March 1989, because
it highlighted the global nature of the challenge and the
need for a co-ordinated and comprehensive world effort
to overcome it.
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Global climate change, air, sea- and freshwater pollution,
acid rain, hazardous substances, deforestation and energy
policies are among the most important problems facing
manKkind. During recent years, numerous international
meetings at all scientific and political levels have been held to
discuss these issues and preparations are in progress for
holding the United Nations Conference on Environment in
Brazil in 1992. Do you believe that, by 1992, political and
financial means will be available to tacKle these problems?

I believe that the financial and technological means to
tackle these problems are available, but the measures
necessary for protecting the environment have often come
into conflict with the short-term needs of development, or
with the profit motive, which also cannot be ignored. It is
the duty of political decision-makers to draw up and
implement policies that give incentives to the private as
well as public sectors to pursue the dual objective of
progress and preservation with equal emphasis.

On many occasions, it has been suggested that the
implementation of an efficient environmental protection
programme requires three quite distinct measures: (a)
establishment of an international authority or strengthening
of existing authorities under the aegis of the United Nations
to supervise the preservation of the environment; (b)
establishment of an international funding source to assist
developing nations in setting up environmental protection
projects; and (c) setting up of a comprehensive environmental
legal machinery with its own principles, rules, criteria and
standards. You may wish to offer your own views on these.

The global nature of the challenge requires a co-
ordinated and comprehensive effort to tackle it, and I
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believe that the United Nations is the body best qualified
to deal with this momentous task since it already has a
specialized agency for the purpose, and particularly in
view of its revitalized role. However, there is certainly a
need to strengthen the United Nations Environment
Programme, as well as all other United Nations bodies, to
enable them to cope better with the challenges that face
humanity.

Concerning funds for the environment protection
programmes, the challenge lies in interlinking the goals
of progress and preservation. Therefore, serious consid-
eration must be given to the means that would best
achieve this end. It may be more efficient to increase
co-operation between the United Nations Environment
Programme and its sister programme, the UNDP.

The same applies to the legal machinery. However,
on this topic, I would like to stress that the success of the
global effort to protect the environment depends on
international co-operation. Therefore, the principles,
rules, criteria, and standards must be applicable and
pertinent to both developing and developed nations, and
not favour one group's interests over those of the other.

The greenhouse effect, attributed to man-made emissions of
carbon dioxide, methane and chlorofluorocarbons, is a
particularly world-wide problem as regards both cause and
impact. The industrialized nations have begun the painful
process of discovering past mistakes and the developing
countries want compensation for reducing the emissions they
produce. The WMO/UNE®P Intergovernmental Panel on
Climate Change (IPCC) has suggested that there are
sufficient grounds to act on global warming. Do you believe
that a global agreement could be reached, in the next few
years, to reduce the emission of the greenhouse gases?

17




| see no alternative to global co-operation to solve the
problem. The technology exists to provide substitutes for
activities causing harmful emissions and certainly the
financial resources are there. The problem lies in assessing
correctly each country's needs and capability, and in
allocating each country's share of the effort. The
developing countries are already overburdened by their
development needs and they need assistance, both
financially and technically, to contribute to such a
programme.

Governments are deeply concerned over the condition of
the world's ecosystem, food supply and human health.
Developing nations, however, do not as yet have the means
to integrate economic development and environmental
preservation. Some donors, funding institutions and devel-
opment banks have shown interest in providing financial
assistance if the ethics of sustainable development are
incorporated in the assistance programme. Do you believe
that this approach will limit the flexibility of the develop-
ing countries in the trade-off between environment and
development consideration?

Developing nations face a complexity of problems related to
development. These include providing food, employment,
housing, education, and health services to an ever-
increasing population. In addition, some have to cope with
a debilitating debt problem, which handicaps their growth.
In certain regions, such as the Middle East, the absence of
peace also hinders socio-economic progress. The preservation
of the environment has to compete with the vital issues of
survival for a place on any developing country's national
agenda. Therefore, it becomes essential to provide devel-
oping countries with incentives and assistance to pursue

18

conservation programmes, but this should be done in a way
that enhances their development programmes, not place an
additional burden on their already stretched resources. This
would make economic planning more difficult, but, in the
long run, it is the only way.

The developing nations have an urgent need for access to, and
actual transfer of, up-to-date environmental protection
technology. In your view, how can this be achieved at
fittle or no cost and without unduly impeding economic
development?

It is important to stress that technology transfer, in this
situation in particular, is not a hand-out from the more
advanced countries, but an investment on their part in a
better future for all mankind. It is a long-term investment
whose rewards may not be appreciated fully for some
years to come. However, if this principle were accepted,
the mechanism of the transfer would not present an
insurmountable obstacle.

Since all climate-related social issues are interrelated and call
for international action, they require the participation of the
developing nations. Unless developing countries have a pool
of specialists trained in all aspects of climate change and
environmental preservation, they cannot participate
effectively in the implementation of such programmes. In
your opinion, what action could be taken to speed up the
process of training and to encourage participation at a
national or international level?

The problem is a real one, and it is compounded by the fact
that the resources of developing countries are overstretched to

19




meet basic bread-and-butter issues. The realization that
conservation of the environment is not an esoteric interest is
comparatively new, even in developed nations. This is why
conservation has not received the order of priority that it
deserves. Hence, the training of specialists at higher levels of
education, though an important step, would not be sufficient.
It would not be sufficient to allocate a share of the scholar-
ships and academic exchange programmes to conservation-
related disciplines; equally important is the creation of
awareness at grass-roots level of the importance of con-
servation, and to this end we also need help from countries
with longer experience in the field.

Twenty years after the StocKfiolm Conference, the 1992 United
Nations Conference to be held in Brazil will provide an
important opportunity for the international community to
take stock and assess the progress achieved in the field
of protection of the atmosphere and environmental preservation.
It is of utmost importance that developing nations make every
effort to take part in this important gathering. What would be
your personal wishes as regards the outcome of the Conference?

The purpose of this meeting is to confront a problem that
faces all humanity, and it is of the utmost importance that
all nations participate fully. I would like to see the conference
address with equal emphasis the concerns of developed and
developing countries, in a spirit of co-operation, which would
be a very good precedent of joint world action against a
common danger.

Could you please describe some of the climatic problems of
particular concern to the Hashemite Kingdom of Jordan in the
context of the scenario of a probable global warming?

20
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I have made reference to the problems of salination of
the already scarce water resources, earth erosion and
desertification. But these problems have to be taken in a
regional context since their solution, which is crucial to
our development and economic planning, is made more
difficult by the political realities which make regional co-
operation difficult in the absence of peace.

Of course all these problems would be accentuated
all the more by global warming, which would add to the
causes of instability in the region. The problem would thus
feed on itself and snowball out of control.

21
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The Honourable
Edward Fenech-Adami

Prime Minister of the
Republic of Malta

In 1988 the Government of
Malta took. the initiative to
advance international action
on the issue of global climate
change when it prepared a
resolution for consideration
by the United Nations
General Assembly entitled
‘Protection of the global
climate for present and future
generations of manKkind'.
What prompted your Govern-
ment to take such initiative?

In August 1988, Professor David Attard, who teaches
international law at the University of Malta, asked to see
me on a matter which he felt was of international
importance. At the meeting, Professor Attard stressed the
need for co-operation with respect to the protection of the
global climate. He explained that the world's climate was
being threatened by certain human activities. There was
a great risk that these activities could lead to a global
warming, the magnitude of which — over such a short
time scale — had never been witnessed in the history of
civilized man.

In his view, whilst serious work was being under-
taken by a number of scientific organizations, there was
little co-ordination of such effort. Given the magnitude of
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the problem and the limited resources available, it was
important that there should be less overlapping and more
co-ordination. Furthermore, Professor Attard stressed the
need to have the problem considered at the highest
political level — the United Nations General Assembly.

In view of the serious threat which climate change
presented, I felt that my Government should take urgent
action. I discussed the issue with the then Minister of
Foreign Affairs, Dr V. Tabone, who immediately agreed
on the necessity for action at the United Nations. On
9 September 1988, my Government requested that the
issue of climate change be put on the agenda of the 43rd
session of the General Assembly. Our request was accepted
and furthermore a Plenary Meeting of the Assembly was
convened to examine the question.

In short, Malta's initiative on climate was aimed at
creating a global response to climate change. Clearly,
whether developed or developing, each State has an
interest in the global climate. Its protection is vital to life
on Earth. We must strive to ensure that future generations
do not inherit a planet which cannot sustain life.

I assume that before or when you submitted the draft
resolution, you solicited support from some agencies or
organizations. Which organizations did you contact and
what were their reactions?

Yes, we did sound a number of organizations and
personalities prior to raising the question of climate
change at the United Nations. In fact, at the formative
stages of our initiative, I instructed our Foreign Office to
seek the advice of the relevant international organ-
izations, in particular WMO and UNEP. I felt that the
former could offer guidance on the scientific aspects of the
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issue, whilst the latter had the policy-making expertise in
dealing with global environmental problems. I was of the
opinion that the support of WMO and UNEP was crucial if
our initiative was to succeed. I shall never forget the
vigorous support we received from Professor G. O. P. Obasi
and Dr M. K. Tolba, both of whom visited us in Malta and
assisted us in the formulation of our policy.

In fact, we feel that our initiative on climate should
be considered as a tribute to all those persons, dgencies
and organizations that had undertaken the necessary
work and research to ascertain that our fears were based
on sound scientific evidence.

In my view, there can be no effective policy-
making in the area of environmental pollution unless
the decision-maker is presented with reliable scientific
evidence. It is therefore vital in developing our response
strategies to climate change that we continue to support
and strengthen the research programmes on climate.

On the other hand, we must be careful not to allow
any scientific uncertainty to hinder our responses in
countering climate change. Given the seriousness and
traumatic effects of climate change, mankind cannot and
should not await absolute scientific consensus before
taking action, for by then it may be too late. We simply
cannot afford to procrastinate. The scientist and the
policy-maker must work hand in hand to provide a
survival strategy for our planet. In this respect the co-
operation between UNEP and WMO provides an excellent
example.

Do you believe that the resolution as adopted by the United
Nations meets the expectations of the Government of Malta
and others who supported it? What are the salient points of
the resolution?
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I believe that the resolution does meet to a very large extent
the expectations of the Maltese Government and the 55
States that co-sponsored it. The fact that it was unanimously
adopted by the United Nations General Assembly reflects
the general support which our initiative enjoyed.

Briefly, the resolution sets out the constitutive
elements of a global strategy to ensure the effective
protection of our global climate. These elements can be
divided into three broad categories: (a) institutional, (b)
scientific, and (c) legal.

The UN resolution clearly identifies the Inter-
governmental Panel on Climate Change as the body
through which WMO and UNEP should ensure that the
necessary action is taken. I am glad to note that the panel
has already prepared an authoritative report on climate
change. The scientific and socio-economic aspect of
climate change is another area which the resolution
required the panel to consider. The creation of a legal
framework within which mankind's activities to protect
the climate can be regulated was another goal set out by
the resolution.

Clearly, we would have liked some of its provisions to
be worded in a stronger tone. In fact, events over recent
months — as I shall explain — have proved us right.
Nevertheless, given the uniqueness of our initiative and its
sensitive nature, we felt that prudence and caution in our
demands were necessary to ensure consensus and success.

If you look at Resolution 43/53, paragraph 10 (e)
reads ‘Elements for inclusion in a possible future
international convention on climate’. The original
Maltese draft used the word ‘possible’ to qualify
‘elements’ and not ‘convention’. In our negotiations in
the Second Committee of the General Assembly, it
became clear — at least in October/November 1988 —
that there was no general agreement over whether there
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was a need for a climate convention. We left the General
Assembly determined to muster international support
for the conclusion of a climate convention. In the
months that followed, it became clear that Malta's
position was receiving widespread support, as was
confirmed in Resolution 44/207 on climate, which
emerged from the 44th session of the United Nations
General Assembly. In this resolution, the international
community is urged to begin preparations for nego-
tiations on a framework convention on climate, taking
into account the work of the Intergovernmental Panel
on Climate Change.

I would like to conclude my answer by raising what
I consider to be a fundamental issue. If the international
community is to succeed in coping with global envir-
onmental problems, new rules of international law have
to be formulated. It is our belief that the current state of
international law is not mature enough to enable us to
tackle these problems effectively. We live today in a
situation where a small group of States can tamper with
the global environmental equilibrium at the expense of
the international community. In this respect, I feel it is
noteworthy that Malta has introduced the concept of the
common concern of mankind. And climate change is a
common concern of mankind.

This concept, which has been confirmed by the
General Assembly in Resolution 43/53, should develop into
a principle allowing the international community to act on
matters which are of common interest. In the case of
climate, the international community would be entitled to
concern itself with activities which cause climate change,
even when such activities occur within a State's boundaries.
The principle of domestic jurisdiction can no longer be
allowed to be used as a defence when global environmental
well-being is at stake.
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In conjunction with the draft resolution submitted by the
Government of Malta, the Maltese Government had also
proposed the need for an ‘international convention on
climate’ which would provide a legal and institutional
Sframework_to deal with climate change and global warming.
Could you please expand on this?

As I pointed out in my last answer, my Government feels
that there should be an international convention on
climate. We feel that the conclusion of such a treaty would
signal to the world community the existence of a firm
political will to counter the problem of climate change. It
should provide a global framework within which national,
regional and international measures to protect the climate
can be developed, harmonized and co-ordinated.

The instrument should be primarily a framework
convention enumerating the general principles and
providing for the development of a number of protocols
which could contain concrete measures. In this respect
the Vienna Convention on the Ozone Layer is a useful
model. It is a framework treaty which deals with a global
environmental problem — the protection of the ozone
layer.

One must however also realize that the question of
climate change is a much more complicated and intricate
issue. It is all-embracing, affecting every aspect of human
life. Furthermore, those human activities which produce
climate change are very numerous.

We also have to bear in mind that we have a tem-
poral problem. Mankind simply does not have the time to
await the negotiation and conclusion of a framework
convention without any agreement on concrete measures.
Malta is therefore proposing that, coupled with the
conclusion of a climate convention, the international
community should strive to adopt at least two protocols
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which will require concrete measures to be taken in two
particular areas:

e Rational forestry management;
and
® Energy efficiency.

It is our view that there exists sufficient support for
the adoption of these protocols. Clearly, their observance
would produce results that are beneficial to the global
climate. Furthermore, measures in the areas I have just
mentioned would also produce other benefits such as
economic savings.

In your address on the occasion of the Meeting of Resident
Representatives of the United Nations Development
Programme (Malta, March 1989) you said that the need to
protect the global environment was not incompatible with the
need to develop and improve the fiuman condition. Could you
please expand on this?

If an environmental protection strategy is to be effective
and successful it has to take into account the economic
needs and development realities of the international
community. Increasingly, even in a very small State such
as ours, decision-makers have to act bearing in mind the
need to protect the environment and the urge to develop
and grow. In my view one has to achieve a balance
between these two goals. Clearly, there are cases where
development causes environmental problems. On the
other hand, we have to ask: Can there be ‘true’ develop-
ment, if there is widespread degradation?

The solution to this dilemma is often a complicated,
multidimensional and intricate one. Those countries
which have grown and developed cannot expect others
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suddenly to stultify their development and growth.
Clearly, all States must act responsibly. Underdevelop-
ment is no excuse for a State to abuse the environment.
Nevertheless, the developed States have a responsibility
to ensure that the developing States are allowed to
grow and at the same time meet their environmental
obligations. This responsibility, it seems to me, stems from
two factors:

¢ The developed States have in many cases grown
at the expense of the environment. Their
development has produced adverse environ-
mental effects which the international com-
munity is still facing today. This degradation
occurred when some members of the inter-
national community were not even States. It
was not unknown for States to undertake
their hazardous activities in distant colonial
territories. The development of the nuclear States
is littered with such occurrences;

¢ The developed States have the resources and the
technological capabilities to develop environ-
mentally benign technologies. There should be
channels for the transfer of these technologies,
and for the funding of the establishment and
application of these technologies in developing
States.

The results of the recent London Ozone Layer
Conference demonstrate the need to recognize devel-
opmental concerns if global environmental strategies
are to succeed. The ozone layer surrounds us all —
developed, developing, rich, poor, small and great. It
protects the some five billion inhabitants of the Earth
from possible destruction. The need to phase out
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chlorofluorocarbons (CFCs) has serious developmental
consequences. CFCs play an important part in our
economic growth. We cannot expect developing States —
which are aspiring to the same development as
industrialized States and which have for a number of
years been gearing up to exploit CFCs — suddenly to
abandon the economic interests of their peoples. I fully
understand the position of China and India on this
matter.

I feel that the solution of the London Conference
attempts to create a reasonable and realistic balance
between economic growth and environmental protection.
It attempts to tighten controls on CFCs on a global basis.
It envisages the developed States assisting developing
States to adopt and adapt to the new technologies that
provide CFC alternatives. This assistance is coupled with
the setting up of a 240 million US dollar fund to finance
this transfer of technology.

I believe that the London solution provides a unique
model for balancing development and environmental
protection. It will be useful in our fight to protect the
global climate. It will demonstrate that it is possible to
tackle global environmental problems even if there are
developmental consequences.

Clearly, with respect to climate, the financial
assistance will have to be of a greater magnitude. That is
why Malta has advocated the establishment of a World
Climate Fund. The London Conference demonstrates that
such a fund is a realistic goal. It strengthens our resolve.

Finally, I should like to point out that Malta
has prohibited the use in aerosol sprays of all ozone-
damaging chemical compounds after 31 December 1990.
After this date no aerosol spray product containing such
compounds will be allowed to be manufactured, imported
or exported.
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On several occasions you have referred to the possible estab-
lishment of a Euro-Mediterranean Centre to deal with
regional aspects of environmental problems. Would you give a
few examples of problems which could be dealt with by such

a centre?

Malta has proposed the establishment of a Euro-
Mediterranean Centre to deal with the problems of
climate change. The main goal of this centre would be to
examine the ramifications of climate change on a
regional basis. The Euro-Mediterranean region is
particularly suited for such an exercise. It surrounds a
semi-enclosed sea bordered by developed and developing
littoral States facing each other. Climate change — with
possible consequences such as atmospheric warming
and sea-level rise — could have catastrophic effects on
the region.

We hope that such a centre would provide solutions
with applications not just in this one particular region but
also in other parts of the globe. It is imperative, if it is to
succeed, that a global approach to combat climate change
should include the development of regional approaches to
the problem.

Another area of global environmental concern to which
you have been drawing attention recently relates to the
environmental protection of ‘extra-territorial space’. Could
you please expand on this?

My Government is concerned that the current environ-
mental debate centres mainly on controlling harmful
activities occurring in areas that fall under national
jurisdiction. This is understandable, as international
control is largely based on the will of sovereign States.
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Unfortunately, there are huge areas of our globe where
not enough attention is given to their environmental
protection. The high seas and superjacent airspace are two
such areas. Because they are extra-territorial, their
protection is left largely unregulated. The little regulation
that exists is ineffective.

It is for these reasons that Malta has recommended
to the General Assembly that a group of eminent persons
should be established to examine the problem. Vast
expanses of extra-territorial space belong to the ‘common
heritage of mankind’. No State or States should be allowed
to abuse them.

We have been talking about global responses to climate-
change issues as well as measures that might be undertaken
to deal with environmental matters on a regional scale. Could
you please enumerate some of the climatic and environmental
issues of particular importance to Malta?

The very temperament of our people is a reflection of our
climate, which has influenced our lives. Atmospheric
warming, rainfall deficiency and sea-level rise will
dramatically affect our small island and life thereon.
Water resources and agriculture are two important
resources that are already strained. We already spend 30
per cent of our energy bill transforming sea-water into
drinking water. Tourism, which is one of the island's major
foreign-currency earners employing thousands, would
suffer if the heat became intolerable. Already we find that
warm summers in the north of Europe (our main market)
affect the number of incoming tourists.

Another major environmental problem is land use.
Our small island has to cope with the development
requirements of a dense population.
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Would you [ike to send a message to the nations of the
world on the occasion of the WMO World Meteorological
Day 1991, the theme of which is The atmosphere of the
living planet Earth'?

The changing composition of the atmosphere risks
breaking irreparably the delicate and intricate elasticity
of the Earth's environment. At this rate the very air our
children will breathe will choke rather than replenish
their lungs. Urgent action to protect the planet's
atmosphere is needed. We procrastinate at our peril.

His Excellency
Flavio Cotti

President of the

The Second World Climate
Conference, which was held
in Geneva from 29 October to
7 November 1990, was a re-
sounding success. You chaired

Swiss Confederation

the Ministerial Session of the
Conference and are therefore
particularly well placed to
comment on the deliberations
and interventions of the par-
* % % ticipants. Could you please
start by giving your personal
impressions of the Session?

[ believe the Ministerial Session was a landmark in many
regards. First of all, it was the first time that so many
nations of the world (137), some of which were rep-
resented at the highest political level, participated in a
conference on climate. Second, the Ministerial Declaration
issued at the close of the Session recognized the need to
transfer to developing countries additional financial
resources and environmentally sound technologies on
a fair and most favourable basis. Third, it recognized
precaution as the principle that should underlie any
action dealing with climate change. Finally, it clearly
showed the readiness of the most industrialized coun-
tries to take a first step in stabilizing or reducing their
greenhouse-gas emissions.
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I was extremely disappointed, however, at the failure
of the industrialized world to reach a consensus on the
stabilization of CO, emissions, which I consider to be an
absolutely indispensable first step.

Many delegations from the developing countries attended the
World Climate Conference and participated in the Ministerial
Session. What comments can you maKe on the participation
and the interventions of the developing nations on climate-
change issues?

