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THE CARBON DIOXIDE/CLIMATE ISSUE
A STATEMENT - 1980
Prepared by a joint WMO/lCSU/UNEP group of Experts

World-wide interest and concern have mounted in recent years over an
observed increase in the carbon dioxide in the atmosphere resulting from human activity.
A continuation of this increase is expected to modify the world climate with significant
social, economic and political implications. Uncertainty characterizes many aspects
of this complex environmental and social problem. This has given rise to considerable
speculation that varies all the way from fears of impending disaster to the belief
that there is no problem~ The question. has been examined by several responsible
organizations in recent years and it is now clear that an inherently international
issue involving potentially controversial and divisive aspects does exist. Moreover,
a scientific problem of a global nature is involved and an international effort is
necessary to illuminate the several scientific aspects that must be resolved to assess
the magnitude and character of the issue. Regardless of the eventual importance of
the carbon dioxide problem, research on its many components have applications to other
major scientific and social questions.
Accordingly, a group of experts was called together by the International
Council of Scientific Unions, the United Nations Environment
Programme and the
World Meteorological Organization to prepare this assessment which represents the
judgement of scientifically knowledgeable and responsible individuals informed on
the many aspects of this matter.
Plant and animal life on earth depend on the cycling of elements such as
nitrogen, oxygen, carbon and sulphur through the soil, air, water and biosphere. Our
attention here is focused on the carbon cycle. Large reservoirs of carbon are stored
in the oceans, .in the atmosphere and in the biomass. A particularly large reservoir
is found in fossil fuels (coal, oil and gas)- Hundreds of gigatons* of carbon dioxide
are interchanged annually between the oceans and the atmosphere and between the biomass
and the atmosphere in the normal and natural course of events. As fossil fuels are
used to meat energy demands, carbon is released to the atmosphere primarily as carbon
dioxide. In this manner, at present more than five gigatons of carbon are transferred
to the atmosphere annually - a significant perturbation. SimultaneouslyJ human manipulation of forests and vegetation provide another perturbation to the natural interchange
of carbon. It is the net effect of these perturbations that is responsible for the
observed increase in carbon dioxide in the atmosphere. However, the major perturbation
arises from the use of fossil fuel.
Of the five gigatons of carbon released to the atmosphere each year as a
result of the consumption of fossil fuel, approximately one-half remains in the atmospheree The other half is partitioned between the ocean and the biomass. The details
of the partitioning are only partially understood but it is believed that the ocean
is a major sink, while the biomass may serve as either a source or a sink.
In any case, the increase in carbon dioxide changes the atmosphere's
energy balance resulting in a temperature rise at the earth's surface and in the
lower layers of the atmosphere. Experiments carried out with global atmospheric
models strongly suggest that the carbon dioxide concentrations that might be reached
early in the next century as a result of the projected consumption of fossil fuels
would increase global average surface temperature by 1°c or more. This temperature

*

A gigaton is 10 9 metric tons, or 10 1 5 grams.

- 2 change would be significantly greater in high latitudes of the northern hemisphere
and slightly lees than the global average value in the tropicso Continued growth in
fossil fuel consumption 9 particularly by drawing upon the earth's very large coal resources, could produce still greater increases· in carbon dioxide concentrations and
climate changes in the future~ The more vigorous the growth in energy and fossil
fuel use, the more accelerated this process would be.
Since it is the temperature difference between poles and equator that
helps to drive the weather systems which influence temperature and rainfall patterns,
it is probable that regional ecosystems and hence agricultural production and water
supply will be materially affected. Because ocean currents and upwellings, upon which
fishing production depends, are largely wind-driven 1 protein harvest from the sea
could also be affected. Finally, significant warming in the Antarctic could, during
future centuries, result in the disintegration of a part of that glacier, raising
global sea level by several metres. However, there is general agreement that such
an impact on sea level is not imminent.
The probability that these potentially serious impacts may be realized is
sufficiently great that an international commitment to a programme of co-operation in
research is required to illuminate the issues and to reduce uncertainties so that the
dimensions and time scale of the problem can be more reliably ascertained.
In broad outline, five areas require attention:
(i)

Likely consumption of fossil fuel of the next century. This involves population growth, economic development per capita energy
consumption, and possible use of alternative aourcea of energy.
For example current projections suggest a trebling of the consumption rate of fossil fuels over the next fifty years.

(ii)

Prospective modes of management of the global biosphere over the
next century. Special attention should be given to the rate of
conversion of forests to agricultural and grazing land and to soil
erosion~
Present indications suggest that the societal pressure
on renewable resource systems will lead to exacerbation of climate/
carbon dioxide problem over the next century.

(iii)

Clarification of the carbon cycle and quantification of the partitioning of the carbon dioxide among the atmosphere, the oceans
and the biosphere. The monitoring system for the atmospheric
concentration of C02 which has been in place since 1957 provided
the first credible evidence of this problem. These measurements
need replication at other locations worldwide and at several depth~
in the ocean. Detailed biomass inventories should be undertaken
in the terrestrial biosphere and periodically updated through an
international programme employing standardized vegetational ground
sampling procedures supplemented by the use of remote sensing procedures. The interaction of biogeochemical cycles (carbon, nitrogen,
sulphur, phosphorus, etc.) requires elucidation by measurements
which will provide the basis for constructing models to understand
the behaviour of these cycles.

(iv)

The climatic response to increasing carbon dioxide in the
atmosphere. Changes in climate can be estimated from mathematical
models of the entire system - atmosphere, oceans, land surface, ice
and snow - given solar energy inputs and atmospheric composition.
These models, although primitive, have already provided a general
indication of some aspects of the atmospheric, oceanic and cryospheric response to an increase of carbon dioxide. Uncertainty
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remains about the magnitude, timing and geographic distribution of
climatic changes for a given increase in atmospheric carbon dioxide.
Climatic changes, once established, will almost certainly persist
for several centuries.
(v)

Potential impact of climatic change. Little is as yet known about
the effects of climatic variability and change on natural ecosystems and human activities (e.g. food production). Shifts in
climatic zones and in the loci of agricultural activities could
create new combinations of soil and climate to which farming
practices would have to adapt. Adverse effects in one part of the
world may possibly be offset by favourable effects in other parts.
These impacts should be anticipated so that adjustments can be made
to mi ttgate their effects. The response of enhanced photosynthesis
to increased carbon dioxide in the natural agricultural habitat is
imperfectly known. Outbreaks of agricultural pests or diseases may
be triggered by changes in climatic conditions. Fisheries are also
sensitive to changes in ocean temperature, chemistry and currents.
Changes in the availability of fresh water may turn out to be the
most significant consequence of climatic change. Improvements in
irrigation and the water supply for human consumption already face
legal and institutional obstacles as well as technological constraints. Water supply systems in many parts of the world are
fragile and highly susceptible to perturbation.

A major international interdisciplinary research effort is necessary to
develop a set of impact scenarios based on extended sets of data not now available
so as to deal successfully with uncertainty and to prepare a management plan of action
adequate to cope with likely impacts. It is essential that the research proposed here
be undertaken as a matter of urgency so as to put on a firmer scientific basis any
intergovernmental action that may be required to accommodate a potential situation
with which the world has not yet been confronted. It must also be emphasized that
even a major research effort can never remove every uncertainty. It should be emphasized that further research - or unforeseen technological developments - may substantially alter the problem. Finally, it should be pointed out that there is some time
before effects become evident. The lessons learned from failure to carry out thoughtful technological assessment of possible deleterious side effects of substantial
expansion in a major technological endeavour should not be disregarded. Therefore
the world community should proceed vigorously at this time to consider management of
the residue (carbon dioxide), from the use of fossil fuel as a source of energy.
Should it prove imprudent to exploit fossil fuels as energy sources, time will be
required to develop and install alternatives. The cost of the research programme
suggested here is quite modest in relation to the preparatory cost of further development of solid fossil fuels. Quite apart from answering questions about fossil fuel
utilization, the research results could enable the world to manage its atmospheric
resources and renewable resource systems in an intelligent manner. For all these
reasons, research to place decision-making with respect to C02 an a firm scientific
basis merits high priority.
The experts who produced this assessment of an important global problem
invite the attention of the world scientific community, the nations of the world,
and the three sponsoring organizations WMO/lCSU/UNEP, to an issue whose implications,
it is felt, commands urgent and universal attention. Finally it should be emphasized that the C02 problem affects developing as well as developed nations and calls
for a special partnership of effort.
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OPENING OF THE MEETING

