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Executive Summary 

Wc are certain of the following: 

• there is a natural greenhouse effect which already keeps the Earth warmer than it 
woula otherwise be, 

• emissions resulting from human activities are substantially increasing the 
atmosphenc concentrations of the greenhouse gases: carbon dioxide, methane 
chlorofluorocarbons (CFCs) and nitrous oxide. These increases will enhance the 
greenhouse effect, resulting on average in an additional warming of the Earth's 
surface. The mam greenhouse gas, water vapour, will increase in response to 
global warming and further enhance it. 

We calculate with confidence that: 

• some gases are potentially more effective than others at changing climate, and 
their relative effectiveness can be estimated. Carbon dioxide has been 
responsible for over half the enhanced greenhouse effect in the past, and is likely 
to remain so in the future. ^ 

Ini";hfPrln''^''°^•''^?'•^^"f ° ! 'ong-lived gases (carbon dioxide, nitrous oxide 
and the CFCs adjust only slowly to changes in emissions. Continued emissions of 
these gases at present rates would commit us to increased concentrations for 
centuries ahead. The longer emissions continue to increase at present day rates 
the^greater reductions would have to be for concentrations to stabilise at a given ' 

•the fong-fived gases would require immediate reductions in emissions from 
human activities of over 60% to stabilise their concentrations at today's levels-
methane would require a 15-20% reduction 



Based on current model results, we predict: 

• under the IPCC Business-as-Usual (Scenario A) emissions of greenhouse 
gases, a rate of increase of global mean temperature during the next century of 
about 0.3 C per decade (with an uncertainty range of 0.2°C to 0.5°C per decade)-
this IS greater than that seen over the past 10.000 years. This will result in a likely 
increase in global mean temperature of about 1°C above the present value by 
2025 and 3 C before the end of the next century. The rise will not be steady 
because of the influence of other factors. 

; under the other IPCC emission scenarios which assume progressively 
increasing levels of controls, rates of increase in global mean temperature of about 
u . E^/o?^^^^ (Scenario B). just above 0.1 °C per decade (Scenario C) and 

about O.rC per decade (Scenario D). ^ d.iu 

• that land surfaces warm more rapidly than the ocean, and high northern latitudes 
warm more than the global mean in winter. 

• regional climate changes different from the global mean, although our 
confidence in the prediction of the detail of regional changes is low. For example 
temperature increases in Southern Europe and central North America are ' 
predicted to t)e higher than the global mean, accompanied on average by reduced 
summer precipitation and soil moisture. There are less consistent predictions for 
the tropics and the southern hemisphere. 

• under the IPCC Business as Usual emissions scenario, an average rate of global 
mean sea level nse of about 6cm per decade over the next century (with an 
uncertainty range of 3 -10 cm per decade), mainly due to thermal expansion of the 
oceans and the melting of some land ice. The predicted rise is about 20cm in 
global rnean sea level by 2030. and 65cm by the end of the next century. There will 
be significant regional variations. 

There are many uncertainties In our predictions particularly with 
regard to the timing, magnitude and regional patterns of climate 
change, due to our incomplete understanding of: 

sources and sinks of greenhouse gases, which affect predictions of future 
concentrations 

clouds, which strongly influence the magnitude of climate change 

oceans, which influence the timing and patterns of climate change 

polar ice sheets which affect predictions of sea level rise 

These processes are already partially understood, and we are confident that the 
uncertainties can be reduced by further research. However, the complexity of the 
system means that we cannot mle out surprises. 



Our Judgement is that: 

't • surface air temperature has increased by 0.3°C to 0.6°C over the 
fast 100 years, with the five global-average warmest years being in the 1980s i 
Over the same penod global sea level has increased by .10-20cm. These increases'? v. 
have not been smooth with time, nor uniform over the globe. J ^ 

•The size of this warming is broadly consistent with predictions of climate models 
but It IS also of the same magnitude as natural climate variability. Thus the 
obseived increase could be largely due to this natural variability; alternatively this 
vanability and other human factors could have offset a still larger human-induced 
greenhouse warming. The unequivocal detection of the enhanced greenhouse 
effect from observations is not likely for a decade or more. 

• There is no firm evidence that climate has become more variable over the last 
few decades. However, with an increase In the mean temperature, episodes of 
high temperatures will most likely become more frequent in the future, and cold 
episodes less frequent. 

; Ecosystems affect climate, and will be affected by a changing climate and bv 
increasing carbon dioxide concentrations. Rapid changes in climate will change 
the composition of ecosystems; some species will benefit while others will be 
f l 5'^''.!!® °'' ^^^P^ ^̂ ^̂  ^"°"9'^ f^ay become extinct. Enhanced levels 

ot cartjon dioxide may increase productivity and efficiency of water use of 
vegetation The effect of warming on biological processes, although poorly 
understood, may increase the atmospheric concentrations of natural greenhouse 
gases. 

To Improve our predictive capability, we need: 

to understand better the various climate-related processes, particularly 
those associated with clouds, oceans and the carbon cycle 

to improve the systematic observation of climate-related variables on a 
global basis, and further Investigate changes which took place in the past 

to develop improved models of the earth's climate system. 

to Increase support for national and international climate research 
activities, especially in developing countries 

to facilitate international exchange of climate data 



Introduction: what is the issue ? 

There is concern that human activities may be inadvertently changing the climate of 
the globe through the enhanced greenhouse effect, by past and continuing 
emissions of carbon dioxide and other gases which will cause the temperature of 
the Earth's surface to increase - popularly termed the "global warming". If this 
occurs, consequent changes may have a significant impact on society. 

The purpose of the Working Group I report, as determined by the first meeting of 
IPCC. is to provide a scientific assessment of: 

1) the factors which may affect climate change during the next century 
especially those which are due to human activity. 

2) the responses of the atmosphere - ocean - land - Ice system. 

3) current capabilities of modelling global and regional climate changes and 
their predictability. 

4) the past climate record and presently observed climate anomalies. 

On the basis of this assessment, the report presents current knowledge regarding 
predictions of climate change (including sea level rise and the effects on 
ecosystems) over the next century, the timing of changes together with an 
assessment of the uncertainties associated with these predictions. 

This Policymakers Summary aims to bring out those elements of the main report 
which have the greatest relevance to policy formulation, in answering the following 
questions: 

What factors determine global climate? 

What are the greenhouse gases, and how and why are they increasing? 

Which gases are the most important? 

How much do we expect the climate to change? 

How much confidence do we have in our predictions? 

Will the climate of the future be very different ? 

Have human activities already begun to change global climate? 

How much will sea level rise? 

What will be the effects on ecosystems? 

What should be done to reduce uncertainties, and how long will this take? 

This report Is intended to respond to the practical needs of the policymaker. It is 
neither an academic review, nor a plan for a new research programme. 
Uncertainties attach to almost every aspect of the issue, yet policymakers are 



looking for clear guidance from scientists; hence authors have been asked to 
provide thefr best-estimates wherever possible, together with an 
assessment of the uncertainties. 

This report is a summary of our understanding in 1990. Although continuing 
research will deepen this understanding and require the report to be updated at 
frequent intervals, basic conclusions concerning the reality of the enhanced 
greenhouse effect and its potential to alter global climate are unlikely to change 
significantly. Nevertheless, the complexity of the system may give rise to surprises. 

What factors determine global climate ? 

There are many factors, both natural and of human origin, that determine the 
climate of the earth. We look first at those which are natural, and then see how 
human activities might contribute. 

What natural factors are important? 

The driving energy for weather and climate comes from the sun. The Earth 
intercepts solar radiation (including that in the short-wave, visible, part of the 
spectrum); about a third of it is reflected, the rest is absorbed by the different 
components (atmosphere, ocean, ice. land and biota) of the climate system. The 
energy absorbed from solar radiation is balanced (in the long term) by outgoing 
radiation from the Earth and atmosphere; this terrestrial radiation takes the form of 
long-wave invisible infra-red energy, and its magnitude is determined by the 
temperature of the Earth-atmosphere system. 

There are several natural factors which can change the balance between the 
energy absort̂ ed by the Earth arid that emitted by it in the form of longwave infra­
red radiation; these factors cause the radiative forcing on climate. The most 
obvious of these is a change in the output of energy from the Sun. There is direct 
evidence of such variability over the 11-year solar cycle, and longer period 
changes may also occur. Slow variations in the Earth's orbit affect the seasonal 
and latitudinal distribution of solar radiation; these were probably responsible for 
initiating the ice ages. 

One of the most important factors is the greenhouse effect; a simplified 
explanation of which is as follows. Shortwave solar radiation can pass through the 
dear atmosphere relatively unimpeded. But long-wave terrestrial radiation emitted 
by the warm surface of the Earth is partially absorbed and then re-emitted by a 
number of trace gases in the cooler atmosphere above. Since, on average, the 
outgoing long wave radiation balances the incoming solar radiation, both the 
atmosphere and the surface will be warmer than they would be without the 
greenhouse gases. 

The main natural greenhouse gases are not the major constituents, nitrogen and 
oxygen, but water vapour (the biggest contributor), carbon dioxide, methane, 
nitrous oxide, and ozone in the troposphere (the lowest 10-15km of the 
atmosphere) and stratosphere. 



bC3me soiar radiation 
is reflecled by the earth 
and the atmosphere 

infra-red 
radiation is 
emitted from 
the earth's 
surface 

A sfmplifled diagram illustrating the greenhouse effect 

Aerosols (small particles) in the atmosphere can also affect climate because they 
can reflect and absorb radiation. The most important natural perturbations result 
from explosive volcanic eruptions which affect concentrations in the lower 
stratosphere. Lastly, the climate has its own natural variability on all timescales 
and changes occur without any external influence. 

How do we know that the natural greenhouse effect Is real? 

The greenhouse effect is real; it is a well understood effect, based on established 
scientific pnnciples. We know that the greenhouse effect works in practice for 
several reasons. 

Rrstly, the mean temperature of the Earth's surface is already warmer by about 
33°C (assuming the same reflectivity of the earth) than it would be if the natural 
greenhouse gases were not present. Satellite observations of the radiation emitted 
from the earth's surface and through the atmosphere demonstrate the effect of the 
greenhouse gases. 

Secondly, we know the composition of the atmospheres of Venus, Earth and Mars 
are very different, and their surface temperatures are in general agreement with 
greenhouse theory. 

Thirdly, measurements from ice cores going back 160,000 years show that the 
earth's temperature closely paralleled the amount of carbon dioxide and methane 
m the atmosphere. Although we do not know the details of cause and effect, 
calculations indicate that changes in these greenhouse gases were part, but not 
all, of the reason for the large (5-7°C) global temperature swings between ice aqes 
and interglacial periods. 
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Anarysfs of afr trapped In Antarctic Ice cores shows that methane and carbon 
Se. ?cn n«n""*^^"°"« ^^^^ Correlated with the local temperature over the 
last 160,000 years. Present day concentrations of carbon dioxide are Indicated. 

How might huinan cctivftics change globSi climaie ? 

Naturally occurring greenhouse gases keep the Earth warm enough to be 
habitable. By increasing their concentrations, and by adding new greenhouse 
gases like chlorofluorocartjons (CFCs), humankind is capable of raising the global-
average annual-mean surface-air temperature (which, for simplicity, is referred to 
as the "global temperature"), although we are uncertain about the rate at which this 
will occur. Strictly, this is an enhanced greenhouse effect - above that occurring 
due to natural greenhouse gas concentrations; the word "enhanced" is usually 
omitted, but it should not be forgotten. Other changes in climate are expected to 
result, for example changes in precipitation, and a global warming will cause sea 
levels to nse; these are discussed in more detail later. 

There are other human activities which have the potential to affect climate A 
change in the albedo (reflectivity) of the land, brought about by desertification or 
deforestation affects the amount of solar energy absorbed at the Earth's surface 



Human-made aerosols, from sulphur emitted largely in fossil fuel combustion, can 
modify clouds and this may act to lower temperatures. Lastly, changes in ozone 
in the stratosphere due to CFCs may also influence climate. 

What are the greenhouse gases and why are they 
increasing? 
We are certain that the concentrations of greenhouse gases in the atmosphere 
have changed naturally on ice-age time-scales, and have been increasing since 
pre-industrial times due to human activities. The table below summarizes the 
present and pre-industrial abundances, current rates of change and present 
atmospheric lifetimes of greenhouse gases influenced by human activities. Carbon 
dioxide, methane, and nitrous oxide all have significant natural and human 
sources, while the chlorofluorocarbons are only produced industrially. 

SUMMARY OF KEY GREENHOUSE GASES AFFECTED BY HUMAN ACTIVITIES 

Cartwn 
Dioxide 

Methane CFC-11 CFC-12 Nitrous 
Oxide 

Atmospheric 
concentration ppmv ppmv pptv pptv ppbv 

Pre-industrial 
(1750-1800) 280 0.8 0 0 288 

Present day (1990) 353 1.72 280 484 310 

Current rate of change 
per year 

1.8 
(0.5%) 

0.015 
(0.9%) 

9.5 
(4%) 

17 
(4%) 

0.8 
(0.25%) 

AtrTX>spheric nfetime 
G'ears) 

(50-200)t 10 65 130 150 

ppmv = parts per million by volume; ppbv parts per billion (thousand million) by volume; 
pptv «= parts per trillion (million million) by volume, 
t The way in which CO2 is absorbed by the oceans and biosphere is not simple and a single 
value cannot be given; refer to the main report for further discussion. 

Two important greenhouse gases, water vapour and ozone, are not included in the 
table above. Water vapour has the largest greenhouse effect, but its concentration 
in the troposphere is determined internally within the climate system, and, on a 
global scale, is not affected by human sources and sinks. Water vapour will 
increase in response to global warniing and further enhance it; this process is 
included in climate models. The concentration of ozone is changing both in the 
stratosphere and the troposphere due to human-made emissions, but it is difficult to 
quantify the changes from present observations. 

For a thousand years prior to the industrial revolution, abundances of the 
greenhouse gases were relatively constant. However, as the world's population 
increased, as the worid became more industrialized and as agriculture developed, 



Sfcfr^Si"?^ °̂  ^ greenhouse gases increased markedly. The figures below 
Illustrate this for carbon dioxide, methane, nitrous oxide and CFC-11. 
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,m"t«^?i? ° ' "̂'̂  methane after remaining relatively constant up to the 18th century, have risen sharply since then due to San4 S t i e s 

Since the mdustnaf revolution the combustion of fossil fuels and deforestation have 
led to an increase of 26% in carbon dioxide concentration in the Smosphere We 

fh« imr^ol?" cannot be estimated accurately. In addition, although about half of 
t !.""?fi? ^"^^"^ ^^y^ atmosphere, we do not know weH how 
much of the remainder Is absorbed by the oceans and how much by te^estrial 
biota. Emissions of chlorofluorocart)ons, used as aerosol propellants solvents 
n th^flf "̂K"* foam blowing agents, are also well known; they were no present 
in the atmosphere before their invention in the 1930s. «i« nui present 
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Concentrations of nitrous oxide have Increased since the mld-18th century, 
especially In the last few decades. C F C s were not present In the atmosphere 
before the 1930s 

The sources of methane and nitrous oxide are less well known. Methane 
concentrations have more than doubled because of rice production, cattle rearing, 
biomass burning, coal mining and ventilation of natural gas; also, fossil fuel 
combustion may have also contributed through chemical reactions In the 
atmosphere which reduce the rate of removal of methane. Nitrous oxide has 
increased by about 8% since pre-industrial times, presumably due to human 
activities; we are unable to specify the sources, but it is likely that agriculture plays 
apart 

The effect of ozone on climate is strongest in the upper troposphere and lower 
stratosphere. Model calculations indicate that ozone in the upper troposphere 
should have increased due to human-made emissions of nitrogen oxides, 
hydrocarbons and carbon monoxide. While at ground level ozone has increased in 
the northern hemisphere in response to these emissions, observations are 
insufficient to confirm the expected increase in the upper troposphere. The lack of 

10 



adequate observations prevents us from accurately quantifying the climatic effect of 
changes in tropospheric ozone. 

in the lower stratosphere at high southern latitudes ozone has decreased 
considerably due to the effects of CFCs. and there are indications of a global-scale 
decrease which, while not understood, may also be due to CFCs. These observed 
decreases should act to cool the earth's surface, thus providing a small offset to the 
predicted warming produced by the other greenhouse gases. Further reductions in 
lower stratosphenc ozone are possible during the next few decades as the 
atmosphenc abundances of CFCs continue to increase. 

Concentrations, lifetimes and stabilisation of the gases 

fn order to calculate the atmospheric concentrations of carbon dioxide which will 
result from human-made emissions we use computer models which incorporate 
details of the emissions and which include representations of the transfer of cari^on 
dioxide between the atmosphere, oceans and terrestrial biosphere. For the other 
greenhouse gases, models which incorporate the effects of chemical reactions in 
the atmosphere are employed. 

The atmospheric lifetimes of the gases are determined by their sources and sinks 
m the oceans, atmosphere and biosphere. Carbon dioxide, chlorofluorocarbons 
arid nitrous oxide are removed only slowly from the atmosphere and hence 
following a change in emissions, their atmospheric concentrations take decades to 
centunes to adjust fully. Even if all human-made emissions of carbon dioxide were 
halted in the year 1990, about half of the increase in carbon dioxide concentration 
caused by human activities would still be evident by the year 2100. 

In contrast, some of the CFC substitutes and methane have relatively short 
atmosphenc lifetimes so that their atmospheric concentrations respond fully to 
emission changes within a few decades. 

To illustrate the emission-concentration relationship clearly, the effect of 
hypothetical changes in carbon dioxide fossil fuel emissions is shown below (a) 
continuing global emissions at 1990 levels; (b) halving of emissions in 1990- c 
reductions m emissions of 2% per year (pa) from 1990 and (d) a 2% pa increase 
from 1990-2010 followed by a 2% pa decrease from 2010„ 

Continuation of present day emissions are committing us to increased future 
concentrations, and the longer emissions continue to increase, the greater would 
reductions have to be to stabilise at a given level. If there are critical concentration 
levels that should not be exceeded, then the earlier emission reductions are made 
the more effective they are. 
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The refatfonshlp between hypothetical fossil fuel emissions of carbon dioxide and 
Its concentration In the atmosphere Is siiown In the case where (a) emissions 
continue at 1990 levels, (b) emissions are reduced by 50% In 1990 and continue at 
that level, (c) emissions are reduced by 2% pa from 1990, and (d) emissions, after 
Increasing by 2% pa until 2010. are then reduced by 2% pa thereafter 

The term "atmospheric stabilisation" is often used to describe the limiting of the 
concentration of the greenhouse gases at a certain level. The amount by which 
human-made emissions of a greenhouse gas must be reduced in order to stabilise 
at present day concentrations, for example, is shown in the box below. For most 
gases the reductions would have to be substantial. 



STABILISATION OF ATMOSPHERIC CONCENTRATIONS 

Reductions in the human-made emissions of greenhouse gases required to 
stabilise concentrations at present day levels: 

Carbon Dioxide >60% 
Methane 15 - 20% 
Nitrous Oxide 70 - 80% 
CFC-11 70 - 75% 
CFC-12 75 - 85% 
HCFC-22 40 - 50% 

Note that the stabilisation of each of these gases would have d 
explained in the next section. 

gases would have d 

How v/iir greenhouse gas abundances change In the future? 

)Il[mo,!f^J° know future greenhouse gas concentrations in order to estimate future 
climate change. As already mentioned, these concentrations depend upon the 
magnitude of human-made emissions and on how changes in climate and other 
environmental conditions may influence the biospheric processes that control the 
exchange of natural greenhouse gases, including carbon dioxide and methane 
"feeXacte- terrestrial biosphere - the greenhouse gas 

Four scenarios of future human-made emissions were developed by Workinq 
Group in. The first of these assumes that few or no steps are taken to limit 

emissions, and this is therefore termed Business-as-Usual (BaU) 
(It should be noted that an aggregation of national forecasts of emissions of cartoon 
dioxide arid methane to the year 2025 undertaken by Worthing Group 111 resulted in 
global emissions 10-20% higher than in the BaU scenario.) The other three 
scenanos assuriie that progressively increasing levels of controls reduce the 

as scenarios B, C, and D. They are 
bnefly described m the Annex. Future concentrations of some of the greenhouse 
gases which would arise from these emissions are shown below. 
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Greenhouse gas feedbacks 

Some of the possible feedbacks which could significantly modify future 
greenhouse gas concentrations in a warmer world are discussed in the followino 
paragraphs. ^ 

The net emissions of carbon dioxide from terrestrial ecosystems will be elevated if 
higher temperatures increase respiration at a faster rate than photosynthesis or if 
plant populations, particularly large forests, cannot adjust rapidly enough to 
changes in climate. A net flux of carbon dioxide to the atmosphere may be 
particularly evident in warmer conditions in tundra and boreal regions where there 
are large stores of carbon. The opposite is true if higher abundances of carbon 
dioxide in the atmosphere enhance the productivity of natural ecosystems or if 
there IS an increase in soil moisture which can be expected to stimulate plant 
growth in diy ecosystems and to increase the storage of cartoon in tundra peat The 
extent to which ecosystems can sequester increasing atmospheric carbon dioxide 
remains to be quantified. 

If the oceans become warmer, their net uptake of carbon dioxide may decrease 
because of changes in (i) the chemistry of carbon dioxide in seawater (ii) biological 
activity in surface waters and (iii) the rate of exchange of carbon dioxide between 
the surface layers and the deep ocean. This last depends upon the rate of 
formation of deep water in the ocean which, in the North Atlantic for example miqht 
decrease if the salinity decreases as a result of a change in climate. 

Methane emissions from natural wetlands and rice paddies are particularly 
sensitive to temperature and soil moisture. Emissions are significantly larger at 
higher temperatures and with increased soil moisture; conversely, a decrease in 
soil moisture would result in smaller emissions. Higher temperatures could 
increase the emissions of methane at high northern latitudes from decomposable 
organic matter trapped in permafrost and methane hydrates. 

As illustrated earlier, ice core records show that methane and carbon dioxide 
concentrations changed in a similar sense to temperature between ice aqes and 
interglaciafs. 

Although many of these feedback processes are poorly understood, it seems likely 
that, overall, they will act to increase, rather than decrease, greenhouse gas 
concentrations in a warmer worid. 

Which gases are the most important? 

We are certain that increased greenhouse gas concentrations increase radiative 
forang. We can calculate the forcing with much more confidence than the climate 
change that results because the former avoids the need to evaluate a number of 
poorly understood atmospheric responses. We then have a base from which to 
calculate the relative effect on climate of an increase in concentration of each 
gas in the present-day atmosphere, both in absolute terms and relative to carbon 
dioxide. These relative effects span a wide range; methane is about 21 times more 
effective, molecule-for-molecule. than carbon dioxide, and CFC-11 about 12 000 
times more effective. On a kilogram-per-kilogram basis, the equivalent values are 

If; 



58 for methane and about 4000 for CFC-11. both relative to cartDon dioxide Values 
for other greenhouse gases are to be found in the full report. 

The total radiative forcing at any time is the sum of those from the individual 
greenhouse gases. We show in the figure below how this quantity has changed in 
the past (based on observations of greenhouse gases) and how it might change in 
the future (based on the four IPCC emissions scenarios). For simplicity we can 
express total forcing in terms of the amount of carbon dioxide which would qive that 
forcing; this is termed the equivalent carbon dioxide concentration 
Greenhouse gases have increased since pre-industrial times (the mid-18th 
century) by an amount that is radiatively equivalent to about a 50% increase in 
carbon dioxide, although carbon dioxide itself has risen by only 26%- other oases 
have made up the rest. ' a =^ 
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not included) ^ 
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11 and 12 
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NfTFtOUS 
OXIDE 
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Jilfiofr""*?^"*/"" ^̂ ""̂  °^ human-made greenhouse gases to the chanae In 
Sn i i ^ L °''h1^^'°'^»''l^° ' ° contribution from ozone may also be° significant, but cannot be quantified at present. 

How can we evaluate the effect of different greenhouse gases? 

To evaluate possible policy options, it is useful to know the relative radiative effect 
(and. hence, potential climate effect) of equal emissions of each of the greenhouse 
gases. The concept of relative Global Warming Potentials (GWP) has been 
developed to take into account the differing times that gases remain in the 
atmosphere. 

Tfiis index defines the time-integrated warming effect due to an Instantaneous 
release of unit mass (1 kg) of a given greenhouse gas in today's atmosphere 
relative to that of carbon dioxide. The relative importances will change in the future 
as atmosphenc composition changes because, although radiative forcing 
increases m direct proportion to the concentration of CFCs. changes in the other 
greenhouse gases (particularly carbon dioxide) have an effect on forcing which is 
much less than proportional. 