The fact that most of the developing countries were rep-
resented at the Conference is a very encouraging sign. The
Intergovernmental Panel on Climate Change made
considerable efforts in this direction and I am convinced
that their large participation in the Ministerial Session
was the fruit of these efforts.

I was most impressed with the determination with
which delegations of low-lying coastal and island States
voiced their deep concern and criticized the Ministerial
Declaration for failing to take into account their special
situation. Although most of these States produce hardly
any greenhouse gases, they will probably be the first hit
by any sea-level rise induced by global warming. Their
position is to remind us that, while the global community
may be facing a common threat, the political reality is
that individual nations face threats of quite distinct scales
and gravity.

In the Ministerial Declaration, it is mentioned that the
potential impact of climate change could threaten the
environment and consequently social and economic develop-
ment in general, and even jeopardize survival in some island
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States and low-lying coastal arid and semi-arid areas. Do you
have the impression that the developing nations are very
much concerned about these issues?

Developing nations are certainly aware that they will be
particularly affected by global warming and the result-
ing changes in climate, although it is clear that the
alleviation of poverty and economic development con-
tinue to be their primary and immediate concerns. As
mentioned above, the less industrialized low-lying coastal
States and islands, such as those found in the South
Pacific and Indian Oceans, are expected to be among the
most severely affected by the effects of global warming.
This group expressed its special concerns very clearly and
forcefully at the Second World Climate Conference, and
will no doubt take a very active part in the negotiations of
an international convention on climate change.

The Ministerial Declaration also makes reference to the need
for co-operation between advanced and developing nations in
order to address climate-change issues without hindering
national development objectives of the latter. In your opinion,
what should the main elements be for such co-operation?

An important area of co-operation is in the scientific
domain, as was rightly emphasized in the scientific and
technical deliberations at the Conference. At the moment,
many developing countries must merely accept the verdict
of a scientific community of which they do not form part.
Besides, there is a need for financial and technical co-
operation, in order to allow the developing countries to
take measures to prevent climate change. It is also
necessary to enhance co-operation aimed at controlling
population growth in these countries.
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In recognizing the need to intensify research on the social and
economic implications of climate change, the Ministerial
Declaration acknowledged the need for the full participation
of the developing countries in these efforts. How, in your
view, can the developing nations take part in such activities?

These activities should now be conducted within the
framework of the negotiating process for an international
convention on climate change, as well as in the context of
the continuing work of the IPCC. Every effort, financial or
otherwise, will be made to promote the widest possible
participation by the developing countries in this process.

The Ministerial Session of the Conference noted the specific
difficulties of some developing countries whose economies are
highly dependent on fossil-fuel production and exportation.
In order to meet the incremental costs of taking the necessary
measures to address climate-change issues, these countries
need external assistance. In what way do you think such
assistance could be provided?

As has been pointed out in many conference statements
and declarations to date, the consequences of a global
warming will affect economies and every aspect of society.
It is clear, therefore, that all nations will need increasingly
to pursue their economic development on an ecologi-
cally sustainable basis. I am convinced that this can be
achieved, in the interest of all nations, through large-
scale international efforts and intensified international
co-operation and solidarity.

One of the most effective ways of helping the developing
countries to participate in the stabilization of greenfouse gas
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concentrations is technology transfer. Could you please
indicate some of the steps taken by the Swiss Government in
this direction?

At the request of Parliament and in order to mark the
700th Anniversary of the Swiss Confederation, the
Swiss Government has submitted to Parliament a credit
proposal to the amount of 700 million Swiss Francs to
assist developing countries in solving their external debt
problem and in taking measures to protect their
environment. This credit will also provide for technical
assistance projects.

The Ministerial Declaration invites the Eleventf Congress of
the World Meteorological Organization (Geneva, 1991) to
formulate, in collaboration with other UN Agencies, plans
for the effective co-ordination of climate-change, research and
monitoring programme activities. Do you believe that the
nations of the world, in particular the more developed
countries, are willing to give their full support to the
international agencies and provide them with adequate
funds to pursue these aims?

A special fund has been created by the World
Meteorological Organization for this very purpose. The
United States and Canada have already pledged
important contributions to this fund (US §500 000 and
CAN $1 million respectively). Other countries, including
Switzerland, are in the process of assessing their
contributions to this fund.

Would you care to describe in a few words the position of the
Swiss Government regarding the United Nations Conference
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on Environment and Development (UNCED) scheduled to be
held in 1992 in ‘Brazil?

Like other governments, the Swiss Government is now in
the process of preparing its position in view of the 1992
Conference. What is already clear now is that one of its
objectives, i.e. linking the questions of environment and of
development, has already been achieved, as is illustrated
in the Ministerial Declaration of the Second World Climate
Conference. We expect the 1992 Conference, like its
forerunner in 1972 at Stockholm, to be a milestone in the
development of human societies, in their relationship both
with nature and between north and south, east and west.

To this end, we expect the Conference to provide a
major impulse for intensified co-operation and solidarity
among all nations, in particular between north and
south, and renewed solidarity between mankind and
his environment. We expect, in particular, that concrete
results will be achieved in 1992 in the areas of climate
change, biodiversity, and protection of coastal waters,
through the signing of legally binding instruments and
through clear commitments from all nations.
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His Excellency
Robert Gabriel Mugabe

President of the Republic of
Zimbabwe

In view of the current !
environmental problems
facing developing countries,
whose national product
depends upon agriculture,
forestry, mining and energy
production, we are warned
that continued exploitation
of these resources will result
in further degradation of the
environment unless a policy
of sustainable development is
adopted. As Head of State of
a developing country, how do
you view this issue?

Naturally it is an issue that I regard as being of
paramount importance. The problem is to achieve a
balance between the socio-economic development and
self-sufficiency that we in the developing world strive for
but which depends largely upon our natural resources,
and safeguarding these very resources from over-
exploitation and exhaustion. Agriculture is, of course,
the classic example. Unless precautions are taken, topsoil
is removed by the wind in dry weather and by runoff in
the rainy season and, in either case, finds its way into
rivers — thousands of tons each year, I believe, and this
does not augur well for the future. With the rivers
becoming heavily silted up, the flood danger is increased
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as well. Farmers must learn and put into practice
techniques that will protect the precious topsoil they
cultivate, and they must not indiscriminately cut down
forests in their quest for more arable land. In Zimbabwe
we are grappling with this problem, but there is still a
long way to go. We want to get across to the people the
need to avoid overgrazing, and this is particularly
difficult because a rural family’s wealth and standing is
judged by the number of cattle and goats it possesses;
that has been their way of thinking from time immem-
orial. And if we want to stop people cutting down trees
for fuel or for building themselves a home, we must be
able to offer them some alternative.

Such environmental problems relate in the main
to the developing countries. But in recent years it has
been found that certain activities in the industrialized
countries provoke environmental degradation that is no
less dramatic and frightening; I refer in particular to the
release of chlorofluorocarbons that attack the strato-
spheric ozone, and to the overloading of the planet’s
atmosphere with carbon dioxide and other so-called
greenhouse gases, which scientists tell us will change the
climate everywhere. There are other industrial effluents
that cause toxic smogs and acid rain, and destroy life in
lakes, rivers and even the sea.

The developed countries have now realized their
mistakes and urge us in the developing world not to
repeat them. Developing countries can be forgiven for
wanting to raise their often desperately low standard
of living by launching their own industrial revolution,
but nevertheless we do heed the warnings. We have
experienced for ourselves the terrible consequences of
drought and desertification and, as I have said, we are
doing what we can to teach farmers and planners to avoid
the many pitfalls. We know that our few industrial plants
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sometimes release harmful substances into the air or
water, and we are anxious to clean them up if we possibly
can. It is indeed a difficult balance to achieve — between
economic progress and protecting the environment.

Starting with the United Nations Conference on the Human
Environment, in 1972, quite a number of international
gatherings at governmental level fave reached agreement on
certain action to [imit further environmental deterioration; I
am thinking for instance of the Plan of Action to Combat
Desertification drawn up at Nairobi in 1977, the Vienna
Convention on the Protection of the Ozone Layer in 1985,
the Montreal Protocol in 1987 and the important meeting
at The Hague in March 1989 which you attended. Now the
UN General Assembly has called for a Conference on
Environment and Development to be held in Brazil in 1992.
Do you believe this conference will be able to lay down a
coherent action programme? Which are the issues of greatest
concern?

I think it is a good idea to hold this conference in Brazil
and I hope that it will be really well attended. As I said,
we in the developing world are well aware of the danger
to our natural environment and of the need for concerted
action to limit further degradation. The programme of
action should, in my view, be more than a general
exhortation. It should commit countries to action in each
of the various specific problem areas. I imagine that
Brazil was chosen as the venue of the conference partly
to emphasize the deforestation issue, which I fully agree
is of the utmost importance. But clear directives will need
to be set down with regard to the ozone issue, greenhouse
gases, acid rain, marine pollution, agricultural mis-
management, the ecological balance and so on. We shall
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also have to focus on action in the different regions of the
world; obviously here in developing Africa we would need
a different programme from that in Europe, for example.
Here we must have a strategy for action that is realistic
and practicable, commensurate with the financial
resources and expertise available to us. Moreover, if we are
to keep it up, we shall have to have support from the
developed world; that is inescapable. I should like to
see some form of regional organization charged with
supervising the implementation of the action plan on
behalf of the United Nations. For us, the Organization of
African Unity (OAU) could do it. Summing up, therefore, I
should like the Brazil Conference to size up the problem of
the environment and then prescribe the necessary action
by continent, region and even by nation.

The UN General Assembly has declared drought and
desertification to be of special importance in the quest for
environmentally sound and sustainable development.
Speaking on behalf of African countries that already suffer
from the scourge of desertification, what approach would
you advocate to tackle the problem at both national and
international levels?

The problem is an immense one. I remember visiting
Somalia in 1978 and I could have wept to see beautiful
fertile fields being smothered by tons and tons of sand.
One feels so helpless witnessing trees being choked by the
advancing desert, rather like people being drowned in
a flood. But things can and must be done. Sand-dune
stabilization programmes are in progress in several arid
and semi-arid countries; suitable types of vegetation are
planted to prevent the the sand being carried by the
wind, and thereby arrest the advance of the dune. These
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programmes could be internationally co-ordinated and
extended so as to become regional in scope. Such an effort
would surely merit support from developed nations. But in
parallel with this action, we must put a stop to those
agricultural practices that favour desertification, such as
overgrazing, deforestation or ploughing up and down
rather than along the hillsides.

As I am sure you are aware, the ECA Conference of Ministers
decided in 1987 to create an African Centre of Meteorological
Applications for Development (ACMAD) the principal object
of which will be to foster projects aimed at monitoring,
predicting and giving warning of impending drought or other
potentially disastrous weather-related events. Once this
centre is fully operational it will be an effective complement
to existing Drought Monitoring Centres such as, for example,
the one in Harare. With this in mind, do you agree that
African countries should present their problems collectively to
the Conference on Environment and Development in the hope
of attracting more support for institutions such as these?

We are well placed to know the terrible ravages of drought.
It is a natural factor that, together with the man-induced
ones I already mentioned, is extremely propitious to
desertification. It seems to me that we are getting droughts
more and more frequently, and they affect huge areas, not
just one country or part of a country. Therefore anything we
can do to prepare for droughts or mitigate their effects needs
to be considered in a regional framework. So yes, while we
may talk about the consequences of droughts in our own
lands, our perception of the problem needs to be holistic.
Therefore, I agree that African countries should present their
case collectively to the Conference. Incidentally, drought
and desertification are not problems specific to Africa.
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Concerning the accumulation of chlorofluorocarbons and
other greenhouse gases in the atmosphere, the UN General
Assembly has noted that these substances are emitted
mostly by the developed countries, which must bear the
main responsibility in taKing remedial action. However,
since the consequences will be world-wide, what do you
think the developing countries can and should do?

I have to agree that responsibility for combating the
problem lies first and foremost with the developed
countries. I quite see the invidious position their
governments are in: many have balance-of-payment
deficits and want their industrial products to remain
competitive in the world market, and closing down
factories will create problems of unemployment. On the
other hand, I feel that their efforts up to now to find
cleaner substitutes and processes have been rather
half-hearted. That is where research should primarily
be directed. There is really little that the developing
countries can do in this respect other than keep up the
pressure on developed countries to behave responsibly.
We shall certainly do this at the meeting of Heads of
State of the Commonwealth countries next year.

At The Hague summit meeting last year you pointed out
that developing countries could not afford to divert
resources from their current development priorities, but you
did pledge to take measures to combat desertification. What
specifically has been done in Zimbabwe?

For one thing we are seeing to it that contour ridges are
made on cultivated hillsides to arrest erosion by water
runoff. Also we have launched a tree-planting campaign
which seems to be popular, and we make a point of
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planting indigenous trees which are deep-rooted and
can survive droughts and hold the soil in place. These
species have proved to be better adapted to our con-
ditions than imported European trees or eucalyptus.
What we must still do is persuade farmers to reduce their
head of livestock to within the limits of sustainable
grazing, get them to cultivate grass and build dams for
irrigation. As for the implantation of new industries, we
shall be very careful to see that proper environmental
impact studies are carried out first, and only when we
have complete assurance that any effects would be
minimal will a permit be issued.

I think you would agree that environmental preservation is
best achieved through educating the public. Are you in
favour of the subject being included in the curricula of
secondary and even primary schools?

Most certainly. A lot is done in my country to ensure
that children are made aware from an early age of the
intrinsic value of an intact environment. For example,
the Forestry Commission has sponsored competitions
for essays or poems on the theme. Environmental
protection may not yet be formally included in school
curricula, but, once the syllabus has been properly
formulated with the help of experts, it will be, and the
sooner the better.

During the summit meeting in Toronto in 1988, Chancellor
Helmuth Kokl suggested a bargain whereby the poorest of
the developing countries could have some of their debts
cancelled in exchange for taking environmental protection
measures. What is your reaction to this proposition?
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I should regret it very much if the alleviation of the devel-
oping countries’ debts were made conditional on environ-
mental protection. It is putting the cart before the horse. The
whole problem of Third World debts has to be looked at as
a separate issue. Certainly, if debts were to be written off or
the interest rates lowered, developing countries would be
better able to cater for environmental considerations in
development planning. And I am sure they would too,
because, as I said before, environmental deterioration is
very real to us in Africa, threatened as we are by advancing
deserts. So from our point of view, our creditors — the devel-
oped countries — should decide to write off the debts, saying
as they do so that they hope the developing countries will
give urgent attention to safeguarding the environment.

The theme of World Meteorological Day (23 March) in
1991 is ‘The atmosphere of the living planet Earth'. Is
there any message you would [ike to give to the nations of
the world on that occasion?

My message would be a very simple one. The problem
of managing the environment, be it the atmosphere,
the sea or the land, must be taken seriously, and every
national budget must make provision for protecting the
environment in one way or another, depending upon
the particular circumstances. Planet Earth is mother to
all of us. If we upset the delicate balance of nature
in one place, the effect is likely to spread far and wide,
and may be irreversible. Mankind alone is responsible
for the health of the planet Earth, and we must leave it
as we would like to find it. That is the least we can do
for our future generations.
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Proposed work plan for the L-DGO/RU/GISS ARM Project
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GURE 2

za

Summer versus winter transmissivities with cirrus (top) or clear
(bottom) skies present. Data are plotted by solar zenith angle (za).

Downwelling longwave irradiance with cirrus and clear skies in
winter (top) and summer (bottom). Data from 1987 daylight

hours are plotted by solar zenith angle.
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Time in 10° Years into the Future

loess sequence. Interglacial in thin line, temperate interstadial in full, stadial

from a termination. Present day position (P) marked with an arrow. Data smoothed
dashed amd glacial in heavy dashed line.

ranging from an interglacial to a full glacial plotted as a function of time elapsed
by 1-2-1 weighting. Based on the Macedonian core, ODP 677, and the Xifeng |

The accumulated probability (in %) of the occurrence of the five climate states
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December, 1989

THE NEW CFC TAX

The Omnibus Budget Reconciliation Act of 1589 imposes a new excise tax on cenain ozone-depleting chemicals and on im-

ports of products made with or coniaining such chemicals.

The Treasury Department and the IRS have begun the process of im-

plemenung the tew 1ax and expect 1o publish guidance for @xpayers on a varicty of issues relating to the tax before the end of

1989.

The following is an explanation of the new tax. The explanation is based on the best information currently available. Undl the

IRS publishes guidarce on the t&x,
D [LE Goa ons tha B 3

ouid D

A M FivB LW y!

The bill defines eight chemicals as ozone-depleting
chemicais and applies the new 1aa o them. The cight chemi-
cals are those subject to production Limitations uader the
Montrea! Protocol and the implementing EPA regulations.
The chemicals are the following:

CFC.11
CFC-12
CFC-113
CFC-114

(trichlorofluoromethane)
(dichlorodifiuoromethane)
(trichlorotrifiucroethane)

(1, 2-dichioro-1, 1, 2, 2
tetraftuoroethane)

(chloropentafluoroethaxe)
(bremochlorodifiveromethane)
Halon-1301 (bromotrifizoromethana)
Halon-2402 {dibromotetrafiuo ane)
ufl gﬁi,wrffm&c \ded et ¢

Additions to this list of taxable chemicals ¢an be made
only by Congress. Therefore if other chemicals becoms sub-
ject to the Mondreal Protocol of 10 other production Limita-
tions, those chemicals would not be subgect io the tax unless
Congress takes legislative action.

‘Ihe bill excludes from the definition of czone-depleting
chemicals those chemicals praduced outside the United
Stares and not imported into the United States, Thus, ozone-
depleting chemicals produced outside the United Staies by a
U.S. taxpayer are not subject io the tax unless imported into
the United States. '

CFC-118
Halon-1211

W
(591,

however, a numba'.of the issues discussed

in this uncenain. Belore maling
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The tax is imposed in three instances:

$ale ur yee by manufacturcr, producer., o ipOrter.
The principal wxable event is the sale of ozone-depiet-
ing chemicals after December 31, 1989, by the manufac-
turer, producer, or importer of the chemicals. The ax
also will apply where the manufacturer, produces, o im-
porter of ozone-depleting chemicals uses the chemicals
after December 31, 1989, instead of seiling them.

Sale or use of imported products for which ozone-

In order
to reach indirect impons of ozone-depleting chemicals,
the tax applies i the sale or use by an imparter, after
December 31, 1989, of imporied products for which any
ozone-depleting chemical is nsed as maierial in the
manufacture or produchon Process.
Ownership of floor stocks. The tax is imposed on
siocks of ozone-depleting chemicals owned by any per-
son (other than the manufacturer, producer of imporcer
of the chemicals) on January 1, 1990 if the chemicals are
held for sale or for use in further manufacture, The tax
also is imposed on sweks of axable chemicals held for
the same purposes on January 1 of each year 1991
through 1994 if the tax rate for such chemicals increases
on that date.

These three taxable events are explained in more
detail below.
Regular tax on sale or use. The cer, manufac.
turer of importer of the chemicals is liable 10 the IRS for
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I e regular tax upon the sale or use of the chemicals by
s such person.

; 13, The imponer of wxable imported
procucts is liable 10 the IRS for the tax upon the saic or
use of such products by the imparter,

The owner of the chemicals on January |
of each applicable year is Bable to the [RS for the floor
stocks lax,

The amaunt of the tax is determined under the following
formula:
Base Tax  Qzope-Depletion
Pounds of

Tax = Amount X Factor X Chemicals

This formula applies in all instances and 10 all azone-
depleting chemicals except, as described in more detail
oelow, halons and chemicais used in the manufzcnure of rigid
foam insulation. Thus, the formula applies in the normal
case of the sale or use of chemicals by the producer, in the
case of the floor stocks tax, and in the case of imported
products. In the latter case, the formula epplies to the quan-
tities of ozone-depleting chemicals used as material in the
manufacture or production of the imponed products,

Base TaxAmount

The bill designates a specific base tax amount for the
vears- 1990-1994 and provides for an increase of 45 cents for
each year beyond 1994. The base ameounts trough 1999 are
as follows:

1990 $137 1995 $3.10
1991 137 1996 388
1952 1.67 1997 4w
1993 2.68 1998 445
19%4 268 1908 490
0 Degletion F

Each ozone-depietion factor represents the comparative
potenitial ozone-depletion resultng from the same weight of a
given chemical. The factors are as follows:

CFC-11 1.0 Halon 1211 3.0
CrC-12 1.0 Halon 1301 100
CFC.113 03 Halon 2402 6.0
CFC-114 10
CFC-118 06

The ozone-depletion factors designaled in the satuie are
hose specified in the Montreal Protocol, Like the list of

TO 93353719  P.

chemicais subject to the tax, changes in the ozone-depletion
factors can result only from Congress:onal action.

A palication of the T Sales by the Prod

® Inthe case of the regular x on sales of ozone-depieting
chemicals by the producer, the bill applies e tax o the
quantity actually "sold.” Thus, for example, under the
plain meaning of the bill. tank uck heels and other
similar quantitics arc not taxable unul end unless they
are sold.