1.1
The Meeting of Experts on the Assessment of the Role of co 2 in Climate
Variations and their Impact was formally opened on behalf of the Federal Minister
for Health and Environmental Protection, Dr. H. Salcher, by the Director General
of the Ministry, Dr. H. J. Pinder, on Monday 17 November 1980 at the Kongresshaus,
Villach, Austria. He welcomed the participants to Austria (see Appendix A), and
stressed the importance attached to the increase of atmospheric C02 because of its
possible effects on global climate and environment. Dr. Pinder emphasized that
Austria has been, and continues to be interested and actively engaged in many cooperative international activities. In particular, he singled out problems of environmental protection which are often not only of national, but of global concerne
Among these, the C02 question clearly required most urgent attention. The topic
before the meeting represented an immense challenge to the scientific community,
which would be called upon to identify and determine the possible global consequences
of an increasing atmospheric C02 concentration and make recommendations for international action. Dr. Pinder concluded his remarks by assuring the participants of
Austria's wholehearted support for the conduct of the meeting and wishing the participants success in the completion of th-eir task.
1.2
On behalf of the Mayor of Stadt Villach, Ing. Jakole MBrtl, his deputy
Dr. L. Hrazdil, extended a warm welcome to all participants. He emphasized that
the city had all the necessary facilities and he would be glad to arrange similar
meetings in the future.
1.3
The Director of the WMO World Climate Programme Office and of the WMO/
ICSU Joint Planning Staff for the World Climate Research Programme, Professor
B. R. D6Bs, who had guided the preparations for the meeting, addressed the participants on behalf of the Secretary-General of WMO. He briefly described the four components of the World Climate Programme which are the:
World Climate Research Programme (WMO/ICSU)
World Climate Application Programme (WMO)
World Climate lJata Programme (WMO)
World Climate Impact Programme (UNEP)
He noted that the C02 question at this stage is considered mainly under the WCRP.
However, a number of aspects of it would benefit from the developments to take place
under all other components of the WCP and its progress will benefit from an interdisciplinary approach.
1 .. 4
Professor DBBs recalled that at its thirty-second session the WMO Executive Committee requested the Secretary-General, in consultation with UNEP and ICSU,
to convene jointly an ad hoe meeting of experts to carry out a scientific assessment and to prepare a common statement on C0
2
e

1 .. 5
lJuring the past few years, a number of institutions in many countries,
as well as some international bodies, have intensified their work on various aspects
of the co 2 • The WMO, with support from UNEP, has initiated a Project on the Research
and Monitoring of co 2 • Many meetings and symposia have been called on either national
or international bases. What the organizations concerned now needed, continued Professor DBBs, was a carefully prepared scientific assessment of the C02 question, to
provide them with guidance in their future activities and to provide advice to nations
insofar as this was compatible with scientific knowledge. The meeting was expected
to provide an assessment of the state of the present knowledge, to identify the gaps
and to recommend research priorities required to close the gaps.

- 5 1.6
On behalf of the Preeident of ICSU, Professor T. Malone addressed the
meeting. He noted that ICSU has a number of scientific unions and associations
which are actively encouraging interdisciplinary research relevant to co 2 question.
He recalled that one of the initiatives of the International Geophysical Year was
to initiate C02 observations which have been made regularly ever since at an increasing number of stations. Professor Malone acknowledged the excellent cooperation between ICSU and WMO, as illustrated by the very successful Global Weather
Experiment conducted under GARF and the continuing collaboration in the planning of
the World Climate Reas.arch Program.meo

He also noted in particular the collaboration

on environmental studies, including the question of the carbon cycle, between UNEP
and SCOPE.
1.7
Professor Malone continued with brief notes on recent studies which
est,imated what consequences on climate might be expected due to increased C02 concentration in the atmosphere. Considering that demand for energy is expected to
increase on global scale, it would be necessary for scientists to give advice with
sufficient lead time to assist the decision-makers for the benefit of society as a
whole.
1.8
On behalf of the Executive Director of UNEP, Dr. R. J. Engelmann, Deputy
Director of the Environmental Assessment Service, placed on record the appreciation
of all three organizations of the hospitality shown by the Government of Austria in
offering to host this particular meeting. He also thanked both the authorities in
Villach for their support and expressed appreciation to the WMO Secretariat for
the excellent planning which had led to the presence of the many distinguished scientists gathered in Villa"ch to assess the problem of increasing carbon dioxideo
1. 9
He briefly sketched the outline of the history of the c_o-operation between
UNEP, WMO and ICSU which had culminated in the present meeting. He pointed out that
it would be most unlikely that in a single brief meeting the group could develop a
truly comprehensive environmental assessment- of this problem encompassing all of the
aspects of an environmental assessment as perceived by UNEP. However, the analysis
developed at this meeting could be used as the basie for a plan of action for a
comprehensive assessment in the future. Finally, he ~tressed that the carbon dioxide
problem was not primarily a meteorological problem but was multidisciplinary in
nature.
l.10
Building upon the suggestion of Professor DBtls, he stressed the need for
a draft Plan of Action on the carbon dioxide problem which would contain:
(i)

identification of the work to be done;

(ii)

establishment of priorities, and;

(iii)

activities to be undertaken, including time schedule and assignment of responsibilities.

He hoped that the attendees would record this kind of information during the meeting
and attempt to draft such a plan.. In closing, he wished the partici-pants a fruitful
and stimulating meeting.
2.

SCOPE OF THE MEETING

2.1
The Chairman, Professor Bert Bolin introduced in more detail the subject and the aims of the meeting. The Agenda as reproduced in Appendix B was used
as a guidance.

- 6 ASSESSMENT OF THE ROLE OF co2 IN CLIMATE VARIATIONS
Observed Changes of co

2

3.1.1
The global mean C02 concentration in 1979 was about 335 ppmv (parts per
million by volume), equivalent to an atmospheric inventory of 59,6 x 1015 moles or
715 Gt of carbon as C02 (assuming the global mean value of surface pressure to be
994 mb; Gt = 1015g),
3.1.2
The concentration has been increasing globally at least for the past
23 years, since precise observations were begun (Keeling et al., 1976; see Figure
3.1.1). The annual rate of concentrat1on increase is highly variable (see Figur~
1
3.1.2) but on average over the period 1970 through 1978 it has been 1.19 ppmv yr
This represents an increase in atmospheric content equivalent to 53% of the fossil
fuel C02 released during the same period, During the period 1958 to 1978 the increase
was 55% of the release. All figures given above are based on the observations at
Mauna Loa, Hawaii .
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Figure 3.1.1 - Comparison of seasonally adjusted trends in
atmospheric C02 for Mauna Loa Observatory,
Hawaii, and the South Pole. (Energy and
Climate, Nat. Ac. of Sciences, Washington,
1977.)

3.1.3
Knowledge of the C02 concentration in the atmosphere prior to 1957 is
poor. Inspection and selection of some of the earlier data has led to an estimated
late 19th-century concentration of 290 ppmv (Keeling, 1978). However, it is possible
that this estimate might be too high or too low. Independent evidence of historical
levels has been obtained by the examination of the composition of gases trapped in
polar ice sheets. These results, although preliminary, indicate a concentration as
low as 200 ppmv prior to the warming that occurred at the end of the last glacial
period (Berner et al., 1980; Delmas et al., 1980). Variations between this value
and present concentrations may have occurred during the last 10,000 years.

- 7 3.1.4
In view of the relatively short time scales(< l year) for global mixing
in the troposphere, a network of 3-5 observing stations is satisfactory for monitoring the long-term trend in concentration. Recently, the international network of
co 2 measurement sites has been expanded to-50 (Pearman, 1980). The purpose of the
expanded network is to provide insight into the interpretation of time and space
variations for specific scientific purpose.
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Figure 3.1.2 - Annual increase in atmospheric C02 concentration at Mauna
Loa (MLO) and the South Pole (SPOJ compared with the increase which would be associated with the retention of
all released fossil fuel carbon. (From Pearman et al.,
1980.)