The GWPs in the following table are shown for three time horizons, reflecting the 
need to consider the cumulative effects on climate over various time scales The 
longer time horizon is appropriate for the cumulative effect; the shorter timescale 
will indicate the response to emission changes in the short terni. There are a 
number of practical difficulties in devising and calculafing the values of the GWPs 
and the values given here should be considered as preliminary. In addition to ' 
these direct effects, there are indirect effects of human-made emissions arising 
from chemical reactions behween the various constituents. The indirect effects on 
stratosphenc water vapour. cartDon dioxide and tropospheric ozone have been 
included in these estimates. 

The table indicates, for example, that the effectiveness of methane in influencing 
climate will be greater in the first few decades after release, whereas emission of 
the longer-lived nitrous oxide will affect climate for a much longer time The 
hfetimes of the proposed CFC replacements range from 1 to 40 years- the longer 
bved replacements are still potentially effective as agents of climate change One 



example of this, HCFC-22 (with a 15 year lifetime), has a similar effect (when 
released in the same amount) as CFC-11 on a 20 year timescale; but less over a 
500 year timescale. 

GLOBAL WARMING POTENTIALS 
The warming effect of an emission of 1kg of each gas relative to that of CO2 

These figures are best estimates calculated on the basis of the present day atmospheric composition 

Time Horizon 
20 yr 100 yr 500 

Carbon dioxide 1 1 1 

Methane (including indirect) 63 21 9 

Nitrous oxide 270 290 190 

CFC-11 4500 3500 1500 

CFC-12 7100 7300 4500 

HCFC-22 4100 1500 510 

Global Warming Potentials for a range of CFCs and potential replacements are given in the full text 

The table shows cariDon dioxide to be the least effective greenhouse gas per 
kilogramme emitted, but its contribution to global warming, which depends on the 
product of the GWP and the amount emitted, is largest. In the example in the box 
below, the effect over 100 years of emissions of greenhouse gases in 1990 are 
shown relative to carbon dioxide. This is illustrative; to compare the effect of 
different emission projections we have to sum the effect of emissions made in 
future years 

l m S S % U S ^ CUMULATIVE CLIMATE EFFECT OF 1990 MAN-MADE 

GWP 
(lOOyr 
horizon) 

1990 
emissions 

(Tg) 

Relative 
contr ibut ion 

over 10Oyr 

Carbon dioxide 1 26000t 6 1 % 

Methane* 21 300 15% 

Nitrous oxide 290 6 4% 

CFCs Various 0.9 11% 

HCFC-22 1500 0.1 0.5% 

Others* Various 8.5% 

^hese values Include the indirect effect of these emissions on other greenhouse gases via chemical 
reactions inthe atmosphere. Such estimates are highly model dependent and should be considered 
preliminary and subject to change. The estimated effect of ozone is included under "others" The 
gases included under "others" are given in the full report 

t 26000Tg (teragrams) of carbondioxide « 7 000Tg (=7 Gt) of carbon 
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There are other technical criteria which may help policymakers to decide, in the 
event of emissions reductions being deemed necessary, which gases should be 
considered. Does the gas contribute in a major way to current, and future, climate 
forcing? Does it have a long lifetime, so eariier reductions in emissions would be 
more effective than those made later? And are its sources and sinks well enough 
known to decide which could be controlled in practice? The table below illustrates 
these factors. 

GAS 
MAJOR 

CONTRIBUTOR? 
LONG 

LIFETIME? 
SOURCES 

KNOWN? 

Carbon dioxide yes yes yes 

Methane yes no semi-quantitatively 
Nitrous oxide not at 

present 
yes qualitatively 

CFCs yes yes yes 

HCFCs. etc not at 
present 

mainly no yes 

Ozone possibly no qualitatively 

How much do we expect climate to change? 
It is relatively easy to determine the direct effect of the increased radiative forcing 
due to increases in greenhouse gases. However, as climate begins to warm, 
various processes act to amplify (through positive feedbacks) or reduce (through 
negative feedbacks) the warming. The main feedbacks which have been identified 
are due to changes in water vapour, sea-ice. clouds and the oceans. 

The best tools we have which take the above feedbacks into account (but do not 
include greenhouse gas feedbacks) are three-dimensional mathematical models of 
the climate system (atmosphere-ocean-ice-land), known as General Circulation 
Models (GCMs). They synthesise our knowledge of the physical and dynamical 
processes in the overall system and allow for the complex interactions between the 
various components. However, in their current state of development, the 
descriptions of many of the processes involved are comparatively cmde. Because 
of this, considerable uncertainty is attached to these predictions of climate change, 
which is reflected in the range of values given; further details are given in a later 
section. 

The estimates of climate change presented here are based on 

i. the "best estimate" of equilibrium climate sensitivity (i.e the equilibrium 
temperature change due to a doubling of carbon dioxide in the atmosphere) 
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obtained from model simulations, feedback analyses and observational 
considerations (see box: "What tools do we use?") 

ii. a "box diffusion upwelling" ocean-atmosphere climate model which 
translates the greenhouse forcing into the evolution of the temperature response 
for the prescribed climate sensitivity. (This simple model has been calibrated 
against more complex atmosphere-ocean coupled GCMs for situations where the 
more complex models have been run). 

What tools do we use to predict future climate, and how do we use them? 

The most highly developed fool which we have to predict future climate is l<nown as a general 
circulation model or GCM. These models are based on the laws of physics and use 
descnptions in simplified physical terms (called parameterisations) of the smaller-scale processes 
such as those due to clouds and deep mixing in the ocean, in a climate model an atmospheric 
component, essentially the same as a weather prediction modei, is coupled to a model of the 
ocean, v/hich can be equally complex. 

Cnmate forecasts are derived in a different way from weather forecasts. A weather prediction model 
gives a descnption of the atmosphere's state up to 10 days or so ahead, starling from a detailed 
descnption of an initial state of the atmosphere al a given time. Such forecasts describe the 
movement and development of large weather systems, ihough they cannot represent very small 
scale phenomena; for example, individual shower clouds. 

To make a cnmate forecast, the climate model is first mn for a few (simulated) decades. The statistics 
of the model's output is a description of the model's simulated climate which, if the model is a good 
one, will bear a close resemblance to the climate of the real atmosphere and ocean. The above 
exercise is then repeated with increasing concentrations of the greenhouse gases in the model 
The differences between the statistics of the two simulations (for example in mean temperature and 
interannual variability) provide an estimate of the accompanying climate change. 

The long term change in surface air temperature following a doubling of carbon dioxide 
(referred to as the climate sensitivity) is generally used as a benchmari< to compare models The 
range of results from modei studies is 1.9 to 5.2''C. Most results are close lo 4.0°C but recent 
studies using a more detailed but not necessarily more accurate representation of cloud processes 
give results in the lower half of this range. Hence the models results do not justify altering the 
previously accepted range of 1.5 to 4.5"»C. 

Although scientists are reluctant to give a single best estimate in this range, it is neccessary for the 
presentation of climate predictions for a choice of best estimate to be made. Taking into account the 
model results, together with observational evidence over the last century which is suggestive of the 
climate sensitivity being in the lower half of the range, (see section: "Has man already begun to 
change global climate?") a value of climate sensitivity of ZS^C has been chosen as the best 
estimate. Further details are given in Section 5 of the report 

In this Assessment, we have also used much simpler models, which simulate the behaviour of 
GCMs. to make predictions of the evolution with time of global temperature from a number of 
emission scenarios. These so-called box-diffusion models contain highly simplified physics but oive 
similar results to GCMs when gtobally averaged. 

A completely different, and potentially useful, way of predicting pattems of future climate is to 
search for periods in the past when the global mean temperatures were similar to those we expect in 
future, and then use the past spatial pattems as analogues of those which will arise in the future. 
For a good analogue. It is also necessary for the forcing factors (for example, greenhouse gases 
ortiital variations) and other conditions (for example, ice cover, topography, etc.) to be similar; direct 
comparisons with climate situations for which these conditions do not apply cannot be easily' 
interpreted. Analogues of future greenhouse-gas-changed climates have not been found. 

We cannot therefore advocate the use of paleo-climates as predictions of regional climate change 
due to future increases in greenhouse gases. However, paleo-cnmatological infomiation can 
provide useful insights into climate processes, and can assist in the validation of climate models. 



How quickly wil l global climate change ? 

a. If emissions follow a Business-as-Usual pattern 

Under the IPCC Business-as-Usuat (Scenario A) emissions of greenhouse gases 
the average rate of increase of global mean temperature during the next century is 
estimated to be about 0.3°C per decade (with an uncertainty range of 0.2°C to 
0 5°C). This will result in a likely increase in global mean temperature of about 1°C 
above the present value (about 2°C above that in the pre-industrial period) by 2025 
and 3°C above today's (about 4°C above pre-industrial) before the end of the next 
century. 

The projected temperature rise out to the year 2100. with high, low and best-
estimate climate responses, is shown in the diagram below. Because of other 
factors which influence climate, we would not expect the rise to be a steady one 
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Simulation of the Increase In global mean temperature from 1850-1990 due to 
observed Increases In greenhouse gases, and predictions of the rise between 
1990 and 2100 resulting from the Buslness-as-Usual emissions. 

The temperature rises shown above are realised temperatures; at any time we 
would also be committed to a further temperature rise toward the equilibrium 
temperature (see box: "Equilibrium and Realised Climate Change"). Forthe BaU 
"best estimate" case in the year 2030, for example, a further 0.9°C rise would be 
expected, about 0.2*C of which would be realised by 2050 (in addition to changes 
due to further greenhouse gas increases); the rest would become apparent in 
decades or centuries. 

Even if we were able to stabilise emissions of each of the greenhouse gases at 
present day levels from now on. the temperature is predicted to rise by about 0 2°C 
per decade for the first few decades. 

The global warming will also lead to increased global average precipitation and 
evaporation of a few percent by 2030. Areas of sea-ice and snow are expected to 
diminish. 
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b. ff emissions are subject to controls 

Under the other IPCC emission scenarios which assume progressively increasing 
levels of controls, average rates of increase in global mean temperature over the 
next century are estimated to be about 0.2°C per decade (Scenario B), just above 
O.rC per decade (Scenario C) and about 0.1 °C per decade (Scenario D). The 
results are illustrated below, with the Business-as-Usual case for comparison. Only 
the best-estimate of the temperature rise is shown in each case. 

BUSINESS 
AS-USUAL 

SCENARIO B 

SCENARIO 0 

SCENARIO D 

1850 1900 1950 2000 

YEAR 
2050 2100 

Simulations of the Increase In global mean temperature from 1850-1990 due to 
observed Increases In greenhouse gases, and predictions of the rise between 
1990 and 2100 resulting from the IPCC Scenario B,C and D emissions, with the 
BusIness-as-Usual case for comparison. 

The indicated range of uncertainty in global temperature rise given above reflects a 
subjective assessment of uncertainfies in the calculation of climate response, but 
does not include those due to the transformation of emissions to concentrations, 
nor the effects of greenhouse gas feedbacks. 
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Equilibrium and realised climate change 

When the radiative fordng on the earth-atmosphere system is changed, for example by increasino 
. h f ^ t n ^ n H ? ' ^!."^sPf^ere will try to respond (by warniing) i m m e d i S B?t 
n r L r n ^ f L ! f 5 1 ° ' " ^ ^V^^ ^° ^^^^^^ ^^' '^ ^e Warmed by the 
greenhouse effect the oceans also have to be warmed; because of their thermal caoacitv this take-; 
fhp f Pmnr f This exchange of heat between atmosphere and ocean^ if S ^ s ow down 
the temperature nse forced by the greenhouse effect. 

In a hypothetical example where the concentration of greenhouse gases in the atmosphere 

o S r S n ^ f f Si'c .̂̂ - ' ' ^ ^ ^ ' " ' y ' ° ^ ^emsins there, thTradiat ve 
i ^ ^cnho o w ' 'P '^ '^ ^° ^ • '̂̂ '̂  '^^e^sed radiative fordng would cause the 
f o r f i . r f ^ ' ° eventually come to a new. stable, ter^perature. A commitment 
to this equilibrium temperature rise is incurred as soon as the greenhouse gas concentration 
?nf " ^ ' H M I ' * ' " ^ 1 " ^ ' equilibrium is reached, the actual temperaturl will have r ^ s X 
only part of the equilibrium temperature change, known as the realised temperature change^ 

Models predict that for the present day case of an increase in radiative forcing which is 
.TmnJ"T ^ ^ '* ' f ,^ ' ' ^ ^ . ^ t e m p e r a t u r e rise at any time is about 50% of the committed 

K Lno/^,*^.'^ sensitivity (the response to a doubling of carbon dioxide) 1^4 5°C and 
about 80% If the climate sensitivity isl .5°C. If the fordng were then held c^stam t e M 
would continue to rise slowly, but it is not certain whether it would temperatures 
Jake decades or centuries for most of the remaining rise to equilibrium to occur 

Yean 150 

Forcing steblisotlon 

100 200 
Years 

Equilibrium 

300 

4 r 

^uncertainty 

Slow rise toward 
equilibrium 

Years 100 
Years 

200 300 



What wil l be the patterns of climate change by 2030? 

Knowledge of the global mean warming and change in precipitation is of limited 
use in determining the impacts of climate change, for instance on agriculture. For 
this we need to know changes regionally and seasonally. 

Models predict that surface air will warm faster over land than over oceans, and a 
minimum of warming will occur around Antarctica and in the northern North Atlantic 
region. 

There are some continental-scale changes which are consistently predicted by the 
highest resolution models and for which we understand the physical reasons. The 
warming is predicted to be 50-100% greater than the global mean in high northern 
latitudes in winter, and substantially smaller than the global mean in regions of sea 
ice in summer. Precipitation is predicted to increase on average in middle and 
high latitude continents in winter (by some 5 -10% over 35-55°N). 

Rve regions, each a few million square kilometres in area and representative of 
different climatological regimes, were selected by IPCC for particular study (see 
map below). In the box below are given the changes in temperature, precipitation 
and soil moisture, which are predicted to occur by 2030 on the Business-as-Usual 
scenario, as an average over each of the five regions. There may be considerable 
variations within the regions. In general, confidence in these regional estimates is 
low. especially for the changes in precipitation and soil moisture, but they are 
examples of our best estimates. We cannot yet give reliable regional predictions at 
the smaller scales demanded for impacts assessments. 

Map showing the locations and extents of the five areas selected by IPCC 
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ESTIMATES FOR CHANGES BY 2030 

(IPCC Business-as-Usual scenario; changes from pre Industrial) 

b ' T S S i t l r - ' e d to be consistent with our 
of global temperature rise, the nuSrbe low ih^f,?^ K f̂ °̂ values consistent with other estimates 
.ncreasedby50o.forthehighesSe%^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^ 

Confidence In these regional estimates is low. 

Central North America (35«>-50°N 85°-105°W) 
The warming varies from 2 to 4°C in winter and ? to^oV i„ c,,., 

deceases of 5 to 10% m summer. Soil moisture decreases in summer by 15 to 

Southern Asfa (5°-30°N 70'>-105°E) 

summer. Summt^soiffiS^elnc^l^erbfs^S^^^^^^^ ' ' ° 
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mea^t^^'Zr^u^e dicreal's" and area 
region, there ^e areas o, toff, S^^^^^^^^ '^"'"Shout the 
throughout the region. '"crease and decrease rn both parameters 

Southern Europe (35°-50°N 10°W- 45'>E) 

Australia (12°-45°S HOMSS^E) 

=cr̂«sTtL°;irb%̂^̂̂ ^̂̂ ^̂  
now WUl Climate extremes and extreme events change? 

Clear evidence that weather J S n t v ŵ^̂^̂^̂  T""^^ ^^^'^'s no 
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If the large scale weather regimes, for instance depression tracks or anticyclones, 
shift their position, this would effect the variability and extremes of weather at a 
particular location, and could have a major effect. However, we do not know if. or 
In what way, this will happen. 

Will storms increase in a warmer world? 

Storms can have a major impact on society. Will their frequency, intensity or 
location increase in a warmer world? 

Tropical storms, such as typhoons and hurricanes, only develop at present over 
seas that are warmer than about 26°C. Although the area of sea having 
temperatures over this critical value will increase as the globe warms, the critical 
temperature itself may increase in a warmer worid. Although the theoretical 
maximum intensity is expected to increase with temperature, climate models give 
no consistent indication whether tropical storms will increase or decrease in 
frequency or intensity as climate changes; neither is there any evidence that this 
has occurred over the past few decades. 

Mid-latitude storms, such as those which track across the North Atlantic and 
North Pacific, are driven by the equator-to-pole temperature contrast. As this 
contrast will probably be weakened a warmer world (at least in the northern 
hemisphere), it might be argued that mid-latitude storms will also weaken or 
change their tracks, and there is some indication of a general reduction in day-to­
day variability in the mid-latitude storm tracks in winter in model simulations, 
though the pattern of changes vary from model to model. Present models do not 
resolve smaller-scale disturbances, so it will not be possible to assess changes in 
storminess until results from higher resolution models become available in the next 
few years. 

Climate change in the longer term 

The foregoing calculations have focussed on the period up to the year 2100; it is 
clearly more difficult to make calculations for years beyond 2100. However, while 
the timing of a predicted increase in global temperatures has substantial 
uncertainties, the prediction that an increase will eventually occur is more certain. 
Furthermore, some model calculations that have been extended beyond 100 years 
suggest that, with continued increases in greenhouse climate forcing, there could 
bê signifleant changes in the ocean circulation, including a decrease in North 
Atlantic deep water formation. 

Other factors which could influence future climate 

Variations in the output of solar energy may also affect climate. On a decadal 
t'me-scale solar variability and changes in greenhouse gas concentration could 
give changes of similar magnitudes. However the variation in solar intensity 
changes sign so that over longer timescales the increases in greenhouse gases 
are likely to be more important. Aerosols as a result of volcanic emptions can 
lead to a cooling at the surface which may oppose the greenhouse wanning for a 
few years following an emption. Again, over longer periods the greenhouse 
warming is likely to dominate. 
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Human activity is leading to an increase in aerosols in the lower atmosphere 
I^fon f j ' s " ] ^ K""" ^ " ^ ' f T h e s e have two effects, both of which are difficult to 
?ho J ^ J ' ' ' r^'il''''] significant particularly at the regional level. The first is 
the direct effed of the aerosols on the radiation scattered and absorbed by he 
atmosphere. The second is an indirect effect whereby the aerosols affect the 
m n S t e ^ ' ^° increased cloud reflectivity. Both these effects 
m gh lead to a significant regional cooling; a decrease in emissions of sulphur 
might be expected to increase global temperatures. 

cuc^m fong-period couplings between different components of the climate 
vf r ! wiiho n iSpSI^Sl^.'^'^r K ° ' ' ' " atmosphere, the earth's climate wouTd still 
rnui^ lM^^ r.T,^ perturbed by any extemal influences. This natural variability 
t1mol=? th-̂ "̂ "̂  to. or subtract from, any human-made warming; on a century ^ 
Increases. ^ 'P ' "^"^ greenhouse gas 

How much confi(ience do we have In our 
predictions? 

Uncertainties in the above climate predictions arise from our imperfect knowledge 

future rates of human-made emissions 
• how these will change the atmospheric concentrations of greenhouse 

gases 
the response of climate to these changed concentrations 

Firstly, it is obvious that the extent to which climate will change depends on the rate 
i T n p ? STH"" ^ ^ f t ' 5?"^ 9^^^^ ̂ f^'ch affect their c o S r a t e ) T e 
I n H n l t J ^ ' f i ; c'" .̂ ^^ '̂• '̂•ned by various complex economic and ^ 
sociological factors. Scenanos of future emissions were generated within IPCC 
WGIII and are described in the annex. 

Secondly, because we do not fully understand the sources and sinks of the 
greenhouse gases, there are uncertainties in our calculations of future 
n ? m n S S ' ! f f f ^ ^'^'^ ° ^^^"^ emissions scenario. We have used a number 
of models to calculate concentrations and chosen a best estimate for each gas In 

andfoyVdup fn°tL^ R''^^^ ' ' ^ T ^ ' ' ' ^°"^^ntra«on increase between 1990 
and 2070 due to the Business-as-Usual emissions scenario spanned almost a 
actor of two between the highest and lowest model result (corresponS?o a 
range in radiative forcing change of about 50%) «i,po,,umg lo a 

Furthermore, because natural sources and sinks of greenhouse gases are 
sensitive to a change in climate, they may substantially modify future 
concentrations (see eariier section: "Greenhouse gas feedbacks"). It appears that 
as climate warms, these feedbacks will lead to an overall increase, rathenhln ' 
decrease, in natural greenhouse gas abundances. For this reason climate chanae 
IS likely to be greater than the estimates we have given. ^ 

^u-^?^;u^''"?^® ^u°^®'̂  9°°«* as our understanding of the processes 
which they descnbe and this is far from perfect. The ranges in the dirSSe 
predictions given above reflect the uncertainties due to model imperfections; the 



largest of these is cloud feedback (those factors affecting the cloud amount and 
distnbution and the interaction of clouds with solar and tenrestrial radiation) which 
leaos to a factor of iwo uncertainty in the size of the warming. Others arise from the 
transfer of energy between the atmosphere and ocean, the atmosphere and land 
surfaces, and between the upper and deep layers of the ocean. The treatment of 
sea-ice and convection in the models is also cmde. Nevertheless, for reasons 
given m the box below, we have substantial confidence that models can predict at 
least the broad-scale features of climate change. 

Furthermore, we must recognise that our imperfect understanding of climate 
processes (and corresponding ability to model them) could make us vulnerable to 
surpnses; just as the human-made ozone hole over Antarctica was entirely 
unpredicted. In particular, the ocean circulation, changes in which are thought to 
have led to penods of comparatively rapid climate change at the end of the last ice 
age, is not well observed, understood or modelled. 

Conf idence In p red ic t ions f rom cl imate mode ls 

What confidence can vye have that dimate change due to increasing greenhouse gases will look 
f h / l ?w tfie model predictions? Weather forecasts can be compared with the actual weather 
the next day and their skill assessed; we cannot do that with climate predictions. However there are 
several indicators that give us some confidence in the predictions from climate models. ' 

When the tatest atmospheric models are run with the present atmospheric concentrations of 
greenhouse gases and observed boundary conditions their simulation of present climate is 
generally realistic on large scales, capturing the major features such as the wet tropical 
convergence zones and mid-latitude depression belts, as well as the contrasts between summer 
and winter circulations. The models also simulate the observed variability; for example the laroe 
day-to-day pressure variations in the middle latitude depression belts and the maxirria in 
interannual vanability responsible for the very different character of one winter from another both 
being represented. However, on regional scales (2.000km or less), there are significant errors in 
an models. 

Overall c»nndence is increased by atmospheric models' generally satisfactory portrayal of aspeds 
Of vanability of the atmosphere, for instance those assodated with variations in sea surface 
temperature. There has been some success in simulating the general drculation of the ocean 
including the patterns (though not always the intensities) of the prindpal cun-ents and the ' 
distnbutions of tracers added to the ocean. 

Atmospheric models have been coupled with simple models of the ocean to predict the equifibrium 
response to greenhouse gases, under the assumption that the modei errors are the same in a 
changed climate. The ability of such models to simulate important aspects of the cfimate of the last 
ice age generates confidence in their usefulness. Atmospheric models have also been coupled 
with multilayer ocean models (to give coupled ocean-atmosphere GCMs) which predict the gradual 
response to increasing greenhouse gases. Although the models so far are of relatively coarse 
resolution, the large scale stmdures of the ocean and the atmosphere can be simulated with some 
skill. However, the coupling of ocean and atmosphere models reveals a strong sensitivity to small 
scale errors which leads to a drift away from the observed cnmate. As yet, these errors must be 
removed by adjustments to the exchange of heat between ocean and atmosphere There are 
sinmlanties between results from the coupled models using simple representations of the ocean and 
those using more sophisticated descriptions, and our understanding of such differences as do 
occur gives us some confidence in the results. 



Will the Climate of the future be very different? 

When considering future climate change, it is clearly essential to look at the record 
of climate variation in the past. From it we can learn about the range of natural 
climate variability, to see how it compares with what we expect in the future, and 
also look for evidence of recent climate change due to man's activities. 