®  Although the bill is silent on the precise calculation of a
producer's taxable sales volwne, the normal procedure
1n the case of other federal excise taxes is to calculate the
volume on a net basis -- that is, gross sales volume less
returns and adjustments, An IRS official has indicated
informally that this normal caiculation should apply.

s Incalculating the tax, fractions of pounds of chemicals
are not rounded. The pardal pounds are multiplied by
the same ozone-depleton factor and base tax amount as
whale pounds.

w  The till is silent on the issuc of when a salc is decmed ©
occur for purposes of the tax. In the absence of specific
rules, general tax rules probably would apply. Under the
general rules, the TRS examines the substance, not the
form, of a transaction to determine whether a sale has oc-
cwrred. In such an examination, a sale generally is
deerned e occur when the benefits and burdens of
ownership are transferred, not merely when paper
evidence of the sale is executed. This standard also
would be relevant for determining ownership of taxable
vhemicals {ur purpuses of e [100r s1ocks @x.

nslication of the Tax on ] { Prod

8 For imported products, the bill provides thai the t2x is
equal to the amount of tax which would be imposed if
the chemicals that were used as magerial in the manufac-
nrre or production of the products had been sold in the
United States, '

& To calculate the Guantity of chemicals used as material
in the manufacture or production of imported products,
the Secretary of the Treasury is directed in the bill to
choose one of three methods:

- A. Daia Provided by importer. The Secrelary can
accept data the importer supplies showing the
volune of chemicals used as material in the produc-
ton process.

B. Domestic Industry Norms. If the imporier fails
to provide sufficient dawa, the Secretary can calculate
the chemical amounts based on standards of use in
the equivalent domestic industry.

December 1989
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C. Rave Percent of Appraised Vajue. The bill also
pravides dal, if necessary, the Secretary can bypass
the foregoing procedures and impose a tax equa! 1o
five percent of the value of the imporied product.
This provision is intended to serve primarily as an in-
cenuve {or importers to come forwarg with evidence
as 0 the amount of azone-depleting ¢hermicals in

their products,

® Treasury Department cconomists have begun work 1o

compile a list of imponted products for which czone-
depleting chemicals are used in the production Process,
and to determine the average quantity of the chemicals
so used in each product.

The Sectetary of the Treasury also is authorized 1o
prescribe regulations excipting products thac use de
minimis amounts of ozone-depleting chemicals as
material in the production process. However, no such de
mirimis exception applies if the ozone epleting chemi-
cals are used for purposes of refrigeration or air con-
ditioning, creating an aerosol or foam, or manuficturing
eleconic components.

As stated previously, the floor stocks tax is impesed on
January 1 of each year 1950 through 1994 on any azone-
depieting chemical owned by any pesson (other than the
manufacmurer, producer, or importer) on such date and
held for sale or for use in further manufacture. The
amount of the 11oor stocks 1ax is as follows:

1990:  The amount of tax that woald have bean im-
nosed if the chemical had been soid during 1990.

1991-1994:  The excess of the tax that would have
been imposed on the sale of the chemical by

the manafacturer, producer or imparter an January 1
of that year, over the wx, if any, previousiy imposed
on the chemical.

The floor stocks tax is applicable %o wholesalers,
retaulers, distributors, conwaciors, and any other type of
business that holds stocks of ozone-depleting chemicals
for sale of for use in further manufactore,

The bill contains no exemption from the floor stocks tax
for small businesses or for businesses that hoid de mini-
mis quantities of chemicals. The IRS ig considering the
possibility of instituting exemptions adminisira-tively.
The tax applies orly to stocks of chemicals heid for sale
or for use in further manufacturs, However, the bill does
not contain & definition of the term "use in further
manufacwre.” The term probably is best read as denot
ing direct, proximate use in an actual manufacturing
process. (If the bili had been intended 1o have 8 broader
meaning, it probably would have been drafied 1o apply
10 stocks held "by” 8 manufactures or simply "by" any
business.) An IRS officia! has informally agreed with
this conclusion; it is unclear, however, as 10 whether the
IRS will publish any detailed guidance on this issue in
the near future,

TO 93953719 P.

Assuring the above interpretation of the werm "use in
further macufactur: * is COrreCt, ther, as an example,
stocks of chemicals held for use as a solventina
manufaciuring process probably would be taxable, as
would stocks of chemicals held by a manufacturcr of
refrigeration cquipment for use as a refrigerant in equip-
ment made by the company. However, Stocks of chemi-
cals held for use other than a direct use ina
manufacturing process - for example, stocks of chemi-
cals held for use in cooling systems for a factory --
probably would not be taxable. Stocks of chemicals held
for use in routine factory mainlenance also might not be
taxabie.

The bul is drafted to apply the floor stocks tax only
Qzoue-deplenng chemicals themseivas and not to
products that contain czone-dapleting chemicals (in ¢on-
wast with the treatment of imports). Thus, generally
speaikng, the IRS probab.y does not have the powes i
apply the tax w such products. In admunistering the tax,
rowever, the IRS probably does have the power to
prevent @xpayers from abusing the purpose of the floor
stocks tax tarough abnormal business practices.

The blll is silent as w0 the ax treaunent of chemical
biends consisting partly of taxable chemicals and partly
of non-wxable chemicals. The IRS also has not indi-
cated any position on this issye.

The IRS is eapeciad to publish guidance on the payment
procedures for the floor stocks tax by the end of the year.
As in virwally all other fedeal wases, il is expecied that
the responsibility for teporting and paying the tax will be
the wxpayer’s, In other words, the taxpayer's legal
liahility to pay the tax arises under the legiclation and
will not depend on idenafication or contact of the tax-

payer by the IRS. According to an IRS official, the floor

stocks wax probably will be payable on IRS form 720,
which is the excise tax return, The IRS will revise the
form to accommodate the floor stocks ax,

The following are examples of ths computation of the
floor stocks tax:

A. A dealer holds 200 pounds of CFC-115 for sale
on Januvary 1, 1990. The floor stocks tax will eijual
$164.40 ($1.37 x 0.6 x 200),

B. ABC Company hoids 300 pounds of CFC-12 on
January 1, 1993 for use in further manufactre. ABC
Company purchased the chemical in June 1992. The
floor stocks tax will equal $294. That amount is the
cifference betwoen the tax that would be imposcd if
the initial sale of the chemical had occurred on
January 1, 1993, $795 ($2.65 x 1.0 x 300) and the tax
gacov)imsly imposed in 1962, $501 ($1.67 x 1.0x

C. A dealer holds 400 pounds of halon 1211 for
gale on Jaruary 1, 1990, No floor stocks tax is im-
posed because, under the bill, halon 1211 is not
ueaxgcd &s an ozone-depleting chemical untl January
1, 1991,

D, A dealer holds 400 pounds of halon 1211 for
sale on January 1, 1991, The floor stocks tax will
equal $100. Thar amount is the difference betwaen
the tax that would be anposed if the initial sale of the

1
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halon had occurred on January 1, 1991, $100 (25
cents/1b. x 400 Ibs.) and the tax slready imposed, 50.

E. XYZ Company holds 500 pounds of halon 2402

TG

the producer 1o the exempt user and on sales toa
wholesaler or distributor who intends 1o resell 10 the ex-

empt user.

93553719  P.
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?.:«_n*f- on January 1, 1994, XYZ Company purchased the s The exemption for sales of ozone-depleung chemicals
-, chemical in 1992. The floar stocks tax will equal for feedyiuxck use applics aoly if the parties 10 the transac-
= §7,825. That amount represents the difference be- tions meet registration requiremenis 1o be prescribed by
tween the tax that would be impesed if the initial sale the Secrewary of the Treasury. Secll & discus:
of the chemical hud wocuried on January 1, 1994, sipn of the regisration requiremens below,
$7.950 (52.65 x 6.0 x 500 and the tax previously im- If t@x is actually paid on chemicals used as 2 feedsiock
posed on the sals of the halon 2402 o XYZ Com- . the user 1: pengi?md {gn o%tair::a resfund 0?5 lhae tax f;g:n ‘
pany in 1992, $125 (25 cents/ib, x 500 Ibs)} Note: the IFS.
No floar stocks tax was imposed in January 1, 1993
because the tax rate for halons, 25 cenis/b., remained
the same. Export Exemption
Exemptions from the Tax s ‘The bill provides producers of ozone-depleting chemi-
¢als with a partial exemption for exports. The exemp-
The bill provides five full or partial exemptions from the b 9f # base porsion and an ? ?Dw o
123, a5 follows: s The b?g’c por;;:n of the ex?on rgge:mpucm ;‘su:lhe mrcem-
; . age of the producer’s yearly production equal o the per-
s Chemicals produced from recycling. centage of production the producer exparted in 1986,
n  Chemicals used as feedstocks. s The percentage calculation of the base portion is made
g Expons. using ozane-depletion factor adjusted pounds, as foi-
s Halons, lows:
g Chemicals used in the manufasture of rigid foam insuls- Pei mi' m.ag: = Alfolwe]d =I ot siliusred I |
B 1986 Ozone-depletion factor adjusted pounds produced.
These exemptions apply in all instances where the tax ap- ®  Ozone-depletion factor adjusted pounds (ODFAPs) are
plies (i.e., the regular uip on sale or use, the tax on impon:d? caiculateq by multiplying the number of pounds of each
~ products, and the flooe stocks tax). The exempons are ex- chemical (pounds exported if calculating the pumeraor;
~ plained below. Note that no exempron exisis fur sales of gggﬂ#s % 15:;}::2;“&% tge d%g’g‘g%‘}'@ bf};r the
chemicals 1o a federal, state, or local governmental agency. mical’s ozone-deple s y
g ageucy each of the eight chemicals are then added together o
| determine the total ozone-depletion factor adjusted
Recyling exemption pounds.
a The bill provides that the determination of the level of
. f each producer for 1986 is to be determined
@ 'The bill fully and permanently exempts from the Lax ey :
hemicals di L o eted in the Unitod States as based on data published by the EPA.
part of a recycling process. In effect, this exemption s The second part of the export exemption relates w
simply vals a recycling operation as not production or production increases destined for export. Under the
manufacture of ozone-depleting chemicals for purposes Montreal Protceol and impiementing rules, the EPA is
of the ®x. anthorized to grant additional production allowances o
s. Chemicals fecoversd by the original produces of the U.S. producers for "&f, explicit pupose of export. Those
chemicals from loading operations, tank wuck heels, and exm are f:xemp‘t m ihe 3.
similar sources probably do not qualify for the recycling ® ‘The bill indicates in a cross reference that producers of
cxemption (sssuming such chemicals had not previously ozone-depleting chemicals have the discretion 1 wansfer
been taxed). Such chermicals probably would be treated part of their export exempLons 1o third parties.
as normal taxable chemicals when sold by the producer » Ozone-depleting chemicals used as a material in the
thereof. manufaciure of products that are exported are noi ex-
empt from tax under the bill.
Fesdstock E. i
_ Halon Exemption
& The bill glso fully and permanently exempts fom the tax
any ozone-depleting chemical used and engirely con- ®  Halons receive favorable treatment through 1993, Afier
mm manufacture or production of any other 1993, they are treated the same as all other ozone-deplet-
ing chemicals. The treatment for 1990- 1993 is as fol-
®  The bill implements the feedstock exemption by permit- lows:
" ting sales of chemicals for feedstock use 10 be made tax-
free. The exemption applies both on direct sales from

Docember 1889
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P9V, Seies &na uses of halons are exempt from
@x. The tean "gwone-depleuny chenival” does ol
include halon-1211, halon-1301 or halon-2402 for
the year 19590,

1991-93; Taxed &t a rate of 25 cents per pound,
without adjustment for ozone-depletion factor.

(Note: the bul aclually expresses this preferential raie
in terms of varying percentages of each year's
regular tax rate, rather than as a 25-cent-per-pound
raze.)

Chemicals used or soid for use in the manufacire of
rigid foarn insulation reccive prefercntial treatment
through 1993,

Procedurally, this preferential treatment is strucrured in
precisely Wie smoe waner g5 the feedstock exempiion,
so that producers are permitted to seli chemicals at the
preferentigl raie for use in making rigid foam insulation.
Such sales can be made both to direct gsers and 1o
wholesalers and distributcrs who intend to resell o rigid

il e . ™ L
dowed in order for sales fo be permssible a1 the preferen-
talzie (Seethe discussionbelow.) In cases where
saies are not mace at the preferenuial rate, purchasers of
chemicals who use the chemicals in the making of rigid
foam insulation are permitted to obrain a refund of the
€Xcess tax paid,

The preferenual weatment for chemicals used in the
manufacture of rigid foam insulation is as follows:

1990: Complete exemption,

1991-93: Taxed at  rate of 25 cents per pound,
without adjustment for czone-depletion factor.
(Note, as in the case of the halon exemption, the bill
actually expresses this preferential rate in terms of
varying perceniages of each year’s regular tax raze,
rather than as a 25-cent-per-pound rate).
The bill does not define the term "rigid foam insulation "
According 10 an IRS official, the IRS is aware of sevaral
issues that have arisen in interpreting the term, but has
not yet resolved the issues.

Begistrativg Reyulrement for Feedstock and
Rigid Paam Eaiot

The IRS is expected to provide guidance by the end of
the year as w the registration requirement foe the
feedstock and rigid foam e xemptions.

According 1 an IRS official, it is likely that, at least for
the short-ierm, the IRS wili prescribe 3 system of exemp-
Lon ceruficates in liew of 8 comprehensive system for ac-
tally regisiering producers and purchasers with the IRS,
AR exemption sentificate would be, essentially, 2 declars-
won by the purchaser of chemicals that such chemicals

S —

This document was prepared by James C, Gowld, a pariner in
the Washingion, D.C. law firm of Vinson & Elkins.
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will be put o a tax-preferved use. The RS would
prescribe the form and conent of die cerdficale and
would require that the centificate be signed under penalty
of perjury. The purchaser would prepare and sign the
centificate and deliver i to the producer.

Once reccived by the producer in proper form, the certifi-
cate would entitle the producer 10 sell chemicals 1o the
purchaser at the preferential tax rate applicable {0 the use
declared in the certificate. The producer would not need
toexercise judgment as tc whether the purchaser was
legaliy entitled to the preferential rate and would not be
subject 10 an IRS chalienge for having relied upon the
certificate in failing w collect the full ax from the pur-
chaser.

The purchaser would be fully subject to IRS audit 1o
determine the vaiidity of its claim for a-preferential tax
rate, and IRS penalties would apply in the case of im-
proper claims.

Payment Schedylss

The initial payment for waxes on the sale or use of ozone-
depleting chemicals and imported products is due April
1, 1990

The IRS will issue guidance mandating a payment
schedule beyond April 1, 1990. The likely period will
be semi-maonthly with the taxes raquired to be deposited
withir nine days after the end of each semi-monthly

o

The floor stocks tax is due April ! of each year.

IRS Enforcement

The normal IRS tools for enforcing other taxes apply to
e new CFC tax. For example, the IRS wil have the
authority 10 impose penalties ranging from five percent
of underpayments for negligence, 10 75 percent of under-
payments for civil fraud, and 10 fines or impriscament
for criminal fraud,

The IRS probably will pay perticular attention to polic-
ing the exemptions from the tax. In other words, the IRS
will seek o ensure that chemicals purchased tax-free for
an exempt purpose are so used.

Decomber 1989




Origins of agriculture

s humans progress from foragers

to farmers, three important tran-

sitions occur in their relations
with plant foods: once wild plants are
domesticated, a food-producing econo-
my comes into being, and production
focuses on a small number of crops. In
castern North America, these mile-
stones in human-plant relations were
reached centuries apart (page 1566).
The first indications that humans were
intervening in plant life cycles appear
between 2000 and 1000 B.C.: morpho-
logic signs in seed specimens suggest
that a form of squash, a sunflower, and
two other plant crops had been domes-
ticated. Later, between 250 B.C. and
A.D. 200, the trend toward food-pro-
ducing economies became widespread.
And, between A.D. 800 and 1100,
when complex sociopolitical changes
were taking place, maize was intro-
duced from tropical regions and became
the major crop and food. This history,
presented by Smith, represents a syn-
thesis of information from the archeolo-
gic record and from measurements
(with new techniques) of ages and char-
acteristics of seed samples, human
bones, artifacts, and other relevant ma-
terials. The work firmly establishes cast-
ern North America as an independent
center of plant domestication.

Thickening Greenland
ice sheet

HANGES in the volume of ice

stored on continental ice sheets

greatly affect global sca level be-
causc the sheets are so massive. Satellite
radar measurements now indicate that
the Greenland ice sheet south of 72°N
has been thickening by about 0.23 me-
ter/year since 1975 (pages 1587 and
1589). The measurements of ice surface
clevation were made with altimeters on
three satellites; clevation changes were
calculated from comparisons of data
obtained during different orbits. De-
pending on whether the ice sheet north
of 72°N is also thickening and whether
thickening is a recent or long-term phe-
nomenon, the mass increase could cor-
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respond to falls in global sca level of 0.2
to 0.7 millimeter/year. Zwally discusses
how ice sheet mass, sea level, and cli-
mate are related: over the short term,
global warming could produce more
precipitation and greater ice accumula-
tions at Greenland and Antarctica and
thus a drop in sea level; over longer
periods, however, the dynamic response
of the glaciers to warmer temperatures
and increased precipitation is less clear,
and sea-level rises could occur if the
glaciers start flowing faster.

Recoil aspiration

MPHIBIANS and air-breathing

nonpolypterid fishes breathe by

pulse pumping: the buccal cavity
of the mouth fills with air, and when the
mouth is closed air is forced into the
lungs. In contrast, birds, mammals, and
reptiles breathe by aspiration: their
lungs expand first and air is then sucked
in. Although primitive air-breathing
polypterid fishes lack the structures
thought to be essential for aspiration
(diaphragms and movable ribs), they
too have been found to breathe by a
form of aspiration (page 1593). High-
speed x-ray pictures of mouths and
lungs and measurements of air pressure
in the fishes” pleuroperitoneal cavities
show that air is exhaled when the bony-
scaled “jacket” or integument actively
deforms and is inhaled as the integu-
ment passively recoils. Brainerd et al.
note that recoil aspiration may have
been used by the earliest amphibians,
who, like their air-breathing fish ances-
tors and the polypterid fishes, had ven-
tral bony scales.

SCID mice and childhood
leukemia

system for evaluating the pro-
gression of acute lymphoblastic
leukemia, the most prevalent
form of leukemia in children, has been
devised by Kamel-Reid et al. (page
1597). When cultured cells derived
from a leukemic child were injected into
SCID mice (mice with severe combined
immune-deficiency discase), the cells

first grew in the bone marrow and later
spread to the spleen, liver, and kidneys,
just as they do in diseased children. As
discase advanced, and again in keeping
with the human pattern, the leukemic
cells metastasized to the mouse’s brain,
lungs, intestines, and pancreas. If in-
deed the pattern of tumor cell differen-
tiation and metastasis in mice is faithful
to that in children, the SCID mice
could become valuable adjuncts in the
management of individual cases of leu-
kemia. The course of disease in a child
might be predicted from its course in
the mice, treatment protocols could be
cevaluated in mice, and the success of
chemotherapies could be determined by
injecting patient’s cells into mice and
searching for growth of tumor cells.

RNA editing

s the evening primrose using a non-

standard genetic code or is it doing

some unusual editing of its RNA?
The question arose as a result of obser-
vations by Hiesel et al. that there was
not exact correspondence between the
sequences of nucleotides in certain mi-
tochondrial genes and in the comple-
mentary DNA molecules patterned on
messenger RNA molecules made from
those genes (page 1632). Specifically,
the nucleotide cytosine (C) in the genes
was frequently represented by thymi-
dine (T) in complementary DNA mole-
cules; had editing not occurred, the
sequences of the complementary DNA
and the DNA of the gene should have
been identical. The replacements of
some (but not all) of the Cs by Ts were
found not only in the coding regions of
the genes but also in those parts of the
genes that do not get translated; the
rate of such exchanges was about 1 in
58 nucleotides. The changes in the cod-
ing region were not silent but led to the
insertion of different amino acids in the
protein products; interestingly, the af-
fected amino acids were ones that
proved to be highly conserved in evolu-
tion. How the editing occurs (perhaps
through some chemical modification)
and whether 1t 18 a common or an
unusual phenomenon remain to be de-
termined. ® RuTH LEVY GUYER
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Growth of Greenland Ice Sheet: Measurement

H. Jay ZwaLLy, AN1TA C. BRENNER, JUDY A. MAJOR,
ROBERT A. BINDSCHADLER, JAMES G. MARSH

Measurements of ice-sheet elevation change by satellite altimetry show that the
Greenland surface elevation south of 72° north latitude is increasing. The vertical
velocity of the surface is 0.20 * 0.06 meters per year from measured changes in surface
elevations at 5906 intersections between Geosat paths in 1985 and Seasat in 1978, and
0.28 = 0.02 meters per year from 256,694 intersections of Geosat paths during a 548-

day period of 1985 to 1986.

ETERMINATION OF THE BALANCE

between mass input and outflow of

the polar ice sheets is needed for
understanding of the ice-sheet response to
climate change and the contributions to sea-
level rise or fall. Measurement of elevation
change by satellite altimetry offers a method
of determining changes in ice volume and
therefore mass balance (7). The 3-year oper-
ation of GEOS-3 radar altimeter from April
1975 to June 1978 (2), followed by the 3-
month operation of the Seasat radar altime-
ter from July to September 1978, provided a
time series of ice elevations, but the preci-
sion and spatial coverage of GEOS-3 was
limited. The U.S. Navy Geosat radar altime-
ter (3), which was launched in March 1985,
has provided a large number of recent repet-
itive measurements. We have determined
changes in ice-surface elevations using data
from GEOS-3, Seasat, and the first 18
months of Geosat. The estimated change in
ice volume and its significance is discussed
in a companion paper (4).

Changes in surface elevation were deter-
mined where successive sub-satellite paths
intersect (Fig. 1). The measured elevation
difference at a crossover point is dH =
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H, — H; + E, where H, and H, are the
surface elevations during successive orbits at
times £, and ¢, respectively, and E is the
random measurement error from a distribu-
tion with a SD. The error for each elevation
measurement is E/\/i, which includes errors
in the altimeter-range measurement and in
determination of the vertical position of the
orbit. The magnitude of E is determined
from analysis for which (Hy — Hy) are
small. Although E is usually larger than
actual clevation changes, average changes
can be obtained over areas of the ice sheet
for time periods in which there are a suffi-
ciently large number of measurements.