3.1. 5
The succe·aaful use of these data has been somewhat hampered by the
delays in their widespread availability, which in turn has been due to difficulties
concerning the comparability of data collected at different stations. It is recommended that a meeting of experts on C02 measurement and interpretation be convened
to discuss the standardization of observational data, including minor changes to the
WMO 1974 co 2 Calibration Scale, conversion to.air standards, methods of data presentation, etc. The objectives of this meeting on Instruments, Standards and Measurement Procedures would be to encourage nations and individual investigators (a) to
prepare their data to standard requirements, and (b) to complete their own analyses
so that their data can be released for use by the general scientific community. The
result of such a meeting will contribute toward the compatability of co measure2
ments.
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3°2.1
The combustion of fossil fuels is a major anthropogenic source of atmospheric carbon dioxide. This source has been estimated from United Nations data on
energy sources for the period from 1860 to the present. Other data sources exist
for certain fuels for limited portions of the world which support these data. The
resulting estimates for co emission have been estimated to have uncertainties of
2
up to about ~ 13%· The UN data have the advantage of being a consistent and continuous set so that year-to-year changes are in proper proportion.
3.2.2
Calculations indicate that for each ton of coal equivalent (as defined
by the UN) mined, 0.693 tons of carbon are oxidized to form co 2 ; for each ton of
crude petroleum produced, 0.769 tons of carbon are produced in the resulting C02,
and for each million cubic metres of natural gas, 524 tons of carbon as C02 result.
These estimates have been used to determine the annual C02 emissions for each year
since 1860. An additional sourcep the flaring of natural gas; has been added after
1950, and the small (about 2%) contribution from the manufacture of cement also has
been included. Figure 3.2.1 shows the results of these calculations of global co
2
production from fossil fuel combustion and cement production for the period 18601979.
3.2.3
The C02 emissions from fossil fuel grew at a rate of 4.3% per year
during the period from 1860 until the early 1970s, except during the two World Wars
and the economic depression of the 1930sQ The average annual increase during the
120 years, 1860 to 1978, has been 3.5% and the total emissions during this period
155 Gt. In past analyses of co 2 , continued future growth at this 4.3% rate for the
next 50 to 100 years has often been assumed. If C02 production were to continue to
increase at this rate, annual C02 production would reach 13 x 109 tons of carbon by
2000 AD and 38 x io9 tons by 2025 AD. Although the total known fossil fuel resources are more than enough to provide the carbon for this scenario, it is unlikely
that demand for fossil fuels will continue to grow at this high rate and therefore,
new analyses are assuming significantly reduced annual rates of increase.
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Data for the decade of the 1970s show a reduced demand associated with

higher energy costs, with the co 2 produced averaging an annual 2df3% growth for the
period 1970-1979- During these years, periods of very low energy growth rates
immediately followed major increases in fuel prices, with modest recoveries during
the following year or two. Because of the expected continuing higher prices of
fuels, an annual growth rate as high as 4-3% for the next four or five decades does
not seem likely.

3~2.5
Energy scenarios for fifty years into the future are subject to vast
uncertainties. They should only be made and interpreted as tools in analyses and
planning energy policies, including the consideration of co 2 . Basic global energy
demands are strongly related to global population. Growth in population, changes
in the make up of the labour force, trends in labour productivity, and the trends
and forecasts of the ratio of energy required to the gross domestic product are all
major considerations in estimating future energy needs. Because these considerations are dependent on individual national situations, and even at that level of disaggregation are highly uncertain in the future, a very complex analysis must be made
to estimate future energy demando In fact, reliable global energy demand forecasts
beyond a decade or two can be regarded as impossible and even such shorter forecasts
are uncertain because of the implicit assumption of no major military conflicts on
earth.

3.2.6
In spite of these difficulties, several energy analysis groups have
developed scenarios designed to be helpful in planning future strategies. An example
of an energy scenario designed to contribute to an assessment of the co 2 question is

- 10 that developed at the Institute for Energy Analysis (IEA, Oak Ridge, Tenn.,U.S.A,);
(Rotty and Marland, 1980), This study included not only the above considerations on
a nearly nation-by-nation basis, but also the capabilities of nations or groups of
nations for capital formation, the per capita energy growth, the availability of
domestic resources, and the ability to obtain fuels in the international market. In
this connection, the possible competition for foreign exchange associated with food
needs in developing countries is an important consideration. The IEA analysis
estimates that in the year 2025 the world will be using 27 TWyr/yr* of total primary
energy. The International Institute for Applied Systems Analysis (IIASA, Laxenburg,
Austria) has developed scenarios for a similar future period that range from about
18 io 36 TWyr/yr (Hafele, 1980). Thus an estimate of 27 TWyr/yr with an uncertainty
of - 25% seems a·ppropriate for assessing the co problem. For comparison, the present
world use of energy is now about 8.2 TWyr/yr. 2
3. 2. 7
To help in the calculation of future atmospheric co concentration, IEA
2
has estimated the non-fossil contribUttion to the 27 TWyr/yr energy
demand in the
year 2025 for each of nine world regions, and projects that 21.25 TWyr/yr of the
global total will still be derived from fossil fUels. This does not include uncertainties associated with large instabilities, e.g. major wars or global famines,
nor with the uncertainties of technological 11 break-throughs", e.g. inexpensive and
versatile solar energy systems. The production of 21.25 TWyr/yr of energy from
fossil fuels with about the same mix of oil, gas and coal as at present will result
in the annual release of 13.6 Gt of carbon in the resulting co • Greater use of
2 (especially in the
natural gas will lower this amount, but ~reater reliance on coal
production of synthetic liquids or gases) will tend to increase it. The differences
that might result from a shift in fuel mix are estimated to be small in relation to
the ± 25% uncertainty in the projection.

3.2.a

On the basis of this analysis, the average rate of increasing co 2 emissions during the next fifty years will be 2.Cf/o/year. This scenario predicts the
cumulative emission between the present and the year 2025 of 400 - 60 Gt of carbon
as carbon dioxide from fossil fuel combustion.
REFERENCES TO CHAPTER 2.2
Energy Group of IIASA, W. Haf@le, Program Leader 1981. Energy in a Finite World,
International Institute for Applied Systems Analysis, Ballinger Publishing
Co.·' February 1981.
Rotty, R.M. and G. Marland (1980). Constraints on carbon dioxide production
fossil fuel use. ORAU/IEA 80-89. Research Mem. Oak Ridge Associated
Universities.
3.3.

fro~

The Role of the Biosphere

3.3.1
Not until a few hundred years ago did the number of people on earth reach
such a magnitude that agriculture, the exploitation of forests, and other human
activities affected the terrestrial biosphere significantly on a global scale. Since
then, the area of cultivated land has increasedsubstantially, with significant
changes of the amount of organic carbon in the soils, and the world 1 s forests have
rapidly changed in areal coverage and biomass characteristics. In all likelihood a
net transfer of carbon from the terrestrial biosphere to the atmosphere has occurred;
however, the magnitude of this transfer is little known. Many attempts to assess
these changes quantitatively have been made and the estimates of the accumulated net
emission of carbon to the atmosphere as carbon dioxide range between 50 and 250 Gt.
Assessments of the annual release during the last few decades vary between 0.5 and at
least 5 Gt (or even more), where the high values reflect the opinion that the area
covered by tropical forests is rapidly being reduced (see further below).

*

l TWyr - 8760 x 10

12

Watt hours.
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3.3.2
Among the most careful estimates at present are those by Moore et al.
(1981). On the basis of careful assessment of the changes of forestry and agriculture as reflected in national statistics, an integration over the last 200 years
has been carried out. The characteristics of the major biomes have been accounted
for with regard to carbon content and response functions describing carbon content
changes in cases of forest regrowth and soil decomposition (e.g. when the land was
claimed for agriculture). The accumulated emission between 1860 and 1975 was
estimated to have been 145 Gt and the annual emission in recent years about 3 Gt.
These values are still quite uncertain and may be too high, because of possible increase in biomass due to rising atmospheric carbon dioxide concentrations and because
charcoal remaining in the soil when forest or forest waste in the field is burned is
oxidized slowly. It should also be noted that Armentano and Ralston (1980) arrive
, at the conclusion that temperate forests may have served as a sink of 1 Gt/yr over
the last 30 years.