Climate varies naturally on all time scales from hundreds of millions of years down 
to the year to year. Prominent in the Earth's history have been the 100.000 year 
glacial-interglacial cycles when climate was mostly cooler than at present. Global 
surface temperatures have typically varied by 5-7°C through these cycles, with 
large changes in ice volume and sea level, and temperature changes as great as 
10-15°C in some middle and high latitude regions of the northern hemisphere. 
Since the end of the last ice age. about 10.000 years ago, global surface 
temperatures have probably fluctuated by little more than r c . Some fluctuations 
have lasted several centuries, including the Little Ice Age which ended in the 
nineteenth century and which appears to have been global in extent. 

The changes predicted to occur by about the middle of the next century due to 
increases In greenhouse gas concentrations from the Business-as-Usual 
emissions will make global mean temperatures higher than they have been in the 
last 150.000 years. 

The rate of change of global temperatures predicted for Business-as-Usual 
emissions will be greater than those which have occured naturally on earth over 
the last 10,000 years, and the rise in sea level will be about three to six times faster 
than that seen over the last 100 years or so. 

Has man already begun to change the global 
climate? 

The instmmental record of surface temperature is fragmentary until the mid-
nineteenth century, after which it slowly improves. Because of different methods of 
measurement, historical records have to be harmonised with modern observations, 
introducing some uncertainty. Despite these problems we believe that a real 
warming of the globe of O-Ŝ C - O.S'̂ C has taken place over the last century; any 
bias due to urbanisation Is likely to be less than 0.05°C. 

Moreover since 1900 similar temperature increases are seen in three independent 
data sets: one collected over land and two over the oceans. The figure below 
shows current estimates of smoothed global mean surface temperature over land 
and ocean since 1860. Confidence in the record has been increased by their 
similarity to recent satellite measurements of mid-tropospheric temperatures. 
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Although the overall temperature rise has been broadly similar in both 
hemispheres, it has not been steady, and differences in their rates of warming have 
sometimes persisted for decades. Much of the warming since 1900 has been 
concentrated in two periods, the first between about 1910 and 1940 and the other 
since 1975; the five warmest years on record have all been in the 1980s. The 
northern hemisphere cooled between the 1940s and the early 1970s when 
southern hemisphere temperatures stayed nearly constant. The pattern of global 
warming since 1975 has been uneven with some regions, mainly in the northern 
hemisphere, continuing to cool until recently. This regional diversity indicates that 
future regional temperature changes are likely to differ considerably from a alobal 
average. 

The conclusion that global temperature has been rising is strongly supported by 
the retreat of most mountain glaciers of the world since the end of the nineteenth 
century and the fact that global sea level has risen over the same period by an 
average of 1 to 2mm per year. Estimates of thermal expansion of the oceans, and 
of increased melting of mountain glaciers and the ice margin in West Greenland 
over the last century, show that the major part of the sea level rise appears to be 
related to the observed global warming. This apparent connection between 
observed sea level rise and global warming provides grounds for believing that 
future warming will lead to an acceleration in sea level rise. 

The size of the warming over the last century is broadly consistent with the 
predictions of climate models, but is also of the same magnitude as natural climate 
variability. If the sole cause of the observed warming were the human-made 
greenhouse effect, then the implied climate sensitivity would be near the lower end 
of the range inferred from the models. The observed increase could be largely due 
to natural variability; alternatively this variability and other man-made factors could 
have offset a still larger man-made greenhouse warming. The unequivocal 
detection of the enhanced greenhouse effect from observations is not likely for a 



decade or more, when the committment to future climate change will then be 
consioerably larger than it is today. 

Global-mean temperature alone is an inadequate indicator of greenhouse-qas-
induced climatic change. Identifying the causes of any global-mean temperature 
change requires examination of other aspects of the changing climate, particularly 
its spatial and temporal characteristics - the man-made climate change "signal" 
Patterns of climate change from models such as the northem hemisphere warminq 
faster than the southern hemisphere, and surface air warming faster over land than 
over oceans are not apparent in observations to date. However, we do not vet 
know what the detailed "signal" looks like because we have limited confidence in 
our predictions of climate change pattems. Furthermore, any changes to date 
could be masked by natural variability and other (possibly man-made) factors and 
we do not have a clear picture of these. ^ i " ' ^ . ^na 

Kow much will sea level rise ? 
Simple models were used to calculate the rise in sea level to the year 2100 • the 
results are illustrated below. The calculations necessarily ignore any long-term 
changes, unrelated to greenhouse forcing, that may be occurring but cannot be 
detected from the present data on land ice and the ocean. The sea-level rise 
expected from 1990-2100 under the IPCC Business as Usual emissions scenario 
IS shown below. An average rate of global mean sea level rise of about 6cm per 
decade over the next century (with an uncertainty range of 3 -10 cm per decade) 
The predicted nse is about 20cm in global mean sea level by 2030, and 65cm by 
the end of the next century. There will be significant regional variations. 

The best estimate in each case is made up mainly of positive contributions from 
II"] °^ oceans and the melting of glaciers . Although, over the 

next 100 years, the effect of the Antarctic and Greenland ice sheets is expected to 
be small, they make a major contribution to the uncertainty in predictions 
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Even if greenhouse forcing increased no further, there would still be a commitment 
to a continuing sea level rise for many decades and even centuries, due to delays 
in climate, ocean and ice mass responses. As an illustration, if the increases in 
greenhouse gas concentrations were to suddenly stop in 2030. sea level would go 
on rising from 2030 to 2100. by as much again as from 1990-2030, as shown in the 
diagram below. 
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Predicted sea level rises due to the other three emissions scenarios are shown 
below, with the Business-as-Usual case for comparison; only best-estimate 
calculations are shown. 
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The West Antarctic Ice Sheet is of special concern. A large portion of it. containing 
an amount of ice equivalent to about 5m of global sea level, is grounded far below 
sea level. There have been suggestions that a sudden outflow of ice might result 
from global warming and raise sea level quickly and substantially. Recent studies 
have shown that individual ice streams are changing rapidly on a decade-to-
century timescale; however this is not necessarily related to climate change. Within 
the next century, it Is not likely that there will be a major outflow of ice from West 
Antarctica due directly to global warming. 

Any rise in sea level is not expected to be uniform over the globe. Thermal 
expansion, changes in ocean circulation, and surface air pressure will vary from 
region to region as the world warms, but in an as yet unknown way. Such regional 
details await further development of more realistic coupled ocean atmosphere 
models. In addition, vertical land movements can be as large or even larger than 
changes in global mean sea level; these movements have to be taken into account 
when predicting local change in sea level relative to land. 

The most severe effects of sea-level rise are likely to result from extreme events (for 
example, storm surges) the incidence of which may be affected by climatic change. 

What will be the effect of climate change on 
ecosystems ? 

Ecosystem processes such as photosynthesis and respiration are dependent on 
climatic factors and carbon dioxide concentration in the short term. In the longer 
term, climate and carfDon dioxide are among the factors which control ecosystem 
structure, i.e.. species composition, either directly by increasing mortality in poorly 
adapted species, or indirectly by mediating the competition between species 
Ecosystems will respond to local changes in temperature (including its rate of 
change), precipitation, soil moisture and extreme events. Current models are 
unable to make reliable estimates of changes in these parameters on the required 
local scales. ^ 

Photosynthesis captures atmospheric carbon dioxide, water and solar energy and 
stores them m organic compounds which are then used for subsequent plant 
growth, the grorMh of animals or the grc.vth of microbes In the soil. All of these 
organisms release cartoon dioxide via respiration into the atmosphere. Most land 
plants have a system of photosynthesis which will respond positively to increased 
atmosphenc caribon dioxide ("the cartDon dioxide fertilization effect") but the 
response varies with species. The effect may decrease with time when restricted 
by other ecological limitations, for example, nutrient availability. It should be 
emphasized that the carbon content of the terrestrial biosphere will increase only if 
the forest ecosystems in a state of maturity will be able to store more carbon in a 
warmer climate and at higher concentrations of carbon dioxide. We do not vet know 
if this is the case. 

The response to increased carbon dioxide results in greater efficiencies of water 
light and nitrogen use. These increased efficiencies may be particularly important 
during drought and in arid/semi-arid and infertile areas. 

Because species respond differently to climatic change, some will increase in 
abundance and/or range while others will decrease. Ecosystems will therefore 
change in stmcture and composition. Some species may be displaced to higher 



latitudes and altitudes, and may be more prone to local, and possibly even global 
extinction; other species may thrive. ' 

As stated above, ecosystem stmcture and species distribution are particularly 
sensitive to the rate of change of climate. We can deduce something about how 
quickly global temperature has changed in the past from paleoclimatological 
records. As an example, at the end of the last glaciation, within about a century 
temperature increased by up to 5°C in the North Atlantic region, mainly in Western 
Europe. Although during the increase from the glacial to the current interglacial 
temperature simple tundra ecosystems responded positively, a similar rapid 
temperature increase applied to more developed ecosystems could result in their 
instability. 

DEFORESTATION AND REFORESTATION 

Man has been deforesting the Earth for millennia. Until the early part of the 
century, this was mainly in temperate regions, more recently it has been 
concentrated in the tropics. Deforestation has several potential impacts on 
climate: through the carbon and nitrogen cycles (where it can lead to changes in 
atmosphenc carbon dioxide concentrations), through the change in reflectivity of 
terrain when forests are cleared, through its effect on the hydrological cycle 
(precipitation, evaporation and runoff) and surface roughness and thus 
atmospheric circulation which can produce remote effects on climate. 

It is estimated that each year about 2 Gt of cariDon (GtC) is released to the 
atmosphere due to tropical deforestation. The rate of forest clearing is difficult to 
estimate; probably until the mid-20th century, temperate deforestation and the 
loss of organic matter from soils was a more important contributor to atmospheric 
cartDon dioxide than was the burning of fossil fuels. Since then, fossil fuels have 
become dominant; one estimate is that around 1980,1.6 GtC was being released 
annually from the clearing of tropical forests, compared with about 5 GtC from the 
burning of fossil fuels. If all the tropical forests were removed, the input is 
variously estimated at from 150 to 240 GtC; this would increase atmospheric 
cartoon dioxide by 35 to 60 ppmv. 

To analyse the effect of reforestation we assume that 10 million hectares of forests 
are planted each year for a period of 40 years, ie 4 million km2 would then have 
been planted by 2030, at which time IGtC would be absorbed annually until 
these forests reach maturity. This would happen in 40-100 years for most forests. 
The above scenario implies an accumulated uptake of about 20GtC by the year 
2030 and up to 80GtC after 100 years. This accumulation of carbon in forests is 
equivalent to some 5-10% of the emission due to fossil fuel burning in the 
Business-as-Usual scenario. 

Deforestation can also alter climate directly by increasing reflectivity and 
decreasing evapotranspiration. Experiments with climate models predict that 
replacing all the forests of the Amazon Basin by grassland would reduce the 
rainfall over the basin by about 20%, and increase mean temperature by several 
degrees. 
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What should be done to reduce uncertainties, and 
how long will this take ? 
Although we can say that some climate change is unavoidable, much uncertainty 
exists in the prediction of global climate properties such as the temperature and 
rainfall. Even greater uncertainty exists in predictions of regional climate change 
and the subsequent consequences for sea level and ecosystems. The key areas'of 
scientific uncertainty are: 

• clouds: primarily cloud formation, dissipation, and radiative properties 
which influence the response of the atmosphere to greenhouse forcing; 

• oceans: the exchange of energy betv/een the ocean and the 
atrnosphere, between the upper layers of the ocean and the deep ocean 
and transport within the ocean, all of which control the rate of global 
climate change and the patterns of regional change; 

• greenhouse gases: quantification of the uptake and release of the 
greenhouse gases, their chemical reactions in the atmosphere, and how 
these may be influenced by climate change. 

• polar ice sheets: which affect predictions of sea level rise 

Studies of land surface hydrology, and of impact on ecosystems, are also 
important. 

To reduce the current scientific uncertainties in each of these areas wilt require 
internationally coordinated research, the goal of which is to improve our capability 
to observe, model and understand the global climate system. Such a program of 
research will reduce the scientific uncertainties and assist in the formulation of 
sound national and international response strategies. 

Systematic long-term observations of the system are of vital importance for 
understanding the natural variability of the Earth's climate system, detecting 
whether man's activities are changing it. parametrising key processes for models 
and venfying model simulations. Increased accuracy and coverage in many 
observations are required. Associated with expanded obsen^ations is the need to 
develop appropriate comprehensive global information bases for the rapid and 
efficient dissemination and utilization of data. The main observational 
requirements are: 

(i) the maintenance and improvement of observations (such as those from 
satellites) provided by the World Weather Watch Programme of WMO 

(ii) the maintenance and enhancement of a programme of monitoring, both 
from satellite-based and surface-based instruments, of key climate 
elements for which accurate observations on a continuous basis are 
required, such as the distribution of important atmospheric constituents 
clouds, the earth's radiation budget, precipitation, winds, sea surface 
temperatures and terrestrial ecosystem extent, type and productivity. 

(iii) the establishment of a global ocean observing system to measure changes 
in such vanables as ocean surface topography, circulation, transport of 
heat and chemicals, and sea-ice extent and thickness. 



(iv) the development of major new systems to obtain data on the oceans, 
atmosphere and terrestrial ecosystems using both satellite-based 
instruments and instruments based on the surface, on automated 
instrumented vehicles in the ocean, on floating and deep sea buoys and 
on aircraft and balloons. ' 

(v) the use of paleoclimatological and historical instrumental records to 
document natural variability and changes in the climate system, and 
subsequent environmental response. 

The modelling of climate change requires the development of global models 
which couple together atmosphere, land, ocean and ice models and which 
incorporate more realistic formulations of the relevant processes and the 
interactions between the different components. Processes in the biosphere (both 
on land and in the ocean) also need to be included. Higher spatial resolution than 
IS currently generally used is required if regional patterns are to be predicted 
These models will require the largest computers which are planned to be available 
dunng the next decades. 

Understanding of the climate system will be developed from analyses of 
observations and of the results from model simulations. In addition, detailed 
studies of particular processes will be required through targetted observational 
campaigns. Examples of such field campaigns include combined observational 
and small scale modelling studies for different regions, of the formation, dissipation 
radiative, dynamical and microphysical properties of clouds, and ground-based 
(ocean and land) and aircraft measurements of the fluxes of greenhouse gases 
from specific ecosystems. In particular, emphasis must be placed on field 
experiments that will assist in the development and improvement of sub-grid-scale 
parametrizations for models. 

The required program of research will require unprecedented international 
cooperation, with the World Climate Research Programme (WCRP) of the World 
Meteorological Organization and International Council of Scientific Unions (ICSU) 
and the International Geosphere-Biosphere Programme (IGBP) of ICSU both 
playing vital roles. These are large and complex endeavours that will require the 
involvement of all nations, particularly the developing countries. Implementation of 
existing and planned projects will require increased financial and human 
resources; the latter requirement has immediate implications at all levels of 
education, and the international community of scientists needs to be widened to 
include more members from developing countries. 

The WCRP and IGBP have a number of ongoing or planned research programs, 
that address each of the three key areas of scientific uncertainty. Examples 
include: 

• clouds: International Satellite Cloud Climatology Project (ISCCP); 
Global Energy and Water Cycle Experiment (GEWEX). 

• oceans: World Ocean Circulation Experiment (WOCE); 
Tropical Oceans and Global Atmosphere (TOGA). 

• trace gases: Joint Global Ocean Flux Study (JGOFS); 
Intemational Global Atmospheric Chemistry (IGAC). 
Past Global Changes (PAGES) 



As research advances, increased understanding and improved observations will 
lead to progressively more reliable climate predictions. However considering the 
complex nature of the problem and the scale of the scientific programmes to be 
undertaken we know that rapid results cannot be expected. Indeed further 
scientific advances may expose unforeseen problems and areas of ignorance. 

Timescales for narrowing the uncertainties will be dictated by progress over the 
next 10-15 years in two main areas: 

Use of the fastest possible computers, to take into account coupling of the 
atmosphere and the oceans in models, and to provide sufficient resolution 
for regional predictions. 

Development of improved representation of small scale processes within 
climate models, as a result of the analysis of data from observational 
programmes to be conducted on a continuing basis well into the next 
century. 



Annex 

EMISSIONS SCENARIOS FROM WORKING GROUP III OF 
THE INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE 

The Steering Group of the Response Strategies Working Group requested the USA 
and the Netheriands to develop emissions scenarios for evaluation by the IPCC 
Working Group I. The scenarios cover the emissions of carbon dioxide (CO2), 
methane (CH4). nitrous oxide (N2O). chlorofluorocarbons (CFCs). carbon 
monoxide (CO) and nitrogen oxides (NOx) from the present up to the year 2100. 
Growth of the economy and population was taken common for all scenarios. 
Population was assumed to approach 10.5 billion in the second half of the next 
century. Economic growth was assumed to be 2-3% annually in the coming 
decade in the OECD countries and 3-5 % in the Eastern European and developing 
countries. The economic growth levels were assumed to decrease thereafter. In 
order to reach the required targets, levels of technological development and 
environmental controls were varied. 

In the Business-as-Usual scenario (Scenario A) the energy supply is coal 
intensive and on the demand side only modest efficiency increases are achieved. 
Carbon monoxide controls are modest, deforestation continues until the tropical 
forests are depleted and agricultural emissions of methane and nitrous oxide are 
uncontrolled. For CFCs the Montreal Protocol is implemented albeit with only 
partial participation. Note that the aggregation of national projections by IPCC 
Working Group III gives higher emissions (10 - 20%) of cartoon dioxide and 
methane by 2025. 

In Scenario B the energy supply mix shifts towards lower carbon fuels, notably 
natural gas. Large efficiency increases are achieved. Carbon monoxide controls 
are stringent, deforestation is reversed and the Montreal Protocol implemented with 
full participation. 

In Scenario C a shift towards renewables and nuclear energy takes place in the 
second half of next century, CFCs are now phased out and agricultural emissions 
limited. 

For Scenario D a shift to renewables and nuclear in the first half of the next 
century reduces the emissions of carbon dioxide, initially more or less stabilizing 
emissions in the industrialized countries. The scenario shows that stringent 
controls in industrialized countries combined with moderated growth of emissions 
in developing countries could stabilize atmospheric concentrations. Carbon 
dioxide emissions are reduced to 50% of 1985 levels by the middle of the next 
century. 
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PREFACE 

TO THE IPCC OVERVIEW 

The IPCC First Assessment Report consists of 

* this IPCC Overview, 
* the Policymakers Summaries of the three IPCC 

Working Groups (concerned with assessment 
respectively of the science, impacts and response 
strategies) and the IPCC Special Committee on the 
Participation of Developing Countries, and 

* the three reports of the Working Groups. 

The Overview brings together material from the four 
Policymakers Summaries. I t presents conclusions, proposes lines 
of possible action (Including suggestions as to the factors which 
might form the basis for negotiations) and outlines further work 
which is reguired for a more complete understanding of the 
problems of climate change resulting from human activities. 

Because the Overview cannot reflect a l l aspects of the 
problem which are presented in the three full reports of the 
Working Groups and the four Policymakers Summaries, i t should be 
read in conjunction with them. 

The issues, options and strategics presented in the Report 
are intended to assist policymakers and future negotiators in 
their respective tasks. Further consideration of the Report 
should be given by every government as i t cuts across different 
sectors in a l l countries. I t should be noted that the Report 
reflects the technical assessment of experts rather than 
government positions, particularly those governments that could 
not participate in a l l Working Groups of IPCC. 



This Overview reflects the conclusions of the reports of (i) 
the three IPCC Working Groups on science, impacts, and response 
strategies, and ( i i ) the Policymakers Summaries of the IPCC 
Working Croups and the IPCC Special Committee on the 
Participation of Developing Countries, 

1. SCIENCE 

This section is structured similarly to the Policymakers 
Summary of Working Group I . 

We are certain of the following; 

* There is a natural greenhouse effect which already keeps the 
Earth warmer than i t would otherwise be. 

* Emissions resulting from human activities are substantially 
increasing the atmospheric concentrations of the greenhouse 
gases, cartoon dioxide, methane, chlorofluorocarbons (CFCs) 
and nitrous oxide. These increases will enhance the 
greenhouse effect, resulting on average in an additional 
warming of the Earth's surface. The main greenhouse gas, 

,TfŜ - I water vapour, will increase in response to global warming 
and further enhance i t . 

We calculate with confidence that: 

* Some gases are potentially more effective than others at 
changing climate, and their relative effectiveness can be 
estimated. Carbon dioxide has been responsible for over 
half of the enhanced greenhouse effect in the past, and is 
likely to remain so in the future. 

* Atmospheric concentrations of the long-lived gases (carbon 
dioxide, nitrous oxide and the CFCs) adjust only slowly to 
changes of emissions. Continued emissions of these gases 
at present rates would commit us to increased concentrations 
for centuries ahead. The longer emissions continue to 
increase at present-day rates, the greater reductions would 
have to be for concentrations to stabilize at a given level, 

* For the four scenarios of future emissions which IPCC has 
developed as assumptions (ranging from one where few or no 
steps are taken to limit emissions, viz., Scenario A or 
Business as Usual Scenario, through others with increasing 
levels of controls respectively called Scenarios B, C and 
D), there will be a doubling of equivalent carbon dioxide 
concentrations from pre-industrial levels by about 2025, 
2040 and 2050 in Scenarios A, B, and C respectively (see the 
section "Which gases are the most important?" in the 
Policymakers Summary of Working Group I for a description 
of the concept of equivalent carbon dioxide). See the 
Appendix for a description of the IPCC emissions scenarios. 



* Stabilization of equivalent carbon dioxide concentrations 
at about twice the pre-industrial level would occur under 
Scenario D towards the end of the next century. Immediate 
reductions of over 60% in the net (sources »inus sinks) 
emissions from human activities of long-lived gases would 
achieve stabilization of concentration at today's levels; 
methane concentrations would be stabilized with a 15-20% 
reduction. 

* The human-caused emissions of carbon dioxide are much 
smaller than the natural exchange rates of carbon dioxide 
between the atmosphere and the oceans, and between the 
atmosphere and the terrestrial system. The natural exchange 
rates were, however, in close balance before human-induced 
emissions began; the steady anthropogenic emissions into 
the atmosphere represent a significant disturbance of the 
natural carbon cycle. 

Based on current model results, we predict; 

* An average, rate of increase of global mean temperature 
during the next century of about 0,3'C per decade (with an 
uncertainty range of 0,2 - 0.5'C per decade) assuming the 
IPCC Scenario A (Business as Usual) emissions of greenhouse 
gases; this is a more rapid increase than seen over the 
past 10,000 years. This will result in a likely increase 
in the global mean temperature of about I'C above the 
present value by 2025 (about 2'C above that in the pre-
industrial period), and 3*C above today's value before the 
end of the next century (about 4'C above pre-industrial). 
The rise will not be steady because of other factors, 

* Under the other IPCC emissions scenarios which assume 
progressively increasing levels of controls, rates of 
increase in global mean temperature of about 0.2̂ C per 
decade (Scenario B), just above 0,1'C per decade (Scenario 
C) and about 0.1*C per decade (Scenario D). The rise will 
not be steady because of other factors. 

* Land surfaces warm more rapidly than the oceans, and higher 
northern latitudes warm more than the global mean in winter, 

* The oceans act as a heat sink and thus delay the full effect 
of a greenhouse warming. Therefore, we would be committed 
to a further temperature rise which would progressively 
become apparent in the ensuing decades and centuries. 
Models predict that as greenhouse gases increafse, the 
realized temperature rise at any given time is between 50 
and 80% of the committed temperature rise. 

* Under the IPCC Scenario A (Business as Usual) emissions, an 
average rate of global mean sea-level rise of about 6 cm per 
decade over the next century (with an uncertainty range of 
3 - 10 cn per decade), mainly due to thermal expansion of 
the oceans and the melting of some land ice. The predicted 
rise is about 20 cm in global mean sea level by 2030, and 



65 cm by t:he end of the next century. There will be 
eignifleant regional variations, 

with regard to uncertalntlea. we note that; 

* There are many uncertainties in our predictions particularly 
with regard to the timing, magnitude and regional patterns 
of climate change, especially changes in precipitation. 

These uncertainties are due to our incomplete 
understanding of sources and sinks of greenhouse 
gases and the responses of clouds, oceans and 
polar ice sheets to a change of the radiative 
forcing caused by increasing greenhouse gas 
concentrat ions. 

These processes are already partially understood, 
and we are confident that the uncertainties can 
be reduced by further research. However, the 
complexity of the system means that we cannot rule 
out surprises. 

Our judgement is that; 

* Global mean surface air temperature has increased by 0,3 to 
0.6*C over the last 100 years, with the five global-average 
warmest years being in the 1980's. Over the same period 
global sea-level increased by 10 to 20 cm. These increases 
have not been smooth in time, nor uniform over the globe. 