The range measured (Fig. 1) is to the
average surface elevation in the “pulse-limit-
ed” footprint [maximum circular area from
which radar reflection is simultaneously re-
ceived by the altimeter (2, 5)]. The mini-
mum pulse-limited footprint is 3.6 km in
diameter for the GEOS-3 altimeter and 1.6
km for both the Seasat and Geosat altime-
ters, over smooth surfaces and larger over

Fig. 1. Crossover method for mea-
suring changes in surface elevation,
S(1), from radar-altimeter measured
clevations, H(t), on successive or-
bital paths (O) of the satellite. Hor-
izontal location of the crossover
point is determined within a few
meters. The relative error, E, for
measurement of elevation change,
dH, at a single crossover is about
1.4 m.

rough surfaces. Ranges are obtained at 0.66-
km intervals along the satellite tracks; there-
fore, successive footprints overlap by 40%
or more. Surface elevations at the crossover
point are obtained by interpolation. Deter-
mination of the absolute surface elevation at
satellite nadir would require correction for
the slope-induced offset of the pulse-limited
footprint from nadir (6), which is caused by
the tendency of the pulse-limited footprint
to be located at the closest surface lying
within the larger “beam-limited” footprint,
which is ten times the size of the pulse-
limited footprint (5). However, for the pur-
pose of studying elevation changes, correc-
tion for slope-induced errors is not necessary
because the pulse-limited footprint is usually
located at the same place on the surface
during successive transits.

We corrected surface elevations for varia-
tions in the effective atmospheric path
length, earth tides, and lags in the automatic
radar-pulse tracking circuitry of the altime-
ter (3, 4). For GEOS-3 and Seasat, residual
errors in the radial position of the satellite
with respect to the center of the earth are
reduced by reference of the orbital positions
to a common ocean surface derived from the
Seasat and GEOS-3 altimeter data. After
orbit adjustment, the SD of the elevation
differences is 4.7 m for GEOS-3—-GEOS-3
crossovers and 1.0 m for Seasat-Seasat cross-
overs. The standard errors for single mea-
surements are 3.3 m for GEOS-3 and 0.70
m for Seasat. The calculated SD for GEOS-
3—Secasat differences is 3.4 m. Precise orbit
information over ice-covered areas is includ-
ed with the Geosat data (7). The SD of the
clevation differences at 16,250 Geosat-Geo-
sat crossovers for which the time difference
between measurements is <15 days is 1.49
m. The Geosat single-measurement error is
therefore 1.05 m. In -these analyses, cross-
over differences greater than 10 m were
discarded (15 m for GEOS-3) (8). The
relative SD for Geosat-Seasat differences is
therefore 1.26 m. The remaining errors are
mainly a combination of altimeter measure-
ment error over irregular surfaces and resid-
ual orbit errors.

Two methods were used to obtain the rate
of change of surface elevation from a set of
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Table 1. Average rates of change in ice-sheet clevation and relative error at a single crossover of the

satellite radar altimeters. N, number of crossovers.

. dH/dt Maximum Relative
Satclliee ¥ (m/year) dt (years) Interval error (m)
GEOS-3-Seasat 657 0.11 = 0.14 32 April 1975 to June 1978 34
Geosat-Seasat 5,906 0.20 = 0.06 7.0 July 1978 to October 1985 1.26
Geosat-Geosat 256,694 0.28 = 0.02 1.5 April 1985 to September 1986 1.49

crossover measurements. If a sufficient num-
ber of measurements were made during two
distinct periods separated by a relatively
large time interval (dr), then the surface
velocity is the average crossover height dif-
ference divided by the time interval
[E(HZ 3 H‘),-/N)/dt, where (Hz . H|),~ is
the elevation difference at the ith crossover
and N is the number of crossovers]. This
method is appropriate for comparing the 3
months of Seasat measurements with Geosat
measurements made 7 years later.

The second method, the dH/dt method, is
appropriate for a set of crossovers that tend
to have randomly distributed time intervals.
The slope of a linear fit to the crossover
differences, dH; = (H, — Hy);, versus their
time intervals, df; = (t — t;);, gives the
thickening (dH/dt > 0) or thinning rate
(dH/dt < 0). In this method, we implicitly
assume that dH/dt is a linear function of time
and that the data are randomly distributed
about a linear trend. The SE of the slope and
the SD of the points about the linear fit can
only be used to assess the statistical signifi-
cance of a linear trend if cyclical components
in the data are small.

The dH/dt method has several advantages.
All crossovers created by a series of altimeter
measurements can be used. The effect of
possible scasonal changes in either the sur-
face elevation or radar back-scattering prop-
erties is reduced, because a specific dt;, for
example, might have summer-to-winter and
winter-to-summer measurements. Also, the
value of the dH intercept at dt =0 can
indicate measurement biases.
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We first applied the dH/dt method to
GEOS-3 and Seasat data, which extended to
65.1°N and 72.07°N, respectively. The aver-
age rate of increase in surface clevation
south of 65.1°N obtained from 525 cross-
over differences was 0.35 = 0.17 m/year (9).
Subsequent analysis with 127 more cross-
overs gave a dH/dt of 0.11 = 0.14 m/year
(Table 1). The SD of the 657 dH; values
with respect to the linear fit is 3.48 m,
consistent with the 3.40-m estimated rela-
tive error (Table 1). A similar analysis of
626 GEOS-3—-GEOS-3 crossovers gave a
dH/dt of 0.07 = 0.23 m/year. Although
these three values of dH/dt are positive and
overlap within 1 SD, the confidence regard-
ing ice-sheet thickening based on these data
alone is not high.

The dH/dt analysis for 548 days of Geosat
measurements between 1 April 1985 and 30
September 1986 (Fig. 2) gives 0.284 =
0.004 m/year for 256,694 crossover differ-
ences. The ice sheet area covered is from the
southern tip of Greenland to 72°N. The SD
of the points about the line is 1.14 m, for an
iterative 3 SD editing with SD convergent
to 2%. In the calculation of SE of the slope,
we assume that errors among the dH; are
independent, even though some correlation
may be expected among the crossovers
along a given orbit. Depending upon the
magnitude of the residual orbit error com-
pared to the altimeter measurement error,
the number of crossovers per orbit, and the
degree of correlation from one crossover to
another, the true error on the slope for this
case could be as much = 0.02 m/year.

Fig. 2. Elevation differences dH; at
256,694 Geosat-Geosat crossovers
versus dt;. Negative dr; indicate that
the elevation measurement, H,, on
an orbit ascending in latitude pre-
ceded the elevation measurement,
H,, on an orbit descending in lati-
tude. Intercept at df = 0 shows an
ascending-descending orbit bias of
—0.48 m. The rate of increase in
surface elevation is 0.28 * 0.02 nv/
year.
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Fig. 3. Average dH; of Fig. 2 in 30-day intervals
versus dt (see text). Nonlinear components caused
by seasonal effects are smaller than the lincar trend
of 0.28 m/year.

In our analysis, dH = H, — Hg, where H,
is the elevation obtained on the orbit path
ascending in latitude and Hy is the elevation
on the path descending in latitude, regard-
less of whether t, > tq or t, < tq. The dH
intercept at dr = 0, obtained by averaging all
dH; for which ldt;l < 15 days, gives an as-
cending-descending  orbit bias equal to
—0.48 = 0.01 m. This bias indicates that
Geosat descending orbit calculations are sys-
tematically too high relative to ascending
orbits in the vicinity of Greenland.

Although the dH/dt method reduces the
effect of possible seasonal variations in the
measured elevation, a seasonal modulation
in the deviation of the dH; values about the
linear fit is evident in Fig. 2. Minimal devi-
ations appear at about 0, 6, and 12 months,
and maximal deviations at about 3 and 9
months. To examine the effect of this semi-
annual variation on the linear trend analysis,
we averaged the dH; in 30-day intervals
[dHy = 2(H, — Hy)in, where n is the num-
ber of measurements in the interval]. The
dH., for dt < 0 were then averaged with the
corresponding values for dt >0 (Fig. 3).
Although there are obvious nonlinear com-
ponents, the variations about the linear fit
are not large and are nearly symmetrical.
Linear fits to the mean values give
0.289 + 0.032 m/year and 0.279 = 0.020
m/vear, before and after averaging the mean
values for dt <0 and dt > 0, which are
consistent with the slope in Fig. 2.

Elevation changes between Geosat and
Seasat measurements are more meaningful
for mass balance studies because of the 7-
year interval between the two satellites;
however, comparisons may be influenced by
differences in the orbit calculations, or their
relative ocean-geoid levels. Coarse-grid in-
formation received from the Navy on their
altimeter measurements of the ocean surface
in the vicinity of Greenland with Geosat 1s
sufficient, however, to estimate the possible
bias with respect to the Scasat measure-
ments. The estimated Geosat-Seasat eleva-
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tion bias over Greenland is 0.4 = 0.4 m,
which we treat as a correction with a system-
atic error. In other respects, the Geosat and
Seasat altimeters are similar in design, and
the same range-correction retracking algo-
rithm was used over ice. We accounted for
the ascending-descending orbit bias by ana-
lyzing the crossovers of ascending Geosat
orbits| with Seasat separately from those
with descending Geosat orbits, and then
averaging the two results. We avoided sea-
sonal biases by comparing the Seasat data
for 15 July to 10 October 1978 with Geosat
data for the same period of 1985. The
resulting Geosat-Seasat average elevation
difference for 5906 crossovers is 1.785 +
0.014 m. After correction for the Geosat-
Seasat orbit bias, it is 1.385 + 0.414 m. The
average rate of change over the 7-year inter-
val at these crossover locations is thus
0.20 £ 0.06 m/year. The altimeter measure-
ments (Table I) thus show that the southern
Greenland ice sheet has been thickening
since the mid-1970s.
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Growth of Greenland Ice Sheet: Interpretation

H. JAY ZwALLY

An observed 0.23 m/year thickening of the Greenland ice sheet indicates a 25% to 45%
excess ice accumulation over the amount required to balance the outward ice flow. The
implied global sea-level depletion is 0.2 to 0.4 mm/year, depending on whether the
thickening is only recent (5 to 10 years) or longer term (<100 years). If there is a
similar imbalance in the northern 60% of the ice-sheet area, the depletion is 0.35 to 0.7
mm/year. Increasing ice thickness suggests that the precipitation is higher than the
long-term average; higher precipitation may be a characteristic of warmer climates in

polar regions.

HE MASS BALANCE OF THE GREEN-

land and Antarctic ice sheets is of

current interest, largely because of its
direct | relation to global sea level, which
appears to be rising by 2.4 = 0.9 mm/year
(1). Although both thermal expansion of the
ocean (2) and melting of small glaciers (3)
contribute to sea-level rise, the major source
of water is undetermined. Also, the possibil-
ity of enhanced ice-sheet melting in a warm-
er climate (4) is of concern. Glaciers respond
to both precipitation and temperature in
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such a manner, however, that enhanced
precipitation may offset increases in surface
melting (5).

Each year, approximately 3000 km® of

water is exchanged between the ocean and
the ice sheets of Greenland and Antarctica, a
volume equivalent to 8 mm of water from
the entire surface of the world’s oceans. The
uncertainty in ice-sheet mass balance has
been at least £30% of the annual mass
exchange (6); this uncertainty is equivalent
to +2.4 mm/year of sea-level change. Re-
cently, Meier et al. (7) estimated that there
has been a small positive balance for both
Greenland (—0.1 = 0.4 mm/year of sea-lev-
el change) and Antarctica (—0.6 = 0.6

mm/year). In contrast, recent total flux esti-
mates (8) of annual snow accumulation,
iceberg discharge, and peripheral melting of
the Antarctic ice sheet indicate that the net
ice loss has been 750 km’/year, which is
35% of the mass input and equivalent to 1.9
mm/year of sea-level rise.

Satellite radar altimetry measurements
show that the surface elevation of the Green-
land ice sheet south of 72°N (Fig. 1) in-
creased from 1978 to 1986 (9). The mea-
sured elevation change varies with latitude
(Fig. 2), and the errors are larger at lower
latitudes and lower ice-sheet elevations
mainly because of the smaller number of
crossovers (10). The largest elevation in-
creases were over the southern dome around
63.5°N and in the central region near 72°N
during 1985 to 1986.

The spatially averaged elevation changes,
obtained by analyzing the crossover differ-
ences in ice-sheet elevation bands (Fig. 3)
and weighting those values by the fractional
area in each band (0.12, 0.14, 0.20, 0.31,
and 0.23 for lower to higher elevations), are
0.233 = 0.041 m/year for 1978-1985 Geo-
sat-Seasat measurements and 0.239 + 0.030
m/year for 1985-1986 Geosat-Geosat mea-
surements. In southern Greenland, the equi-
librium line (boundary between net ablation
and net accumulation) is at ~1200 to 1500

Fig. 1. Map of Greenland showing surface eleva-
tions in region covered by satellite radar altumetry
and locations of surface measurements (EGIG,
D3, and OSU) of elevation change.
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Fig. 2. Average changes in ice-sheet surface eleva-
tion in latitude bands. The 1985-1978 Geosat-
Seasat values are from the difference between
elevations in late summer 1985 and late summer
1978. The 19861985 Geosat-Geosat values are
from the dH/dt method of analysis. The respective
1985-1978 and 19861985 average values for all
crossovers are 0.20 m/year and 0.28 m/year (9).
Earlier values are from EGIG traverse near
70.5°N (Fig. 1) and GEOS-3—Seasat analysis.
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Fig. 3. Average ice-sheet surface elevation
changes by elevation bands. Thickening is indicat-
ed for both time periods in both the accumulation
and ablation zones (above and below ~1200 to
1500 m). Spatially averaged elevation change is
0.23 +0.04 m/year.

m. Therefore, thickening is indicated for
both time periods in both the accumulation
and ablation zones, although the errors are
large for the ablation zone.

Repeat long-line leveling on traverses in
1959 and 1968 (EGIG, Fig. 1) (11) showed
that the ice sheet was thickening by 0.09
m/year at least locally (12). Within the abla-
tion zone near the western margin, the ice
sheet 'thinned at ~0.30 m/year between
1948 land 1959 (13) and 0.24 m/year be-
tween 1959 and 1968 (12). Reech and Gun-
destrup (14) concluded that the ice sheet
was thickening at Dye 3 (D3, Fig. 1) by
0.03 * 0.06 m/year. Kostecka and Whillans
(15) | derived a thickening rate of
0.06 * 0.08 m/year along a transect (OSU,
Fig. 1) west of Dye 3. These results consis-
tently indicate that the accumulation zone
was thickening, but the magnitudes are
smaller than the spatially averaged altimeter
results. In the ablation zone, the results are
of opposite sign.
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In general, changes in ice-sheet elevation
may be caused by variations in surface bal-
ance (accumulation minus ablation), firn
compression, ice flow, or crustal deforma-
tion

dH/dt = [A(t) = B(t))/Rs — Vep
- Vi+ Vo =dH'ldt + Vy 1)

and the (net) mass balance is
dM/dt = A(t) — B(t) — ViR (2)

where H is surface elevation; dM/dt, A, and
B are the mass-change rate, the surface-
accumulation rate, and the surface-ablation
rate in meters of water equivalent per year;
R is the (relative) density of snow being
added; R; is the density of solid ice (0.92);
Vep is the velocity of firn compression; V; is
the downward subsurface velocity of the
firn-ice transition (16); H' is ice-sheet thick-
ness; and Vj, is the vertical velocity of the ice
base due to crustal deformation. If the sur-
face integral of dM/dt = 0, over either a local
area or the entire area of an ice sheet, the
area is in balance.

Whereas changes in precipitation and sur-
face ablation have immediate effects on sur-
face elevation, changes in ice flow in re-
sponse to changes in ice-sheet boundary
conditions have much slower effects (17).
Therefore, elevation changes measured over
a decade could indicate ecither a recent
change in accumulation or long-term
changes in ice velocity or accumulation.
Rech and Gundestrup (14) suggested that
the 0.03 = 0.06 m/year thickening at Dye 3
may be caused by a slowing of the ice flow
because of the downward propagation of
stiffer post-Wisconsin ice. In regard to pre-
cipitation changes, accumulation time series
have been obtained at only a few locations.
Ice cores from the central region of the ice
sheet near 71°N show that accumulation
rates increased about 3.3% per 100 years
over the last 300 years (18), and a similar
change has been observed at Dye 3 (19).
However, accumulation rates in the central
region decreased about 10% from peak val-
ues between 1940 and 1985 (18), and the
rates near Dye 3 decreased about 40% from
1935 to 1970 (20), while precipitation at
land stations in northern mid-latitudes ap-
peared to increase (21). Therefore, the spe-
cific cause of ice-sheet thickening cannot be
deduced, but it is likely that the present ice
velocities have been determined by the long-
term (>100 vears) surface conditions and
that the observed ice thickening indicates
that present accumulation rates are larger
than the long-term average.

The rate of mass change and implied sea-
level depletion can be estimated from the
spatially averaged dH/dt values. In southern
Greenland, the value of V4 due to post-

glacial isostatic adjustment is between 0 and
0.009 m/year (22). Therefore, the average
change in ice-sheet thickness, dH'/dt, is
0.23 + 0.04 m/year. Changes in the ice
velocity and the average V¢, over 8 years are
likely to be small. The ice-sheet area south of
72°N is 0.70 x 10° km? (1/517 of global
ocean area), and the measured change in
volume is therefore 160 km®/year. A lower
end estimate of mass change is obtained for
the situation where the elevation change is a
short-term (5- to 10-year) increase in pre-
cipitation, in which case the average density
of the snow being added is about 0.5 R;. An
upper-end estimate is obtained for a change
from either a long-term (>100 years) increase
in precipitation or a decrease in ice flow, for
which the appropriate density is 0.92 R;. The
calculated global sea-level depletion thus
ranges from 0.20 to 0.41 mm/year.

The average accumulation rate on the ice
sheet south of 72°N is about 0.5 m/year
water equivalent (23). Therefore, the 0.23
m/year thickness change represents a mass
imbalance ranging from about 25 to 45%,
depending on whether the change is short or
long term. About 60% of the arca of the
Greenland ice sheet lies north of the radar
altimeter coverage, and the average accumu-
lation rate there is roughly half of the south-
ern value. If the northern region has a
similar positive mass balance, even though
the meteorological and glaciological situa-
tion may be quite different, the northern
thickening rate would be half of the south-
ern value. In this case, the total sea-level
depletion would be 0.35 to 0.7 mm/year.

A 2.4 mmlyear sca-level rise (1) with
contributions of 0.4 mm/year from small
glaciers (3), 0.4 mm/year from ocean ther-
mal expansion (2), and a —0.5 mm/year
from Greenland, implies that the contribu-
tion to sea-level rise from Antarctica is 2.1
mm/year. The agreement of this value, how-
ever, with the 1.9 mm/year estimate for
Antarctica based on net mass fluxes, may be
fortuitous, in consideration of the large un-
certainty in the flux estimates.

The relation between precipitation
changes and temperature changes in polar
regions is of central importance to under-
standing current and future behavior of the
ice sheets. In polar regions, enhanced pre-
cipitation is associated with warmer tem-
peratures because of the greater transport of
moisture in warmer air (24, 25). Various
results (26) suggest that the increase in
precipitation is 5 to 20% per Kelvin. The
effects of enhanced precipitation and warm-
er temperatures on ice-sheet mass balance
differ in the ablation and accumulation
zones. Above the equilibrium line, most
surface melt water is refrozen and retained
locally. Therefore, increased precipitation
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increases the mass input, and melting has
little effect. Below the equilibrium line, in-
creases in precipitation reduce the net sum-
mer ablation and partially offset increases in
melting. Although the altitude of the equi-
librium line increases with increased tem-
perature, it decreases with increased precipi-
tation and with increased cloudiness (27).
Therefore, changes in position of the equi-
librium line might be small as temperature
and precipitation increase together. Because
nearly 100% of the Antarctic ice sheet and
85% of the Greenland ice sheet are above
the present equilibrium line, the dominant
short-term effect is likely to be ice-sheet
growth. An increase in precipitation and
temperature should cause an immediate pos-
itive change in the mass balance and a
gradual steepening of an ice sheet, which
would continue for many years as the ice
flow responded to the driving stresses.

In  conclusion, Greenland ice-sheet
growth is consistent with the generally
warmer temperatures (28) experienced in
this century. If climate continues to warm,
enhanced precipitation in polar regions may
offset increases in melting. Although the
Antarctic ice sheet is a likely source of water
for current sea-level rise, its mass balance is
uncertain. Over much of Antarctica, which
contains 91% of the earth’s ice, the annual
mass input is only 10% of the Greenland
values, so that significant elevation changes
may be ten times as small. Laser altimetry
measurements (29) are needed there, be-
cause of its better range precision and ability
to cover the critical ablation zones where
radar altimeters do not adequately follow
the more irregular ice surfaces.
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Thermomolecular Pressure in Surface Melting:

Motivation for Frost Heave

J. G. DasH

A thermomolecular pressure is associated with surface melting, and it can drive mass
flow along an interface under a lateral temperature gradient. The pressure is a universal
thermodynamic function in the limit of thick films. It may be responsible for frost

heave in frozen ground.