3.3.3
Independent evidence also suggests that the net emissions in recent
years may be less than the above estimates. Measurements of the change of 13c/12c
in air during the last 25 years are consistent with quite small net emissions. However, these inferences are dependent on the model for air-sea exchange and ocean
circulation adopted and the assumed fractionation at the ocean surface. Furthermore, estimates of the maximum plausible transfer of co 2 into the oceans, known increases in atmospheric C02 concentrations and data on fossil fuel combustion indicate
that additional major emissions from the terrestrial biosphere are unlikely.
~~£E!~~!-f£~~~~~
3.3.4
The biospheric carbon pool is largely concentrated in the world's forests.
These cover an estimated (45 ~ 5) • 106 km 2 and contain 800 ~ 200 Gt of carbon, i.e.
(lQl: 0.25) times the present amount of carbon in the atmosphere ~f. summary by
Ajtay, Ketner and Duvigneaud, 1979) and 1500 ~ 400 Gt in the forest soil humus
6
2
(Schlesinger, 1979). Of the earth's 149 x 106 km2 of land surface area, 79 x 10 km
comprise lands climatically suited to the growth of fore·sts, with an undetermined
part of this area locally unsuited to forest growth because of poor drainage, soils
or exposure. of the available area for forest growthj the boreal region occupies
about l~ x 10 6 km2, the temperate region 23 x 106 km2, and the tropical region
43 x 106 km 2 (or 54 per cent).

3.3.5
Tropical forests carry the highest biomass and have the greatest net
productivity of all the world's forests and deserve particular attention. Recent
summaries based upon general surveys (Persson, 1974; Sommer, 1976; UNESCO, 1978)
indicate that some 19 x 106 km2 or about 40 per cent of thg po~ential forest area
of the tropical region is currently forested, with 11 x 10 ~
this in so-called
"closed" forests, mostly in South America and Asia and 8 x 10 km in "open" forests,
mostly in Africa.

05

3.3.6
There are pronounced inconsistencies in the data between different reports
on a country-by-country basis, particularly for countries of the tropical region.
These differences have been attributed to the use of non-comparable definitions and
forest classification systems, unreliable official national forest statistics, and
the lack of detailed field research and objective reporting for many of the developing nations, located mostly in this region.

3.3.7
Recent work has raised the hypothesis that forests in general, and
tropical moist, wet, and rain forests in particular, may be .sequestering more atmospheric oarbon than they are releasing to the atmosphere through respiration, death,
and decay, and that this surplus is released directly to the freshwater drainage
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system via surface and sub-surface runoff, to end up eventually in deep underground,
wetland, and oceanic reservoirs (Holdridge 1980;

Lugo 1980).

On the other hand,

considerations of the vastness of natural, old-growth forests in the Amazon, Orinoco,
Congo, and in other major tropical humid areas, and of the presumed recent increase
in the rate of human intervention and consequent deforestation there has led some
ecologists to question the assumption that these forests are sinks for co 2 • In any
event, the amount of C02 released by clearing and burning of tropical forests remains as a major uncertainty.
3.3,6
A newly released study conducted for the U.S. National Academy of Sciences
(Myers, 1980) expands the scope of tropical forest conversion studies from 13 to 22
countries, but relies fundamentally upon the same statistical bases, and appears to
be flawed for purposes of C02 budgeting by ambiguous definition and use of the term
"conversion", by having ignored forest regrowth in cut-overs and in shifting cultivation areas, and by assuming linear rates of deforestation across the ecological
spectrum of bioclimatic zones and existing vegetational cover types (Lugo and Brownj
1980).

3.3.9
Conversion rates in tropical forest areas are related to many factors in
addition to those of a strictly ecological nature. These include historical, demographic, infrastructural, cultural, economic, and socio-political factorse In
studies based on the correlation of these factors with carefully mapped ecological
life zones (bioclimatic), topographic, and edaphic distributions for four Central
and South American countries (Tosi, 1980a, 1980b), it was concluded that both forest
area and forest conversion rates vary widely by life zone and cover-type distribution
on a nation-by-nation basis. Due to variation in all these factors, national and
regional averages are meaningless for co 2 cycle budgeting, and data on at least
present cover and conversion rates should be derived individually for each life zone
or ecologically equivalent landscape unit found in a country. For the countries
studied, present annual conversion rates ranged from an average of 3 per cent in
smallt rapidly developing Central American countries to 0.22 per cent in large, economically static, Amazonian countries. These studies included but were not restricted
to the application of data acquired from remote-sensor imagery, which was found to be
a useful adjunct to the technique.
3.3elO
Inasmuch as there are more than 80 countries in the tropical region, a
wajor research effort needs to be mounted to obtain the full set of information
needed to resolve the urgent question of the role of tropical forests in the carbon
cycle. This research might capitalize on the scientific expertise and institutions
of the developing countries, employ a standardized classification, research procedure, and set of objectives under an internationally organized and co-ordinated
programme, and provide for continuous long-term monitoring of forest growth, biomass,
and rates of change by cover types and ecosystem.

~~!-~~!~!!~~~-fE2~-~~~-E!~~P~!~!
3.3.11
In conclusion, it seems appropriate to adopt a value for net atmospheric
emissions from the terrestrial biosphere since early in the last century between 75
and 175 Gt and an annual release at present between 0 and 4 Gt. The lower parts of
these ranges are more likely to be applicable.
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3.4

The Carbon Cycle and Prediction of Future Atmospheric

co 2

Concentrations

The increase of atmospheric co2 , as accurately observed since 1957, is
due to the emission from fossil fuel combustion, which are satisfactorily known for
this period, and additions caused by deforestation and expansion of agriculture,
the magnitudes of which are quite uncertain. Since the observed increase in the
atmosphere is less than the total emissions, other parts of the natural carbon
system must also be influenced by man's activities. It is clear that in order to
make as reliable a forecast as possible of likely future changes in atmospheric CO
resulting from the future use of fossil fuels, an understanding of the natural car~on
cycle is required.

3e4•1

3.4.2
Research on the carbon cycle has increased rapidly during the last
decade and the ongoing work is internationally co-ordinated by the ICSU Scientific
Committee on Problems of the Environment (SCOPE) with support from UNEP. An overall
review of the carbon cycle is given in SCOPE Report No. 13 (Bolin et al., 1979),
the present status of carbon cycle modelling is summarized in SCOPE Report No. 16
(Bacastow et al., 1981), and in order to analyse more closely the importance of
the interaction of the biochemical cycles (notably those of nitrogen and carbon)
a workshop is planned for May 1981 under the co-operative agreement between ICSU
and UNEP.
The oceans

----------

3.4.3
On the time scales with which.we are concerned, i.e. decades to centuries,
the net increase of atmospheric co 2 due to man-induced emissions depends on the rate
of transfer to the oceans and the terrestrial biosphere, and the internal responses
of these major reservoirs to changes in these transfers.* It is clear that due to
the chemical characteristics of the carbonate system of the sea, that the ocean
surface layers, that mix rather rapidly, cannot serve as a major sink for excess
atmospheric C02· The capacity of the oceans as a sink for excess atmospheric co,
depends on the rate of transfer to deeper layers either by increased biDlogical
production (see Section 3.3.6) magnesium carbonate dissolution (see Section 3.3.5)
or the rate of water exchange with deeper layers. To determine the role of water
exchange requires the development of more detailed ocean circulation models that
can be verified against real data 9 for example that of the GEOSECS expeditions.

3.4.4
It seems likely that within a few years considerably improved knowledge
about the role of the oceans as a sink for excess atmospheric co will have been
2
obtained. This may be expected from recent efforts by physical and chemical oceanographers to combine physical-dynamical concepts of the global ocean circulation
with tracer data and the traditional box-modelling approach of chemical oceanographers
into a dynamically consistent picture of the carbon distribution in the oceans. These
modelling efforts will need to be augmented by more extensive physical investigations,
for example concerning air-sea co 2 exchange and the rate of mixing into deeper ocean
layers, particularly in the Antarctic.
3.4.5
Because the chemical composition of rain water and the sea will gradually
change, the carbonate deposits on land and at the bottom of the sea may also become
involved. It is often argued that the latter effect is insignificant in the short
term (i.e. on a time scale of the order of a century). However, the recent suggestion
that surface sea waters are close to equilibrium with respect to high magnesium calcite minerals requires further investigation. If correct, and provided the areal

*

Current view is that the oceans account for absorption of about 50% of the
released to the atmosphere (see also paragraph 3.3.s).

co 2

- 15 extent of such deposits are extensive enough, this process could potentially give
the marine system a much larger capacity for absorbing co , since dissolution of
2
the mineral phase will effectively buffer the dissolved carbonate
content of the
water.
It is possible that the oceans could accommodate more anthropogenic co
if marine biological fixation (and ultimately an increase in the amount of carbon 2
fixed in the sediments) was enhanced due to increased supply of nutrient (especially
in coastal waters). Although industrial production of phosphorus and nitrogencontaining fertilizers has increased rapidly over the last century, it is not at
all clear how much of the increased nutrients lost from agricultural land eventually
reach the oceans. One calculation suggests that phosphorus additions to natural
waters might fix about 2% of the CO released from fossil fuel combustion. A
similar calculation should be made for nitrogen inputs since, in comparison to
phosphorus, nitrogen is rather easily washed out from soils and carried in solution in rivers and estuaries. Furthermore, there is a suggestion that it is nitrogen
rather than phosphorus which limits phytoplankton production in coastal waters.