* The size of the warming over the last century is broadly 
consistent with the prediction by climate models, but is 
also of the same magnitude as natural climate variability. 
I f the sole cause of the observed warming were the human-
made greenhouse effect, then the implied climate sensitivity 
would be near the lower end of the range Inferred from 
models. Thus the observed increase could be largely due to 
this natural variability; alternatively this variability 
and other human factors could have offset a s t i l l larger 
human-induced greenhouse warming. The unequivocal detection 
of the enhanced greenhouse effect from observations is not 
likely for a decade or more. 

* Measurements from ice cores going back 160,000 years show 
that the Earth's temperature closely paralleled the amount 
of carbon dioxide and methane in the atmosphere. Although 
we do not know the details of cause and effect, calculations 
indicate that changes in these greenhouse gases were part, 
but not a l l , of the reasons for the large (5-7'C) global 
temperature swings between ice ages and interglacial 
periods. 

* Natural sources and sinks of greenhouse gases are sensitive 
to a change in climate. Although many of the response 
(feedback) processes are poorly understood, i t appears that, 
as climate warms, these feedbacks will lead to an overall 
increase, rather than a decrease, in natural greenhouse gas 



abundances. For this reason, climate change is likely to 
be greater than the estimates given above. 

2. IMPACTS 

The report on impacts of Working Group I I i s based on the 
work of a number of subgroups, using independent studies which 
have used different methodologies. Based on the existing 
literature, the studies have used several scenarios to assess the 
potential impacts of climate change. These have the features of: 

i) an effective doubling of COj In the atmosphere between 
now and 2025 to 2050; 

l i ) a consequent increase of global mean temperature in 
the range of 1.5'C to 4" - 5*C; 

i i i ) an unequal global distribution of this temperature 
increase, namely a smaller increase of half the global 
mean in the tropical regions and a larger increase of 
twice the global mean in the polar regions; and 

iv) a sea-level rise of about 0.3 - 0.5 m by 2050 and about 
1 m by 2100, together with a rise in the temperature 
of the surface ocean layer of between 0.2* and 2.5'C. 

These scenarios pre-date, but are in line with, the 
assessment of Working Group I which, for Scenario A (Business as 
Usual) has estimated the magnitude of sea-level rise at about 
20 cm by 2030 and about 65 cm by the end of the next century. 
Working Group I has also predicted the increase in global mean 
temperatures to be about 1*C above the present value by 2025 and 
3*C before the end of the next century. 

Any predicted effects of climate change must be viewed in 
the context of our present dynamic and changing world. liarge-
scale natural events such as El Nino can cause significant 
impacts on agriculture and human settlement. The predicted 
population explosion will produce severe impacts on land use and 
on the demands for energy, fresh water, food and housing, which 
will vary from region to region according to national incomes and 
rates of development. In many cases, the impacts will be felt 
most severely in regions already under stress, mainly the 
developing countries. Human-induced climate change due to 
continued uncontrolled emissions will accentuate these impacts. 
For instance, climate change, pollution and ultraviolet-B 
radiation from ozone depletion can interact, reinforcing their 
damaging effects: on materials and organisms. Increases in 
atmospheric concentrations of greenhouse gases may lead to 
irreversible change in the climate which could be detectable by 
the end of this century. 

Comprehensive estimates of the physical and biological 
effects of climate change at the regional level are difficult. 



Confidence in regional estimates of critical climatic factors 
is low. This is particularly true of precipitation and soil 
moisture, where there i s considerable disagreement between 
various general circulation model and palaeoanalog results. 
Moreover, there are several scientific uncertainties regarding 
the relationship between climate change and biological effects 
and between these effects and socioeconomic consequences. 

This impact study part of the Overview does not attempt to 
anticipate any adaptation, technological innovation or any other 
measures to diminish the adverse effects of climate change that 
will take place in the same time frame. This is especially 
important for heavily managed sectors, e.g., agriculture, 
forestry and public health. 

Finally, the issue of timing and rates of change need to be 
considered; there will be lags between: 

i) 

i l ) 

emissions of greenhouse 
concentrations; 

gases and doubling of 

doublittg of greenhouse gas concentrations and change 
in climate; 

i l l ) changes in climate and resultant physical and 
biological effects; and 

iv) changes in physical and ecological effects and 
resultant socioeconomic (including ecological) 
consequences. The shorter the lags, the less the 
ability to cope and the greater the socioeconomic 
Impacts. 

There is uncertainty related to these time lags. The 
changes will not be steady and surprises cannot be ruled out. 
The severity of the impacts will depend to a large degree on the 
rate of climate change. 

Despite these uncertainties. Working Group I I has been able 
to reach some major conclusions. These are presented below. 

2.1 Agriculture and forestry 

Sufficient evidence is now available from a variety of 
different studies to indicate that changes of climate would have 
an important effect on agriculture and livestock. Studies have 
not yet conclusively determined whether, on average, global 
agricultural potential will increase or decrease. Negative 
impacts could be felt at the regional level as a result of 
changes in weather and pests associated with climate change, and 
changes in ground-level ozone associated with pollutants, 
necessitating innovations in technology and agricultural 
management practices. There may be severe effects in some 
regions, particularly decline in production in regions of high 
present-day vulnerability that are least able to adjust. These 
include Brazil, Peru, the Sahel Region of Africa, Southeast Asia, 



and the Asian region of the USSR and China. There is a 
possibility that potential productivity of high and mid 
latitudes may increase because of a prolonged growing season, but 
i t is not likely to open up large new areas for production and 
i t will be mainly confined to the Northern Hemisphere. 

Patterns of agricultural trade could be altered by decreased 
cereal production in some of the currently high-production areas, 
such as western Europe, southern USA, parts of South America and 
western Australia. Horticultural production in mid-latitude 
regions may be reduced. On the other hand, cereal production 
could increase in northern Europe. Policy responses directed to 
breeding new plant cultivars, and agricultural management 
designed to cope with changed climate conditions, could lessen 
the severity of regional impacts. On the balance, the evidence 
suggests that in the face of estimated changes of climate, food 
production at the global level can be maintained at essentially 
the same level as would have occurred without climate change; 
however, the cost of achieving this is unclear. Nonetheless, 
climate change may intensify difficulties in coping with rapid 
population growth. An increase or change in UV-B radiation at 
ground level resulting from the depletion of stratospheric ozone 
will have a negative impact on crops and livestock. 

The rotation period of forests is long and current forests 
will mature and decline during a climate in which they are 
increasingly more poorly adapted. Actual Impacts depend on the 
physiological adaptability of trees and the host-parasite 
relationship. Large losses from both factors in the form of 
forest declines can occur. Losses from wildfire will be 
increasingly extensive. The climate zones which control species 
distribution will move poleward and to higher elevations. 
Managed forests require large Inputs in terms of choice of 
seedlot and spacing, thinning and protection. They provide a 
variety of products from fuel to food. 

The degree of dependency on products varies among countries, 
as does the ability to cope with and to withstand loss. The most 
sensitive areas will be where species are close to their 
biological limits in terms of temperature and moisture. This is 
likely to be, for example, in semi-arid areas. Social stresses 
can be expected to increase and consequent anthropogenic damage 
to forests may occur. These increased and non-sustainable uses 
will place more pressure on forest investments, forest 
conservation and sound forest management. 

2.2 Natural terrestrial ecosystems 

Natural terrestrial ecosystems could face significant 
consequences as a result of the global increases in the 
atmospheric concentrations of greenhouse gases and the associated 
climatic changes. Projected changes in temperature and 
precipitation suggest that climatic zones could shift several 
hundred kilometres towards the poles over the next fifty years. 
Flora and fauna would lag behind these climatic shifts, surviving 
in their present location and, therefore, could find themselves 



4n a different climatic regime. These regimes may be nore or 
i l s l So'pit!Sle ^nt therefore, not 
some soecies and decrease that of others. Ecosystems are not 
ixSectId to mole as a single unit, but would have a new structure 
Ss'̂ a conse^ence of alterations in distribution and abundance of 
species. 

The rate of projected climate changes is the major factor 
determining ?he t?p2^r.d degree of climatic impacts on natur^^^ 
terrestrial ecosystems. These rates are likely to be faster 
S a ^ l h e abi!uy Of some species to respond and responses may 
be sudden or gradual. 

Some species could be lost owing to increased stress leading 
to a reduction of global biological di^J^^Jy • 
incidence of disturbances such as pest outbreaks and fire are 
likely to occur in some areas and these could enhance projected 
ecosystem changes. 

Consequences of COj enrichment and climate /^angc for 
natural tSrest^rial ecosystems could be modified by other 
environmental factors, both natural and man-induced (e.g. by air 
pollution). 

Most at risk are those communities in which the fPtions for 
adaptability are limited (e.g. montane, alpine, polar, island 
Snd coastal communities, remnant vegetation, and heritage sites 
and lelerves) and those communities where climatic changes add 
to existing stresses. The socioeconomic consequences of these 
iSpa^trwill be significant, especially for those regions of the 
gjobf Where societies and related economies are dependent on 
Natural terrestrial ecosystems for their welfare. Changes in the 
Svanlbllity of food, fuel, medicine, instruction material and 
income are possible as these ecosystems are changed. Important 
fibre products could also be affected in some regions. 

2.3 hydrology în<̂  water resources 

Relatively small climate changes can cause large water 
resource problems in many areas, especially arid and s^ji-arld 
SgiSns and those humid areas where demand or pollution has led 
to wtter scarcity. Little is known about regional details of 
greenhouse-gas-ii?duced hydrometeorological change. I t appears 
that many areas will have increased precipitation, soil moisture 
and water storage, thus altering patterns of agricultural, 
SSosystem and other water use. Water availability will decrease 
i^other^reas, a most important ^^'^^'^^»Ji^fi^.^^S^ 
situations, such as the Sahelian zone in Africa. ^ Thjls has 
significant implications for agriculture, for water storage and 
dil?rJjS?Jon: fnd for generatio'n of ̂ hydroelectric power. In some 
limited areas, for example, under an assumed °' * 
to 2'C temperature increase, coupled with a 10% "duc^tion in 
Drecioitation. a 40-70% reduction in annual runoff could occur. 
W o n s such as southern Asia, that are dependent on unregulated 
riSersyltems: are particularly vulnerable to hydrometeorological 
Changeon ?he other hand, regions such as the western USSR and 



western United States that have large regulated water resource 
l y l t l l s a?e less sensitive to the range of hydrometeorological 
changes in the assumed scenario. In addition to changes in water 
supply, water demand may also change through human efforts to 
conserve, and through improved growth efficiency of plants in a 
higher CO, environment. Net socioeconomic consequences must 
consider loth supply and demand for water. Future design in 
water resource engineering will need to take possible impacts 
into account when considering structures with a li f e span to the 
end of the next century. Where precipitation increases, water 
management practices, such as urban storm drainage systems, may 
require upgrading in capacity, change in drought risk represents 
potentially the iftost serious impact of climate change on 
agriculture at both regional and global levels. 

2.4 Human settlements. engcqv.—transport,—and—ln<^Mstrlal 
fiectors. human health «nd air quality 

The most vulnerable human settlements are those especially 
exposed to natural hazards, e.g. coastal or river flooding, 
severe drought, landslides, severe wind storms and tropical 
cyclones. The ,most vulnerable populations are in developing 
countries, in the lower-income groups: residents of coastal 
lowlands and Islands, populations in semi-arid grasslands, and 
the urban poor in squatter settlements, slums and shanty towns, 
especially in megacities. In coastal lowlands such as in 
Bangladesh, China and Egypt, as well as in small island nations. 
Inundation due to sea-level rise and storm surges could lead to 
significant movements of people. Major health impacts are 
polsible, especially in large urban areas, owing to changes in 
availability of water and food and increased health problems due 
to heat stress spreading of infections. Changes in precipitation 
and temperature could radically alter the patterns of^yf^tor-
borne and viral diseases by shifting them to higher latitudes, 
thus putting large populations at risk. As similar events have 
in the past, these changes could initiate large migrations of 
people, leading over a number of years to severe disruptions of 
settlement patterns and social instability in some areas. 

Global warming can be expected to affect the availability 
of water resources and biomass, both major sources of energy in 
many developing countries. These effects are likely to differ 
between and within regions with some areas losing and others 
gaining water and biomass. Such changes in areas which lose 
water may jeopardize energy supply and materials esseiitial for 
human habitation and energy. Moreover, climate change itself is 
also likely to have different effects between regions on the 
availability of other forms of renewable energy such as wind and 
solar power. In developed countries some of the greatest impacts 
on the energy, transport and industrial sectors may be determined 
by policy responses to climate change such as fuel regulations, 
emission fees or policies promoting greater use of mass transit. 
In developing countries, climate-related changes in the 
availability and price of production resources such as energy, 
water, food and fibre may affect the competitive position of many 
Industries. 



Global warming and increased ultraviolet radiation resulting 
from depletion of stratospheric ozone may produce adverse impacts 
on air quality such as increases in ground-level ozone in some 
polluted urban areas. An increase of ultraviolet-B radiation 
intensity at the Earth's surface would increase the risk of 
damage to the eye and skin and may disrupt the marine food chain. 

2.5 Oceans and coastal zones 

Global warming will accelerate sea-level rise, modify ocean 
circulation and change marine ecosystems, with considerable 
socioeconomic consequences. These effects will be added to 
present trends of rising sea-level, and other effects that have 
already stressed coastal resources, such as pollution and over-
harvesting. A 30-50 cm sea-level rise (projected by 2050) will 
threaten low islands and coastal zones. Aim rise by 2100 would 
render some island countries uninhabitable, displace tens of 
millions of people, seriously threaten low-lying urban areas, 
flood productive land, contaminate fresh water supplies and 
change coastlines. All of these Impacts would be exacerbated i f 
droughts and storms become more severe. Coastal protection would 
involve very significant costs. Rapid sea-level rise would 
change coastal ecology and threaten many important fisheries. 
Reductions in sea ice will benefit shipping, but seriously impact 
on ice-dependent marine mammals and birds. 

Impacts on the global oceans will include changes in the 
heat balance, shifts in ocean circulation which will affect the 
capacity of the ocean to absorb heat and COj and changes in 
upwelling zones associated with fisheries. Effects will vary by 
geographic zones, with changes in habitats, a decrease in 
biological diversity and shifts in marine organisms and 
productive zones, Including commercially Important species. Such 
regional shifts in fisheries will have major socioeconomic 
impacts. 

2.6 Seasonal enow cover, ice and permafrost 

The global areal extent and volume of elements of the 
terrestrial cryosphere (seasonal snow cover, near-surface layers 
of permafrost and some masses of ice) will be substantially 
reduced. These reductions, when reflected regionally could have 
significant impacts on related ecosystems and social and economic 
activities. Compounding these impacts in some regions is that, 
as a result of the associated climatic warming positive 
feedbacks, the reductions could be sudden rather than gradual. 

The areal coverage of seasonal snow and its duration are 
projected to decrease in most regions, particularly at mid 
latitudes, with some regions at high latitudes possibly 
experiencing increases in seasonal snow cover. Changes in the 
volume of snow cover, or the length of the snow cover season, 
will have both positive and negative impacts on regional water 
resources (as a result of changes in the volume and the timing 
of runoff from snowmelt), on regional transportation (road, 
marine, air and r a i l ) , and on recreation sectors. 
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Globally, the ice contained in glaciers and ice sheets is 
projected to decrease, with regional responses complicated by the 
effect of increased snowfall in some areas which could lead to 
accumulation of ice. Glacial recession will have significant 
implications for local and regional water resources, and thus 
impact on water availability and on hydroelectric power 
potential. Glacial recession and loss of ice from ice sheets 
will also contribute to sea-level rise. Permafrost, which 
currently underlies 20-25% of the land mass of the Northern 
Hemisphere, could experience significant degradation within the 
next 40-50 years. Projected increases in the thickness of the 
freeze-thaw (active) layer above the permafrost and a recession 
of permafrost to higher latitudes and altitudes could lead to 
increases in terrain instability, erosion and landslides in those 
areas which currently contain permafrost. As a result, overlying 
ecosystems could be significantly altered and the integrity of 
man-made structures and facilities reduced, thereby influencing 
existing human settlements and development opportunities. 

3. RESPONSE STRATEGIES 

The consideration of climate change response strategies 
presents formidable difficulties for policymakers. The 
information available to make sound policy analyses is inadequate 
because of : 

(a) uncertainty with respect to how effective specific response 
options or groups of options would be in actually averting 
potential climate change; 

(b) uncertainty with respect to the costs, effects on economic 
growth, and other economic and social implications of 
specific response options or groups of options. 

The IPCC recommends a programme for the development and 
implementation of global, comprehensive and phased action for 
the resolution of the global warming problem under a flexible and 
progressive approach. 

* A major dilemma of the issue of climate change due to 
increasing emission of greenhouse gases in the atmosphere is that 
actions may be required well before many of the specific issues 
that are and will be raised can be analyzed more thoroughly by 
further research. 

* The CFCs are being phased out to protect the stratospheric 
ozone layer. This action will also effectively slow down the 
rate of increase of radiative forcing of greenhouse gases in the 
atmosphere. Every effort should be made to find replacements 
that have l i t t l e or no greenhouse warming potential or ozone 
depletion potential rather than the HCFCs and HFCs that are now 
being considered. 
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* The single largest anthropogenic source of radiative forcing 
is energy production and use. The energy sector accounts for an 
estimated 46% (with an uncertainty range of 38-54%) of the 
enhanced radiative forcing resulting from human activities. 

* I t i s noted that emissions due to fossil fuel combustion 
amounts to about 70-90% of the total anthropogenic emissions of 
CO, into the atmosphere, whereas the remaining 10-30% is due to 
human use of terrestrial ecosystems. A decrease of the 
rate of deforestation as well as an increase in afforestation 
would contribute significantly to slowing the rate of CO, 
concentrations increase in the atmosphere; but i t would be well 
below that required to stop i t . This underlines that when 
forestry measures have been introduced, other measures to limit 
or reduce greenhouse emissions should not be neglected. 

3,1 Bnles ef industrialized and developing countries 

* Industrialized and developing countries have a common but 
varied responsibility in dealing with the P̂ ^̂ ^̂ î *̂ climate 
change and its adverse effects. The former should take the lead 
in two ways: ' 

1. A major part of emissions affecting the atmosphere at 
present originates in Industrialized countries where the 
scope for change is greatest. industrialized countries 
should adopt domestic measures to limit climate change by 
adapting their own economies in line with future agreements 
to limit emissions. 

i i . To co-operate with developing countries in international 
action, without standing in the way of the latter's 
development by contributing additional financial resources, 
by appropriate transfer of technology, by engaging in close 
co-operation in scientific observation, analysis and 
research, and finally by means of technical co-operation 
geared to forestalling and managing environmental problems. 

* Sustainable development^ in industrialized as well as 
developing countries requires proper concern for environmental 
protection as the basis for continued economic growth. 
Environmental considerations must be systematically integrated 
into a l l plans for development. The right balance must be struck 
between economic growth and environmental objectives. 

* Emissions from developing countries are growing in order to 
meet their development requirements and thus, over time, are 
likely to represent an increasingly significant percentage of 

^ Sustainable development is development that meets the 
needs of the present without compromising the ability of future 
generations to meet their own needs and does not imply in any way 
encroachment upon national sovereignty. (Annex I I to decision 
15/2 of the 15th session of the UNEP Governing Council, Nairobi, 
May 1989). 
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global emissions. As the greenhouse gas emissions in developing 
countries are increasing with their population and economic 
growth, rapid transfer, on a preferential basis, to developing 
countries, of technologies which help to monitor, limit or adapt 
to climate change, without hindering their economic development, 
Is an urgent requirement. Developing countries should, within 
the limits feasible, take measures to suitably adapt their 
economies. Recognizing the poverty that prevails among the 
populations of developing countries, i t is natural that achieving 
economic growth is given priority by them. Narrowing the gap 
between the industrialized and developing world would provide a 
basis for a full partnership of a l l nations in the world and 
would assist developing countries in dealing with the climate 
change issue. 

3.2 pptions 

* The climate scenario studies of Working Groups I and I I I 
outline control policies on emissions that would slow global 
warming from the presently predicted value of about 0.3*C per 
decade to about 0.1'C per decade (see Appendix). 

* The potentially serious consequences of climate change give 
sufficient reasons to begin adopting response strategies that can 
be justified immediately even in the face of significant 
uncertainties. The response strategies include; 

phasing out of CFC emissions and careful assessment of 
the greenhouse gas potential of proposed substitutes; 

efficiency Improvements and conservation in energy 
supply, conversion and end use, in particular through 
Improving diffusion of energy-efficient technologies, 
improving the efficiency of mass-produced goods, 
reviewing energy-related price and tariff systems to 
better reflect environmental costs; 

sustainable forest management and afforestation; 

use of cleaner, more efficient energy sources with 
lower or no emissions of greenhouse gases; 

review of agriculture practices. 

* There is no single quick-fix technological option for 
limiting greenhouse gas emissions. Phased and flexible response 
strategies should be designed to enhance relevant technological 
research, development and deployment, including improvement and 
reassessment of existing technologies. Such strategies should 
involve opportunities for international co-operation. A 
comprehensive strategy addressing a l l aspects of the problem and 
reflecting environmental, economic and social costs and benefits 
is necessary. 

* Because a large, projected increase in world population will 
be a major factor in causing the projected increase in global 
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greenhouse gases, i t is essential that global climate change 
strategies take into account the need to deal with the issue of 
the rate of growth of the world population. 

* Subject to their particular circumstances, individual 
nations, or groups of nations, may wish to consider taking steps 
now CO attempt to limit, stabilize or reduce the emission of 
greenhouse gases resulting from human activities and prevent the 
destruction and Improve the effectiveness of sinks. One option 
that governments may wish to consider is the setting of targets 
for COJ and other greenhouse gases. 

* A large number of options were preliminarily assessed by 
IPCC Working Group I I I . I t appears that some of these options 
may be economically and socially feasible for implementation in 
the near-term while others, because they are not yet technically 
or economically viable, may be more appropriate for 
implementation in the longer term. In general, the Working Group 
found that the most effective response strategies, especially in 
the short term, are those which are: 

o beneficial for reasons other than climate change and 
justifiable in their own right, for example Increased 
energy efficiency and lower greenhouse gas emission 
technologies, better management of forests, and other 
natural resources, and reductions in emissions of CFCs 
and other ozone depleting substances that are also 
radiatively important gases; 

o economically efficient and cost effective, in 
particular those that use market-based mechanisms; 

o able to serve multiple social, economic and 
environmental purposes; 

o flexible and phased, so that they can be easily 
modified to respond to increased understanding of 
scientific, technological and economic aspects of 
climate change; 

o compatible with economic growth and the concept of 
sustainable development; 

o administratively practical and effective in terms of 
application, monitoring and enforcement; 

o reflecting obligations of both industrialized and 
developing countries in addressing this issue, while 
recognizing the special needs of developing countries, 
in particular in the areas of financing and technology. 

The degree to which options are viable will also vary 
considerably depending on the region or country involved. For 
each country, the implications of specific options will depend 
on its social, environmental and economic context. Only through 
careful analysis of al l available options will i t be possible to 
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determine which are best suited to the circumstances of a 
particular country or region. Initially, the highest priority 
•hould be to review existing policies with a view to minimizing 
conflicts with the goals of climate change strategies. New 
policies will be required. 

* In the long-term perspective, work should begin on defining 
criteria for selection of appropriate options which would reflect 
the impacts of climate change and its costs and benefits on the 
one hand, and social and economic costs and benefits of the 
options on the other. 

* Consideration of measures for reducing the impacts of global 
climate change should begin as soon as possible, particularly 
with regard to disaster preparedness policies, coastal zone 
management and control measures for desertification, many of 
these being justified in their own right. Measures to limit or 
adapt to climate change should be as cost-effective as possible 
while taking into account important social implications. 
Limitation and adaptation should be considered as an integrated 
package. 

* Assessing areas at risk from sea-level rise and developing 
comprehensive management plans to reduce future vulnerability of 
populations and coastal developments and ecosystems as part of 
coastal zone management plans ehould begin as soon as possible. 

* Environmental objectives can be pursued through regulations 
and/or through market based economic Instruments. The latter, 
through their encouragement of flexible selection of abatement 
measures, tend to encourage innovation and the development of 
Improved technologies and practices for reducing emissions and 
therefore frequently offer the possibility of achieving 
environmental improvements at lower costs than through regulatory 
mechanisms. I t is not likely, however, that economic Instruments 
will be applicable to a l l circumstances. 