URFACE MELTING CONTINUES TO AT-
tract considerable experimental and
theoretical interest, as it involves fun-
damental questions in surface science and
condensed matter physics and practical ap-
plications in materials processing (1-5). Al-
though the phenomenon has been explored
in a limited number of materials, it is be-
lieved to be a general characteristic of most

Department of Physics, FM-15, University of Washing-
ton, Scattle, WA 98195.

classes of solid materials. The motivating
force for the effect is the lowcring of the
interfacial free energy of a solid surface by a
layer of the melted material, which occurs
for all solid interfaces that are wetted by the
melt liquid. Such a reduction of the free
energy allows a macroscopically thick film of
the liquid to be stabilized at a temperature
below the normal melting point. The surface
free energy of the film varies with its thick-
ness and asymptorically approaches the val-
uc for semi-infinite liquid. This variation
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Global temperature variations between
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Recent homogenized near-surface temperature data over the land and oceans of both hemispheres dunng the pas 3¢
years are combined to produce the first comprehensive estimates of global mean temperature. The results show little t
in the nineteenth century, marked warming to 1940, relatively steady conditions to the mid-1970s and a subsequent rap
warming. The warmest 3 years have all occurred in the 1980s.

GLOBAL mean surface air temperature is the most commonly
used measure of the state of the climate system. When general
issues of climatic change are addressed, global mean tem-
perature change is often used as a yardstick; the age of the
dinosaurs was warmer than today, the ice ages were colder, and
so on. Paradoxically, in the present era of instrumental
meteorology, with data coverage far better than at any earlier
time, our knowledge of global mean temperature changes is still
uncertain. Variations in global mean air temperature are of
considerable importance, as they are a measure of the sensitivity
of the climate system to external forcing factors such as changes
in carbon dioxide concentration, solar output and the frequency
of explosive volcanic eruptions. Quantifying the response of the
climate to external forcing changes is a major goal of climatology
and a prerequisite for predicting future climatic change. As a
step towards this goal, we present here the first global synthesis
of near-surface temperature measurements over the land and
oceans.

Most earlier estimates of global and hemispheric mean tem-
perature (see refs 1, 2) were based solely on data from land-based
meteorological stations. Since >70% of the globe is ocean, one
might suspect the global representativeness of such estimates,
although on long timescales (=decades) the thermal coupling
between land and ocean should ensure that the land data largely
mirror changes occurring over the oceans'. Recently, data from
ships at sea collected for routine weather forecasting purposes,
have been compiled by groups in the United Kingdom®* and
the United States®®, and these data give us the potential to
calculate improved estimates of global mean temperature. Apart
from our own work’, the only previous attempt to analyse both
land and marine data is that of Paltridge and Woodruff®®. These
authors, however, failed to account for inhomogeneities in the
marine data, which are substantial (see below and also refs 4
and 10). The quality and coverage of the land data they used
was also less than adequate, but this is understandable because
they were primarily interested in sea-surface temperature vari-
ations.

The land data we use are those from refs 11, 12. These have
been carefully examined to detect and correct for non-climatic
errors that may result from station shifts or instrument changes,
changes in the methods used for calculating means, urban warm-
ing, and so on. Although problems still exist'>'*, the quality of
these data is much better than that of material used in earlier
studies. Area averages based on these data show medium to
long timescale trends (10 yr) whose spatial consistency pro-
vides a strong pointer to the data’s overall reliability''"'2, The
marine data we employ are those in the COADS (Comprehen-
sive Ocean Atmosphere Data Set) compilation® which extends
‘to 1979, and data from the Climate Analysis Center, NOAA,

* Present address: Max-Planck-Institut fiir Meteorologie, Bundesstrasse
55, 2000 Hamburg 13, FRG.

for 1980 84. We use both sea surface temperatures (SST)
marine air temperatures (MAT).

Marine data problems

Both SST and MAT data contain mhomogencmcs van’
resulting from non-climatic factors*'®'S. For example;
SSTs were measured using water collected in uninsulated,
buckets, while more recent data come either:from:inst
bucket or cooling water intake measurements, with. the ]
considered to be 0.3-0.7 °C warmer than: uninsulated . bu
measurements'®. For marine air temperatures, changes
size and speed of ships, especially those increases associa
with the sail to steam transition, are both thought to:
influenced data homogeneity. In addition, many early air
perature observations were not taken in screened'loca
Because of these non-climatic factors, both SST and MAT
must be corrected (or ‘homogenized’) to remove their effi

Folland et al*'® and Folland and Kates'’; using«the:{§
Meteorological Office (UKMO) data bank®, attempted to.o
come these problems by |dcnt|fymg specific sources of e
attempting to quantify these and using this information tor
corrections to the raw gridded data. Such correctlons
inherent uncertainties because of difficulties in their a p
quantification and a lack of knowledge of how most measu
ments were taken. Information on whether bucket or ints A
measurements were made has, in most cases, apparently bé
lost or never recorded. It has also been shown'® that suppose
homogeneous (that is bucket-only or intake-only) SST:é
series appear to have non-climatic changes that are simila}
those found in mixed data series, suggesting:that all histor
data sets contain a mix of measurement’types. Since?]
however, it is generally assumed that available SST data conl
a reasonably consistent mix of intake and bucket mea
ments'®

The Folland et al* corrected MAT and SST series have
compared with averages of land-based data by Jones et al'
Agreement is reasonable since the start of the twentieth centu
although MAT values for the years 1942-45 appear to be
warm in both hemispheres. Before 1900, the marine an
series diverge markedly, with both marine series belng
0.3 °C warmer than the land data. .

Correcting the COADS data

The COADS compilation contains some 63.25 millio
duplicated SST observations, of which 0.96 million have:
‘trimmed’ to remove extreme outliers>. While these ar

coverage is very similar in both data sets. However, unlike &
UKMO data set used by Folland et al®, none of the da
COADS have been corrected for non-climatic effects. Ouf
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:'f" Map showing the 15 regions where
arine air temperatures and land-based tem-

éfatures were compared (Peters equal-area rec-
tangular projection).

by comparing marine and land data in areas where the two
or overlap (coastal areas and around ocean islands).
The trimmed COADS data include monthly means and
jans on a 2°x 2° grid, together with the number of observa-
pns in & month and the mean observation date. We compressed
B¢ data onto a more manageablé grid (5°x 5° for MAT, 4°x 10°
$b¢ SST) after-first eliminating values where the number and
2 T 'buti_on of observations was likely to have produced unrep-
! tive ‘monthly means, and expressed the values as
alies from a 1950-79 reference period. As a test of datd
at this stage we calculated hemispheric mean values by
opriately weighting the gridded MAT and SST data (NH,
ern Hemisphere; SH, Southern Hemisphere). Year-to-year
fions for thesé uncorrectéd data were found to be in excel-
greement with the UKMO corrected data (NHSST, r=
HMAT, r=0.87; SHSST, r =0.88; SHMAT, r =0.75 over
1979: correlation coefficients -calculated using residuals
a 10-yr gaussian filter), but, as expected, the long-term
yr) fluctuations: show:d marked differences. Similar high
nenty correlations between SST and MAT for the uncorrec-
ADS data (NH, r=0.91; SH, r=0.89) were higher than
rrected UKMO data (NH r=0.81; SH, r=0.80).
se.of the high SST-MAT correlation (see also ref. 19),
ta can be corrected by comparison with MAT data, once
tter have been corrected. For the MAT data, any attempt
éss, a priori, the magnitudes of errors arising from instru-
changes, changes in observation methods, and the cffects
nges in ships’ thermal inertia, speed and size (the latter
mines the height at which observations were taken), must
[raught with uncertainty. Data reliability and long-term
mogeneity can be far more convincingly demonstrated for
‘gridded land data than for the marine data because land
fation data homogentities can be more easily identified,
ained and corrected'’"'2, We therefore use these data directly
rrect the marine data. Fifteen regions (see Fig. 1) were
n in which land and marine data are in close proximity.
erages of annual mean MAT and land air temperature
calculated for each region using the uncorrected COADS
and the homogenized land data produced by Jones et
No attempt was made to consider night-time observations
$.used by Folland er al*. In addition to the 15 pairs of
wtnges. annual mean coastal land time series were pro-
d for both hemispheres and compared with the uncorrected
p eric-mean MAT series.
,17.1and minus MAT time series were then examined for
tematic differences between the land and marine data. For

riod 1861-1979 (both marine and Southern Hemisphere
ta are unroproxentutive before 1R61 hecuuse of poor datn

coverage), five distinct periods could be discerned in all 15
reglonal land minus MAT time series and in the two hcmxsphenc
land minus MAT time series. The latter are shown in Fig. 2.
The three main periods are: the period up to the 1880s when
the MAT data appear to be too warm by 0.4-0.5 °C; the period
from the 1900s to 1941 when the MAT data are too cold by
0.1-0.2°C; and 1946-79 when there is no obvious bias. There
is a strong upward trend in the land-minus-MAT difference
between the mid 1880s and the late 1900s, and the war years,
1942-45, are marked by anomalously warm MAT values. The
consistency between the hemispheres is clear from Fig. 2, and
the land minus MAT data for the individual smaller regions,
although showing greater inter-annual variability, all show the
same features.

The nineteenth century land minus MAT data also show
differences between the values before and after about 1873 (see
Fig. 2). By examining land, MAT and SST data it can be shown
that this difference is also likely to reflect a non-climatic
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Fig.2 Temperature differences: coustal land values minus uncor-
rected COADS marine air temperature values for the Northern

(a) and Southern (b) Hemispheres, Smooth curvesd show 10-yr
ghnaslan Nhrered values, padded at such end we desoribad In taf, 11
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Fig.3 Temperature differences: corrected marine air temperatures
minus uncorrected sea surface temperatures for the Northern (a)
and Southern (b) Hemispheres. Smooth curves show 10-yr gaussian
filtered values.

inhomogeneity in either the MAT data or the land data,'probably
the former.

The means and standard deviations of the land minus MAT
values are shown in Table 1. The consistency of these values
strongly suggests that these land/MAT discrepancies are not
climatic in origin. They may, therefore, be used to estimate
annual correction factors for the MAT data in order to make
these data compatible with the existing homogenized land data.
Except for the 1942-45 period, when war conditions apparently
prompted observers to measure temperature in uriconventional
locations®, the specific reasons for these non-climatic MAT
fluctuations are not known. Although their reality cannot be
questioned, there is clearly some uncertainty in the magnitude
of the implied corrections.

The correction values we have used (added to the raw MAT
data) are (°C): 1861-73, —0.40; 1874-89, —0.48; 1903-41, 0.17;
1942-45, —0.54; 1946-79, 0.0; with linear interpolation between

Table I  Comparison between coastal land and MAT data

1861-73 1874-89 1903-41 1942-45 1946-79
NH

X -035 -050 0.23 -0.49 -0.02

s 0.26 0.11 0.09 0.02 0.12

SH X =036 -0.53 0.10 -0.44 0.03
s 0.23 0.14  0.09 0.09 0.10

NH (9 region X _ -0.36 -0.42 0.17 -0.54 -0.03
average s(X) 0.40 021 0.10 0.10  0.05
SH (6 region X _ -0.61 -052 0.17 -0.44 0.05
average s(X) 0.57 036 0.22 0.15 0.08
Correction -0.40 -048 0.17 -0.54 0.00

X =mean land minus MAT value; s = corresponding standard devi-
ation defined by s?= (Y — 1)7'2(X; = X)? where X, is the value in year
J»and Y is the number of years; s(X) = standard deviation of the means
defined by (s(X))*=(n—1)"'3(X, - X)?* where n is the number of
regions (6 or 9), X, is the mean for region i and X is the average value

of X, The last line shows the inferred correction which was added to
the uncorrected annual MAT data .
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1889 and 1903. Slightly different corrections were judg
necessary for Southiérn Hemisphere data between 1941 and 194
1941, —0.14; 1942-45, —0.44. Most of the transition dates |
these correction factors, which are based on a number of c
siderations, could be altered slightly with no appreciable effs
on the resulting corrected MAT values. ‘Although the 0.08
difference in the MAT corrections before and after 1873 m
be inappropriate if it arises from a land data inhomogenei
we judge this to be unlikely. It has the effect of slightly reduci
the magnitude of the long-term MAT warming between
period before 1873 and today. The corrections generally refl¥
the mean land minus MAT values shown in Table 1, but i
precise values used and the transition dates also take MAT-Sg
comparisons into account. Our corrections differ markedly fro
those applied by Folland et al* to their night-time MAT day :
This is a clear indication of incompatibilities between the corn.
ted UKMO MAT data and the homogenized land data (see ak
refs 11 and 12). 3
Having corrected the MAT data, we can now estimate {
SST corrections required to ensure overall compatibility betwes
the land, MAT and SST data by comparing the corrected J
and raw SST values. Table 2 and Fig. 3 show the hemisphegge:
mean differences between the corrected MAT data and the v e
SST data. As with the MAT analysis, three distinct periods

Table 2 Comparison between corrected MAT data and uncorre }l :
SST data Senerde i

1861-89  1903-41. 1942-45 1946

NH X 0.08 0.49 -0.07 0.02
s 0.08 0.08 0.07  0.09.

SH X 0.07 0.50 -0.14 . 0.02
s 0.04 0.05 0.08  °

Correction 0.08 0.49. =0.10.

X =mean MAT minus SST value; s = corresponding standard i

ation. The correction is the number added to the uncorrected ang
SST data.

be discerned: pre-1890 when the SST data are slightl
consistently cooler than the MAT data; 1903-41 when SSTs'
markedly cooler than MATs; and post-1945 when there is
consistent difference. Rather complex transitions exist betw
these three phases. The MAT-SST difference curves are

tially the same in both hemispheres. This is a strong indicatig
that the differences reflect non-climatic effects, and it provi
a valuable consistency check on the MAT corrections. i

The implied SST corrections, are (°C): 1861-89, 0.08; 1903-
0.49; 1942-45, —0.10; 1946-79, 0.0; with linear interpolz i
between 1889 and 1903. For 1941 we applied a slightly differs
correction in the Southern Hemisphere, 0.19 °C. As for ]
these corrections also differ somewhat from those used by Fq
land et al®. In their analysis, SST values were adjusted to ens;
compatibility with corrected MAT values, just as we have do )
However, since their corrected MAT values must differ notig
ably from those produced hete, differences in the SST co;
tions will, in part, reflect these MAT differences.

In our analysis, the difference between the twentieth cenfug
SST correction factor before 1941 and after 1946 is 0.49 >
difference is in the range (0.3-0.7 °C) generally accepted for ff
difference between uninsulated bucket "and . intake "§§
measurements'*>?!. The precise reasons for the differences tigh
we obtain between the nineteenth centuryiand early twentié
century MAT and SST corrections are unceitain: For MAT)
change is likely to be related to the transition from sail to
Between 1880 and 1910, the' percentage of*steamship toni;
as a fraction of total shipping tonnage rosé'from ~25 t6'7

(ref. 22). Noticeable increases in ship spet _Qci:lirre'd,"oyiét

period 1880-1900, and in ship size over thé; period 1890-19

s
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Fig. 4 Differences between the hemispheric-mean sea surface 0.5
nperature vglues produced in the present work and those of
nd et al.*; Northern Hcmlsphere (a), Southern Hemisphere
.(3). Smooth curves show 10-yr gaussian filtered values. The implied ol
]94& warmth of the Folland er al. SH data relative to the NH (by
~02°C), is due to their use of 1951-60 as a reference period.
Conditions during this decade differed noticeably from the mean ~0.8
dons during the reference period, 1950-79, used here (see ’
Fig. 5).
These dates should be compared with the duration of 850 1909 ks R

ng trends in land minus uncorrected-MAT data in both
pherﬁ shown in Fig. 2. Changes in MAT may be related
re changes attendant on the above, and to other
es in instrument exposure procedure which occurred over
 period. For SST, the main reasons for the change may
i¢. standardization of the measuring technique and the
yction of more reliable instruments 3. It is also possible
e mid to late nineteenth century, many bucket tem-
were not taken in the shade?®. In addition, some of
el measurements may have been made with wooden
: "%ﬂ:ga_n canvas buckets. The latter, being uninsulated and

! evaporauve coolmg, produce lower temperature

Werall dxﬁerenccs between the hemispheric mean SST
‘produced here and those of Folland et al* are shown in
The results for an MAT comparison are similar. The
cies are large and comparable in magnitude to either
ctions. The reasons for these differences stem mainly
ferent correction factors applied to what are essen-
r raw data. Because there are several sources of data

who atiemptcd to make specific corrections for identified
‘gf inhomogeneity based on physical arguments. Our
‘synthesize the effects of several different factors.
hile they ensure compatibility between the marine
ta, the fact that the reasons for these corrections
must point towards some remaining uncertainty
“&mcted ;n_arinc data, especially in the nineteenth

Year

Fig. 5 Global (c¢) and hemispheric (Northern, a; Southern, b)
annual mean temperature variations since 1861, based on sea-
surface temperature data to represent the marine domain and using
weights corresponding approximately to the maximum coverage
for the four domains (method two in the text). Smooth curves
show 10-yr gaussian filtered values. 1980-84 values are based on
SST data obtained from the Climate Analysis Center, U.S. National
Oceanic and Atmospheric Administration (see ref. 29 for informa-
tion about this data source). These data were adjusted to be
compatible with the values in earlier years by comparing values
in both hemispheres over the overlap period, 1970-79. The CAC
data correlate hjghly with the COADS data (r=0.984 for the
Northern Hemisphere mean and r = 0.991 for the Southern Hemi-
sphere mean).

ted) marine data and the most recent compllanons of land
data'"'?. There are three different ways in which global or
hemispheric (land plus marine) averages can be calculated. The
first method is to average only those grid point values (with
appropriate cosine weighting) for which data exist. This is the
way hemispheric means have been produced for the land
data'"'%, The second and third methods assume that each of
the four‘mdcpcndcnt time series (NH and SH land and NH
and SH manné*tlther SST or MAT) are, at all times, representa-
tive either of their maximum coverage or of the total areas of
the four domains. The results obtained differ but little, and the
use of either SST or MAT to represent the marine domains
produces only minor differences. We therefore show only results
using the second method based on SST data, obtained using

T global = 0.25NH land +0.25NH SST+0.2SH land
+0.3SH SST
(Fig. 5) where, after 1957, SH land includes Antarctic data from
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Raper et al.”®, updated. The insensitivity to the precise method
of weighting arises because all time series are quite strongly
correlated.

The reliability of the time series given in Fig. 5 as true
hemispheric and global averages can be questioned because the
spatial coverage, even at best, is less than 75% and because the
coverage changes with time. Coverage is always much better in
the Northern Hemisphere. Coverage before 1900 is generally
less than one third of the globe, down to <§0%Jn the 1860s.
The question of representativeness of the land data~has been
considered in detail in refs 1, 11 and 12. Although marine
coverage before 1900 is sparse, the spatial correlation length
over the oceans is large and limited coverage should still give
results representative of a much larger area. Nevertheless, there
are large parts of the Southern Hemisphere that nearly always
lack data, especially the southern oceans south of 45 °S and the
whole of the southeastern Pacific (except near the South
American coast). Before 1957, when most Antarctic data first
became available, there are essentially no data at all for. the
globe south of 45 °S (refs 25, 26). Although this represents only
~15% of the area of the globe, temperature fluctuations at high
latitudes are known to be larger than at lower latitudes and so
can have a disproportionate effect on the global average'*?’.
Any interpretation of Fig. 5 must bear in mind both these basic
data deficiencies and the marine data uncertainties implied by
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Using underground observations, we have found a small diurnal
amplitude modulation of the cosmic-ray muon intensity which
agrees in amplitude and phase with a first-order relativistic effect
due to the Earth’s motion, as discussed by Compton and Getting
more than fifty years ago. The parent particles are sufficiently
rigid (~1.5TeV/c) that solar and geomagnetic effects should be

minor. The muon flux deep underground is relatively insensitive -
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Fig. 4. We note, however, that the latter do not affect the grofs
features of the global mean changes observed this century.

The global curve is extremely interesting when viewed in t £
light of recent ideas of the causes of climatic change'_’z._ A
data show a long timescale warming trend, with the three w
mest years being 1980, 1981 and 1983, and five of nine warme 3
years in the entire 134-yr record occurring after 1978.  Wigssk s
regard to the hypothesized warming due to increasing concentp (|
tions of carbon dioxide and other greenhouse gases, the ovl =3

change is in the right direction and of the correct magnitud
However, the relatively steady conditions maintained betw
the late 1930s and mid 1970s requires either the existe
some compensating forcing factor or, possibly, a lower se
ity to greenhouse gas changes than is generally accepted.
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to near-surface meteorological effects, and temperature effects G2
production height would produce intensity v:ri_nﬂonsfngfa‘ﬂ?‘ ;
of phase with the observed effect. Analysis of the arrival times)
5x10° muons during a period of 5.4 yr yields a fractiona
tude variation of 2.525¢(x 107, with a maximum near’daw:
08:18+ 1.0 h local mean solar time (LT). The expected amp
is 3.40 X 10™*, with the maximum at 06:00 o LA
Compton and Getting' showed that a cosmic-rayde
with an energy threshold would observe an enhanced inte
when it moved along its direction of maximum sensitivity, 'y
respect to the rest frame of the cosmic-ray plasma. If the
ray energy distribution were a power law. of the form E:
the fractional intensity enhancement above a fixed energy
old should be g e

AI(6)

{n g

where 0 is the angle between the direction of detector sensity
and its velocity vector. A term v/c arises because the det

sweeps out a column of the cosmic-ray plasma, another

2v/c because the solid angle transformation incxe'a.}é's
intensity ‘in the direction of motion, and“a;-tcrm.v )

=(2+ 'y); cos 3
Ry |
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distance for nearby stations. We

~.of about 05°~0.7°C in the past century,
northern hemisphere result is similar to

1. INTRODUCTION

ace air temperature has been measured at a large
of meteorological stations for the past century,
fly at northern hemisphere land locations. These station
2 have been used by a number of investigators [e.g.,
t, 1950; Mitchell, 1961; Budyko, 1969: Vinnikov et al.,
b Yamamoto and Hoshiai, 1980; Jones et al., 1982, 1986a;
% and Kelly, 1983; Bradley et al, 1985] to estimate
perdture change, with appropriate caveats concerning
ictions of spatial coverage (cf. review by Wigley et al.
#)]). Analysis of ocean surface temperature change has
® been made (Palidge and Woodruff,- 1981; Bamerr, 1984;
®and et al,, 1984] on the basis of ship data. Because the
R and ocean data sets each have their own problems
an data quality and uniformity over long periods
e previously cited references above, especially Bamett
B8] and Jones er al. [1986a]), it seems better to analyze
x wo data sets scparately, rather than lumping them
¥FUer prior to analysis. Another valuable source of global
dture data is provided by the radiosonde stations
el .and Korshover, 1983]. This source includes data
the troposphere and lower stratosphere but is
ed to the period from 1958 to the present.
ough it is safer to restrict temperature analyses to
with dense station coverage, there is a great
preatve for trying to obtain estimates of long term global
pRpcrature  change. Such global data would provide the
‘ #ppropriate comparisons for global climate models and
4 enhance our ability to detect possible effects of

¥ umber 7D0578.
221/87/007D-0578505.00
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We analyze surface air temperature data from available meteorolo
the period 1880~198S. The temperature changes at mid-
1000 km are shown to be highly correlated; at low latit
combine the station
.. accurate long-term variations. Error estimates are based

- station distributions are able to reproduce temperature cl

;- dimensional general “circulation model with realistic
temperature change can be obtained for the past cent
-_ stations are confined mainly to continental and island 1
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Global Trends of Measured Surface Air Temperature
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gical stations with principal focus on
and high latitude stations scparated by less than
udes the correlation falls off more rapidly with
data in a way which is designed to provide
in part on studies of how accurately the actual
hange in a global data set produced by a three-
variability. We find that meaningful global
ury, despite the fact that the meteorological
ocations. The results indicate a global warming

with warming of similar magnitude in both hemispheres; the
that found by several other investigators. A strong warming

global climate forcings, such as increasing atmospheric Co,,.
In this paper we use the temperature records of meteorolog-
ical stations to obtain an estimate of global surface air
temperature change, and we estimate the errors due to
incomplete spatial coverage.