!~~-£!~~E~~~~
3~4-7
The response of the terrestrial biosphere to an increasing concentration
of atmospheric co 2 is difficult to assess, particularly because of the mosaic structure
of the terrestrial ecosystem. Modelling it adequately in the near future is hardly
possible and thus obtaining a global carbon model for predictive purposes is not
likely. Therefore it is most important to obtain as accurate information as possible
on past man-induced changes of the terrestrial biosphere to explore to what extent
it is possible to develop an internally consistent description of the global carbon
cycle, and in this way indirectly to deduce the integral response characteristics
of the terrestrial ecosystem. However, some characteristic carbon transfer rates
of present-day ecosystems (e.g. carbon transport into the sea through major rivers
from large drainage areas) can now be determined with better accuracy than those
available in the literature. Changes of biotopes will presumably also be more easily
monitored in the future with the aid of satellites. Although yielding only partial
improvements, these may be adequate in order to improve significantly predictability
of atmospheric co because the total amount of carbon in land plants and in the soils
2
is considerably less than the fossil fuel reserves and much' less than the amount of
carbon in the sea. Extended projections of future changes of atmospheric co there2
fore primarily will depend on the role of the oceans as a sink.
~-PE~~~~!~~~-~f-~~~-~!~E~!!_~~~~~~~-~~-~~~-2~E~~~-~l~!~
3.4.8
The prpbable emission of carbon dioxide to the atmosphere by fossil fuel
combustion from the present through the year 2025 was estimated to be 400 ± 60 Gt
(see Section 3.2.a). An assessment at present of likely future net emissions of co
2
due to deforestation, expansion of cultivation of land and the possible increase of
biomass in managed and virgin forests is much more wicertain. On the basis of present
meagre information on what has happened in the past we adopt a range of 50-150 Gt for
biospheric emissions in the 1980-2025 period. During the last 23 years the increase
in the atmosphere has been 55% of the fossil fusl emissions. Since some net transfer from the terrestrial biosphere to the atmosphere has also occurred, the ratio of
atmospheric increase to total man-induced emissions to the atmosphere has probably
been between 35 and 50% (see Figure 3.1.2). As atmospheric concentrations increase,
the ability of the carbonate system of the sea to take up co will slowly decrease
2
(see Section 3.3.3). For a projection of an atmospheric concentration in 2025, we
adopt the airborne fraction of the total emissions to be 40-55%. On the basis of
these assumptions we arrive at the conclusion that the atmospheric co concentration
2
in 2025 will be between 410 ppm and 490 ppm with a most likely value of 450 ppm. The
increase solely due to fossil fuel emissions until 2025 would yield a concentration
of 425 ± 25 ppm.
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3.4.9
The addition of fossil fuel co to the atmosphere reduces both the
2
13c; 12 c and 14c; 12 c ratios of the atmospheric
co 2 ; similarly, a net release of bio12
spheric carbon into the atmosphere reduces atmospheric 1 3c/ c. Thus a comparison
of the simultaneous records of these isotope ratios is potentially a method of
deducing the relative contribution of the two sources of carbon (WMO, 1979).
3.4.10

The quantitative interpretation of an observed trend depends on assump-

tions concerning the net uptake of carbon by the ocean and biospheric reservoirs
and the supposed fractionation accompanying this uptake. The conclusions are highly
model dependent. A key uncertainty is the fractionation factor involved in air to
ocean exchange (Keeling et al., 1980).
3.4.11

Only a limited number of historical observations are available of the

background atmospheric co iaoto£ic l~mposition. Comparison of measurements in 1956
2
and 1978 show a decrease in the 'c/ C ratio of 0.65: 0.13% (Keeling et al., 1979).
Further observations are desirable so that as model development proceeds isotopic
data contribute to the problem of the role of biospheric carbon release.
12
Because of the lack of 13c/ c measurements, several attempts have been
made to utilize carbon stored in the cellulose of tree rings as an indication of
histo·rical trends. Over longer time periods possibly also the isotope ratios as
recorded in marine and polar ice sediments may be useful. So far, results from
several laboratories are conflicting (Francey, 1980), but further theoretical and
observational studies may result in methodologies which will improve this approach.
There is a need for international efforts to ensure the standardization and interstation comparability of 13c/12c measurements.