* Three factors are considered as potential barriers to the 
operation of markets and/or the achievement of environmental 
objectives through market mechanisms. These are: 

1) information problems, which can often cause markets to 
produce less effective or unfavourable environmental 
outcomes; 

i i ) existing measures and institutions, which can encourage 
individuals to behave in environmentally damaging ways; 
and 

Hi) balancing competing objectives (social, environmental 
and economic). 

An Initial response strategy may therefore be to address 
information problems directly and to review existing measures 
which may be barriers. For example, prior to possible adoption 
of a system of emission charges, countries should examine 
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existing subsidies and tax incentives on energy and other 
relevant greenhouse gas producing sectors. 

* With respect to institutional mechanisms for providing 
financial co-operation and assistance to developing countries, 
a two track approach was considered: 

i) one track built on work underway or planned in existing 
institutions. Bilateral donors could further integrate 
and reinforce the environmental components of their 
assistance programmes and develop cofinancing 
arrangements with multilateral institutions while 
ensuring that this does not impose inappropriate 
environmental conditions. 

11) parallel to this track the possibility of new 
mechanisms and facilities was considered. Some 
developing and industrialized countries suggested that 
new mechanisms directly related to a future climate 
convention and protocols that might be agreed upon, 
such as a new International fund, were required. 

* Governments should undertake now: 

o accelerated and co-ordinated research programmes to 
reduce scientific and socioeconomic uncertainties with 
a view towards improving the basis for response 
strategies and measures; 

o review of planning in the fields of energy, industry, 
transportation, urban areas, coastal zones and resource 
use and management; 

o encouragement of beneficial behavioral and structural 
(e.g. transportation and housing infrastructure) 
changes; 

o expansion of the global ocean observing and monitoring 
systems. 

I t should be noted that no detailed assessments have been 
made as of yet of the economic costs and benefits, technological 
feasibility or market potential of the underlying policy 
assumptions. 

4. PARTICIPATION OF DEVELOPING COUNTRIES 

It is obvious that the Impact on and the participation by 
the developing countries in the further development of a future 
strategy is essential. The IPCC has attempted to address this 
specific issue by establishing a Special Committee on the 
Participation of Developing Countries and requested i t to 
identify factors inhibiting the full participation of the 
developing countries in IPCC and recommend remedial measures 
where possible. The Committee stressed that full participation 
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includes not only the physical presence at meetings but also the 
development of national competence to address a l l 
concern such as the appreciation of the scientific basis of 
climate change, the potential impacts on society of such change 
and evaluations of practical response strategies for 
national/regional applications. 

The factors that kept developing countries from fully 
participating were identified by the Special Committee as: 

o insufficient information; 
o insufficient communication; 
o limited human resources; 
o institutional difficulties; 
o limited financial resources. 

On some of these factors, the IPCC Working Groups have 
developed policy options which are to be found in their 
respective reports. 

* Developing countries will, in some cases, need additional 
financial resoiurces for supporting their efforts to promote 
activities which contribute both to limiting greenhouse gas 
emissions and/or adapting to tha adverse effects of climate 
change, while at the same time promote economic development. 
Areas of co-operation could Include, ^nter alia? 

0 efficient use of energy resources, the use of fossil 
fuels with lower greenhouse gas emission rates or non­
fossil sources, the development of clean and renewable 
energy sources, such as; biomass, windpower, wave-
power, hydroelectric and solar, wherever applicable; 

o increased rational utilization of forest products, 
sound forest management practices and agricultural 
techniques which reduce the negative effects on 
climate; 

o facilitating the development and transfer of clean and 
safe technologies in areas which could Include: 

the building and manufacturing industries; 
public transport systems; 
industry; 

o measures which enhance the capacity of developing 
countries to develop programmes to address climate 
change, Including research and development activities 
and public awareness and education programmes, such as; 

the development of the human resources necessary 
to tackle the problem of climate change and its 
adverse effects; 
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the provision of study and training programmes in 
subjects and techniques related to climate change; 

the provision of skilled personnel and the 
material necessary to organize education 
programmes to develop locally the s k i l l s necessary 
to assess climate change and combat its adverse 
effects; 

the development of climate-related research 
programmes organized on a regional basis; 

o facilitating the participation of developing countries 
in fora and organizations such as: the International 
Geosphere-Biosphere Programme, the Land-Ocean Inter­
actions in the Coastal Zone, the Biosphere Aspects of 
the Hydrological Cycle, the Global Change Impact on 
Agriculture and Society, the World Climate Programme, 
the Man and the Biosphere Programme; 

o facilitating participation by developing countries in 
intex'natlonal fora on global climate change such as the 
IPCC; 

o strengthening existing education and research 
institutions and the development of new ones at 
national and regional levels. 

* Further, co-operation and assistance for adaptive measures 
would be required, noting that for some regions and countries, 
adaptation rather than limitation activities are potentially most 
important. 

* The IPCC concludes that the recommendations of the Special 
Committee need not and should not await the outcome of future 
negotiations on a climate convention. I t appeals to the 
multilateral and bilateral funding organizations to Implement its 
recommendations. I t further appeals to governments for 
continuing and increased contributions to the IPCC Trust Fund on 
an urgent basis. 

5. INTERNATIONAL CO-OPERATION AND FUTURE WORK 

* The measures noted above require a high degree of interna­
tional co-operatlon with due respect for national sovereignty of 
states. The international negotiations on a framework convention 
should start as quickly as possible after presentation of this 
Report in line with Resolution SS II/3 Climate.C. (August 1990) 
of the UNEP Governing Council and Resolution 8 (EC-XLII, June 
1990) of the WMO Executive Council. Many, essentially develop­
ing, countries stressed that the negotiations must be conducted 
in the forum, manner and with the timing to be decided by the UN 
General Assembly. 
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This convention, and any additional protocols that might be 
agreed upon, would provide a firm basis for effective co­
operation to act on greenhouse gas emissions and adapt to any 
adverse effects of climate change. The convention should 
recognize climate change as a common concern of mankind and, at 
a minimum, contain general principles and obligations. I t should 
be framed in such a way as to gain the adherence of the largest 
possible number and most suitably balanced range of countries 
while permitting timely action to be taken. 

Key issues for negotiations will include the criteria, 
timing, legal form and Incidence of any obligations to control 
the net emissions of greenhouse gases, how to address equitably 
the consequences for a l l , any institutional mechanisms including 
research and monitoring that may be required, and in particular, 
the requests of the developing countries for additional financial 
resources and for the transfer of technology on a preferential 
basis. The possible elements of a framework convention on 
climate change were Identified and discussed by Working Group I I I 
in its legal measures topic paper, appended to its Policymakers 
Summary. 

* The IPCC recommends that research regarding the science of 
climate change in general, technological development and the 
international economic implications, be intensified. 

* Because climate change would affect, either directly or 
indirectly, almost every sector of society, broad global 
understanding of the issue will facilitate the adoption and the 
implementation of such response options as deemed necessary and 
appropriate. Further efforts to achieve such global understand­
ing are urgently needed. 



APPENDIX 

Emissions scenarios developed bv IPCC 

The IPCC used two methods to develop scenarios of future 
emissions: 

* One method used global models to develop four scenarios 
which were subsequently used by Working Group I to develop 
scenarios of future warming. All of these four scenarios 
assumed the same global economic growth rates taken from the 
World Bank projections and the same population growth 
estimates taken from the United Nations studies. The 
anthropogenic emissions of carbon dioxide and methane from 
these scenarios are shown in Figures l and 2 below. 

* The second method used studies of the energy and agriculture 
sectors siubmitted by over 21 countries and international 
organizations to estimate CO2 emissions. 

Both scenario approaches indicate that CÔ  emissions will 
grow from about 7 BtC (billion or 1000 million tonnes carbon) per 
year now to 12-15 BtC per year by the year 2025. Scenario A 
(Business as Usual) Includes a partial phase-out of CFCs under 
the Montreal Protocol and lower CÔ  and CH, emissions than the 
Reference Scenario. The Reference Scenario developed through 
country and international studies of the energy and agriculture 
groups, includes higher COj emissions and assumed a total CFC 
phase-out. The results indicate that the CO, equivalent 
concentrations and their effects on global climate are similar. 

Figure 1. Projected Man-Made CO, Emissions 
(Billion or 1000 million tonnes carbon per year) 
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Figure 2. Projected Man-Made Methane Emissions 
(Million tonnes carbon per year) 
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Scenario A (Business as Usual) assumes that few or no steps 
are taken to limit greenhouse gas emissions. Energy use and 
clearing of tropical forests continue and fossil fuels, in 
particular coal, remain the world's primary energy source. The 
Montreal Protocol comes into effect but without strengthening and 
with less than 100 percent compliance. Under this scenario, the 
ec[uivalent of a doubling of pre-industrial COj levels occurs, 
according to Working Group I, by around 2025, 

Scenario B (Low Emissions Scenario) assumes that the energy 
supply mix of fossil fuels shifts towards natural gas, large 

' All of the scenarios assumed some level of compliance with 
the Montreal Protocol but not with a l l of the (June 1990) 
amendments agreed to in London. The London amendments to the 
Montreal Protocol, when fully implemented, would result in a 
virtually complete elimination of production of fully halogenated 
CFCs, halons, carbon tetrachloride and methyl chloroform early 
in the 2lst century. The Parties of the Protocol also call for 
later elimination of HCFCs, Thus, the assumptions of Scenarios 
A and B overestimate the radiative forcing potential of CFCs and 
halons. Additionally, the UN has provided recent population 
projections that estimate higher population than used in the 
global model scenarios (Scenarios A through D); use of these 
newer projections would increase future CO, emissions. 
Additionally, the Reference Scenario CO, emissions are higher 
than Scenario A (Business as Usual), suggesting Scenario A 
(Business as Usual) may be an underestimate. 



efficiency increases are achieved, deforestation is reversed and 
emissions of CFCs are reduced by 50% from their 1986 levels. 
This results in an equivalent doubling of pre-industrial carbon 
dioxide by about 2040. 

Scenario C (Control Policies Scenario) assumes that a shift 
towards renewable energies and safe nuclear energy takes place 
in the latter part of the next century, CFC gases are phased out 
and agricultural emissions (methane and nitrous oxide) are 
limited; an equivalent doubling of pre-industrial carbon dioxide 
will occur in about 2050, 

Scenario D (Accelerated Policies Scenario) assumes that a 
rapid shift to renewable energies and safe nuclear energy takes 
place early in the next century, stringent emission controls in 
Industrial countries and moderate growth of emissions in 
developing countries. This scenario, which assumes carbon 
dioxide emissions are reduced to 50% of 1985 levels, stabilizes 
equivalent carbon dioxide concentrations at about twice the pre-
industrial levels towards the end of the next century. 

Method 2 (see fpotnote 2 on previous page) 

Using the second method, the so-called Reference Scenario 
was developed by the Energy and Industry Subgroup and Agriculture 
and Forestry Subgroup of Working Group I I I . Under the Reference 
Scenario, global COj emissions from a l l sectors grow from 
approximately 7.0 BtC (per year) in 1985 to over 15 BtC (per 
year) in 2025. The energy contribution grows from about 5 BtC 
(per year) to over 12 BtC (per year). Primary energy demand more 
than doubles between 1985 and 2025 with an average growth rate 
of 2.1%. The per capita energy emissions in the industrialized 
countries Increase from 3.1 tonnes carbon (TC) in 1985 to 4.7 TC 
in 2025; for the developing countries, they rise from 0.4 TC in 
1985 to 0.8 TC in 2025. 

SUfflTiarY 

All of the above scenarios provide a conceptual basis for 
considering possible future patterns of emissions and the broad 
responses that might affect those patterns. No full assessment 
was made of the total economic costs and benefits, technological 
feasibility, or market potential of the underlying policy 
assumptions. Because of the inherent limitations in our ability 
to estimate future rates of population and economic growth. 
Individual behaviour, technological Innovation, and other factors 
which are crucial for determining emission rates over the course 
of the next century, there is some uncertainty in the projections 
of greenhouse gas emissions. Reflecting these inherent 
difficulties, the IPCC's work on emissions scenarios are the best 
estimates at this time covering emissions over the next century, 
but continued work to develop improved assumptions and methods 
for scenario estimates will be useful to guide the development 
of response strategies. 
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Executive summary 

The IPCC Working Groups on scientific 
analysis (Working Group I), impacts 
(Working Group II) and response 
strategies (Working Group III) were 
established in November 1988 and 
proceeded to work in parallel under 
instructions from IPCC. Tue respon­
sibility of Working Group II is to 
describe the environmental and socio­
economic implications of possible 
climate changes over the next decades 
caused by increasing concentrations of 
greenhouse gases. 

The report of Working Group II is based 
on the work of a number of subgroups, 
using independent studies which have 
used different methodologies. Based on 
the existing literature, the studies have 
used several scenarios to assess the 
potential impacts of climate change; 
These have the features of:, 

(i) an effective doubling of CO2 in the 
atmosphere between now and 2025 to 
2050 for a 'business-as-usual' scenario; 

(ii) a consequent increase of" global 
mean temperature in the range of 1.5°C 
to4''-5''C; v:. • 

(iii) an unequal global distribution of 
this temperatiu-e increase, namely a 
smaller increase of half the global mean 
in the tropical regions and a larger 
increase of twice the'global mean in the 
polar regions; and 

(iv) a sea-level rise of about 0.3-0.5 m 
by 2050 and about 1 m by 2100, together 
with a rise in the temperature of the 
surface ocean layer of between 0.2° and 
2.5° C. 

These scenarios pre-date, but are in line 
with, the recent assessment of Working 
Group I which, for a 'business-as-usual' 

scenario (scenario A in Working Group 
I Report) has estimated the magnitude 
of sea-level rise at about 20 cm by 2030 
and about 65 cm by the end of the next 
century. Working Group I has also 
predicted the increase in global mean 
temperatures to be about 1°C'above the 
present value by 2025 and 3°C before 
the end of the next century. 

Any predicted effects of climate change: 
must be viewed in the context of our 
present dynamic and changing world. 
Large-scale natural events such as El 
Nino can cause significant impacts on 
agriculture arid human-settlement. The 
predicted population explosion will 
produce severe impacts on. land use and 
on the demands for energy, fresh water, 
food and housing,' which will vary from 
region, to region according to national 
incomes and rates of development. In 
many cases, the impacts will be felt most 
severely in regions already under stress, 
mainly the developing countries. 
Human-induced climate change due to 
continued uncontrolled emissions will 

• accentuate these impacts. For instance, 
climate change, pollution and' ultra-
viblet-B radiation from ozone depletion 
can interact, reinforcing their damaging 
effects on niaterials and organisms. 
Increases in atmospheric concentrations 
of greenhouse gases may lead to irrever­
sible change in the climate which could 
be detectable'by the end of this century. 

Comprehensive estimates of the physical 
and biological effects of climate change 
at the regional level are difficult. 
Confidence in regional estimates of 
critical climatic factors is low. This is 
particularly true of precipitation and soil 
moisture, where there is considerable 
disagreement between various general 
circulation model and palaeoanalog 
results. Moreover, there are several 



scientific uncertainties regarding the 
rclaiionshi[) between climate change and 
biological effects and bciween tliesc 
effects and socioeconomic consequences. 

This report does not attempt to antici­
pate any adaptation, technological 
innovation or any other measures to 
diminish the adverse effects of climate 
change that will take place in the same 
time frame. This is especially important 
for heavily managed sectors, eg agri­
culture,, forestry and public health. Tliis 
is one of the responsibilities of Working 
Group III. 

Finally, the issue of timing and rates of 
change need to be considered; there will 
be lags between: 

i) , emissions of greenhouse gases and 
doubling of concentrations; 

ii) doubling of greenhouse gas concen­
trations and changes in climate; 

iii) changes in climate and resultant 
physical and biological effects; and 

iv) ; changes in physical and ecological 
effects and resultant socioeconomic, 
(including ecological) consequences. 
The shorter the lags, the less the ability 
to cope and the greater the socio­
economic impacts. 

There is uncertainty related to these 
time lags. The changes will not: be 
steady and surprises cannot be ruled out. 
The severity of the impacts will depend 
to a large degree on the rate of climate 
. change. -., 

Despite these uncertainties. Working 
Group II has been able to reach some 
major conclusions, which are: 

Agriculture and forestry 

Sufficient evidence is now available from 
a variety of different studies to indicate 
lhat changes of climate would have an 
important effect on agriculture and live­
stock. Studies have not yet conclusively 
determined whether, on average, global 
agricultural potential will increase or 
decrease. Negative impacts could be felt 
at the regional level as a result of 
changes in weather and pests associated 
with climate change, and changes in 
ground-level ozone associated with 
pollutants, necessitating innovations in 
technology and agricultural management 
practices. There may be severe effects 
in some regions, particularly decline in 
production in regions of high present-day 
vulnerability that are least able to adjust. 
These include Brazil, Peru, the Sahel 
Region of Africa, Southeast Asia, the 
Asian region of the USSR and China. 
There is a possibility that potential 
productivity of high and mid latitudes 
may increase because of a prolonged 
growing season, but it is not likely to 
open up large new areas for production 
and it will be mainly confined to the 
Northern Hemisphere. 

Patterns of agricultural irade could be 
altered by decreased cereal production 
in sortie of the currently high-production 
areas, such as Western Europe, southern 
US, parts of South America and western 
Australia. Horticultural production in 
mid-latitude regions may be reduced. 
On the other hand, cereal production 
could increase in northern Europe. 
Policy responses directed to breeding 
new plant cultivars, and agricultural 
management designed to cope with 
changed climate conditions, could lessen 
the severity of regional impacts. On 
balance, the evidence suggests that in 
the face of estimated changes of climate, 
food production at the global level can 
be maintained at essentially the same 



level as would have occurred without 
climate change; however, the cost of 
achieving this is unclear. Nonetheless, 
climate change may intensify difficulties 
in coping with rapid population growth. 
An increase or change in UV-B radia­
tion a ground level resulting from the 
depiction bf stratospheric ozone will 
have a negative impact on crops" and 
livestock. 

The rotation period of forests is long 
and current forests will mature and 
decline during a. climate in which they 
are increasingly more poorly adapted. 
Actiial impacts depend on the physio­
logical adaptability of trees and the host-
parasite relationship. Large losses from 
both, factors in the form of forest 
declines can occur. Losses from wildfire 
will be increasingly extensive. The 
climate zones which control species 
distribution will move poleward and to 
higher elevations. Managed forests : 
require large inputs in terms of choice of 
seedlot and spacing, thinning and 
protection. They provide a variety of 
products from fuel to food. The degree 
of dependency ori-products varies among 
countries, as does the ability to cope , 
with and to. withstand loss. The most , 
sensitive areas will be where species are;; 
close.io their biological limits in terms of-. 
temperature and moisture. This is likely 
to be, for example, in semi-arid areas; 
Social stresses can be expected to 
increase and consequent anthropogenic 
damage to forests may occur. These 
increased and non-sustainable uses will 
place , more pressure on forest invest­
ments, forest conservation and sound 
forest management. 

Natural terrestrial ecosystems 

Natural terrestrial ecosystems could face 
significant consequences as a result of 
the global increases in the atmospheric 
concentrations of greenhouse gases and 

the associated climatic changes. Pro­
jected changes in temperature and pre­
cipitation suggest that climatic zones 
could shift several hundred kilometres 
towards the poles over the next fifty 
years. Flora, and fauna would lag behind 
these climatic shifts, surviving in their 
present location and, therefore, could 
find themselves in a different climatic 
regime. These regimes may be more or 
less hospitable and, therefore, could 
increase productivity for some species 
and decrease that of others. Ecosystems 
are not expected to move as a single 
unit, but would have a new. structure as 
a consequence of alterations in distri­
bution and abundance of species. 

The rate of projected climate changes is 
the . major ..factor determining the type 
and degree of climatic impacts on 
natural, terrestrial ecosystems. These 
rates are likely to be faster than the 

. ability of some species to respond and 
responses may be sudden or gradual. 

Some species could. be lost owing to 
increased stress leading to a reduction in 
global biological diversity. Increased 
incidence of disturbances such as pest 

• outbreaks and fire are likely to occiir in 
some areas and these could enhance 
projected ecosystem changes. 

Consequences of COj enrichment and 
climate change for natural terrestrial 
ecosystems could be modified by other 
environmental factors, both natural and 
man-induced (eg by air pollution). 

Most at risk are those communities in 
which the .options for adaptability are 
limited (eg montane, alpine, polar, island 
and coastal communities, remnant vege­
tation, and heritage sites and reserves) 
and those communities where climatic 
changes add to existing stresses. 



The socioeconomic consequences of , 
these iiiipacts will be significant, 
especially for those regions of the gl'obe 
where societies and related economies 
are dependent on natural terrestrial 
ecosystems for their welfare. Changes in 
the availability of food, fuel, medicine, 
construction materials and income are 
possible as these ecosystems are 
changed. Important fibre products could 
also be affected in some regions. 

Hydrology and water resources 

Relatively small climate changes can 
cause large water resource problems in 
many areas, especially arid and semi-arid 
regions and those humid areas whisre 
demand or pollution has led to water 
scarcity. Little is known about regional 
details of greenhouse-gas-induced hydro­
meteorological change. It appears that 
many areas will have increased precipi­
tation, soil moisture and water storage, 
thus altering patterns of agricultural, 
ecosystem and other water use. Water 
availability will decrease in other areas, 
a most important factor for already , 
marginal situations, such as the Sahelian '-
zone in Africa." This has significant 
implications for agriculture, for water 
storage and distribution, and for 
generation of hydroelectric power. Jn 
some limited areas, for example, under 
the assumed scenario of a 1°C to 2°C 
temperature increase, coupled with a 
10% reduction in precipitation, a 40-70% 
reduction in annual runoff could occur. 
Regions such as Southeast Asia, that'are 
dependent on unregulated river systems, 
are particularly vulnerable to hydro­
meteorological change. On the other 
hand, regions such as the western USSR 
and western United States that have 
large regulated water resource systems 
are less sensitive to the range of 
hydrometeorological changes in the 
assumed greenhouse scenario. 

In addition to changes in water supply, 
. waier demand may also change through 
human efforts to conserve, and through 
improved growth efficiency of plants in 
a higher COj environment. Net socio­
economic consequences must consider 
both supply and demand for water. 
Future design in water resource 
engineering will need to take possible 
impacts into account when considering 
structures with a life span to the end of 
the next century. WTiere precipitation 
increases, water rnanagement practices, 
such as urban storm drainage systems, 
may require upgrading in capacity. 
Change in drought risk represents 
potentially the most serious impact of 
climate change on agriculture at both 
regional and global levels. 

Human settlements, energy, 
transport, and industrial sectors, 
,human health and air quality 

The most vulnerable human settlements 
are those especially exposed to natural 
hazards, eg coastal or river flooding, 
severe drought, landslides, severe wind 
storms and tropical,cyclones. TTie most 
vulnerable populations are in developing 
countries, in the lower income groups, 
residents of coastal lowlands and islands, 
populations in semi-arid grasslands, and 
the^urban poor in squatter settlements, 
slums and shanty towns, especially in 
megacities. In coastal lowlands such as 
in Bangladesh, China and Egypt, as well 
as in small island ̂  nations, inundation 
due to sea-level rise and storm surges 
could lead to significant movements of 
people. Major health, impacts are 
possible, especially in large urban areas, 
owing to changes in availability of water 
and food and increased health problems 
due to heat stress spreading of infec­
tions. Changes in precipitation and 
temperature could radically alter the 
patterns, of vector-borne and viral 
diseases by shifting them to higher 



latitudes, thus putting large population.'̂  
at risk. As similar events have in the 
pasti .these changes could initiate large 
migrationsof people, leading over a 
niimber of years to severe disruptions of 
settlement patterns and social instability 
in some areas. 

Global warming can be expected to 
affect the availability of water resources 
and biomass, bpth major sources of 
energy in many developing countries. 
TTiese effects are likely to differ between 
and within regions Nvith some _ areas 
losing and others gaining water and 
biomass. Such changes in areas which 
lose water-may jeopardise energy supply 
and materials essential for human 
habitation and energy. Moreover, 
climate change itself is also likely, to 
have different effects between regions on 
the availability of other forms of 
renewable energy such as wind and splar 
power. In developed countries some of 
the greatest impacts on the energy, 
transport and industrial sectors may be 
determined by policy responses to 
climate change such as fuel regulations, 
emission fees of policies promoting 
greater use of mass transit. In 
developing: countries, climate-related 
changes in the availability and price of 
production -resources such as energy, 
water, food and fibre may affect the 
competitive positioii of many industries. 

Global warming, and increased ultra­
violet radiation resulting from depletion 
of stratosphere ozone may produce 
adverse impacts on air quality such as 
increases in ground-level ozone in some 
polluted urban areas. An increase of 
UV-B radiation intensity at the earth's 
surface would increase the risk of 
damage to the eye and skin and may 
disrupt the marine food chain. 