Jones et al. [1986¢] recently published an estimate of
global near-surface temperature change obtained by combin-
ing the surface air temperature measurements of meteorolog-
ical stations with marine surface air and surface water
temperature measurements. We compare their results with
ours at the end of this paper; our global mean and hemi-
spheric mean results are generally in good agreement with
theirs.

In section 2 we define the surface air temperature data
set we employ, including illustration of the global distribu-
tion of stations, and we estimate the area over which the
temperature change obtained from a given station is
meaningful. In section 3 we describe the method we use to
combine the records of different stations, which is designed
to retain temperature change information wiiil. minimizing
effects of incomplete spatial and tempcra! coverage. In
section 4 we present  detailed graphs of our results for
global, hemispheric, zonal and regional temperature change.
In section 5 we make several checks of the sigr.ificance of
the inferred trends, for example, by using an artificial
global temperature history generated by a three-dimensional
general circulation model to obtain a measure of the error
duc to-incomplete spatial coverage, by reanalyzing the
northern hefhisphere temperature trend using a station
distribution comparable to that available in the southern
hemisphere, and by omitting urban stations to test for
possible anthropogenic heat island effects. In section 6 we
compare the derived hemispheric and global temperature
change with the recent results of Jones et al. [1986¢] and

Angell and Korshover [1983; private communication, 1987].
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data-free areas with the oceans. However, based on the

HLANSEN AND LEBEDEFE GLOBAL TEMPERATURE TRENDS

e i
; =+

- Annual Mean

——— 5 Year Running Mean :
) i

R et
R

S LD N

iy

4 TS T T S . b B 2 : s
i ; I 51 H v
PR inIEEERNERIRERERERS i _Ll. SERaiil A
1880 1900 1920 1940 1960 198 1900 1920 1940 1960 1980
Date Date 28 Y
Fig. 7. Surface air temperature change for the eight latitude zones of Figure 2. Graphical details as in Figm

the high northem latitude zones. For_

Slnd et dae WHLES - &



""CORRESPONDENCE TRACKING"
TYPE: INFORMATION """ "DOCUMENT NUMBER: 9121356

hhkhkkhhhhhhhhhbhhhbh bbbk bbbk kA kA kAR A kAR AR R AR A A AR Ak Ak kAR k k&

FROM: WOODROW WILSON INTERNATIONAL CENTER FOR SCHOLARS
TO: DR. BROMLEY

DATE OF
CORRESPONDENCE: 04/27/91

SUBJECT: RE: THE LACK OF A CONSENSUS WITHIN THE SCIENTIFIC

COMMUNITY ON THE EXISTENCE OF SIGNIFICANT GREENHOUSE
WARMING FROM RISING LEVELS OF CARBON DIOXIDE.

AR AR AR AR A 22222222 T Ty rarararararam

ASSIGNED TO:

ACTION REQUIRED:

LA A 2ttt T Ty oo,
SENDER’S DUE DATE: OSTP DUE DATE:

DATE COMPLETED:

i*********************************t*******t*i****************************

COPIES TO: ENVIRONMENT
hhdkhhhhhhhh kb kA kA kA kAR ARk kA kA A A A kA ARk kR kR ke kkk

WHITE HOUSE TRACKING #: CONTACT PERSON: DR. SINGER

REMARKS:

DATE RECEIVED: 05/07/91 FILE: ENVIRONMENT




THE WOODROW WILSON CENTER

.TJ”
th_

SEHAY 17059

April 27, 1991
'ins';"QT il
0. Allen Bromley DiRECTOR ™
White House Sciene Advisor

1600 Pennsylvania Avenue, N.W.
Washington, DC 20500

Dear Mr. Bromley:

Contrary to conventional wisdom, there does pot exist today a consensus within the
scientific community on the existence of significant greenhouse warming from rising
levels of carbon dioxide.

More and more prominent atmospheric scientists are calling into question the
validity of current climate models, and consider control efforts--lacking credible
support from science and cost-benefit analysis--to be ill-advised, premature and,
worse, likely counterproductive.

Underscoring that point is the enclosed article, just published in the journal
Cosmos. Its authors are among the most renown names in energy and atmospheric
research:

Dr. Roger Revelle, winner of the 1990 National Medal of Science, initiated the
program of global CO2 measurements that is widely credited with focusing world
attention on the greenhouse effect.

Dr. S. Fred Singer was the first scientist to predict the increase in atmospheric
methane--an important greenhouse gas--from human activities.

Dr. Chauncey Starr, winner of the 1990 National Medal of Technology and a widely
recognized expert on nuclear energy, is the author of seminal papers on technical
and societal risk analysis.

You will note that the National Academy of Sciences report, "Poiicy Implications of
Greenhouse Warming," released this month, supports the thesis of the Cosmos article
recommending energy conservation and efficiency increases that make economic sense.
These should be done--regardless of whether there is greenhouse warming or not.

You should also note the research paper by climate modeler Prof. Michael
Schlesinger of the University of lllinois, published last month in the scientific journal

am e. His calculations clearly show that there is no need for immediate acuon A delay

for even a decade would have Imle ‘impact on future chmate

If you  would I|ke addmonal comments on this |mportant environmental issue, Dr.

" Singer can be reached at his Washington office at 202-357-2879 or at home at 703-

503-5064.

WOODROW WILSON INTERNATIONAL CENTER FOR SCHOLARS
1000 JEFFERSON DRIVE, SW.  WASHINGTON, D.C. 20560
202:357:2429 TELEX 264729 FAX 202:357:4439



"What to Do About Greenhouse Warming: Look Before You Leap,"
Cosmos, Vol. 1, No. 1. pp. 28-33

ABOUT THE AUTHORS:

As director of the Scripps Institution of Oceanography, DR.
ROGER REVELLE initiated the program of global CO; measurements °
that is widely credited with focusing world attention on the
greenhouse effect. Dr. Revelle has served as science advisor
to the U.S. Department of the Interior and as director of the
Harvard Center for Population Studies, and is now a professor
of science and public policy at the University of California at
San Diego. A member of the National Academy of Science,
Revelle was awarded the National Medal of Science in 1990.

DR. S. FRED SINGER was the first scientist to predict the
increase in atmospheric methane--an important greenhouse gas--
from human activities. Dr. Singer has served as chief
scientist at the U.S. Department of Transportation and as
deputy assistant administrator of the Environmental Protection
Agency. He was the first director of the U.S. weather
satellite program and developed the currently used satellite
technology for measuring ozone in the upper atmosphere. A
professor of environmental sciences at the University of
Virginia, Singer is currently a guest scholar at the Woodrow
Wilson International Center for Scholars. His most recent book
is Global Climate Change (Paragon House, 1990).

Winner of the 1990 National Medal of Technology, DR. CHAUNCEY
STARR is the founding president of the Electric Power Research
Institute in Palo Alto, California, former president of Atomics
International, and former dean of engineering at the University
of California at Los Angeles. A widely respected expert on
nuclear energy and a member of the National Academy of
Engineering, Starr has designed nuclear reactors and fuel

cycles and has published seminal papers on technical and
societal risk analysis.
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WHAT TO DO ABOUT

GREENHOUSE WARMING:
LOOK BEFORE YOU LEAP

reenhouse warming has emerged as one of
the most complex and controversial envi-
ronmental and foreign-policy issues of the
1990s.

Itis an environmental issue because carbon dioxide
(CO,), generated from the prolific burning of oil, gas
and coal, is thought to enhance, by trapping heat in
the atmosphere, the natural greenhouse effect that
has kept the planet warm for billions of years. Some
scientists predict drastic climatic changes in the 21st

century.

The scientific base for a
greenhouse warming is too
uncertain to justify drastic

action at this time.

It is a foreign-policy issue because, for a number of
reasons, the United States has taken a more cautious
approach to dealing with CO, emissions than have
many industrialized nations. Wide acceptance of the
Montreal Protocol, which limits and rolls back the
manufacture of chlorofluorocarbons (CFCs) to pro-
tect the ozone layer, has encouraged environmental
activists at international conferences the past three
years to call for similar controls on CO, from fossil-
fuel burning.

These activists have expressed disappointment
with the White House for not supporting immediate
action. But should the United States assume ““leader-
ship” in a hastily-conceived campaign that could
cripple the global economy, or would it be more pru-
dent to assure first, through scientific research, that
the problem is both real and urgent?

We can sum up our conclusions in a simple mes- -
sage: The scientific base for a greenhouse warming is too.

uncertain to justify drastic.action af this time. B

There is little risk in delaying policy responses to
this century-old problem since there is every expecta-
tion that scientific understanding will be substantially
improved within the next decade. Instead of prema-
ture and likely ineffective controls on fuel use that
would only slow down but not stop the further
growth of CO,, we may prefer to use the same re-

S. Fred Singer
Roger Revelle
Chauncey Starr

sources—trillions of dollars, by some estimates—to
increase our economic and technological resilience so
that we can then apply specific remedies as necessary
to reduce climate change or to adapt to it.

That is not to say that prudent steps cannot be
taken now; indeed, many kinds of energy conserva-
tion and efficiency increases make economic sense
even without the threat of greenhouse warming.

THE SCIENTIFIC BASE

The scientific base for greenhouse warming
(GHW) includes some facts, lots of uncertainty and
just plain lack of knowledge—requiring more ob-
servations, better theories and more extensive cal-
culations. Specifically, there are reliable measure-
ments of the increase in so-called greenhouse gases in
the earth’s atmosphere, presumably as a result of
human activities. There is uncertainty about the
strength of sources and sinks for these gases, i.e.,
their rates of generation and removal. There is major
uncertainty and disagreement about whether this in-
crease has caused a change in the climate during the
last century. There is also disagreement in the scien-
tific community about predicted future changes as a
result of further increases in greenhouse gases. The
models used to calculate future climate are not yet
good enough because the climate-balancing pro-
cesses are not sufficiently understood, nor are they
likely to be good enough until we gain more under-
standing through observations and experiments.

As a consequence, we cannot be sure whether the

S. Fred Singer (57) is professor of environmental sciences
at the University of Virginia and served as the first di-
rector of the U.S. weather satellite program, among sev-
eral government positions.

Roger Revelle ('43), professor of science and public policy

at ‘the University 'of California at San Diego, .is. former .

directorof the Scripps Institution of Oceanography: He is
a member of the National Academy of Sciences and last

* year received the National Medal of Science:

Chauncey Starr ('68) is the president emeritus of the Elec-

tric Power Research Institute and former dean of engi-
neering at the University of California at Los Angeles. He
is @ member of the National Academy of Engineering.
Last year he received the National Medal of Technology.
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conditioning and industrial processes are making an
important contribution but will soon be replaced by
less-polluting substitutes.

Water vapor (H,0) turns out to be the most effec-
tive greenhouse gas by far. It is not manmade, but is
assumed to amplify the warming effects of the gases
produced by human activities. We don't really know
whether H,O has increased in the atmosphere or
whether it will increase in the future—although
that's what all the model calculations assume. In-
deed, predictions of future warming depend not only
on the amount but also on the horizontal and espe-
cially the vertical distribution of H,O, and on
whether it will be in the atmosphere in the form of a
gas or as liquid cloud droplets or as ice particles. The
current computer models are not complete enough to
test these crucial points.

THE CLIMATE RECORD

The issue now is whether the 25 percent increase of
CO, in the atmosphere, mainly since World War II,
calls for immediate and drastic action to limit and roll
back global energy use. Taking account of increases
in the other trace gases that produce greenhouse ef-
fects, we have already gone halfway to an effective
GHG doubling—something that cannot be reversed
in our lifetime—and, according to the prevailing the-
ory, locked in a temperature increase of about 1.6
degrees Celsius.

But has there been a climate effect caused by the
increase of greenhouse gases in the last decades? The
data are ambiguous to say the least. Advocates for
immediate action profess to see a global warming of
about 0.5 degrees C since 1880, and point to record
global temperatures in the 1980s and the warmest
year on record in 1990. Most atmospheric scientists
tend to be cautious, however; they call attention to
the fact that the greatest temperature increase oc-
curred before the major rise in greenhouse gas con-
centration. It was followed by a quarter-century de-
crease between 1940 and 1965 when concern arose
about an approaching ice age! Following a sharp in-
crease during 1975-80), there has-been no clear up-
ward trend during the 80s despite some very warm
individual years and record GHG increases. Simi-
larly, global atmospheric (rather than surface) tem-
peratures measured by Tiros weather satellites show
no trend in the last decade.

Scientists Kirby Hanson, Thomas Karl and George
Maul of the National Oceanic and Atmospheric Ad-
ministration (NOAA) find no overall warming in the
U.S. temperature record, contrary to the global record
assembled by James Hansen of the National Aero-
nautics and Space Administration (NASA). Using a
technique that eliminates urban “heat islands” and
other local distorting effects, they confirm the tem-
perature rise before 1940, followed, however, by a
general decline. Reginald Newell and colleagues at
the Massachusetts Institute of Technology (MIT) re-
port no substantial change in the global sea-surface

temperature in the past century; yet the ocean, be-
cause of its much cﬂ;ater heat inertia, should control
any atmospheric climate change.

Perhaps most interesting are the NOAA studies
that document a relative rise in night temperatures in
the U.S. in the last 60 years, while daytime values
stayed the same or declined. This is just what one
would expect from the increase in atmospheric green-
house gas concentration. But its consequences, as
University of Virginia climatologist Patrick Michaels
and others have pointed out, are benign: A longer
growing season, fewer frosts, no increase in soil
evaporation.

It is therefore fair to say that we haven't seen the
huge greenhouse warming, of between 0.7 and 2.5
degrees C, expected from the conventional theories.
Why not? This scientific puzzle has many suggested
solutions:

¢ The warming has been “soaked up” by the
ocean and will appear after a delay of some decades.
Plausible—but there is no evidence to support this
theory until deep-ocean temperatures are measured
on a routine basis, as suggested by Scripps Institution
oceanographer Walter Munk. Feasibility tests are cur-
rently underway, using a sound source at Heard Is-
land in the South Indian Ocean and a global network

ANOTHER ICE AGE COMING?

Global temperatures have been declining since the
dinosaurs roamed the earth some 70 million years
ago. About 2 million years ago, a new “ice age”
began—most bly as a result of the drift of the
continents and the buildup of mountains. Since that
time, the earth has seen 17 or more cycles of glada-
tion, interrupted by short (10,000 to 12,000 years)
in

ial or warm periods. We are now in such an
in ial interval, the Holocene, that started
10, g:axs ago. The onset of the next gladial cycle
cannot be very far away.

It is believed that the length of a glaciation cycle,
about 100,000 to 120,000 years, is controlled by
small changes in the seasonal and latitudinal distri-
bution of solar energy received as a result of changes
in the earth’s orbit and spin axis. While the theory
can explain the timing, the detailed mechanism is not
well understood ially the sudden transition
from full gladial to interglacial warming. Very likely
an ocean-a ere interaction is triggered and be-
comes the direct cause of the transition in climate.

The climate record also reveals evidence for major
climatic changes on time scales shorter than those for
astronomical cycles. During the past millennium, the
earth enced a “climate optimum” around 1100
A.D., when Vikings found Greenland to be green
and Vinland (Labrador?) able to su grape grow-
ing. The “Little Ice Age” found European glaciers
advancdng well before 1600 and suddenly retrea!inﬁ
starting in 1860. The warming reported in the glob
temperature record since 1880 may thus simply be
the escape from this Little Ice Age rather than our
entrance into the human greenhouse.
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translate to longer growing seasons and fewer frosts.
Increased global precipitation should also be benefi-
cial to plant growth.

Keep in mind also that year-to-year changes at any
location are far greater and more rapid than what
might be expected from greenhouse warming; and
nature, crops and people are already adapted to such
changes. It is the extreme climate events that cause
the great ecological and economic problems: Crip-
pling winters, persistent droughts, extreme heat
spells, killer hurricanes and the like. But there is no
indication from modeling or from actual experience
that such extreme events would become more fre-
quent if greenhouse warming becomes appreciable.
The exception might be tropical cyclones, which—
Balling and Randall Cerveney argue—would be
more frequent but weaker, would cool vast areas of
the ocean surface and increase annual rainfall. In
sum, climate models predict that global precipitation
should increase by 10 to 15 percent, and polar tem-
peratures should warm the most, thus reducing the
driving force for severe winter-weather events.

We can be putting into
effect policies and pursue
approaches that make sense
even if the greenhouse effect
did not exist.

There is finally the question of sea-level rise as
glaciers melt—and fear of catastrophic'flooding. The
cryosphere certainly contains enough ice to raise sea
level by 100 meters; and, conversely, during recent
ice ages, enou%h ice accumulated to drop sea level
100 meters below the present value. But these are
extreme possibilities; ti al-gauFe records of the past
century suggest that sea level has risen modestly,
about 0.3 meters. But the %auges measure only rela-
tive sea level, and many of the gauge locations have
dropped because of land subsidence. Besides, the test
locations are too highly concentrated geographically,
mostly on the U.S. East Coast, to permit global con-
clusions. The situation will improve greatly, how-
ever, in the next few years as precise absolute global
data become available from a variety of satellite sys-
tems.

In the meantime, satellite radar-altimeters have al-
ready given a surprising result. As reported by NASA
scientist Jay Zwally in Science, Greenland ice-sheets
are gaining in thickness—a net increase in the ice
stored in the cryosphere and an inferred drop in sea
level—leading to somewhat uncertain predictions
about future sea level. Modeling results suggest little
warming of the Antarctic Ocean because the heat is
convected to deeper levels. It is clearly important to
verify these results by other techniques and also get

more direct data on current sea-level changes.

Summarizing the available evidence, we conclude
that even if significant warming were to occur in the
next century, the net impact to the entire planet may
well be beneficial—with some regions enjoying im-
proved climate, some encountering worse. This
would be even more true if the long-anticipated ice
age were on its way.

In view of the uncertainties about the degree of
warming, and the even greater uncertainty about its
possible impact—what should we do? During the
time that an expanded research program reduces or
eliminates these uncertainties, we can be putting into
effect policies and pursue approaches that make
sense even if the greenhouse effect did not exist.

ENERGY POLICIES

Conserve energy by discouraging wasteful use
globally. Conservation can best be achieved by pric-
ing rather than by command-and-control methods. If
the price can include the external costs that are
avoided by the user and loaded onto someone else,
this strengthens the argument for proper pricing. The
idea is to have the polluter or the beneficiary pay the
cost. An example would be peak-pricing for electric
power. Yet another example, appropriate to the
greenhouse discussion, is to increase the tax on gaso-
line to make it a true highway-user fee—instead of
having most capital and maintenance costs paid by
various state taxes, as is done now. Congress has
lacked the courage for such a direct approach, prefer-
ring instead regulation that is mostly ineffective and
produces large indirect costs for the consumer.

Improve efficiency in energy use. Energy effi-
ciency should be attainable without much interven-
tion, provided it pays for itself. A good rule of thumb:
If it isn’t economic, then it probably wastes energy in
the process and we shouldn’t be doing it. Over-con-
servation can waste as much energy as under-con-
servation. (For example, destroying all older cars
would certainly raise the fuel efficiency of the fleet,
but replacing these cars would consume more energy
in their manufacture.) If energy is properly priced,
i.e., not subsidized, the job for government is to re-
move the institutional and other road blocks:

* Provide information to consumers, especially on
life-cycle costs for home heating, lighting, refnger-
ators and other appliances.

o Encourage—%ut not force—the turnover and re-
Flacement of older, less efficient (and often more pol-

uting) capital equipment: Cars, machinery, power
plants. Some existing policies that make new equip-
ment too costly go counter to this goal.