3.4.12
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Climate

Change~

Due to Increasing C0

2

~~~~=~~~~~~~~~-~~!~~~!~-E~~E2~~~~

Present status
For planning societal responses to increasing co , an assessment of the
2
evolution in time of the climatic response is needed. Of particular interest is
the estimated time (perhaps at the beginning of next century) at which the climatic
response to CO~ can be clearly detected within the "noise" of natural climate variability. Howev~r, it must be emphasized that because of the high level of natural
climate variability, this may also represent the critical point at which a significant
change of climate will already have taken place.
3.5.2
Time scales for the response of important components of the climatic
system ~in particular the oceans and the cryosphere) are of the same order or greater
than the time scales required for the atmospheric co concentrations to reach values
2
suggesting significant climate changes§ Thus the climatic response cannot be estimated simply by calculating the changed equilibrium climate that would result from
a given instantaneous change in co concentration. Because of computer limitations,
2
computations of the evolution over time of realistic, high resolution, coupled atmosphere - ocean - cryosphere climatic models with projected increases of co2 in the
next decades have not yet been carried out. Detailed climatic response experiments
have been limited to the changed- equilibrium climate of a model atmosphere coupled
to a rapidly responding, thin (50-lOOm) ocean surface (mixed) layer, Using idealized
box-type models, it has been estimated that coupling to the deeper ocean layers can
retard the climatic response to co2 increase (depending on the rate of increase) by
a decade or two and significantly affect the regional structure of the response
patterns. (Hasselmann, 1979; Hunt and Wells, 1979; Tho~pson and Schneider, 1979;
and Schneider and Thompson, 1981,)

future needs

3.5.3
Increased priority needs to be given to the methods of coupling atmospheric models with models of the oceans, the cryosphere and the biota, which interact with the atmosphere on the relatively long time scales of interest. In particular, vertical mixing and horizontal advection of oceanic waters need to be included more realistically in a hierarchy of coupled atmosphere/ocean models in order
to identify the major physical processes responsible for transient responses. (At
the same time, data needs to be collected to validate models of the oceans and other
slowly reacting components~) Then, co 2 sensitivity studies with time~dependent co
2
increase scenarios can be performed. Ultimately, such evolving co 2 "signals" need
to be examined in the light of other climatic fluctuations or "noise", in order to
identify methods by which co2 signals can be uncontroversially _detected in the real
atmosphere as soon as possible.

Present status

3.5.4

Numerical experiments on the response of the atmosphere's equilibrium
climate to changes in co, concentration using atmospheric gene5al circu5ation models
(GCM's) yield mean global temperature changes of the order 1.5 C to 3,5 C for a co 2
doubling~
They show that the co -induced warming of surface air is far from uniform
2
latitudinally and seasonally (see, for example, Figure 3,4,1). For example, the
warming of annual mean surface air temperatures is particularly large in high latitudes, and is larger over the Arctic Ocean than the Antarctic continent. Because of
the co2-induced change in sea ice thickness, the winter warming in high latitudes of
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the Northern hemisphere is much larger than the corresponding warming in summer.
The hydrologic features of a model also change due to an increase in co concentra2
tion of the air. These changes include a general intensification of the hydrologic
cycle, an increase of annual mean runoff rate in high latitUdes, a reduction of polar
sea ice, earlier arrival of the snow-melt in spring, and reduction of summer soil
moisture in middle and high latitudes.

Figure

3.5.1 -

Latitude diBtEibution of the increase of zonal surface and
temperature ( C) as a function of time of the year in- response

to a quadrupling of

co

concentration of air (from Mana.be and

Stouffer, 1979, 1980). 2 (Note that the quadrupling of CO

results in the wa~ming of surface air which -is approxima¥ely
twice as large a-a the doubling.)
TABLE 1:

Global average increase of surface air
temperature resulting from the doubling
of C02 concentration of air.

(a)

Results from radiative, convective equilibrium models

(b)

Manabe and Wetherald (1967)
Manabe (1971)
Ramanathan (1975)
Wang et al. (1976)
Augustsson and Ramanathan (1977)
Results from general circulation models of climate
- Interactive ocean

Manabe
Manabe
Manabe
Hansen

and Wetherald (1975)
and Wetherald (1980)
ahd Stouffer (1979/80)
et al.

- Non-interactive ocean
Gates and Cook (1979)
Mitchell (1979)

*

The estimates of Wang et al. (1976) and ~anabe and Stouffer (1976, 1980) are
inferred from the results of numerical experiments in which C02-concentration

is increased by factors of 1.25 and 4 respectively.
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It is generally agreed that the results of such quasi-equilibrium atmospheric response experiments cannot yet be relied upon in detail because of their
neglect of the interactions with oceanic and cryospheric components having longer
time constants and their simplifications in the representation of the atmospheric
system~

Present models do not adequately represent cloud-radiation feedback, the

influence of surface topography (mountains) and the parameterization of insufficiently
resolved (sub-grid scale) processes. Nevertheless, the models are thoti.ght to be reliable with respect to the order of magnitude and the gross regional features of the
climatic change which may be expected for a given co increase, for the following
2
reasons:
1.
Different groups have derived similar results (although possibly with
similar model deficiencies) using different models (see Table 1 (b)). It should be
noted in this context, however, that atmospheric response experiments using fixed
sea-surface temperature boundary values (Gates and Cook, 1979; Mitchell, 1979),
which yield much lower atmospheric temperature changes, must be classed as special
atmospheric sensitivity investigations rather than realistic climate response experiments.
2.
The order of magnitude of the global mean temperature response of GCM
experiments can be explained by rather simple one-dimensional vertical radiative
transfer plus convective adjustment models (see Table 1 (a)). Thus the estimate of
mean global temperature change does not appear to be very sensitive to the details
of the global circulation simulation. However, it should be noted that the latitudinal dependence of the GCM temperature response (Figure 3.4.1) is in fact influenced by feedback processes (ice and snow albedo and the tropical moist adiabatic
relation) which are not incorporated in one dimensional models, but fortuitously
compensate each other on the global average.
3.
A model of the atmosphere and the mixed layer of the ocean with fixed
annual mean cloud cover can reproduce the observed seasonal cycle - a large natural
signal of the same order as the climatic change of interest. This suggests that a
more -sophisticated cloud feedback parameterization will not change the general aspect
of the results from climate response experiments.
Future need.a
The future needs may be summarized a-s follows:
l~
The results of latitudinal and seasonal variations of the co -induced
2
climate change have been obtained from a limited number of numerical experiments.
Therefore, it is essential that these results be confirmed with other independently
constructed climate models.

2.
The skill of models in simulating the geographical distribution of the
present climate (in particular, the distribution of hydrologic variables) is still
far from satisfactory. Further improvement of models depends crucially upon success
in improving the treatment of some of the key factors of the model such as largescale topography and cloud cover.
3~
The systematic improvement and intercomparison of atmospheric models for
climate response investigations requires a co-operative international research programme involving not only the interaction of modellers but also the realization of
larger field programmes dealing with critical physical processes (for studyi"ng
mountain influences) (e.g., ALPEX). These activities are already being co-ordinated
by existing bodies such as the WMO/ICSU Joint Scientific Committee (JSC) of the WCRP.
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3.6.l
The cryosphere includes all parts of the earth affected by snow or ice.
The eff-ects of changing climate due to increase of atmospheric CO on the seasonal
snow and ice cover of continents is an integral part of the modelfing studies described in Section 3.4 above, so it is not discussed here. Further discussion of
sea ice is needed, however, because of inadequate knowledge of the processes involved. We also mention dynamic and thermodynamic responses of glaciers and ice
sheets to climatic (and co ) changes, since these are not generally dealt with in
2
climate models.
3.6.2
Atmospheric warming decreases the extent of frozen ground in northern
latitudes, the northward migration of permafrost boundaries being of the order of
100 km per degree (c) of local warming or around 300 km per degree (c) of mean
global warming. However, the time taken to melt deeper layers of permafrost extends
over millenia.

3.6.3

The equilibrium line, or snow line, of mountain glaciers rises around
lOOm in elevation per degree C of warming if other factors are constant. General
warming of 2°c will melt most existing cirque glaciers while a warming of 4°c would
cause small~r mountain glaciers to melt. Changes of atmospheric circulation and
snowfall due to co changes will also affect the mass budget of glaciers. The res2
ponse time to such changes varies from around 10 years for small steep glaciers to
the order of 100 years for large mountain glaciers of temperate regions.

3.6.4
Increased surface melting of ice sheets due to increased temperatures
could replace ice discharge to the sea as the main ablation mechanism. Discharge
to the sea now accounts for some 98% of the mass loss from Antarctica, so a 5°c
warming would have little direct effect on the form and flow of the inland ice
aheet. In G5eenland where around half the present ablation is through discharge to
the sea, a 5 C increase of temperature might eventually threaten the existence of
present-day ice sheets, but the two thousand years or so necessary to melt that ice
sheet may be longer than the duration of increased- atmospheric co 2 levelso
3.6.5

The surface layer of the ocean provides a good source or sink of heat 1
but a cover of ice and snow reduces the heat exchange drastically. Wide variations
in the proportion of ice cover due to dynamic stresses of wind, waves and currents
make it difficult to model the processes involved and to estimate effects due to
changes of co2 in the atmosphere.

3.6.6
Although it is difficult to separate cause and effect of co variations,
2
studies of ice cores can provide evidence of past variations of co 2 , of other atmospheric constituents and impurities, and of climatic change over a time span extending beyond the last interglacial.
3.6.7
Oceanic melting beneath ice shelves that fringe around half the coastline of Antarctica is considerable, while elsewhere oceanic melting of ice cliffs
can limit the seaward extent of the grounded ice. Increased melting of ice shelves
and ice cliffs due to a rise in mean sea temperature of only 1°C around Antarctica
would be very significant. However, our knowledge of the ef£ect of co 2 changes on
the temperature of surface and deeper water south of the Antarctic convergence is