Oceans and coastal zones 

Global warming will accelerate sea-level 
rise, modify ocean circulation and 
change marine ecosystems, with con­
siderable socioeconomic consequences. 
These effects will be added to present 
trends of rising sea-level, and other 
effects that have already stressed coastal 
resources, such as pollution and over-
harvesting. A 30-50 cm sea-level 'rise 
(projected by 2050) will threaten low 
islands and coastal zones. A i m rise 
by 2100 would render some island 
countries uninhabitable, displace tens of 
millions of people, seriously threaten 
low-lying urban areas, flood productive 
land, contaminate fresh water supplies 
and change coastlines. All of these 
impacts would be exacerbated if 
droughts and storms become more 
severe. Coastal protection would involve 
very significant costs. Rapid sea-level 
rise would change coastal ecology and 
threaten many important fisheries. 
Reductions in sea ice will benefit 
shipping, but seriously impact on ice-
dependent marine mammals and birds.-

Impacts on the global oceans will include 
ivchanges in the heat balance, shifts in 
J ocean circulation which will affect the 
. ' capacity of the ocean to absorb hieat and 

CO2, and changes in upwelling zones 
associated with fisheries. Effects will 
vary by geographic zones, with changes 
in habitats, a decrease in biological 
diversity and shifts in marine organisms 
and productive zones, including commer­
cially important species. Such regional 
shifts in fisheries will have major 
socioeconomic impacts. 

Seasonal snow cover, ice and 
permafrost 

The global areal extent and volume of 
elements of the terrestrial cryosphere 
(seasonal snow cover, near-surface layers 



of permafrost and some masses of ice) 
will be siibstantially reduced. These 
reductions, when reflected regionally, 
could have significant impacts on related 
ecosystems and social and economic 
activities. Compounding these impacts 
in some regions is that, as a result of the; 
associated climatic warming positive 
feedbacks, the reductions could be 
sudden rather than gradual. 

The areal coverage of seasonal snow and 
its duration are projected to decrease in 
most regions, particularly at -mid-
latitudes, with some regions at high 
latitudes possibly experiencing increases 
in seasonal snow cover. Changes in the 
volume of snow cover, or the length of 
the snow cover season, will have both 
positive and negative impacts on 
regional water resources (as a result of 
changes in the volume and the timing of 
runoff from snowmelt); on regional 
transportation (road, marine, air and 
rail); and on recreation sectors. 

Globally, the ice contained in glaciers 
and ice sheets is projected to decrease, 
with regional responses complicated by 
the effect of increased snowfall in some 
areas which could lead to accumulation 
of ice. Glacial recessior> will have 
significant implications for local and 
regional water resources, and thus 
impact on water availability and on 
hydroelectric power potential. Glacial 
recession and loss of ice from ice sheets 
will also contribute to sea-level rise. 

Permafrost, .which currently underiies 
20-25% of the land mass of the Northem 
Hemisphere, could experience significant 
degradation within the next 40-50 years. 
Projected increases in the thickness of 
the freeze-thaw (active) layer above the 
permafrost and a recession of permafrost 
to higher latitudes and altitudes could 
lead to increases in terrain instability, 
erosion and landslides in those areas 

which currently contain permafrost. As 
a result, overlying eco.systems could be 
significantly altered and the integrity of 
man-made structures and facilities 
reduced, thereby influencing existing 
human settlements and development 
opportunities: 

Future action 

The results of the Working Group II 
studies highlight our lack of knowledge, 
particularly at the regional level and in 
areas most vulnerable to climate change. 
Further national and international 
research is needed on: 

• regional effects of climate change on 
crop yields, livestock productivity and 
production costs; 

• identification of agricultural 
management practices and tech­
nology appropriate for changed 
climate; 

• factors influencing distribution of 
species and their sensitivity to climate 
change; 

• initiation and maintenance of 
integrated monitoring systems for 
terrestrial and marine ecosystems; 

• intensive assessment of water 
rissburces and water quality, especially 
in arid and semi-arid developing 
countries and their sensitivity to 
climate change; 

e regional predictions of changes in soil 
moisture, precipitation, surface and 
subsurface runoff regimes and their 
interannual distributions as a result of 
climate change; 

• assessment of vulnerability of 
countries to gain or loss of energy 
resources, particularly biomass and 



hydroelectric power in developitig 
countries; 

• adaptability of vulnerable human 
populations to heat stress and vector-
borne and viral diseases; 

• global monitoring of sea-level 
changes, particularly for island 
countries; 

• identification of populations and 
agricultural and industrial production 
at risk in coastal areas and islands; 

• better understanding of the nature 
and dynamics of ice masses and their 
sensitivity to climate change; 

• integration of climate change impact 
information into the general plarining 
process, particularly in developing 
countries; and 

e development of methodology to assess 
sensitivity of " environments and 
socioeconomic systems to climate 
change. 

• Some of these topics are already 
being covered by existing and 
proposed programs and these will 
need continuing support. In 

. particular, there are three core 
project's ' of the International 
Geosphere-Biosphere Program, 
namely: 

Land-Ocean Interactions in the 
Coastal Zone 

Biosphere Aspects of the 
Hydrological C ĉle 

Global Change Impact on 
Agriculture arid Society 

that will provide valuable data in the 
coming years. 



Scenarios 

Any changes which take place as the 
results of increasing emissions must be 
viewed against a background of changes 
which are already occurring and which 
will continue to occur as a result of 
other factors such as: 

• Natural changes - these include long-
term changes which are driven by 
solar and tectonic factors, and short-
to-medium term changes which are 
driven by ocean and atmospheric 
circulation pattems. 

• Population increase - the predicted 
world population is expected to be 
above 10 billion by the middle of the 
next century; this growth will be 
unevenly distributed on a regional 
basis and will impact on already 
vulnerable areas. 

• Land use changes - the clearing of 
forests for new agricultural 
production, together with more 
intensive use of existing agricultural 
land, will contribute to land 
degradation and increase demands for 
water resources. 

In an ideal world, Working Group I 
would have had the time to produce 
scenarios for emission-induced climate 
change which could have been used as a 
basis for the analyses of this Working 
Group. However, this was precluded 
because work proceeded in parallel. As 
a result, and in order to complete its 
work in time, Working Group II has 
used a number of scenarios based on 
existing models in the literature. 

The scenarios generally have the 
following features: 

(i) an effective doubling of COj in the 
atmosphere over pre-industrial levels 

between now and 2025 to 2050 for a 
'business-as-usual' scenario, with no 
changes to present policy; 

(ii) an increase of mean global 
temperature in the range 1.5°C to 4.5°C 
corresponding to the effective doubling 
o f C O j ; 

(iii) an unequal global distribution of 
: this temperature increase, namely half 

the global mean in the tropical regions 
and twice the global mean in the polar 
regions; 

(iv) a sea-level rise of about 0.3 to 0.5 
m by 2050 and about 1 m by 2100, 
together with a rise in temperature of 
the surface ocean layer of between 0.2° 
and 2.5°. 

These scenarios can be compared with 
the recent assessment of Working 
Group I which, for a 'business as usual' 
scenario, has predicted the increase in 
global temperatures to be about TC 
above thei present value by 2025 and 
3°C before the end of next century. 
However,̂  it has also estimated the 
magnitude of sea-level rise to be about 
20 cm by 2030 and about 65 cm by the 
end of next century. Nevertheless, the 
impacts based on 1-2 m rise serve as a 
warning of the consequences of 
continued uncontrolled emissions. 

The smaller rise does not lessen the 
anxiety, for their continued existence, of 
the small island countries, particularly 
the Pacific and Indian Oceans and the 
Caribbean̂  or of the larger populations 
in low-lying coastal areas such as 
Bangladesh. It is difficult to predict the 
regional effects of sea-level rise with any 
certainty. Significant variations of sea-
level already occur for a variety of 
reasons, while there are considerable 



shifts in land levels as,sociated with,' 
tectonic plate movements which can also 
lead to rises and falls. 

The scenarios of Working Group II are 
derived both from General Circulation 
Models and from palaeoanalog tech­
niques. Palaeoclimate analogs are 
proposed by Soviet scientists as a means 
by which climate changes can be 
assessed. The methodology assumes that 
past warm geologic intervals provide 
insight into possible future climate 
conditions. The General Circulation 
Models, developed by Western scientists, 
are based on , three-dimensional 
mathematical representations of the 

; physical processes in the atmosphere and 
the interactions of the atmosphere with 
the earth's surface and the oceans. 
There is considerable scientific debate 
about the merits and demerits of each of 
these, as discussed in the, report of 
Working Group I . 

The palaeoclimate scenarios . used by 
Soviet scientists are based on . three 
warm geological periods with estimated 
future levels of concentration of CO2 
applied to them. The details of these 
are shown in Table T. While these are 
superficially similar to the predictions of 
the, general circulation model approach 
for , different COj concenu-ations, the 
factors which caused the climate changes 
in geologic times are not clear. Never­
theless, they have been used to make 
predictions of climate change of regions 
in the USSR. 

The General Circulation Models are, in 
their current state of development, 
comparatively cmde in their description 
of many of the processes involved. 
However they can be used to simulate 
regional changes resuUing from a range 
of concentrations of CO2 in the atmo­
sphere. Working Group I has favoured 
the general circulation model approach 

in producing its predictions of temper­
ature rise and precipitation changes. In 
its report, estimates for 2030 have been 
given for central North America, 
southern Asia, Sahel, southern Europe 
and Australia. These are reproduced in 
Table 2 and are broadly similar to those 
used by Working Group II . 

Despite the current uncertainties, both 
techniques have been used by Working 
Group II in the development of regional 
impacts to assist policy makers. There 
are problems with prediction of regional 
precipitation since there is disagreement 
hetween various general circulation 
model outputs as - a result of simplifi­
cations to the representation of complex--
physical processes. Current research is 
seeking to improve the general circu­
lation model approach and to increase 
resolution to enable better regional 
predictions. There are also problems 
with the palaeoanalog approach which 
yields differing scenarios for precipi­
tation from the general circulation 
model approach. This leads to different 
assessments of impact on water 
resources and agriculture. Soviet 
scientists are working to validate their 
techniques and improve tegional 
scenarios. 

It should be noted that, in many 
situations, the overall impact is • 
determined more by the changes in the 
magnitude and frequency of extreme 
events than by changes in the average. 
This is especially the case for tropical 
storms and droughts. The assessment of 
Working Group I of possible climate 
changes suggests a low probability of 
increased frequency of extreme events. 
However„it is ennrely possible that shifts 
in climate regimes will result in changes 
in frequency in certain regions. 



Table 1 Palaeoclimate analogs used by Soviet scientists 

Period Analogue 
(year) 

Temperature 
(difference from 
present) 

Past CO2 concn. 
(ppm) 

Assumed CO2 
concn. (ppm) 

Holocene 
Optimum 

2000 + 1 , 280 380 

Eemian 
Interglacial 

2025 , + 2 280 420 

Pliocene 2050 + 4 500-600 560 

Table 2 Estimates for regional changes by Working Group I 
(IPCC Business-as-Usual scenario; changes from pre-industrial) 

The estimates are based on high resolution models, scaled to give a global mean warming of 1.8° C 
consistent with the best csUmate (2.5'C) of climate response to greenhouse gases. With the low 
estimate value of 1.5* C, these values should be reduced by 30%; with a high estimate of 4.5 "C, they 
should be increased by 50%. Confidence on these estimates is low. 

CenU l̂ North America (35'-SO"N 85-.105'W) 
The warming varies from 2' to 4'C in winter and 2* to 3*C in summer. Precipitation increase range 
from 0% to 15% in winter, whereas there are decreases of 5% to 10% in summer. Soil moisture 
decreases in summer by 15% to 20%. 

Southern Asia (5*-30'N 70°.105*E) 
The warming .varies from 1* to 2*C throughout the year. Precipitation changes little in winter and 
generally increases throughout the region by 5% to. 15% in summer. Summer soil moisture increases 
by 5% to 10%. 

Sahel (10*-20*N 20*W-40*E) 
The warming ranges from 1* to 3*C. Area mean precipitation increases and area mean soil moisture 
decreases marginaUy in summer. However, there are areas of both increase and decrease in both 
parameters throughout the region, which differ from model to model. 

Southem Europe (30*-50*N 10*W-45*E) 
The warming is about 2*C in winter and varies from 2* to 3*C in summer. There is some indication 
of increased precipitation in winter, but summer precipitation decreases by 5% to 15%, and summer 
soil moisture by 15% to 25%. 

Australia (12*-45*S.110°-155°E) , 
The warming ranges from 1* to 2° in summer and is about 2°C in winter. Summer precipitation 
increases by around 10%, but the models do not produce consistent estimates of the changes in soil 
moisture. The area averages hide large variations at the subcontinental level. 
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An issue of importance not considered'in 
any detail is the impact of possible 
response strategies (developed by 
Working Group III) on the scenarios 
used here. Thus, a major change in 

' energy production from fossil fuel to 
nuclear or renewable energy sources 
could drastically alter our assessments. 
Further, changes in agricultural practice 
could dramatically alter yields of 
particular crops in certain regions. 
These impacts of response strategies 
require much additional work. 

Despite all these uncertainties, it is 
possible to make assessments of 
potential impacts of climate change by 
considering the sensitivity of natural 
systems to significant variations. These 
are summarised iri the following sections 
under: agricultiire and forestry; 
terrestrial ecosystems; hydrology and 
water resources; human settlement, 
energy, transport, industry, human health 
and air quality; world ocean and coastal 
zones; seasonal sriow cover, ice and 
permafrost. 
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Summary of findings 

Potential impacts of climate 
change on agriculture, land use 
and forestry 

Potential impacts on agriculture 

Major findings 

• Sufficient evidence is now available 
•from a variety of different studies to 
indicate that changes of climate would 
have an important effect on agri-. 
culture, including livestock. Yet the 
fact that there are major uncer­
tainties, regarding . likely effects in • 
specific regions should be a cause for 
concern. Studies have not yet 
conclusively determined whether, on 
average, global agricultural potential 
will increase or decrease. 

• Negative impacts could be felt at the 
regional level as a result of changes in 
weather, diseases, pests and weeds 
associated with climate change, 
necessitanng innovation in technology 
and agriculture management 
practices. There may be severe i-
effects in some regions, particularly in 
regions of high present-day vulner­
ability that are least able to adjust 
technologically to such effects. 

• There is a possibility that potential 
productivity of high and mid-latitudes 
may increase because of a prolonged 
growing season, but it is not likely to 
open up large new areas for 
production, and will be largely 
confined to the Northern Hemi­
sphere. 

• On balance, the evidence is that in 
the face of estimated changes of 
climate, food production at the global 
level can be maintained at essentially 

the same level as would have 
occurred without climate change; but 
the cost of achieving this is unclear. 
Nonetheless, climate changes may 
intensify difficulties in coping with 
rapid population growth. 

Principal issues 

Magnitudes of possible dislocation 

Under the estimate of changes in pro­
ductive potential for the changes of 
climate outlined in this report, the cost 
of producing, some mid-latitude crops, 
such as maize and soybean, could 
increase, reflecting a small net decrease 
in the global food production capability 
of these crops. Rice production could, 
however, increase if available moisture 
increased in Southeast Asia, but these 
effects may be limited by increased 
cloudiness and temperature. The 
average global increase in overall pro­
duction costs due to: climate change 
could thus be small. 

Much depends on the possible benefits 
of the so-called 'direct' effects of 
increased CO2 on crop yield. . If plant 
productivity were substantially enhanced 
and more moisture were available in 
some major production areas, then world 
production of staple cereals could 
increase relative to demand. If, on the 
contrary, there is little beneficial direct 
CO2 effect and climate changes are 
negative for agricultural potential in all 
or most of the major food-exporting 
areas, then the average costs of world 
agricultural production due to climate 
change could increase significantly. 

Most vulnerable regions and sectors 

On the basis of both limited resource 
capacity in relation to present-day 
population and possible future 
diminution of the agricultural resource 



base as a consequence of reduced crop-
water availability, two broad sets of 
regions appear most vulnerable to 
climate change: (i) some semi-arid, 
tropical and subtropical regions (such as 
western Arabia, the. Maghreb, western 
West Africa, Horn of Africa and 
southern Africa, eastern Brazil), and (ii) 

. some humid tropical and equatorial 
regions (such as Southeast Asia and 
Central America). . 

In addition, certain regions that are 
currently net exporters of cereals coiild 
also be characterised by reduced produc­
tive potential as a result of climate 
changes. Any decrease in production in 
these regions; could markedly, affect 
future global food prices and patterns of 
trade. These regions might include, for 
example. Western Europe, southern US, 
parts of South America, and Western 
Australia. 

Effect of altered climate extremes 

Relatively small changes in the mean 
values of rainfall and temperature. can 
have a marked .effect on the frequency 
of extreme levels of available warmth 
&nd moisture. For example, the numbe't. 

• ôf very hot days ..which can ; cause 
// damaging heat stress to temperate crops 
: and livestock could increase significantly 

in some regions as a result of a T C to 
2°C increase in mean annual temper­
atures. Siriiilaxly, reduction in average 
levels of soil moisture as a result of 
higher rates of evapotranspiration could 
increase substantially the number of days 
below a minimum threshold of water 
availability for given crops. 

Although at present we know little about 
how the frequency pf extreme events 
may alter as a result of climate change, 
the potential impact bf concurrent 
drought or heat stress in the major 
food-exporting regions of the world 

could be severe. In addition, relatively 
small decreases in rainfall, changes in 
rainfall distribution or increases in 
evapotranspiration could markedly 
increase the probability, intensity and 
duration of drought in currently drought-
prone (and often food-deficient) regions. 
Increase in drought risk represents 
potentially the most serious impact of 
climate change on agriculture at both 
the regional and global level. 

Effects on crop growth potential̂  land 
degradation, pests aiid diseases 

Higher levels of atmospheric COj are 
expected to. enhance-the growth rate of 
some staple cereal crops, such as wheat 
and rice, but not of others such as millet, 
sorghum and maize. The use of water 
by crop plants may also be more 
efficient .under higher CO2 levels. How­
ever, it is not clear how far the poten­
tially beneficial 'direct' effects of 
enhanced atmospheric CO, will be mani­
fested in the farmer's field. 

Warming is likely to result in a poleward 
shift of thermal limits of agriculture, 
which may increase productive potential 
in. high-lantude regions. But soils and 
terrain may not enable much of this 
potential to be realised. Moreover, 
shifts of moisture • limits in some semi-
arid and sub-humid regions could lead to 
significant reductions of potential v/iih 
serious implications for regional food 
supplies in some developinjg countries. 
Horticultural production in mid-latitude 
regions may be reduced owing to insuf­
ficient accumulated winter chilling. The 

, impact of ,climate., change will be far 
greater for long-lived horticultural fmit 
crops, with long establishment periods, 
than for annual crops where new 
cultivars can quickly replace others. 

Temperature increases may extend the 
geographic range of some insect pests. 
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diseases and weeds, allowing their 
expansion to new regions as they warm 
and become suitable habitats. Changes 
in temperature and precipitation may 
also influence soil characteristics. 

Regional impacts 

Impacts on potential yields are likely to 
vary greatly according to types of climate" 
change and types of agriculture. 

In the northern mid-latitude regions, 
where siimmer drying riiay reduce pro­
ductive potemial (eg in the south and " 
central US and in southern Europe), 

•' yield potential is estiriiated to fall by 
10-30% under an equilibrium 2 x COj 
climate by the 'middle of the next 
century. Towards the northern edge of 
current core producing regions, however; 
warniing ' may enhance productive 
potential in climatic terms. When 
combined with direct COj effects, 
iricreased climatic potential could be 
substantial - though in actuality it may 
be limited by soils, terrain and land use. 

There are indications that warming could 
lead, to an overall reduction of cereal 
productioii potential in North America 
and to southern Europe,' but increased 
potential in northem Europe. Warming 
could allow increased agricultural output 
in regions near the northern limit of 
current production in the USSR and ' 
North Ariierica, but output in 'the 
southern areas' of these regions could 
only increas'e if corresponding increases 
in soil moismre were to'occur; this is at 
present uncertain. 

Little is known about likely impacts in 
semi-arid and humid tropical regions, 
because production potential here 
largely depends on crop-water avail­
ability, and the regional pattern • of 
possible changes in precipitation is 
unclear at present. It is prudent. 

however, to assume that crop-water 
availability could decrease in some 
regions. Under these circumstances 
there could be substantial regional 
dislocation of access to food. 

Adaptation in agriculture 

In some parts of the worid, climatic 
limits to agriculture are estimated to 
shift poleward by 200-300 km per degree 
of warming. The warming-induced 
upwards shift in thermal zones above 
mountain slopes could be in the order of 
150-200 m. 

Agriculture has an ability to adjust, 
within given economic and technological' 
constraints, to a limited rate and range 
of climate change. This capability varies 
greatly between regions and sectors, but 
no thorough analysis of adaptive capacity 
has yet been conducted for the 
agriculture sector. 

In some currently highly variable 
climates, farmers may be more adaptable 
than those in regions of more equable 
climiate. But in developing economies, 
and particularly in some marginal types 
of agriculture, this intrinsic adaptive 
capability may be much lower. It is 
important to establish in more detail the 

' nature of this adaptability and thus help 
to determine critical rates and ranges of 
climatic change that would exceed those 
that could be accommodated by adjust­
ments within the systeiri. 

Recommendations for action 

this study . has emphasised the 
inadequacy of our present knowledge. It 
is clear that more information on 
potential impacts would help to identify 
the full range of potentially useful 
responses and assist in determining 
which of these may be most valuable. 
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Some priorities for future research may* 
be summarised as follows: 

• Improved knowledge is needed of 
effects of,changes in climate on crop 

' yields and livestock productivity in 
different' regions and under varying 
types of management. To date, less 
than a dozen detailed regional studies 
have been completed, and these are 
insufficient as a basis for generalising 
about effects on food production at 
the regional or world scale. Further 
research in vulnerable regions in 
particular should be encouraged, 

• Improved understanding of the effects 
of changes in climate on other 
physical processes is needed: for 
example on rates of soil erosion arid 
salinisation; on soil nutrient 
depletion; on pests, diseases arid soil 
microbes, and their vectors; on 
hydrological conditions as they affect 
irrigation water availability. 

o Ail improved ability is required to 
'scale-up' our understanding of effects 
on crops and livestock, effects on 
farm production, on village 
production, and. on national and 

_ global food supply. This is parti- , 
cularly important because policies 
must be designed to respond to 
impacts at the national and global 
levels. Further information is needed 
on the effects of changes in climate 
on social arid economic conditions in 
mral areas (eg 'employment and 
income, equity considerations, farm 
infrastmctiu-e, and support services), 

• Further information is needed on the 
range of potentially effective technical 
adjustments at the farm and village 
level (eg irrigation, crop selection, 
fertilising etc) and on the economic 
and political constraints on such 
adjustments. In particular, it is 

recommended that national and inter­
national centres of agricultural 
research consider the potential value 
of new research programs aimed at 

. identifying or developing cultivars and 
management practices appropriate for 
altered climates. 

• Further information is needed on the 
range of potentially effective policy 
responses at regional, national and 

, international levels (eg reallocation of 
land use, plant breeding, improved 
agricultural extension schemes, large-
scale water transfers etc). 

Potential impacts on managed 
forests and the forest sector 

. All impacts referred to in this section 
reflect the current uncertainty in the 
extent of warming, and levels and 
distribution of precipitation. They 
reflect the consensus that anthropogenic 
change is occurring; the direction is 
towards higher temperatures, with the 
extent affected by latitude and 
continentality. 

The distinction between managed and 
unmarî iged forests is often unclear, but 

Jt;is;taken here to be one of degree in 
the intensity of human intervention. In 
managed forests; harvesting takes place 

' and the forests are renewed, replaced or 
restmctured in such a way that actual 
physical inputs are needed to achieve 
goals. 

Managed forests are quite distinct from 
the unmanaged forests. They supply a 
wide variety of products and are found 
in a wide variety of countries with 
different social, physical and political 
environments. The intensity of forest 
management may not necessarily parallel 
the degree of economic development; 
different countries depend to different 
degrees on the products from forests. 
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Therefore the severity of the impacts will 
vary among countries as will the ability 
to respond. In tropical countries the 
managed forests characteristically 
employ exotic species, whereas in the 
northern countries greater reliance is 
placed on indigenous species. 