¢ Stimulate the development of more efficient sys-
tems, such as a combined-cycle power plant or a
more efficient internal-combustion engine.

Use non-fossil-fuel energy sources wherever this
makes economic sense. Nuclear power is competitive
now, and in many countries is cheaper than fossil-
fuel power—yet it is often opposed on environmental
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iDoes climate still matter?

%’Jesse H. Ausubel

? We may be discovering climate as it becomes less important to well-being. Arange of technologies appears to have
. lessened the vuinerability of human societies to climate variation.

~ Ampst widespread agreement that the
- planet is committed to at least some climatic
~ change induced by human activity, there is
~ growing pressure to “slow the greenhouse
* express” (ref. 1). Here I examine climate

through the lens of technology and innova-
tion, to clarify what adaptations have suc-

. ceeded and the trends in vulnerability to cli-

mate. | also examine whether the greenhouse
effect by itself will call into play new techno-
~ logies, or whether the evolution of technol-
* ogy will largely be ‘business as usual’ regard-

less of climate change. Finally, I identify
some ways that government may assist adap-
tation.

My focus is on adaptability of human sys-
tems, including agriculture. Adaptability of
ecosystems and the ethics of human beha-
viour that brings about large-scale transfor-
mations of the Earth must also be considered
in balancing responses to the greenhouse
issue.

What are often labelled adaptive measures
are themselves the impacts of climatic
change. Innumerable adaptations in food,
clothing and shelter are responses to the spa-
tial and temporal variability of climate. Hu-
mans do not wait guilelessly to receive an im-
pact, bear the loss, then respond with an
adaptation. Rather they attempt to antici-
pate and forstall problems.

Innovations

Technical innovations relevant to climate
and their diffusion occur in all societies and
sectors and in many forms. Technology
includes both hardware (for example, mater-
ials, physical structures, devices and
machines) and software (rules and recipes
for behaviour).

Illustrative innovations of hardware are
cisterns and dams to store water, tractors to
speed rapid harvests, and new crop cultivars
to reduce susceptibility to drought. Perhaps
less obvious, but of great importance for
adaptation to climate, are information tech-
nologies. In the United States, during several
years in the 1980s sales of information tech-
nologies to the agricultural sector were com-
parable to sales of farm equipment. The long
history of software innovations includes tide
tables, irrigation scheduling, and weather
forecasts. Along with the readily classified
hardware and software are climate-related
behavioural, social and institutional innova-
tions, such as agricultural credit banks,
national parks, green political parties and
flood insurance.

Software and social innovations are al-

.. most always indispensable for the technol-
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ogy of new hardware. Major innovations, in
transportation for example, are in fact clus-
ters of innovations involving not only new
materials and physical processes but also
new forms of social organization, including
financing and management. Transportation
systems exemplify technology that has been
important in adaptation to climate through
expanding the availability of food from a
local to a global scale. Reliance on food from
afar not only diversifies diet, but also spreads
production risks across more climatic zones,

Early communities drew the bulk of their
food from small areas. One of the earliest city
states, Uruk in Mesopotamia, probably grew
most of its sustenance except for animals
within 20 kilometres of the city walls?, Two
millennia later, Greece and Rome obtained
most of their food from overseas colonies
across the Aegean and Mediterranean seas?.
Atits height, Rome acquired 200,000 tons of
grain annually for its one million inhabitants,
most of it shipped from Africa, Sardinia and
Sicily. What marine transportation did in the
classical world, the steam locomotive did in
the nineteenth century, halving the cost of
land transport. The railroads penetrated the
great land masses of North America and
Australasia. Their operations were little
affected by climate, topography or other
local conditions. Great parts of the new
worlds were dedicated to cultivation of single
crops to supply world markets and to smooth
availability through the year.

Technological inventions and innovations
that have had roles in human ability to adapt
to climate over the last 100 years or so range
widely*: food preservatives (1873) to over-
come problems of seasonal food production;
light bulbs (1879) to make work safe and ef-
fective indoors; aluminum (1887) and other
structural materials to resist environmental
deterioration; refrigeration (1895) and air-
conditioning (1902, 1906) to facilitate activ-
ity in hot seasons and locations; automobiles
(1890s) to provide personal transportation
that is much less sensitive to climate than
horses or pedal bicycles; mechanical wind-
shield wipers (1916) to see in the rain; anti-
freeze (ethylene glycol) (1929) to safeguard
motors in winter; frozen food (first sales,
1930) to diversify diet among regions and
Seasons; radio-beam navigation (1934) tofly
in poor visibility; and weather (1960) and
Earth resources (1972) satellites for analysis
and forecasts of weather and climate,

In many respects we seem to be ‘climate-
proofing’ society, making ourselves less sub-
jectto natural phenomena. For centuries and
millennia we relied mainly on behavioural

and social adaptation. We took siestas when
the sun was high and sought refuge in hill sta-
tions in the monsoon season. Large pastoral
and nomadic populations followed the sea-
sonal availability of resources and avoided
climatic stresses. Much of the planet re-
mained seasonally or entirely uninhabitable
for climatic reasons. With current technol-
Ogy many people can live in virtually any cli-
mate that now exists. Modern water supply
and heating and ventilation systems, along
with medicines (for example, quinine and
vaccines) and public health measures, have
enabled large populations to inhabit for-
merly uninhabitable regions. By 1980 the
population in semiarid, desert and mountain
regions had passed 35 million or 15 per cent
of the US population®. Lacking modern
technology, these zones accomodated less
than one per cent of the population in 1860
and six per cent in 1920.

Preferences

The ability to colonize almost the entire
planet is due to the human ability to carry
with us that particular range of environment
in which we can survive and prosper®. In
wealthier societies, preferences are shifting
toward hot and dry climates that were forbid-
ding a century ago. Evidence of lessening
human vulnerability is also found in health.
For example, a flattening of monthly rates of
total mortality in Japan between 1899 and
1973 is explained partly by diminution of the
previous, climatically driven seasonal
peaks’.

Production can now proceed more or less
continuously in severe environments. For
example, North Sea offshore oil platforms
operate 24 hours per day, 365 days per year.
Ata price, services, such as aviation, are now
available at almost all times and places. Avi-
ation began as a system that was extremely
sensitive to weather and is increasingly less
so, due to expanded range; avionics, radar
and guidance systems; understanding of
thunderstorms, wind shear, and other
weather phenomena; and changes in con-
struction materials. Crops and livestock can
now be produced ‘indoors’ protected from
the elements. In some cases, alternatives to
outdoor production are so advantageous
thata cropisdisplaced. Originally spurred by
the need for supplies in wartime, synthetic
rubber from petrochemical feedstocks,
which is not subject to the vagaries of pests,
droughts and floods, and other risks out-
doors, has overwhelmed natural rubber from
trees. In 1990, ten per cent of US fish pro-
duction was in the controlled environment of
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fish farms®, up from one per cent in 1980 and
Rrojected to reach 20 per cent in 2000.
Consumption is also insulating itself from
environment. Inside most shopping malls,
for example, only fashions or decorations
signal the season. Sports are increasingly
played in domed stadiums isolated from the
weather. In affluent societies, winter vaca-
tions in warm climates have become a popu-
lar adaptation to escape climatic impacts.
Forecasting is itself a key technology that
reduces vulnerability to weather and hence
climate. Forecasts can help accommodate
peak loads in electric power systems during
heat waves. Improved forecasting, in con-
junction with increased incomes and better
transportation, has also enabled more
people to enjoy recreation in all seasons.

Synchronicity

The decline of ‘synchronicity’, the naturally
enforced time regimen of social groups, is a
feature of life in advanced societies. In agri-
cultural societies, the rhythm of life is
strongly determined and coordinated for al-
most all by the seasons and the associated de-
mands for labour in the field. In advanced
economies, where both production and con-
sumption may proceed almost continously
and only about five per cent of the popula-
tion farms, weather and climate no longer
control schedules. The fact that the peak sea-
son for holidays in advanced societies is the
late summer, a peak season for labour in agri-
cultural societies, indicates the transforma-
tion that has taken place.

In the late 1970s and early 1980s a group
of US researchers explored the ‘lessening’
hypothesis of climate impacts®, which states
that persistent and adaptive societies,
through their technological and social organ-
ization, lessen the impacts of recurrent cli-
matic fluctuations of similar magnitude upon
the directly susceptible population and indi-
rectly lessen the impacts on the entire so-
ciety. In the cases studied, substantial evi-
dence was four:’ to support the hypothesis of
lessening impacts. For example, in the US
Great Plains, the most severe disruptions to
livelihood and health occurred during the
earliest periods, when incidences of malnu-
trition and starvation were recorded. Investi-
gation of the more recent periods showed
much smaller impacts for comparable
drought stress, because of a variety of adjust-
ments and strategies, including more exten-
sive and effective anticipatory action.

An alternative to the lessening hypothesis
is that increasingly elaborate technical and
social systems insulate us from the adverse
effects of recurrent climatic fluctuation at the
cost of increased vulnerability to catastrophe
from less frequent natural and social pertur-
bations. In a global economy, such vulnera-
bility might be devolved or shared ever more
widely. Presumably this vulnerability to
catastrophe, surprise or nonlinear effects is
what worries many about the greenhouse ef-
fect. But the evidence seems to weigh against
the suggestion that technology, lifestyles and
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other forces are creating a more ‘brittle’ sys-
tem in the face of climate change.

Society appears to proceed along ‘techno-
logical trajectories’ that enable, for example,
more travel, more financial transactions, and
more messages. The succession of techno-
logies that make possible this increased ac-
tivity appears to diminish in sensitivity to cli-
mate. Although it was usually true that
neither rain nor sleet stayed the American
postman from his rounds, no system of post-
men could be as faithful as the modern tele-
communications system that now carries a
much larger share of messages than the old
system of letters. Similarly, a system of en-
ergy from wood and hay was more climati-
cally sensitive than one reliant on oil and
natural gas. Water and wind power are, of
course, more sensitive to climate. In the late
eleventh century, the areas under Norman
rule in England had about one water mill for
every 50 households'’, providing power to
grind grains, work metal, weave textiles and
cut wood. In 1694 France had 80,000 flour
mills, 15,000 industrial mills, and 500 iron
and metallurgical works, altogether almost
100,000 facilities powered by wind and
water. Although such an industrial infra-
structure is tightly adapted using climatic
resources, it is also vulnerable to climate
variability and change.

The trend toward less climatic vulnera-
bility also exists in transportation. Well into
the nineteenth century, sailing vessels were
the preferred long-distance transport and
frequently becalmed. World steamship ton-
nage exceeded sailing tonnage only in 1893.
Although coal cost more than wind, steam-
ships rapidly became cheaper as well as faster
than sailing ships, because their schedules
were more regular and avoided the circui-
tous routes required by sailing vessels.
Transport underground through tunnels by
high-speed magnetically levitated trains is
already on the drawing boards in Japan; such
systems would be less sensitive to climate
than the surface and air systems now in use.

Climate is only one of several factors that
have driven the evolution of systems of com-
munications, transport and energy. It is
probably secondary. But vulnerability to cli-
mate and other environmental forces may be
a good proxy for quality and reliability of ser-
vice. To the extent that the systems evolve in
the direction of higher quality and reliability,
these trajectories of development may also
decrease vulnerability of major systems to
climatic change. It would be useful to ident-
ify exceptions to this pattern, should they
exist.

As incomes depend less on activities out of
doors, societies become less vulnerable to
climate. The trend in all developed countries
since the industrial revolution began is away
from employment outdoors (Fig. 1) and to-
ward employment in the service sector, most
of which is in climate-controlled office build-
ings and shops. With a lag of 50-100 years
the same trend is found in less developed
countries, where 40-50 per cent of the popu-
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FIG. 1 Share of the workforce employed in ag-
riculture?*.

lation is now engaged in agriculture. If the
current trend continues, this fraction should
diminish to 20-25 per cent by 2050.

What are the times characteristic of tech-
nical innovation and diffusion of techno-
logies in relation to the time of human-
induced climatic change? Taking account of
both CO, and non-CO, greenhouse gases,
major climatic shifts are expected during
40-50 years (ref. 11). A retrospect on tech-
nology during the past century suggests the
extent of change during the decades to come:
in 1890 there was little farming in California
and Australia, and key technologies did not
yet exist or were not widely applied to im-
pound and transport water, or to transport
and store agricultural products promptly; in
1903 the Wright Brothers flew 59 seconds at
Kitty Hawk, North Carolina, whereas in
1990 in the United States, over 500 million
air passengers flew around 450 x 10°
miles'?; commercial transatlantic aviation,
relying on the jet engine, superseded travel
by ocean liners about 1960; tourism has been
extended to Antarctica, and scientific bases
there are occupied year round, despite the
fact that it was only in 1911-1912 that Roald
Amundsen reached the South Pole and
Robert Scott died there; penicillin, the first
important antibiotic, was discovered by
Alexander Fleming in 1928, and large-scale
production began only as recently as 1943;
nuclear power for electricity generation first
came into use in the late 1950s, but within
about 30 years it was able to provide over 70
per cent of France’s electric power; until
1965 no satellites were used for any routine
application, whereas satellite systems now
girdle the Earth, watching for storms, relay-
ing communications, and helping ships and
planes navigate anywhere on the globe; and
finally, although the microprocessor was
only introduced in 1971 and the personal
computer appeared about 1977, Americans
are now using over 50 million personal
computers.

During the period in question and with or
without climatic change, technology will
transform the way people live, Food, energy,
transportation and all the other systems that
support human life and the economy will be
changed by technologies that can be glim-
psed now, such as genetic engineering, fu-
sion, superconductivity and desalination, as
well as by technologies yet to be easily pic-
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tured. Fifty to a hundred years will allow the
replacement of most major technolgical sys-
tems. Ihdeed, 50 years are enough time to
turnover almost the entire capital stock of
the society. About two-thirds of capital stock
is usually in machines and equipment and
about one-third in buildings and other struc-
tures. In Japan, the average renewal period
for capital stock in business, the time it takes
for machinery and equipment in an industry
to be almost completely replaced, ranges
from about 22 years in the textile industry
down to ten years or less in such fast-moving
industries as telecommunications and elec-
trical machinery (see Table). In agriculture
the estimated life span of cultivars in the
United States is seven years for maize, eight
for sorghum and cotton, and nine for wheat
and soybeans'?, and most experts believe the
life span of cultivars will grow shorter.
Relative to greenhouse warming, turnover is
also fast for nonmachinery capital stock,
which includes buildings, pipelines, and so
forth. According to recent surveys, in the
Federal Republic of Germany in 1985 some
60 per cent of the stock is less than 20 years
old and in the Soviet Union some 80 per cent
is less than 20 years old (Fig. 2).

At first such figures may surprise us. But
some reflection about the built environment
relieves the surprise. Consider the office
space in a modern city. Most of the space is in
buildings completed in the last 20-30 years.
These new buildings are filled with new
equipment, for example, new telephone sys-
tems. Indeed, even older buildings are filled
with modern equipment that did not exist 15
or 20 years ago. The same is true for super-
markets, restaurants and other stores. A
large fraction of residential housing is simi-
larly young and, in turn, filled largely with
new domestic appliances of all kinds. If so-
cieties grow at a rate of 2-3 per cent per year,
as the industrialized societies have for the
past 150 years, then half of all capital stock
will always be younger than 30 years old.

Probably the systems that take longest to
build are infrastructures. Even these are con-
structed in less than a century'4. Many infra-
structure systems are (or should be) continu-
ously reconstructed. For example, roads are
repaved every 5-15 years, depending on use.
The 7,000-kilometre canal system of the
United States was almost entirely built in the
30 years between 1820 and 1850. More than
90 per cent of the 300,000-mile US railway
network was laid in the 65 years between
1855 and 1920. The paving of virtually the
entire six million-kilometre surface road sys-
tem of the United States was accomplished
between 1920 and 1985. The US interstate
highway system was completed in about 30
years from the time that it was announced by
President Eisenhower. It is interesting to
consider whether climatic change could re-
quire any public works on this scale; coastal
protection and interbasin water transfer
would seem the most likely candidates.

Because capital stock continuously turns
over on a time scale of a few decades, it will
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CAPITAL STOCK RENEWAL

Industry Renewal period
All industries 13.4
Manufacturing (all) 15.8
Electrical machinery 9.8
Transport machinery 13.2
Pulp and paper 13.7
General machinery 14.2
Chemicals 16.6
Food stuff 16.7
Steel and non-ferrous
metals 211
Textiles 22.5
Non-manufacturing (all) 11.8
Service 8.1
Transport and
telecommunications 10.7
Construction 11.9
Finance and insurance 12.8
Distribution 15.6
Real estate 15.8
Electricity, gas and
water supply 15.8

Average renewal period for capital stock of
business corporations in Japan by industrial
sector, 1986-87 (ref. 22).

be possible to put in place much technology
that is adjusted to a changing climate. This
can be done without extraordinary measures
given reasonably accurate information about
the future. For the shortest lifetimes, even
accurate information about the present cli-
mate will do.

That perhaps 90 per cent of the global
capital stock in the year 2040 will be built
after 1990 does not diminish the significance
of some long-lived structures. Action may be
necessary to protect cities such as Venice,
where preservation of historic buildings is
the goal. In such cases, the process of
replacement is not relevant.

The adaptations for long-term climatic
change will probably mostly be the same as
for other climate variation. The techno-
logies, small and large, that buffer human
activity over the long-term will be the same
ones that mollify the difference between day-
time and nighttime temperatures, protect
against normal variability between days,
shield from storms and hail, adjust to the sea-
sons, and adapt to the wide range of climates
where people already live.

No one has yet presented a radical innova-
tion uniquely adaptive for the greenhouse
effect. The main innovations directed at the
greenhouse effect are so far organizational,
in particular research groups in universities
and government and assessment groups,
such as the Intergovernmental Panel on Cli-
mate Change (IPCC). If the future green-
house climate in any place will consist of cli-
mates that already exist somewhere on
Earth, then many of the adaptations may
look familiar.

Because the population of the world is
imploding into cities, it seems logical that
technologies that make cities habitable in un-
welcoming climates will be among the tech-
nologies that are most important. Houston,
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Phoenix and Toronto may offer lessons. The
trend in such places is toward ever larger en-
closures of space and passageways connect-
ing them, where workers and shoppers are
not subject to the elements. Already during
much of the year in such cities few people are
seen outside on the streets. Technologies for
‘smarter’ buildings and for more efficient
building materials should be adaptive. Cities
in developing countries, which are often in
difficult climates to begin with and face wor-
sening problems of urban pollution, may
well lack the resources to apply such techno-
logies to raise or maintain the quality of life in
the face of changing climate.

Until this century much of the human
struggle with climate was to keep warm.
Because the struggle succeeded, in 1850 the
population in Europe, a land of well-
chronicled and damaging winters, was three
times as large as that of Africa and nine times
as large as that of Latin America's. Now a
main change in adaptation will be emphasis
on technologies to stay cool. There is already
pressure and success in this direction, popu-
lation grows in tropical regions and people
migrate south in temperate zones. Chemicals
for refrigeration that do not exacerbate the
greenhouse effect may thus earn a premium,
and, of course, low greenhouse gas emission
technologies to produce electricity and
energy in general.

For water resources, larger-scale control
of flows may be the trend. The Thames Bar-
rage and the Netherlands Rhine Delta
scheme may exemplify massive hydraulic
systems that will be imitated in areas of major
coastal populations. Fresh-water systems in
some regions would also be made more ro-
bust by extending networks of supply over
wider spaces through interbasin transfer and
other strategies. In practical terms, many of
the technologies needed may be well-estab-
lished, for example, tunnelling, pumps and
other technologies traditional to civil and
mechanical engineering, updated with elec-
tronic sensors and other devices for manage-
ment and control. Technologies for manage-
ment of water demand will be equally or
more attractive in many regions; these would
include not only hardware technologies for
minimizing leaks, but also software techno-
logies from operations research, as well as
economic and other incentives.

In agriculture, with a few notable excep-
tions, most emerging technologies are ex-
pected to reduce substantially the land and
water required's. At least in the United
States the trends in agricultural technology
are in the direction that should be sought in
view of climatic change. Almost all techno-
logies that are attractive for agriculture are
only more attractive in light of the possibility
of climatic change. Specifically, appealing
directions for agricultural innovation might
include diversification of crop production by
varying maturity, heat and drought toler-
ance, input needs, and end uses; innovation
in planting and spacing; collecting and recy-
cling irrigation run-off; soil moisture conser-
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FIG. 2 Age distribution of nonmachinery capi-
tal stock in the FRG, data for 1985 (ref. 23)
(hatched bars), and in the Soviet Union (solid
bars), data as of 1986 (USSR State Commit-
tee on Statistics, Statistics on social indica-
tors and capital vintage structure in industry,
undated memo, Institute for Social and
Economic Statistics, Moscow: courtesy of A.
Grabler, Laxenburg, Austria).

vation; better moisture-use efficiency and
improved use of plastics and other new ma-
terials; resistance to pests and insects; man-
agement practices; institutional measures;
programmes and facilities to support
extreme contingencies; and infrastructure,
Many of these are applications of informa-
tion technologies, as well as biotechnologies
and more traditional agricultural and mech-
anical technologies. It may be possible to
design and select plants adapted to higher
concentrations of CO, and other changes in
the atmosphere.

Though many innovations helpful in a
rapidly changing climate are more likely to
come from private enterprise than govern-
ment, governments can help in two ways.

One way governments can aid adaptation
is through timely information. One variety is
assessments of the issues relating to climatic
change. A second important and more oper-
ational variety of information is improved
weather and climate forecasts, Eventually
the climate of the far future will become to-
morrow’s weather. Information about it is
likely to improve the possibility that it will be
more resource than hazard.