inadequate for prediction of such effects.
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The suggestion that climatic warming due to increasing co could cause
2
the west Antarctic ice-sheet to collapse, because much of it rests on rock well below
sea. level has been widely discussed by glaciologists. A recent meeting at Orona,
Maine, U.S.A. sponsored by the U.S. Department of Energy showed disagreement about
the likelihood of disintegration and produced recommendations for a research programme to clarify the position.

3.6.9
Disintegration of the west Antarctic ice sheet could raise world sea
level by 5m and the final stages of its disintegration could take place in less than
100 years (Thomas, Sanderson and Rose, 1979). However, most glaciologists do not
support Mercer's (1979) suggestion that co warming of the ice surface could initiate
2
rapid disintegration of this ice sheet during the next century. Our knowledge of
changing oceanic temperatures is insufficient to predict effects with confidence at
this time.

3.6_10
Carbon dioxide, water, nutrients and adequate temperatures are major
requirements for plant growth when there is enough light. The change in atmospheric
carbon dioxide concentration with concomitant changes in temperature and precipitation could exercise a strong influence on both natural ecosystems and agriculture.
However, a direct comparison of effects on natural ecosystems and agriculture may
not be possible; natural systems are usually complex mixtures of species, having
evolved to adapt to variable physical conditions in a mutually supporting community
of organisms, while crop communities are protected by human interference from natural
competition and adverse elements.
3.6.11
Increased temperature creates increased water requirements in natural
communities and hence lower growth rates in marginally humid and monsoonal regions.
Since global climatic change may also involve precipitation changes in the tropical
regions, the evapotranspiration ratio, length of dry and wet seasons, soil oxygen
supply, nitrogen fixation by aerobic bacteria, and other factors may be expected to
change in certain areasa Changed evapotranspiration ratios over large areas could
affect climate itself.
3.6.12
Natural ecosystems are adapted to the range of climatic variations that
have occurred over hundreds of years. With extreme variations in climate, some
species are lost to the community, perhaps to be replaced later by immigration.
Under conditions of a climate change (as distinguished from climatic variation), the
species' make-up and structure of the ecosystem will change permanently. The change
may be in the form of migration of individual species and creation of a different
community. Migration may be impossible because of natural barriers such as mountains
and seas, or because thS adjacent habitat has already been modified by man. Attempts
to preserve genetic resources and species through setting aside reserves and protected areas should take into account the possibility of a co -induced climatic
2
change.
3,6.13
As natural productivities are altered, the available food and specialized
habitat also causes higher level animal organisms to change. The direction of these
changes cannot be predicted but even small changes in climate can affect the population level of higher organisms most drastically.
3.6.14
For world agriculture, the following issues are important in assessing
the impacts of co 2 :
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Because carbon dioxide is a limiting factor in the rate of photosynthesis, an increase in co concentration could lead to higher
2
crop yields. Although 'green house' and short-term co -enrichment
2
experiments have usually given higher growth and yield of vegetable
crops, such as tomatoes and cucumber, it is difficult to extrapolate this knowledge to all other food crops. Effects of increase
in co concentration under field conditions could be different
2
because in most cereals preflowering dry matter accumulation does
not contribute significantly to yields. Experiments show that increases in co concentration lead to early flowering in tomatoes
2
and cucumbers but delayed flowering in crops such as sorghum, maize,
cotton and sunflower. Delayed flowering with concomitant increase
in temperature could have adverse effects on grain development,
especially in the tropics and sub-tropics. Some studies of the
effects of increased co over the full life cycle of major food
2
crops have been carried out, but further work is needed in this
area.

(b)

Increased temperature and water deficit could adversely influence
nitrogen fixation in most parts of the world. However, increased
C0 concentration may help to counter this effect. Nonetheless,
2
studies on nitrogen fixation with a view to selecting Rhizolerial
and other nitrogen fixing microbes tolerant to high temperature and
water deficit are needed.

(c)

There has been a considerable change in agricultural pests and
diseases during the last few decades. Some that were previously
insignificant have become important. With a change in co , tempera2
ture, and ~recipitation, the problem of pests and diseases could
become more difficult for different crop species. For example,
weeds may become strong competitors with crops at higher co con2
centrations.

3.6.15
climate.

Agricultural plants have enormous capacity to adapt to slow changes in
Plant scientists select varieties most suitable under contemporary conditions~
The productive "life" of a variety may be from 5 to 50 years, but most
are replaced by new varieties within 10-15 years. Although plant improvement is a
dynamic process that keeps pace with the changes in environment, recent studies of
wheat in Britain and India have shown that the older varieties (released 50-70 years
ago) produced similar amounts of biomass at lower levels of nitrogen than do the
modern varieties. The main changes have occurred in plant architecture, allowing
better partitioning in favour of grains. Selection of varieties suitable for a
changed environment remains a distinct possibility; and selection for tolerance to
higher temperature and water deficits may be increasingly important objectives.
3.6~16
Sensitivity of an organism to a particular stimulus is dependent on its
enzymes. Some bacteria become tolerant against certain drugs because they produce
multiple copies of the DNA segment responsible for coding the drug-sensitive enzyme.
Similarly new tissue culture techniques in higher plants could be employed for
isolating genotypes tolerant to higher temperatures resulting from higher co con2
centrations.

3.6.17
Modelling studies of climate sensitivity to co have reached a stage such
2
that a preliminary assessment of the impact of the CO -induced climate change on
natural vegetation and agricultural productivity can ~e initiated. It is thus recommended that direct interaction between biologists and climate modellers be fostered ..
through an informal workshop at which biologists can define the scope of their impact
research in the light of climate modelling capabilites, and climate modellers can
identify the key climatic variables required for impact assessment.
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3.6.18

For an increase in the atmospheric partial pressure of C0 from 300 to
2
600 ppm the corresponding (equilibrium) effect on the pH of sea water would be a
decrease of Q.2 - 0.3 of a pH-unit. Since this is about the range of observed
natural pH variability of surface water in space and time it might be concluded
that marine organisms could probably cope with or adapt to such pH changes. However,
there is clearly uncertainty about such an intuitive conclusion and laboratory studies
in which marine organisms are grown in sea waters of various pHs should be carried out
in order to obtain a more definitive answer.
Climate models indicate that co warming will be greater at high latitudes
than in the tropics, leading to a decrease 2in equator to pole temperature gradients
and hence to weaker surface winds and wind-driven ocean currents (Stewart, 1980).
Furthermore, a warming of surface ocean waters slow the process of bottom water formation, with h consequent reduction in upwelling of nutrient-rich waters and possible
effects on biological production. Wind stress on the ocean surface also influences
coastal upwelling through wind-driven Ekman transport. Several major fisheries are
dependent on such upwelling and are thus sensitive to changes in wind regime and ocean
circulation.

3.6 .• 19
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Economic and Social Impacts
3.7.1
In discussion of the economic and social impacts of future co increases,
2
the meeting had the benefit of a recent study conducted by a Panel of the U.S.
National Research Council under the chairmanship of Professor Thomas C. Schelling.*
As recognized by that group, the impacts of increasing co will span a long period
2
in which human population will probably double and the global economic system may
undergo major changeso Moreover, advances in technology in such areas as energy
production, water management, agricultural techniques, and other areas might well
invalidate even the most searching assessment based on our current understanding.
3.7.2
Nevertheless, it seems clear that man-made climate trends can only make
more difficult the already challenging task of maintaining human welfare in a world
of rapidly changing human and environmental conditions. In considering the impact
of Co -induced environmental changes, one must therefore analyse not only the long2
term effects, but also the implications of each additional increment unit of emission

*

Letter report available from Climate Board, National Academy of Sciences,
2101 Constitution Ave., N.W., Washington, D.C. 20418.

- 25 of CO over time as consequences of energy and land-use policies. The ultimate
chang&a in climate and other aspects of the environment resulting from extended
anthropogenic injections of co are by no means clearly identified at present.
2
However, the scientifically plausible range of uncertainty includes the possibility
of damaging impacts upon some regions within the time range of current policy
decisions on energy and land-use strategies. Indeed, one cannot unequivocally rule
out the possibility that climate changes have already been induced by man's alterations of atmospheric composition.
3.7.3
The meeting agreed that these possibilities posed controversial and
divisive problems for the global community of nations. Increases in co would
2
result primarily from the individual decisions and actions of nations for their
own perceived benefits, while the consequences would fall upon all nations, perhaps
benefiting some and damaging others. Averting or mitigating these effects would
require concerted action by many nations, e.g. by restricting fossil fuel utilization. These difficult issues can, the meeting judged, be dealt with only on the
basis of an increasingly sound and broad consensus on the scientific facts and the
general nature of their implicatiins for society. Decisions will then have to be
made and policies implemented through the political processes of the world's nations,
both individually and in concert.
3.7.4
While the details of individual and institutional responses to these
challenges are perhaps beyond the scope of this meetin& of experts, a few general
directions for research may be indic~ted:
1.
There is a need to develop a much broader Gonsensus on the nature, magnitude, and implication of possible changes. This may be advanced considerably by a
conscious process of involving a wide community of scientists and other experts,
including representatives of the developing countries, in international activities
related to the problem. Regional and economic sector discussions would also be
useful in this regard.
2.
A useful framework for study of the economic and social impacts might be