Biophysical effects on forest ecosystems 

Impacts on forest ecosystems will be at 
the tree and microsite levels, at the 
stand/watershed level and at the 
regional level. Impacts on individual 
trees include tolerance of drought and 
winds, the possible effects of altered 
seasonality (active vs dormant stages), 
altered photosynthetic rates and 
increased water use efficiency. At the 
microsite level, moisture may be limited 
and biological soil processes may be 
enhanced. Forest renewal will be 
adversely affected if there is a shortage 
of moisture at the critical establishment 
phase. 

On stand levels, insects'and diseases can 
be expected to cause significant losses to 
forests and these losses can be expected 
to increase with increasing change. Fire 
severity will increase, and while managed 
forests may have less fuel available than 
unmanaged ecosystems, this • will not 
lessen the incidence of fire, nor will it 
affect the weather conditions giving rise 
to the rates of spread or the extent of 
the areas bumed. Developed countries 
can barely cope with the current state 
and the extent of areas bumed seem to 
be rising. The incidence of fire may be ' 
less in the tropics as the climate there 
changes less, but many plantations are in 
semi-arid zones and will be suffer 
adverse impacts. Costs associated with 
flooding, resulting from rising sea-levels 
and dismption of weather patterns, can 
be expected. There will be problems in 
using the lower quality wood grown 
under stress and large costs associated 

with moving processing facilities and 
infrastructure as the wood supply zones 
move northward. The most important 
feature of these costs and disruptions 
from a global point of view is that the 
changes will differ among countries and 
that'some countries are better able than 
others to cope with the impacts. 

Major forest-type zones and species 
ranges could shift significantly as a result 
of climate change. Results of several 
Northern Heriiisphere studies show that 
both high-latitude,, and low-latitude 
boundaries of. temperate and northern , 
forests (and. tree species) may . shift 
hundreds of kilometres poleward. In 

-contrast, studies in the Southern Hemi­
sphere suggest that Australian species 
could adapt and grow at temperatures 
much warmer than those of their natural 
distribution, : 

At the staind level, the following effects 
of climate change bri forests are likely: 
increased mortality owing to physical 
stress; increased susceptibility to and 
infestations, of insects and diseases; 
increased susceptibility to and incidences 
of fire; changed stand growth rates, both 
increases and decreases; more difficult 
stand establishment by both natural and 
artificial regeneration; and changed 
composition bf species. 

Two broad types of forests are likely to 
be sensitive to a changing climate: (i) 
boreal forests, where stands are mainly 
even-aged and often temperature-
limited, and where temperature changes 
are expected to, be large; and (ii) forests 
in arid and semi-airid regions where 
increased temperatures and stable or 
decreasing precipitation could render 
sites inhospitable to the continued 
existence of current forest stands. 
However,, there could be compensating 
effects of faster growth owing to higher 
ambient COj. 
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Socioeconomic implications 

All countries use forests for heating, 
cooking and food. The degree to which 
people are dependent on these, however, 
varies widely. Forest ecosystem changes 
and tree distribution have no regard for 

, political or administrative boundaries. 
Managed forests have, by definition, high' 
levels of investment in them; some 
countries are.better able than others to 
tolerate the risk to, and possible loss, of 
these investments. 

Intensively managed forests have high 
inpiits from choice of species- sites, 

...spacing, tending, thinning, fertilisation 
and protection. These interventions are 
costly and some countries may not be 
able to supply the inputs necessary to 

. establish, maintain and protect the 
investments, 

. Increased protection costs will be 
unevenly boriie and could encoiirage 
poorer countries to accelerate harvesting, 
reduce rotation periods and engage in 
other practices, which may not be 
sustainable. More data are needed on 

i these secondary and insidious effects of 
climate change. Associated dismptions 
in the social fabric of many countries 
may impact adversely on forests, as 
instances of arson or other damage as do 
now. 

The socioeconomic implications of shifts 
in the ranges of tree species will' be 
influenced by the fact that climate will 
probably change much /faster than tree 
species can naturally respond (eg 
through migration). 

Moreover, new sites may not be 
hospitable, having evolved over 
thousands of years under other climatic 
and vegetative regimes. The suitability 
of new ranges and the actual compo­
sition and growth patterns of forests 

under new climates will have no regard 
for non-ecological boundaries such as 
watersheds, ownerships, parks, nature 
reserves and recreation areas. 

It is concluded that climate change could 
more likely exacerbate most current and 
near-term issues and tensions rather than 
relieve them. This finding is very 
dependent on the assumption that during 
the next 30-50 years, in response to 
climate change, forests everywhere in the 
world will be prone to'some measure 
and form of decline. These changes will 
be taking place at the same time as a 
substantial increase in population with 
increased demands,- If, on the other 
hand, forests in some regions are largely 
unaffected by climate change, or actually 
experience increased growth rates, then 
perhaps most of the issues and tensions 
could be at least partly relieved. 

Adaptation 

Much can be done to reduce the suscep­
tibility of socioeconomic systems to 
climate-induced forest declines. 
Appropriate measures include the whole 
array of forest-management tools, to be 
chosen and impleriiented as local con­
ditions warrant, but some may ba. 
detrimental, to other indicators, for 
example, wildlife or recreation. 

For wood supply, the forest-products 
industry can move processing technology 
towards new kinds and qualities of fibre, 
and plan new mills in areas improving in 
wood-supply potential. Governments 
can support efforts in economic 
diversification in forest-based 
communities, and engage in improved 
long-range planning for future changes in 
land potential for forestry. TTie 
provision of recreational facilities is 
another example of an, important forest-
based economic sector. Governments 
and private firms must anticipate how 
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forested land.scapes might change, and , 
plan accordingly to divest themselves of ' 
the old facilities and invest in the new. 

Recommendations for action 

The ability to deal with climate change 
and the forest sector is related to the 
amourit of knowledge available., There, 
are uncertainties to be considered: for 
instance, in the future, will the same 
tensions and issues have similar high 
priority? Studies of the socioeconomic 
impacts must be global in scope, inter­
national in organisation, institutional in 
focus and historical in breadth. We 
need regional climate scenarios and 
better, information on stand-level 
responses, the biological relationship 
between species and sites arid the 
inherent variability of species. Changing 
climates demonstrate the need for 
strategies in active management in the 
forest sector. Even better knowledge is 
needed of the potential role of forest 
management in mitigating impacts and 
exploiting opportunities from climate 
change. 

A major impact, of which there is 
evidence now, >ivill be considerable 
apprehension on the part of the general 
public, particularly those dependent on 
the, forest sector for their livelihood. 
Public cooperation in the implemen­
tation of decisions will be required for 
dealing with a = problem which has 
biological rather than ideological 
solutions. 

Research on the socioeconomic impacts 
of climate change must focus on the 
transitional climates occurring over the 
next several decades, not bnly at specific 
points in time. This reflects the way 
people live - in specific localities and in 
real time. It makes sense to prepare for 
serious impacts by implementing policies 

which are biologically sustainable, even 
if the eventual changes are minimal. 

Examining biogeochemical changes on a 
global scale is complex enough; adding 
humans as a variable factor complicates 
the issue even more. Nevertheless, 
humaiis are the critical element in the 
study of ecological systems. We must 
consider the institutional imperatives and 
the economic and political influences on 
people in diffei;erit nations, together with 
the cultural diversity'that distinguishes 
and may dominate our actions. 

The nature and temporal/spatial distrî  
bution of climate change itself is highly 
uncertain, as are the various ways by 
which a changing climate could influence 
forests and their growing sites, and the 
various repercussions this might have on 
our lises of forests. Moreover, the 
means by which society might cope with 
the changing environmental and socio­
economic conditions, in a context in 
which those conditions are rapidly 
changing quite independently of climate 
change, are largely unexplored so far. 

The following major research and assess-
,ment initiatives should be developed: and 
p̂ursued in the near .future (early i990s) 

• to begin to shed light on the impacts 
discussed in this section: (i) more secure 
regional climate scenarios; (ii) 
simulation of impacts of climate change 
on managed forest stands; (iii) modelling 
studies for better understanding of 
matches betwieen species and sites; (iv) 
analyses of the potential role of forest 
management in mitigating undesirable 
impacts and ĉ ipitalising on desirable 
impacts of climate change; (v) regional 
analyses of potential dismption of 
wildlife habitat and the recreational 
potential of forests due to forest-
stmcture changes brought on by climate 
change; (vi) regional analyses of 
potential socioeconomic repercussions of 
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fluctuations in timber supply due tp 
climate change on rural communities, 
industrial concerns, markets and trade in 
forest product.s, and governments, (vii) 
synthesis studies . of the policy 
possibilities for the forest sector to 
prepare for climate change; and (viii) 
periodical assessment of the destruction 
of tropical forests using remote sensing. 

Potential impacts of climate 
change on natural terrestrial 
ecosystems and the socioeconomic 
consequences-

Major findings 

• Global increases in the atmospheric 
concentration of greenhouse gases 
and related climatic changes will have 
significant consequences for natural 
terrestrial ecosystems and related 
socioeconomic systems, 

• Climatic zones could shift several 
hundred kilometres towards the poles. 
Flora and fauna would lag behind 
these chmatic shifts, surviving in their 
present location; they would therefore 
find themselves in-a different climatic 

• regime." 

• The rate of projected climatic changes 
is the niajor factor determining the 
type and degree of climatic impacts 
on namral' terrestrial ecosystems. 
These rates are likely to be faster 
than the ability of some species to 
respond and these responses may be 
sudden or gradual. 

• New climatic regimes may be less 
hospitable under some circumstances 
(eg towards lower latimdes and lower 
altitudes) and may be niore 
hospitable under others (eg towards 
higher latitudes). Vegetation zone 
changes are projected to be greatest 

where the land is classified as polar 
desert, tundra and boreal forest. 

• Ecosystems are not expected to move 
as a single unit, but would have a new 
structure as a consequence of 
alterations in species distributions and 
abundance. 

• Some species could be lost owing to 
increased stresses leading to. a 
reduction in global biological 
diversity, whereas other species may 
thrive as stresses decrease, 

• Most sensitive are those communities 
in which the options for adaptability 
are limited (eg montane, alpine, 
polar, island and coastal com­
munities, remnant vegetation, and 
heritage sites and reserves) and those 
communities where climatic change 
add to existing stresses. 

• Increased incidents of disturbances 
such as pest outbreaks and fire are 
likely to occur in some areas and 
these could enhance projected 
ecosystem changes. 

• The direct effects of increased 
atmospheric concentrations of COj 
may increase plant growth, water use 
efficiency and tolerance to salinity, 
though this positive effect could be 
reduced over time by ecosystem feed­
backs. Enhanced levels of air 
pollution could also reduce this 
positive effect, 

• Socioeconomic consequences of these 
impacts will be significant, especially 
for those regions of the globe where 
societies and related economies are 
dependent on natural terrestrial 
ecosystems for their welfare. Changes 
in the availability of food, fuel, 
medicine, construction materials and 
income are possible as these 
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ecosystems are affected. Important 
fibre products, recreation and tourism 
industries could also be affected in 
some regions. 

Principal issues 

The projected changes in climate will 
present these ecosystems with a climate 
warmer than that experienced during 
their recent evolution and there will be 
warming at a rate 15-40 times faster than 
past glacial-interglacial transitions. This 
combination of relatively large and fast 
changes in climate will cause dismption 
of ecosystems, allowing some species to 
expand their ranges while others will 
become less viable and, in some cases, 
may disappear. 

Current knowledge does not allow a 
comprehensive and detailed analysis of 
all aspects of the impacts of climate 
change on natural terrestrial ecosystems. 
It is possible, however, to make some 
plausible implications. All estimates 
presented below are based on scenarios 
of enhanced atmospheric concentrations 
of greenhouse gases and related changes 
in global climate. It is impossible to-
evaluate the consequences of change irî  
climatic variability since the required 
climatic analyses are not available. 

Particularly sensitive species 

The species which are particularly 
sensitive to climatic changes are: 

• species at the edge of (or beyond) 
their optimal range; 

• geographically localised species (eg 
those found on islands, on mountain 
peaks, in renmant vegetation patches 
in mral areas, and in parks and 
reserves); 

• genetically impoverished species; 

• specialised organisms with specific 
niches; 

• poor dispersers; 

• more slowly reproducing species; and 

• localised populations of annual 
species. . 

This would suggest that montane and 
alpine, polar, island and coastal 
communities, and heritage sites and 
reserves are particularly at risk, since 
their component species may not be able 
to survive or adapt to climate change 
because of the limited number of 
adaptive options available to them. 

^ Changes in the boundaries of vegetation 
zones 

Projected changes in global temperature 
of 1.5°-4.5°C and changes in precipi­
tation will result in the movement of the 
boundaries of vegetation zones, and will 
impact on their floristic composition and 
associated animal species. Boundaries 
(eg boreal-tundra, temperate forests, 
grasslands etc) are expected to shift 
several hundreds of kilometres over the 
next 50 years. Real rates of the move­
ment of species, however, will be 
restricted by limits on their ability to 
disperse and the presence of barriers to 
dispersion; they will, therefore, average 
approximately 10-100 m/year. 

Both coniferous and broad-leaved 
thermophilic tree species will find 
favourable environments much further 
poleward than their current limits. In 
the northem parts of the Asian USSR, 
the boundary of the zone will move 
northward 40°-50° of latitude (500-600 
km). The tundra zone is expected to 
disappear from the north of Eurasia, 
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Expected changes in precipitation will 
allow species to extend their boundaries 
equatorward. As a result, broad-leaved 
species rangis will expand and these 
ecosystems will ,be more maritime in 

• terms of species composition. The forest 
steppe subzone in the European USSR 
will changejwhile in, southern portions of 
westem Siberia - the forest-steppe. 

.. boundary could move up to 200 km. 

• In the semi-arid, arid,.and hyper-arid 
ecoclimatic zones of trie-Mediterranean, 
greenhouse-gasrindu.ced climate change 
will re,duce.,plant productivity and result 

.in desertification of the North African 
and Near pastern steppes owing to 
increased evapotranspiration. The upper 
limit of the deserts would migrate under 
the influence of climate change and most 
likely extend into the area that currently 
corresppnds. tq. the lower limits of the. 
Semi-Arid Zone (ie foothills of the high. 
Mid and tell Atlas and .Tunisian Dprsal 
in Northern A f r i c a , . t h e main, 
mountain ranges of the Near-Middle 
East: Taurus, Lebanon, Alaoui,. 
Kurdistan, Zagros and Alborz), 

The impact of climate , changes on the 
present tropical and temperate rainforest r 
is iincertain. For example, ahnost all of 
Tasinania is expected to become, at best, 
climatically 'mjarginalf in terms, of 
ternperate r£unforestSj;largely ov̂ dngto a 
rise in winter temperatures suggested by 
climate scenarios. This, increase in ; 
teinperature is unlikely ito have a direct; 

•;effect on,the forest,, but may facilitate 
the invasion of lessifrost-tolerant species. 

Changes within ecosystems 

Projected greenhouse.gas-induced, . 
climate changes.will profoundly affect,, 
hydrologic .- relationships in natural 
terrestrial ecosystems, both directly by ; 
altering inputs of precipitation, runoff, , 
soil moisture, snow cover and melt, and 

evapotranspiration, as well as indirectly 
by altering sea and lake levels which 

. influence water levels in coastal and 
shoreline ecosystems.-' 

The.seasonality df rainfall also affects its 
impact. A lengthening of the dry season 
or, conversely, an increase in ground­
water table levels could both accentuate 
salinisation problems. In Mediterranean 
and semî arid climates, where evapotran­
spiration exceeds precipitation for long-; 
periods and increased percolation from 
vegetation clearing or excessive irrigation 
maŷ have raised the water table, surface 
soil sailinisatioh can be a major problem. 
Such salinisation can kill all but the most 

' halophytic- 'vegetation, increase soil 
erosion and reduce water quality. 
Salinisation- is already a problem in 
many Mediterranean and semi-arid 
•regions/(eg coastal; Western Australia, 
the Mediterranean, subtropical Africa) 
and is a . major cause of increased ' 
desertification. 

Greenhouse-gas-induced climatic 
changes will affect the stmcture and 
composition of natural terrestrial 
ecosystems. .ais a result' of altered 
relationships within these ecosystems, 
perhaps leading-to the introduction of 
new species.! 

Given the new associations of species 
. that could occur as climate changes, 
. many: species will face 'exotic' 
competitors for the first time. Local' 
extinctions may occur as-climate change 
causes increased frequencies of droughts 
and fireSi. and invasion of species. One 
species ̂ that ;might spread, given such 
coTiditions, is Melaleuca quinquenervia, a 
bamboo-like Australian plant. This 
species has already invaded the Florida 
Everglades, forming dense monotypic 
stands where drainage and frequent fires 
have dried the natural marsh community. 
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Pests and pathogens, in some cases, are 
expected to increase their ranges as a 
result of climate change and, in the case 
of insects, their population densities. 
This could place at risk the health of 
ecosystems, and thereby play an 
important/role in determining future-
vegetation and animal distributions . 

Pest outbreaks can also be expected as a 
result of the increased stress and ' • 
mortality of standing vegetation resulting 
from a combination of climate-driven̂  ' 
stressors. An example from New: 
Zealand,; concerns hard beech 

, (Nothofagus truncata).. :. A 3°C rise in̂  
temperature would increase annual ' 
respiratory carbon losses by 30%; such a ' 
loss exceeds the total armual amount 
allocated to stem and branch growth for 
this species. With insufficient reserves 

, to replace current tissue, the tree" is 
weakened, and becomes more suscep­
tible to pathogens and insects. 
Following repeated drought episodes, 
several (JNothofagus) species succumbed 
to defoliation insects. This would be 
exacerbated by non-induced climate 
change. 

Since. wetlands, -particularly seasonal 
wetlands in warmer, regionŝ  provide 
habitat for the breeding and growth of • ^ 
vectors of a niunber of serious diseases --
such as malaria, filariasis and schisto-' 
soriiiasis,f;an increase in average temper- -
ature and any change in the distribution ' 
of seasonal wetlands; will alter the 
temporal iand spatial distribution of these ^ 

:. diseases. ' 

Higher temperatures and changed 
precipitation! may well lead to increased 
drought, frequency and fire risk in many 
forested areas, .Coupled with probably 
increased fuel density because of the 
direct effects of increased ambient CO2 
on forest uriderstorey, this could lead to 
increased exposure:'of forests to fire. 

which would tend to accelerate changes 
in ecosystem composition under con­
ditions of changing climate. 

In areas with a distinct wet and dry 
season (parts of the tropic, and all of the 

'Mediterranean-climate regions), change 
in the amount of precipitation in rainy 
months coiild alter' fuel loads by 
influencing'growth. The altered fuel 
loads, along With changes in precipi­
tation, could affect fire intensities during 
the dry season. A shift towards a slightly 
'wetter climate during the summer rainy 
• season could increase fuel loadings in 
••' most of : thê  subtropical and temperate 
woodlands' of Mejdco, which would 
suggest increased fire frequencies. 

Global biologicaf diversity is expected to 
decrease with possible socioeconomic 
consequences as''ia result of climate 
change; however, some local increases 
may also result, especially over the 

'"•longer temi. The resulting impacts on 
biological diversity are dependent on the 

" bailance between changes in species 
interactions and adaptation through 
r̂iiigraition. -

vWarming could's'et' off a chain of 
extinctions by > eliriiinating keystone 

' herbivores or - their functional 
counterparts; in other ecosystems. For 
example,? in the 100 years following the 
tiisappeajarice 'of 'elephants in the 
Hluhliiwe Game i-eserve in Natal, 
several species of antelope have been 
extirpiated and pbpiulatioris of open 
Country grazers,' such ai wildebeest and 
waterbuck, have been greatly reduced. 

The direct effects of increased 
atmospheric concentrations of CO2 may 
încrease the rate of plant growth; 
however, man-induced changes in the 
chemical composition of the atmosphere 
(eg ozone) and ecosystem feedbacks 



could reduce this positive effect over,, 
time. 

Recommendations for action 

While the specific impacts of global 
warming on any one region or a single 
species are, to some degreê  matters of 
conjecture, there are lome clear 
conclusions that can be made. Natural 
terrestrial ecosystems will change in 
make-up and shift invocation, and those • 
species>hich can adapt and shift will 
suryive. The.sensitive species, especially 
those for which optioiis are limited, will 
dwindle and disappear. 

Examination of the environmental 
impacts of climate change on natural 
terrestrial ecosystems and the associated 
socioeconomic consequences is in its 
infancy. The studies that have been 
carried out are limited; only specific 
regions and sectors have been examined. 
Further liiniting this work is that, for the 
most .piart, existing studies have taken a 
narrow view of the problem and not 
looked at it from a multi-disciplinary 
perspective. In addition, most of the 
studies have examined the effects of 
climate change on current social, ' 
econoniic and eiiyironmental systems 
and have not considered social and ; 
economic adjustments nor impacts and 
consequences during ecosystem 
transitional periods. 

These limitations can be addressed by: 

• assembling relevant iiiventories of 
species and ecosystems; 

• initiating and maintaining integrated 
monitoring programs; 

• gathering information on relative 
species and ecosystems sensitivities to 
climate change;. 

• initiating and supporting regional 
national and international research 
and impacts programs; and 

• educating resource managers and the 
public about the potential 
consequences of climatic change for 
natural terrestrial ecosystems. 

Potential impacts of climate 
change on hydrology and water 
resources 

Major findings 

• For many watersheds worldwide, 
especially those in arid and semi-arid 
regions, runoff is very sensitive to 
small changes . and variations in 
climate. For example, TC to 2°C 
temperature increase coupled with a 
10% reduction in precipitation could 
conceivably produce a 40-70% 
reduction in armual mnoff. 

• Based on empirical data and 
hydrological models, annual mnoff 
appears to be more sensitive to 

'. changes in precipitation than, to 
,. changes in teniperature, . However, in 

regions where seasonal snowfall and 
sribwriielt are a major part of the total 
water supply, the monthly distribution 
of mnoff and soil moisture is more 

- sensitive to temperature than to 
precipitation. 

• The constmction of hypothetical 
scenarios provides a range of mnoff 
responses and the characteristics of: 
those responses for particular areas. 
However, credible forecasts for any 
specific region, sufficient to designate 
either direction or magnitude of 
change, are not yet available. We can 
conduct warm sensitivity analysis 
using General Circulation Models 
while the scientific basis slowly 
improves. 
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• Vulnerabilities in present water uses, 
(ie where demand exceeds firm yield) 
and conflicts among current uses are 
likely to be exacerbated by global 
warming in most arid and semi-arid 
regions. 

• The regions, that appear to be at 
, greatest risk, in terms of serious 

threats to sustaining the population 
are: Africa - Maghreb, Sahel, the 
north of Africa, southem Africa; Asia 
- western Arabia, Southeast Asia, the 
Indian subconiment; North America -
Mexico, Central America, southwest 
US; South America - parts of eastern 
Brazil; Europe - Mediterranean zone, 

• The relative degree of water 
management (storage versus mean 
annual flow) is a primary determinant 
in adapting to changes in the mean 
annual variability, 

• It is essential that fumre design of 
water resource engineering take into 
account that climate is a 
non-stationary process, and that̂  
structures with a design life of 50 to 
more than. 106 years should be 
designed to accoriimodate climatic " 
and hydrometeorological conditions 
which may exist over the entire life of 
the stmcture. 

Principal issues 

If worthwhile estimates of water 
resources conditions, appropriate for 
planning and policy formulation, are to 
be produced, then studies must include 
estimates on the frequency, intensity and 
duration of potential future hydrologic 
events. This is especially critical for 
evaluating effects on agriculture, the 
design of water resource management 
systems, and for producing reasonably 
accurate water supply estimates. 

In many instances it can be expected 
that changes in hydrologic extremes in 
response to global warming will be more 
significant than changes in hydrologic 
mean conditions. Thus, attention must 
be focused on changes in the frequency 
and magnitude of floods and droughts in 
evaluating the societal ramifications of 
water resource changes. 

Initial water resource planning and 
policy making will continue to be 
implemented' even in the face of 
uncertainty about global change. 
Clarification and specification of the 
useful information about the various 
methods for estimating future change 
must be made available to the 
management community. 

Regional impacts 

Continental/national 

Based on palaeoclimatic analogs coupled 
with physically based water-balance 
models, annual mnoff over the whole of 
the USSR is projected to rise, although 
mnoff is expected to decrease slightly in 
the'forest steppe and southern forest 
zones. -- In any case, winter mnoff is ' 
êxpected to iuCTease in the regions with 

•Snowfall and snowmelt. Serious flooding 
probleiris could arise in many northern 
rivers of the USSR. 