There has been a gradual, measured im-
provement in weather forecasting during the
past 20 years (ref. 17). In the greenhouse
issue, all nations should find strong motiva-
tion to improve forecasts and the data and
research underlying them. The quality of
weather analyses and forecasts in many de-
veloping countries, especially in the tropics,
is markedly lower than those in developed
countries, particularly in the northern hemis-
phere. Advances in numerical modeling and
extension of technology for monitoring in
tropical regions can cause substantial
improvements.

A third innovation in information relates
to markets. The needs are for facilitation of
information flows and improvementsin rules
for markets, in particular, markets for water.
In many nations, water is allocated largely

652

through administrative means based on
water rights. Water transfers accommodate
new patterns of climate, as well as changing
farming and urban and industrial growth.
They allow water to be used where it is most
valuable'. Flexibility of water transfer is
important, because the life of water projects
is often 50-100 years or more®”.

Substantial subsidies for water for irrig-
ation, in particular, lead to prices that en-
courage inefficiency. There is little incentive
to conserve. Higher cost of constructing
water projects and more demand and com-
petition for water for such uses as preserva-
tion of wildlife, recreation, and cities make
the issue serious. Several long-term con-
tractsin the Central Valley of California pro-
vide water for only $3.50 per acre-foot,
whereas new sources of supply would cost
the federal government or the state $200-
300 per acre-foot per year for construction
alone'®. Allowing and encouraging volun-
tary marketing of the resource among users
could help adapt to climate changes and pro-
duce economic benefits, Voluntary water
transfers could take several forms, including
permanent sales, long-term leases, short-
term leases, and leases contingent on
drought.

Although markets may require innovation
by government in providing information and
rules, there are also traditional ‘hardware’
opportunities for innovation in public works.
Government is the primary purchaser, finan-
cier and manager of systems of water supply
and waste disposal, as well as coastal
facilities. These take decades to site and
construct and then can last generations.
There may be opportunities for government
to enhance innovation in infrastructure in
light of the possibility of a changing
environment.

Conclusion

Technologies are available for adaptation to
climate on a spectrum of space, time and
cost. Within minutes and for a few dollars
one can buy an umbrella for local protection

against a shower. Such technologies diffus
rapidly into the society, in a matter of montt
or years. Larger and more costly innova
tions, like electric refrigerators, may take 2!
or 30 years to become pervasive. Atthe othe
end of the spectrum, large systems, like thos:
for water and transportation take several de
cades or generations to extend themselve
fully and may cost tens or hundreds of bil
lions of dollars.

Technological performance has improvec
throughout human history, and in this cen-
tury waves of innovation have come ever
more rapidly®. In many systems, there have
been steady improvements in efficiency of
about two per cent per year, so that systems
built today, for instance in energy, are about
twice as efficient as those built 30 yearsago?!.
Today generating a kilowatt of electricityina
steam plant takes only 15 per cent as much
fossil fuel as at the turn of the century. A dou-
bling of overall efficiency of several major
systems should be possible just by replacing
existing systems with best technologies and
practices available today. This, of course,
takes capital, and it is not clear that the ex-
pected rate of climatic change warrants an
acceleration over the rate of change in physi-
cal capital stock that is already occurring, as
long as the new stock is acquired with the
best information about future climate in
mind.

The general direction of change in tech-
nology and civilization is heartening for
those anxious about climatic change. The
trend is toward systems that are less vulner-
able to climate. It would seem to be sensible
to maintain this course and not to revert to
reliance on such technologies as sailing ships
and water mills that are more sensitive to cli-
mate. The highest need is probably to assure
the inventive genius, economic power, and
administrative competence that make the
many technologies useful in adapting to
climate available to the most people. O

Jesse H. Ausubel is at The Rockefeller Univer-
sity, New York, New York 10021-6399, USA.
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Prelude to Rio

How Bush’s Science Aide
Got Gored on Capitol Hill

The worst that can be said about a Presidential Science
Adviser is that he misinforms the President and misrepre-
sents scientific and technical issues to the public. The com-
mission of both sins was charged to D. Allan Bromley, the
President’s Assistant for Science and Technology, by Sena-
tor Al Gore (D-Tenn.) in an abrasive two-hour encounter on
environmental issues on May 21.

Lectured, assailed, and admonished by Gore, Bromley
strongly denied the allegations and accused the Senator of
blaming him for environmental nonsense uttered by senior
Administration officials. But Bromley was extremely vague
about what he has contributed to the environmental educa-
tion of George Bush. And he finally conceded that, as White
House Science Adviser, he has retreated from the strong
environmental stance that he took as Professor of physics at
Yale.

Gore, who has staked out the environment as his chief
Senatorial concern, afforded Bromley only a few of the
rhetorical courtesies that legislators customarily bestow upon
senior scientists in the witness chair. Obviously well briefed
for Bromley, who apparently did not anticipate an inquisi-
tion, Gore brought the hearing to an end by declaring that on
environmental matters, Bromley ‘‘has not well served the
country, the President, or future generations.”

The hearing drew virtually no press attendance because
the only announced topic was the routine confirmation of a
noncontroversial nominee, Karl Erb, for an inconspicuous
position, Associate Director of the White House Office of
Science and Technology Policy (OSTP), of which Bromley
is Director. The proceedings in such cases are usually cere-
monial, congratulatory, and brief. But with the approach of
the Rio Earth Summit, Gore had an additional item on the
agenda: The origin of President Bush’s insistence that too
many important scientific ‘‘uncertainties’’ exist to justify
rapid reductions in the emission of greenhouse gases.

After Bromley introduced Erb to the Commerce, Sci-
ence, and Transportation Committee, the nominee was dis-
pensed with in a friendly few minutes. Gore then said he
wanted *‘to take a little time here to look at the larger picture
and examine the role of OSTP within the policymaking
process.”” The organization has undergone a revival from
the neglect of the later Reagan years, Gore said, ‘ ‘But how
effective has OSTP been? Is science really informing the
policy process at the White House? Iam not sure that it is,
at least not when it comes to global warming,”” Gore said.

(Continued on Page 2)

Slogging on in Bethesda

NIH Still Deep in Swamps
Of Strategic Planning

““‘Constitutions should be short and obscure,”’ said
Napoleon.

This gift of wisdom has regrettably not been adapted to
the task of writing a Strategic Plan for the National Institutes
of Health, a chore on which innumerable mandarins and
foot soldiers of biomedical research have been laboring for
over a year. So far, they have produced a 500-page draft
that, by many accounts, is considered to require a good deal
of work.

Last week, some 35 of them, eminences of academe,
science, and medicine, were at it again, ringed around a
table in Bethesda, quibbling inconclusively over the pro-

(Continued on Page 5)

In Brief

Margot O’Toole will receive a $10,000 award June 25
for sounding the alarm in what has come to be known as
the Baltimore Case. The award, established by Michael
Cavallo, a Cambridge, Mass., businessman, recognizes
people who risk their necks in the public interest, which
O’Toole did in 1986 when, as a postdoc, she questioned
a paper co-authored and stoutly defended by Nobelist
David Baltimore. NIH later concluded that Baltimore’s
co-author had faked data for the paper, as O’Toole had
charged. Scheduled to speak at the award ceremony:
Rep. John Dingell (D-Michigan), who has savaged NIH
for initially bungling the inquiry.

University of Michigan President James Duderstadt,
Chairman of the National Science Board, came out looking
foolish in a newspaper exchange with a Congressman who
has criticized NSF for its past insistence that the US faces a
massive ‘‘shortfall’’ of scientists. Writing June 2 in the
Washington Post, Duderstadt said NSF was being criticized
for “‘a single preliminary research study performed five
years ago.”” Rep. Howard Wolpe (D-Michigan) replied on
June 13 that the study was repeatedly revised between 1987
and 1991, widely distributed to the press and Congress, and
cited more than 50 times in public by former NSF Director
Erich Bloch.

Engineering salaries have failed to match inflation
for the fifth straight year, and unemployment among
engineers is at 4 percent, a record for recent years,
according to a nationwide survey by the American Asso-
ciation of Engineering Societies. On the bright side, the
survey found that beginning salaries have perked up,
with the median this year at $34,600.
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... Has Bush Ever Had a Briefing on Global Change?

(Continued from Page 1)

The Senator then proceeded into a lengthy monologue
largely directed at the Administration’s claims of scientific
uncertainties on global warming. ‘It often seems that the
Administration is ignoring the scientific data when it comes
to global climate change,”” Gore declared. ‘‘And if that is
the case, part of the responsibility is yours,’” he told Brom-
ley, ‘‘because it is your job to bring to the President’s
attention, in clear terms, the scientific advice which should
inform his decisions.”’

Gore asked Bromley whether he was familiar with the
research of Sherwood Idso, a Phoenix-based US Department
of Agriculture scientist who has found favor in White House
political circles because of his cheerful findings on the
greenhouse effect. According to Idso, higher agricultural
productivity will be the principal result of a CO2 buildup.
The Idso thesis is embodied in a film, The Greening of
Planet Earth, which is distributed by the National Coal
Association and Western Fuels. Asked by Gore if he had
seen the film, Bromley said he had not, ‘‘but I know about
it.”” Gore asked for Bromley’s ‘‘appraisal of the scientific
merits of this film.”’

Bromley sidestepped the role of scientific film reviewer,
and asserted that he has never had ‘‘any difficulty commu-
nicating with the President.”” As for Idso’s research, Brom-
ley said it ‘‘shows that enhanced concentrations of carbon
dioxide can, in fact, under laboratory conditions, cause
enhanced growthrates in certain plants ... a species of orange
plant, orange trees. ButI would have to say that this is only
the beginning of a research program that is very important,”’
Bromley added.

Gore responded that Idso’s film *‘has had a big influence
on views within the Administration,’’ and asked Bromley to
grade the film for scientific accuracy.

‘I am afraid, sir,”’ Bromley replied, ‘‘that I would have
to say that it oversells and overgeneralizes.”’

‘“Well, the Administration has sponsored showings of
this film,”” Gore said. ‘‘“The Department of Energy and
Commerce sponsored a debut of The Greening of Planet
Earth. The Secretary of Energy spoke at the event. And
again, individuals in the Administration have repeatedly
cited this film as a reference point for their understanding of
the science. Have you done anything to correct the misim-
pression within the Administration and potentially within
the President’s mind?’” Gore asked.

Bromley said the cited cabinet secretaries, and other
department heads, have been ‘ ‘exposed to what I felt was the
most up-to-date scientific summaries that I could find, given
by people like Bob Watson from NASA, Dan Albritton from
NOAA, people from the general scientific community.”’
The Science Adviser added that *‘this particular movie is

*something you will, of course, recognize, as totally out of
my control.”’

Gore. Now, has the President himself been briefed by

these individuals, Watson and Albritton? Recent news ac-
counts state that the President has never had a scientific
briefing on this subject.

Bromley. That, of course, is not true. But he has not
been briefed, to the best of my knowledge, by either Watson
or Albritton.

Gore. Why not? If they are leading the scientific assess-
ment for the government, and this is such an important
question, why would they not brief him?

Bromley. Well, I think the answer to that, sir, is the
President’s time is extraordinarily valuable and he does not
want lengthy, detailed scientific briefings because he does
not have a scientific background himself. And what he
wants is the kind of concentrated overview that he gets from
me and the members of his [President’s] Council of Advisors
for Science and Technology [PCAST].

Gore. Who has briefed the President on global climate
change? Who has given the scientific briefing to him?

Bromley. The members, for example, of PCAST who
have expertise in this area. Tom Lovejoy, whom I think you
know from the Smithsonian.... Norman Borlaug, the father
of the Green Revolution ... Dan Nathans, of course, who has
[the] Nobel Prize for his work in the stages of recombinant
DNA technology, is well aware of a lot of this.

Gore. They have given the President abriefing on global
climate change?

Bromley. We have discussed with the President matters
of global climate change, yes.

Gore. Has the President ever had a specific scientific
briefing on global climate change?

Bromley. I have not given him a specific one that was on
that subject alone. That has certainly been part of our
discussion on many occasions. And Iam quite confident that
Bill Reilly [Administrator of the Environmental Protection
Agency] has talked with him on a number of occasions
where this has been a significant part of the discussion. But
we have never scheduled specifically—today we are going
to meet with the President to talk about the science of global

climate change—no.
1 g (Continued on Page 3)
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... Senator Challenges Bromley on Scientific Data
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(Continued from Page 2)

Returning to the Idso film, Gore asked Bromley whether
he knew that the ‘‘coal industry financed it, and gave
$250,000 to a company that Dr. Idso set up, and a company
of which his wife is President.”’

Bromley repeated he had ‘‘never seen the film’’ and
added, ‘‘nor do I intend to.”’

Gore questioned whether it was desirable to have cabinet
officers sponsoring the film and *‘individuals within the
Administration citing it as a reason why we do not really
have to worry much about global warming.’” Charging that
Idso, a government employe, ‘‘is promoting uncertainty in
the minds of policymakers so as to allow the continued
belching of greenhouse gases at undiminished rates,”” Gore
said: ‘“That is a little bizarre, is it not?”’

Bromley agreed that ‘‘it does sound somewhat bizarre,”’
but insisted that ‘I do not have any personal information on
this.”” [Concerning Idso, Bromley notified Gore on June 4
that “‘My understanding is that USDA is conducting an
official inquiry into the circumstances you raised during the
hearing.”’]

Gore asked Bromley whether he was familiar with a
report, Global Warming Update, published recently by the
George C. Marshall Institute, a conservative think tank in
Washington, DC, discounting the dangers of global warm-
ing. Bromley replied that the report ‘‘has never been peer-
reviewed,”” and added that “‘in this particular case, the data
may have been used selectively.”

Then why, Gore asked, is the Marshall report ‘‘repeat-
edly referred to by important members of the Administration
as a source for their belief that uncertainty predominates,
and that we do not yet know enough to take the kind of action
that was urged upon us in the recent negotiations on a
climate-change treaty?”’

Bromley responded that it ‘‘is unfair to claim that the
Administration is using this Marshall report. Members may.
I cannot control that.”’

Gorereferred to a speech Bromley gave last December in
Baltimore to an international meeting of chemists, in which,
the Senator charged, Bromley exaggerated the uncertainties
of global-change research. In the speech, Gore continued,
‘‘you stated that ‘preliminary work suggests that the second-
and third-order processes involving methane as a green-
house gas may be of substantial importance and of opposite
sign to the first-order processes.’ ”’

Gore asked, ‘‘Now what evidence did you have at the
time to support that statement?”’

Bromley replied that in preparing the speech he was
briefed by Watson of NASA and Albritton of NOAA, but
‘‘subsequently, it has turned out that the statements that
were made during that briefing were more precise than they
perhaps should have been. And that there is more uncer-
tainty, in fact, than was indicated.”” Bromley added that the
subject is under study with greater computational power,

which indicates that ‘‘the results from the first runs would
have to be modified.... And so that is the uncertainty that I
referto.”” He assured Gore that when he gave the speech, he
used the ‘‘best information available.”’

Gore. Well, the only person in the scientific community
that my staff and I have been able to find, in the literature or
on the public record, who has ever indicated that the indirect
effect of methane on global warming is negative is you....

Bromley. Senator, I would be incredibly insulted if you
were, in fact, suggesting that I made up this—

Gore. No, of course not.

Bromley. —for the purposes of the Baltimore meet-
ing.... I told you where I got these numbers.

Gore. Of course I am not suggesting, in any way, that
you made it up. And please, let me correct your impression
that might even be a possibility. Not at all. But you may
also—you may take offense at what I am really suggesting,
and thatis that yourinclination to emphasize uncertainties in
the science of global warming may be leading you into
errors, and may be resulting in advice to the President of the
United States on the most important scientific question he
faces, that leads him to believe that the science of global
warming is fraught with considerably more uncertainty than
the scientific community believes it is.

Referring to the Baltimore speech, Gore asked Bromley
to explain his assertion that sulfur dioxide reductions man-
dated in 1990 by amendments to the Clear Air Act would
help reduce CO2 emissions. How? the Senator asked.

Bromley. By requiring more efficient operation of the
plant.

Gore. Such as—by what technique?

Bromley. Idonotknow the details, sir. I would be happy
to get them for you.

Gore. Well, you made an assertion in a public-policy
forum....as the President’s Science Adviser, in a highly
charged context, where decisions are going [to be made]
about proposed actions to combat global warming. And you
are making the assertion that the Clean Air Act amendments
have already done something about global warming. And I
now ask you exactly how does that work and you say you do
not know.

Bromley. I am not prepared to detail the exact mecha-
nisms done on the utility plant. ButI will get them for you.
Gore. Well, what makes you think there are some?

Bromley. Because people I trust tell me.

Gore. Who?

Bromley. The people who brief me on the specific
activities in the Clean Air legislation.

Gore. Are you familiar that scrubbers, the technology of
choice to limit sulfur dioxide, typically result in a 4-percent
increase in CO2 for each BTU of energy produced?

Bromley. No, I was not aware of that.

Gore. Thatis a fact. If you wish to check it and correct

(Continued on Page 4)
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... Life Was Much Simplerin Academe, Bromley Says

(Continued from Page 3)

the statement for the record, you are certainly welcome to do
S0.... [Bromley subsequently sent a memo to Gore citing
various provisions of the Clean Air Act that he said would
reduce CO2 emissions.]

Noting that the White House had opposed a Clean Air
amendment concerning CO2 that he had offered, Gore said:
*‘So, when I hear statements by the President’s Science
Adviser and others prominent in the Administration that the
Clean Air Act constitutes aresponse to global warming, [am
puzzled.”

Gore then brought up the name of F. Sherwood Rowland,
Professor of Chemistry, UC Irvine. ‘‘He is a scientist of
some renown in the field of global climate change research.
Would you agree?’’ the Senator asked.

Bromley. To some degree.

Gore. Do you wish to elaborate?

Bromley. No.

Gore. He was among those who heard your speech in
Baltimore and was quoted in the Baltimore Sun as saying
that he did not *‘recall in 17 years of science hearing a talk
with so many errors.”” He said that it was his opinion that
you, Dr. Bromley, were ‘‘out of touch with the scientific
community’’ and that ‘ ‘President Bush is receiving abysmal
scientific advice.”” Do you question Dr. Rowland’s exper-
tise on the science of global climate change?

Bromley. He is entitled to his opinion. But I think I
should also tell you that following that statement by Dr.
Rowland at Baltimore, he was taken aside by a number of
senior people there. And I think perhaps he would, at this
point, say that he regretted his statements.

Gore. That is not the impression I have received.

Gore next brought up the Intergovernmental Panel on
Climate Change (IPCC), noting that it had reported an
increase in greenhouse-gas emissions and that *“These in-
creases will enhance the greenhouse effect, resulting, on
average, in an additional warming of the earth’s surface.”’

Asked whether he agrees, Bromley replied, ‘It is not a
question of agreeing or disagreeing.... The context is that we
have not seen any unambiguous signal for greenhouse warm-
ing that we can attribute to carbon dioxide in the atmos-
phere.... Eventually we will see one if we keep putting
carbon dioxide into the atmosphere.’’

Noting that the IPCC report was produced over three
years by ‘‘300 of the leading climate-change researchers in
the world,”” Gore asserted that Bromley’s skepticism *‘may
be a possible explanation for why the position of the Presi-
dent of the United States is at odds with the position of every
other leader of every other industrial country in the world.
He may not be getting the same advice that the world
scientific community is managing to filter through to all of
the other leaders of the world. You are in charge of that
filter,”’ the Senator told Bromley.

Referring to a speech on global warming that Bromley

gave in 1988, a year before his White House appointment,
Gore noted that ‘‘you said the consequences for our descen-
dants may well be catastrophic. We have no time to waste.”’
Asked whether he still held those views, Bromley replied
that his 1988 expressions *‘are perhaps a little more extreme
than they are now.”’

Gore noted that in the same speech, Bromley stated that
‘it is essential for us to realize that we who use a dispropor-
tionate share of the planet’s energy must take the lead in
reducing utilization of fossil fuels.”

Gore. Do you still believe that is the appropriate re-
sponse?

Bromley. Life is much simpler when viewed from an
academic environment than when one recognizes all the
aspects of the situation....

As the hearing approached a conclusion, Gore spoke a
few words of praise for Bromley, telling him that *‘Tknow of
so many instances where you have done wonderful and
valuable work on behalf of this country and generations to
come.”’

But he capped the proceedings with a bitter assessment of
the performance of a man who holds a noble conception of
the role of Presidential science advice. Telling Bromley that
his environmental advice ‘‘has not well served the country,
the President, or future generations,”” Gore added:

‘I think it has served the President’s short-term political
needs by providing him some comfort that there is so much
uncertainty surrounding the science of global warming that
he need not feel the same sense of urgency that every other
leader of an industrial nation seems to feel....”’—DSG

New Stirrings in Gallo Case

The investigation of Robert Gallo has started to sizzle
following SGR’s publication June 1 of a devastating rebuttal
of an NIH report that exonerated the renowned researcher of
scientific misconduct associated with identification of the
AIDS virus.

SGR was bound by a vow of silence as to the origin of the
rebuttal, but the Chicago Tribune reported on June 14 that it
was prepared ‘‘with the assistance of Suzanne Hadley,”
who was the chief investigator of the case at NIH. Hadley
resigned from the investigation last year after NIH Director
Bernadine Healy demanded that she soften some of her
comments about Gallo.

Hadley has since been on detail to the House subcommit-
tee chaired by Rep. John Dingell (D-Michigan), a longtime
critic of NIH’s handling of misconduct charges. Following
publication of the SGR report, the Department of Health and
Human Services sent Dingell’s staff 32 detailed questions
concerning the doubts raised about the exoneration of Gallo.

Last week, NIH announced that Gallo would meet with
the press on June 24 to answer written questions submitted
in advance.