the development of comprehensive and internally consistent scenarios of possible
future socio-economic development, energy and land-use patterns, co2 levels, climate,
and their implications for agriculture and other economic sectors. Further recommendations in this area are given in Section 3.6.7 below.
3~
Decisions on energy and land-use policies, to the extent that they are
influenced by their impact upon co and climate, must be based upon an evaluation of
2
the distribution of marginal gains against marginal losses. To do this, much more
reliable, objective, and widely accepted knowledge of the climatic, environmental,
and socio-economic implications of these decisions is needed. Because of the long
lead times characteristic of these areas, decisions are being made now that will
influence the 2lst century. For example, construction of fossil fuel based electrical
generation facilities to satisfy growing demands commits us to a long period of co 2
emission, even if we should decide at an early date that continued emission was unwise. Thus, the time scales of the physical and the socioeconomic systems are commensurate in the context of the co problem. Reliable information is therefore
2
needed now as a basis for making decisions that cannot be delayed without incurring
a risk. It is thus incumbent upon the international organizations to structure and
to implement with urgency research programmes by international teams of experts,
e.g. within the framework of the World Climate Programme, to stimulate, organize,
and co-ordinate research to develop this informationo

- 26 4.
Any action, such as restraint in energy demand and development of alternative energy sources, that will reduce or delay further increases in co will provide
2
us with more time for development of a SO'J.nder basis for assessment ana action. Moreover, it is clearly prudent to ensure that options for relatively rapid shifts from
fossil fuel to alternate sources are available should future research identify unequivocally harmful impacts of increased co emissions.
2

3.7.5

The meeting observed that most of the above actions would be highly
desirable even in the absence of concern about co • Systematic exploration of the
2
environmental and societal implications of policies governing the future evolution
of our global human community is clearly of great importance. The CO issue simply
lends urgency to this effort and provides a near-term focus for specific studies.
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3.7.6
The meeting recognized that climate trends due to co form a subset of
2
the. broader range of problems considered within the World Climate Impacts Programme,
which is the responsibility of UNEP. An expert advisory committee will meet shortly
to assist in the development of this Programme. The meeting's comments are thus
intended primarily as inputs to that planning process, not as an independent blueprint for a complete impact assessment programme. However, it was believed that,
because of its urgency and relatively clear definition, the co question provides
2
an excellent subject for early consideration within the WCIP, and
it was recommended
that it be given high priority within the Programme. It was also felt that the involvement of a broader community of scientists in different countries and disciplines
in study of the question through the WCIF would greatly sharpen and perhaps put in
better perspective our perception of the issue.
3.7.7
As noted above, the meeting believed that impacts could best be assessed
through the development of explicit and detailed scenarios, and their use in the
study of marginal effects, interaction between physical and social factors, and
problems on scales matched to those of human activity, e.ga national or regional.
The function of scenario analysis is not to attempt to predict the future; the
future is unknown and probably unpredictable. Instead, scenario analysis is a tool
that may help us to choose appropriate policies by making possible an exploration
of the implications of alternative actions. Development and discussion of these
scenarios by international and interdisciplinary expert teams might be an important
mechanism for building a consensus on the major scientific and policy issues in a
global community of physical and social scientists. The increasing capabilities of
climate models to produce internally consistent patterns of climate changes, improvements in the reconstruction of the regional patterns of past climatic change, the
extensive systems analyses developed in the study of future energy needs and supplies,
and widespread advances in the quantitative modelling of many aspects of the natural
world and human society all provide a foundation for such exercises.
A number of impact areas particularly relevant to the
discussed, and recommended for priority attention.

3. 7. 8

ca 2 · issue

were

Agriculture - direct effects of increased co , influences of climate trends, inter2
action with population growth, economic development, and world food trade.
Fisheries - effects of possible changes in ocean chemistry (e.g. pH), temperature,
and circulation.
Water supply - interaction between precipitation changes, watershed characteristics,
and needs of populations and industries.

- 27 Sea level - implications of the rate and magnitude of aea level rise for various
countries both in terms of economic infrastructures (cities) and natural resources (soils).
Energy - potential for solar, biomass, hydroelectric, and other renewable energy
resources.
Health - changes in climatically determined boundaries for disease vectors, parasites,
etc.
Natural Ecological Systems - influences on desertification, deforestation, rangelands, genetic preserves, wetlands, etc.
Cryosphere - changes in the extent of permafrost due to co warming could damage
2
engineering installations, if not monitored and preventive action taken. Agricultural and forestry activities could expand polewards and Arctic shipping
problems would be easede In temperate regions, changes of glacier size would
affect water and hydroelectric suppliese Changes of major ice sheets would
have little impact on man during the next century except for the relatively
unlikely effect of major instability of the Antarctic ice sheet. If this
occurred and raised sea level by a few metres, vast damage to cities, ports
and rich agricultural land such as river deltas would ensue.

3.7.9

A number of approaches appear feasible for studies in these areas and
within the context of scenario development. As noted above, formation of interdisciplinary international teams would be effective both for this scientific contribution and for their role in raising the level of public awareness and the formation of an international consensus. These might be organized on a regional basis,
or perhaps on the basis of some other classifications, e.g. grain-export or import,
industrial development. It might be most feasible to focus initially on nations,
regions, or other groupings in which quantitatively the largest impacts might be expected. .An important task will be to involve the many institutions and individual
scientists, including those from developing countries, already concerned with
analysis of future developments. Workshops, conferenc-es, and other activities based
upon the exploration of climate/society scenarios may be effective mechanisms for
this.
3. 7 .. 10
A significant amount of work in the area of climate impact studies has
already been done, and other efforts (such as the current SCOPE project on impact
assessment methodology) are now in progress. At an early stage in the WCIF an
organized accounting collection and assessment of the results of climate impact
studies already performed should be undertaken, and their results should be drawn
upon in the planning of the WCIP.

4.

GENERAL CONCLUSIONS AND RECOMMENDATIONS

4.1
co 2-induced climatic change is a major environmental issue. Scenarios
on future use of fossil fuels based on foreseeable technological development and
resource management foresee an increase of atmospheric C0 concentration that might
2
lead to significant climatic changes in the first decades of next century. The
impacts are global and require joint study by the nations of the world.
4. 2
Future changes of the major carbon reservoirs and man-..:-.-fnduced emissions
of carbon dioxide into the atmosphere should be carefully monitored:
(a)

atmospheric measurements are at present well integrated and adequate,
and should be continued;
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(b)

a programme for monitoring the pools of terrestrial biota and
soils needs urgently to be developed;

(c)

a programme for monitoring ocean changes bY geochemical observations and ocean model development is needed;

(d)

monitoring the global utilization of fossil fuels and projection
of future energy systems should be continued.

4~;
To permit adequate projection of future atmospheric co concentrations,
2
reaearch is required to resolve. present uncertainties of the role of natural sinks
for man-induced emissions of co2 to the atmosphere.

4-4
The World Climate Research Programme is essential for the design of
sufficiently realistic models for climate prediction and climate sensitivity studies.
The specific problems of co -induced climatic change should be g_iven high priority.
2

4.5

In view of the importance of the cryoephere in the processes of climatic
chang.e, high priority should be given to:

(a)

expanding research on sea ice processes, the understanding of which
is- essential for adequate modelling of the effects of co on climate;
2

(b)

satellite studies of the cryosphere tha.t will provide information
on sea ice extent and will monitor changes of volume and_ flow of
ice sheets;

(c)

studies of ice cores t'O reconstruct past

co 2

and climatic changes.

4 •. 6

For early identification of detectable C0 -induced climatic changes, it
2
is- recommended that a group of experts be ·established to develop optimum monitoring
strategies.

4.7

For a proper assessment of the consequences of co -in~uced climatic
2
changes a series of impact studies should be initiated in developing as well as
industrialized nations. A selection of areas in the world and fields of human
activity particularly sensitive to climatic changes should be made so that both
beneficial and detrimental effects of possible changes could be studied. This work
could best be carried out by international interdisciplinary research teams including scientists from the regions concerned. It is noted that climate modelling
capability permits the definition of future scenarios of co -induced climatic change
2
that could be used as a framework for these studies.
Because of uncertainties of present knowledge, the development of a
management plan for control of co levels in the atmosphere or of the consequent
2
impacts on society is premature.

4~8

4.9

The meeting welcomes the joint action by ICSU, UNEP and WMO to coordinate internationally the assessment of the carbon dioxide question, a global
issue that is rapidly receiving increasing attention. In this way it will be possible to ensure international and interdisciplinary communication and to avoid unnecessary duplication of effort.

5.

REPORT AND CLOSING OF THE MEETING

5.1
The drafts of the individual chapters were discussed and approved in
principal. It was agreed that the draft report would be circulated to all participants for comments. Following these comments, the Chairman, assisted by the Secre-

- 29 tariat, would prepare the final version for distribution to all participants in
early January 1981 before being printed.
5.2
The Chairman expressed his gratitude to all participants and to the
host country for their hospitality and for the very efficient local organization
of the meeting.
He declared the meeting closed at 1800 hours, 21 November 1980.
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