An assessment of all the river basins in 
the US shows that the arid and semi-arid 
regions of the US would be most 
severely affected by global warming, 
even though there is a high degree of 
water control. The competing uses of 
agricultural irrigation, municipal water 
supply, and generation of hydroelectric 
power; have stressed even the present 
system. All other regions in the US will 
probably suffer adverse water-resource 
impacts to some degree, whether for 
generation of hydroelectric power. 
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municipal water supply shortages, or,' 
agricultural irrigation. 

An assessment of the general circulation 
model studies for the nations of the 
European Economic Community (EEC) 
indicates that precipitation and mnoff 
may increase iri the northern nations,̂  
possibly causing'flooding problems in 
low-lying countries, the Mediterranean 
countries of the EEC may experience a 
decline in mnoff, thereby increasing the 

- already ' serious and frequent water 
supply shortages .occurririg in that regiori. 
It is most probable that agriculture will 
suffer the most adverse effects. 

In Japan, prolonged periods of droughts 
• and shorter periods of intense precipi- -
tation may be likely.' Current storage 
capacityis limited and a ra;rge proportion 
of the population is iocated on flood-
plains. Water demand can be expected • 

. to increase, which will seriously stress 
the existing water management system. 

An increase in precipitation and 
consequent flooding, along with 
overloads of stormwater/sewerage 
systems leading to degradation of surface 
water, quality, is possible in Neŵ  
Zealand. 

The UK can expect an increase in mean 
aimual mrioff̂  over most of the country, 
but with a stronger seasonal variation in 
peak flows,' imposing the need' foi" 
redesigning existing water management 
systems. 

River basins and critical environments 

Runoff in the Volga River basin, after 
undergoing an initial decrease through 
the year 2000, is expected to increase 
after that year. 

Studies indicate that hydrological 
conditions in the Sahelian zone are very 

sensitive to chmatic conditions, especially 
precipitation. Research suggests, for 
example, that a 20% to 30% decrease in 
precipitation could lead to a 15% to 
59% reduction in runoff. As for 
potential changes in water resources in 
the future, it can be said that the' 
situation is very uncertain. Therefore, 
additional comprehensive studies of this 
problem, which is very important for the 
region, are required, 

A study of the Sacramento-San Joaquin 
River basin showed how a highly 
mariaged water resource system, 
dependent on snowmelt-generated 
runoff, would be affected by global 
warming. Air temperature increases 
changed the,timing and increased the ' 
magnitude of snowriielt-generated mnoff 
by 16% to 81%, severely stressing the 
flood-control capabilities of existing 
reservoirs. However, summer mnoff 
decreases of 30% to 68%, coupled with 
soil moisture decreases of 14% to 36%' 
and a doubling of water demand by the 
year 2020, suggest that serious water use 
conflicts and periodic shortages are a 
distinct possibility for this system. 

In the Murray-Darling basin'of Australia, 
the use of spatial analogs indicates that 
precipitation could decrease by 40% to 
50%, However, based on general 
circulation model outputs, the 
summer-dominant rainfall area of 
Australia- will possibly expand to 
encompass 75% of the continent by 
2035, Runoff could double on the 
Darling River. 

A water supply-demand stochastically-
based sensitivity analysis was conducted 
for the Delaware River basin, a highly 
urbanised watershed in the northeastern 
US. Basin-wide estimates of annual 
runoff indicate a possible decrease of 
9%' to '25%. Also, the probability of 
drought increases substantially 
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throughout the basin. The Delaware 
River supplies a large percentage of New 
York City's water supply, which is 
already operating below its safe yield. 
Reduced flows in the Delaware River 
would threaten the city of Philadelphia's 
water supply intakes in the estuarine 

, portion of the river through upstream 
movement of the freshwater-saltwater 
interface. 

Large lakes/seas 

The Caspian :Sea is the largest closed 
, water body in the world. It receives 

nearly 80% of its mnoff from the, Volga 
. River and will respond to the initial 

decrease in projected Volga River flows 
to the year 2000, but will increase 
thereafter. This will greatly improve the 
severely degraded water quality and 
ecological conditions in the Sea, 

, Based on general circulation model 
results, the Great Lakes are expected to 
incur net basin mnoff decreases of 23% 
to 51% under an effective doubling of 
CO^ scenario. Generation of hydro-

. electric power, the very important 
r commercial navigational uses, and lake 
water quality which is due to thermal 
stratification, are expectedto be 
adversely affected. 

The Aral Sea would continue to 
experience water-quality degradation by 
polluted irrigation returri flows, as the 
precipitation-mnoff increases projectesd 
for the area would not be enough to 
compensate for increased expansion of 
irrigated agriculture. 

Recommendations for action 

The most essential need is for more 
reliable and detailed (both in space and 
time) estimates of future climatic 
conditions. These estimates must be 
regionally specific and provide infor­

mation on both, the frequency and 
magnitude . of events. Increased 
understanding of relations between 
climatic variability and hydrologic 
response must be developed. Such work 
should include the development of 
.methods for translating climate model 
information into a form that provides 
meaningful input data to watershed and 
water resource system models. 

Areas particularly vulnerable to even 
.small changes, in climate must be 
identified worldwide. Vulnerabilities 
rnust be ascertained considering both 
natural and anthropogenic conditions 
arid potential changes. 

Intensive assessments of water resource 
sensitivities are necessary .in developing 
countries, especially those located in 
environmentally sensitive arid and 
semi-arid regions, where, the potential 
for conflicts associated with low water 
resource system development and rapidly 
increasing water demands is high. 

iStudies are needed that produce 
improved procedures for operating water 
management systems in consideration of 
climate uncertainty. A related aspect of 
this work is the development of design 
criteria for engineered stmctures that 
specifically incorporate estimates of 
climatic variability and change. ^ 

Very little is currently known about the 
, effects of climate change on water 

quality. Although coricems about water 
quality are becoming increasingly 
important, the separation of human-
induced versus climate-induced changes 
in water quality is a very difficult 
problem. Specifically, there is an 
immediate need to identify those aspects 
of this problem that hold the most 
promise for yielding credible evaluations 
of climatic effects on water quality. 

26 



Potential impacts of climate 
change on human settlement, the 
energy, transport and industrial 
sectors, human health and air 
quality 

Major findings 

•- Throughout the worid the most 
vulnerable populations are farmers , 

. engaged in subsistence agriculture, 
residents of coastal, lowlands and 
islands, populations in semi-arid 
grasslands -and-the iirban poor in 
slums in, shanty towns, .especially in , 
megacities - those vyith several 
millions of inhabitants. 

• Climate change and even a modest 
global sea-level rise can be expected 
to prove , dismptive to human 

. seittlement in many vulnerable coastal 
areas of some island nations and 
communities where drought, floods 
and changed agricultural growing 
conditions , have affected water 
resources, energy, public health-and 
sanitation, and industrial or 
agricultural prodiiction. 

• Global warming can be expected to 
cause a significant shift in the 
permafrost zone;, such rj^id change 
will prove quite, dismptive to roads, 
railways, buildings, oil and gas 
pipelines, mining facilities and 
infrastmcture iri the permafrost 
region. 

• Global warming can be expected to 
affect, the availability of water, 
resources and biomass, both major 
energy sources in a large number of 
developing countries. Such changes 
iri areas which lose water may 
jeopardise energy supply and 
materials essential for human 
habitation and energy. Climate 

change will also affects the regional 
. distribution of other renewable energy 

resources such as wind and solar 
power. 

• Vector-borne and viral diseases such 
as malaria, schistosomiasis and 

--: dengue-̂  can be ; expected under 
warmer climatic conditions to shift to 
higher latitudes. ..• 

• Should severe weather, such as 
: tropical cyclones, • occur more 

•. frequently or become more intense as 
a result bf climate changes;: human 
settlement and industry may be 
seriously affected, with large loss of 
humanlife." 

Principal issues 

The impact ̂  ori developing countries, 
mariy of which lack resources for 
adaptation, may be particularly 
dismptive. Understanding likely impacts 
of climate change on human settlement, 
energy, transport, industry and human 
health in such countries should be a high 
priority, together with reinforcing 
indigenous capability to design and 
implement strategies to reduce adverse 
impacts of climate change. 

The impacts of climate change on 
human' settlement and related 
socioeconomic activity, including the 
energy, transport and industry sectors, 
will differ regionally, depending on 
regional distribution of changes in 
temperature, precipitation, soil moisture, 
patterns of severe storm, and other 
possible manifestations of climate 
change. As the general circulation 
model scenarios provided by Working 
Group I have indicated, changes in some 
of these climatic characteristics may 
differ corisiderably among regions. In 
addition, the vulnerability to change in 
climate of human settlement and related 

27 



economic activity varies considerably 
among regions and within regions. For 
example, coastal areas may generally be 
more vulnerable to climate change than 
inland areas within the same region. 

Development of effective strategies to 
respond to climate change will require 
much better capability to predict and̂  
detect regional climate change and 
occurrence of severe meteorological 
phenomena. A major issue is that of 
timing. For example, a sea-level rise of 
0.5 m over 50 years would have substan­
tially different impacts than the saime 

.< rise over 100 years. Not only are' 
present-value costs for adaptation 
measures vastly different, but also much ' 
of the present-day infrastmcture would 
have undergone replacement in the 
longer time period. 

Human settlement 

A principal difficulty in determining the 
impact of climate change on huriiairi 
habitat is the fact that many cither 

• factors, largely independent of climate 
change, are also important. One can 
reliably predict that certain developing 
countries will be extremely vulne!rable to 
climate changes because they are already 
at the limits of their capacity to cope 
with climatic events. These include ' 
populations in low-lying coaistal regions' 
and islands, subsistence farmers, 
populations in semi-arid grasslands, and 
the urban poor. . 

The largest impacts on humanity of 
climate change may be on human settie­
ment, with the existence of entire 
countries such as the Maldives, Tuvalu,' 
and Kiribati imperilled by a rise of only 
a few metres in sea-levels and populous 
river delta and coastal areas of such 

, countries as Egypt, Bangladesh, India, 
China, and Indonesia, threatened by 
inundation from even a moderate global 

sea-level rise. Coastal areas of such 
industrialised nations as the United 
Stales and Japan will also be threatened, 
although these nations are expected to 
have the requisite resources to cope with 
this challenge. The Netheriands has 
demonstrated how a small country can 
effectively marshall resources to deal 
with such a threat. 

Besides flooding of coastal areas, human 
settlement may he jeopardised by 
draught, which could impair food 
supplies and the availability of water 
resources. Water shortages caused by 
iriegular -rainfall may especially affect 

- developing cotintries, as seen in the case 
of the Zambezi river basin. Biomass is 
the principal source of energy for most 
of the countries of sub-Saharan Africa, 
and changed moisture conditions in 
some areas, reducing this biomass, could 
pose grave problems for domestic energy 
production and constmction of shelter. 

Although there has been only a handful 
Of city-specific studies, they suggest that 

• climate change could prove costly to 
major urban areas in developed nations. 
A study has projected that an effective 
C0.2 doubling coiild produce a major 
water shortfall,for New York City, equal 
to 28% to 42% of the planned supply in 
the Hudson River Basin, requiring a $3 
billion project to skim Hudson River 
flood waters into additional reservoirs. 

Although in the permafrost region global 
warming may rissult in expansion of 
human settlement poleward, thawing of 
the permafrost may also dismpt 
infrastmcture and transport and 
adversely affect stability of existing 
buildings and conditions for future 
constmction. 

The gravest' effects of climate change 
may be those on human migration as 
millions are displaced by shoreline 



erosion, coastal flooding and severe,/ 
drought. Many areas to which they flee 
are likely to have insufficient health and 
other support services to accommodate 
the new arrivals. Epidemics may sweep 
through refugee camps and settlements, 
spilling over into surrounding 
communities. In addition, resettlement 
often causes psychological and social 
strains, and this may affect the health 
and welfare of displaced populations. 

Energy 

Among the largest potential impacts of 
climate change ori the developing world 
are the threats iii many areas to biomass, 
a principal source of energy in most 
sub-Saharan African nations and many 
other developing countries. More than 
90% of the energy in some African 
countries depends on biomass energy 
(fuelwood). Owing to uncertainties in 
water resource projections derived from 
current climate models, it is very difficult 
tp provide reliable regional projections 
of future moisture conditions in these 
countries. Drier conditions could be 
expected in some countries or regions, 
and in those situations energy resources 
could be severely impaired. There could 
be possible compensatirig effects of 
faster growth of fuelwood due to. higher 
ambient CO2. Analysis of this situation 
should be a top priority for energy 
planners. 

In addition to affecting the regional 
distribution of water and biomass, 
cliniate-related changes in cloud cover, 
precipitation and wind circulation 
intensity will affect the distribution of 
other forms of potential renewable 
energy such as solar and wind power. 
Understanding these: impacts on hydro, 
biomass, solar and wind energy is 
particularly important because renewable 
energy sources are playing a significant 
role in the energy planning of many 

countries. This could become an 
increasingly important concern in 
developing countries, many of which are 
facing serious economic pressures from 
the need to import conventional energy 
resources. 

Developing countries, including many in 
Africa, depend significantly on 
hydroelectric power. By changing water 
resource availability, climate change may 
make somls present hydroelectric power 
facilities obsolete and future energy 
planning more troubled, although others 
may benefit from increased mnoff. 

Major studies to date of the likely 
impact of global warming on the energy 
sector in developed countries are 
confined largely to six countries: Canada, 
the Federal Republic of Germany, 
Japan, the UK, the USSR and the US. 
Generally, they show differing overall 
aggregate impacts, depending on how 
much energy use is related to residential 
and office heating and cooling. Climate 
warming will increase energy consump­
tion for air-conditioning and, conversely, 
lower it for heating. 

In addition, the energy sector may be . 
: affected by response strategies against 
global warming, such as a policy on 
emission stabilisation. This may be 
among the most significant energy sector 
impacts in many developed countries, 
enhancing opportunities for technologies 
that produce low quantities of green­
house gases. Controversy on the way to 
obtain C02-free energy has already risen, 
particularly the options of increased 
reliance on nuclear power or hydro­
electric power, weighed against related 
safety and ' environmental concerns. 
Energy sector changes in both 
developing and developed countries may 
have broad economic impacts affecting 
regional employment, migration and 
pattems of living. 
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Transport 

Generally, the impacts of climate change 
on the transport sector appear likely to 
be quite modest, with two exceptions. 
Ultimately, the greatest impact of 
climate change on the transport sector in, 
developed countries would appear to be 

-changes produced by regulatory policies 
or consumer shifts designed to reduce 
transport-related emissions of green­
house gases. Because of the importance 
of the transport sector as a source of 
greenhouse. gases, it is already being 
targeted as a major source of potential 
reductions in greenhouse gas emissions, • 
with potentially added constraints on • 
private automobile traffic, automotive 
fuel and emissions, and increased use of 
efficient public transport. 

A second large impact on the transport 
sector concems inland shipping, where 
changes in water levels of lakes and 
rivers may seriously affect navigation and 
the costs of barge and other transport. 
Studies to date, focused entirely on the 
Great Lakes region of Canada and the 
US, have shown quite, large potential ; 
impacts. Climate scenarios have shown 
a likely drop of lake levels of as much as n : 

; 2.5 m:. resulting from an effective COj'i: • 
doubling. Such changes could increase 
shipping costs, but the shipping season 
could be longer than at present due to 
decreased ice. Lake and river levels 
may rise in some other regions with 
potentially enhanced opportunities for 
shipping. 

Generally, impacts on roads appear, 
likely to be quite modest, except in 
coastal areas where highways or bridges 
may be endangered by sea-level rise or 
in mountainous regions where potentially 
increased intensity in rainfall might pose 
the risk of mudslides. Studies in 
Atlantic Canada and Greater Miami, 
US, indicate that highway infrastmcture 

costs could prove very costly in such 
exposed coastal areas. Reduced snow 
and ice and lessened threat of frost 
heaves should generally produce highway 
maintenance savings as suggested by a 
study , of Cleveland, Ohio, US, 

Impacts on railways appear likely to be 
; modest, although heat stress on tracks 

could increase summertime safety 
concerns on some railways and reduce 
operational capability during unusually 
hot periods. Dislocations due to 

. flooding may increase. 

There has been little analysis of-likely 
impacts on ocean transport. The 
greatest effect would appear likely to be 
some jeopardy to shipping infrastmcture 
such as ports and docking facilities, 
threatened both by sea-level rise and 
storm surge. Some climate projections 
indicate the possibility that tropical 
cyclone intensity may increase. This 
could have adverse implications for 
ocean shipping and infrastmcmre. On 
the other hand, decreased sea ice could 
provide greater access to northern ports 
and even enable regular use of the 
Arctic Ocean for shipping. Moderate 

5'sea-level rise could also increase the 
allowable draught for ships using shallow 
channels. 

There is a strong need for analysis of 
likely impacts of climate change for the 
transport sector in developiiig countries, 
as efficiency of the transport sector is 
likely to be an essential element in the 

. ability of countries to respond to climate 
change. 

Industiy 

Studies of likely impacts of climate 
change on the industrial sector tend to 
be concentrated heavily on certain 
sectors such as recreation and only on a 
handful of developed countries. 
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principally Australia, Canada, Japan, the 
, uk and the US. There is very little 

, analysis of the. likely impacts of climate 
change on, industry in developing 
countries, although , there is some 
evidence to suggest that industry of 
developing countries may be particularly 
vulnerable to climate change. An 
especially important factor is the likely 
change in the production map of primary 
products.as a result of climate change. 

Changes in t̂he regional and global 
availability and cost of food and fibre 
may significantly affect the competi-

, tiyeness and viability of such derivative 
industries as food processing, forest and 
paper,' pi-oducts, textiles and clothing. 
Climate change may be expected to have 

; impacts on the -availability and cost of 
food, fibre, water and energy which 
would differ markedly from region to 
region. 

Just as the motor vehicle and the energy 
sectors are likely to be influenced by 
regulatory, decisions and shifts in 
consumer patterns emanating from 
concerns about limiting greenhouse gas 
emissions, heavy'manufacturing may face 
readjustment to new situations* such as 
transboundary , .siting constraints and 
intemational mechanisms for develop­
ment and transfer I of new technology. 
Efficiency in the use of energy may 
become an even more significant com­
petitive factor in steel, aliumnimn and 
other metal industries, and automotive 
manufacmring. Public concems about 
limiting greenhouse gas emissions may 
also create opportunities for energy 
conservation or for industries based on 
'clean techiiolpgy'. Smdies of likely 
impacts of climate change on industry 
tend to be clustered in the recreational 
sector, where direct impacts of climate 
change are more ascertainable. 

With sufficient lead time, industry may 
be able to adjust to many of the changes 
accompanying global warming. 
Shortages of capital in developing 
countries which may be vulnerable to 
flood, drought or coastal inundation may, 
however, constrain such industry's ability 
to design effective response strategies. 

Human health 

Humans have a great capacity to adapt 
to climatic conditions. However, 
adaptations have occurred over many 
thousands of years. The rate of 
projected climatic' changes suggest that 
the cost of future adaptation may be 
significant. 

A greater number of heatwaves could 
increase the risk of excess mortality. 
Increased heat stress in sumriier is likely 
to increase heat-related deaths and' 
illnesses. Generally, the increase in 
heat-related deaths would be likely to 
exceed the number of deaths avoided by 
reduced severe cold in winter. Globsil 
warming and stratospheric ozone 
depletion appear likely to worsen air 
pollution conditions, especially in many 
heavily populated "and polluted urban 
areas, • Climate change-induced 
alterations ihr- photochemical reaction ' 
rates among chemical pollutants in the: 
atmosphere may increase oxidant levels, 
adversely affecting human health. 

There is a risk that increased 
ultraviolet-B radiation resulting from 
depletion of the stratospheric ozone 
layer could raise the. incidence of skin 
cancer, cataracts and snow blindness. 
The increased skin cancer risks are 
expected to rise most among fair-skinned 
Caucasians in high-latitude zones. 

Another major effect of global warming 
may be the movement poleward in both 
hemispheres of vector-home diseases 
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carried by mosquitoes and other 
parasites. Parasitic and viral diseases 
have the potential for increase and 
reintroduction in many countries. 

Changes in water quality and availability 
may also affect human health. Drought-
induced famine and malnutrition have 
enormous consequences for human 
health and survival. 

The potential scarcity in some regions of 
biomass used for cooking, and the 
growing difficulty in securing safe 
drinking water because of droughit, may 
increase malnutrition in some developing 
countries. 

Air pollution 

SO^ NOx auto-exhaust controls are 
already being implemented to improve 
air quality in urban areas in some 
developed countries. Concerns about 
possible energy penalties and overall 
implications of such control measures for 
greenhouse gas emissions will need to be 
incorporated in future planning. 
Moreover, global warming and strato­
spheric ozone depletion appear likely to 
aggravate tropospheric ozone problems 
in polluted urban areasi The tropo­
spheric temperatiu"e rise induced by the 
enhanced greenhouse effect coiild 
change homogeneous and heterogeneous ' 
reaction rates, solubility to cloud wiater, 
emission from marine, soil and vege­
tative surfaces, and deposition to plant 
surfaces of various atmospheric gases, 
including water vapour and methane. A 
change in water vapour concentration 
will lead to changes in the concentration 
of HO, radicals and HjOj, which are 
important for the oxidation of SO2 arid 
NÔ  in the atmosphere. The predicted 
change of the pattems of cloud cover, 
stability in the lower atmosphere, 
circulation and precipitation, could 
concentraite or dilute pollutants, and 

change their distribution patterns and 
transformation rates in regional or local 
sectors. A change in aerosol formation 
by atmospheric conversion from NO ,̂ 
and SO2 and windblown dust from arid 
land could lead to changes in visibility 
and albedo. Material damage caused by 
acidic and other types of air pollutants 
may be aggravated by higher levels of 
humidity. 

Ultraviolet-B radiation 

Besides the human health implications of 
increased ultraviolet-B radiation already 
discussed, such radiation may also signi­
ficantly affect terrestrial vegetation, 
marine organisms, air quality and 
materials. ' Increased ultraviolet-B 
radiation may adversely affect crop 
yields. There are some indications that 
increased solar ultraviolet-B radiation 
which penetrates into the ocean surface 
zone where some marine organisms live, 
may adversely affect marine phyto­
plankton, potentially reducing marine 
productivity and affecting the global food 
supply. Increased ultraviolet-B radiation 
can also be expected to accelerate 
degradation of plastic and other coating 
used outdoors." The enhanced green­
house effects is expected to decrease 
stratospheric'temperatures and this may 
affect the state of the stratospheric 
ozone layer. 

Recommendations for action 

• Assessment of the vulnerability of 
countries, especially in the developing 
world, to gain or loss of energy 
resources such as hydroelectric power, 
biomass, wind and solar, and an 
examination of available substitutes 
under new climate conditions, should 
be a high priority, 

• Research is critically needed into the 
adaptability of vulnerable human 
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populations, especially the elderly and' 
the sick, , to the occurrence of 
increased heat stress as well as the 
potential for vector-borne and viral 
diseases to shift geographically. 

• .Policy makers.should give priority to 
, the .identification of population and, 

agricultural and industrial production 
at risk in coastal areas subject to 
inundation from sea-level rise of 
various rnagnitudes . and • to storm 
surge. ' • ' • 

• It is iriiportarit that developing 
countries;have the capability to assess 

. climate change . impacts and > to 
integrate this information into their 
planning., The world community 
should assist'countries in conducting 
such assessments and work to create . 

, indigenous climate-change impact 
assessment capabilities in such 
countries. 

Potential impacts of climate 
change on the world ocean and 
coastal zones 

Major findings 

The projected global warmirig will came 
sea-leyel rise, modify ocean circulation, 
and cause, "fundamental changes to' 
marine ecosystems, with considerable 
socioeconomic consequences. 

Sea-level is already rising on average of 
over 6 cm per, 50 years, with important 
regiorial variations because of local 
geological movements. The Greenland 
and perhaps the Aiitarctic ice sheets may 
still" be Tesporiding to changes since the 
last glaciation. Fisheries and varioiis 
coastal resources are presently under 
growing stress from pollution, exploita­
tion and development, creating serious 
problems for populations dependent bri' " 
them. Impacts from the enhanced 

greenhouse effect, which have been 
considered by the IPCC, will be added to 
these present trends. 

A 20-30 cm sea-level rise (projected by 
the year 2050) poses problems for the 

. low-lying island countries and coastal 
zones, destroying productive land and 
the freshwater, lens. Protecting these 
areas entails considerable cost. 

A i m sea-level rise (the maximum 
projected by . the ,; year 2100) would 
eliminate several sovereign states, 
displace populations, destroy low-lying 
urban infrastmcture, inundate productive 
lands, contaminate: freshwater supplies 
and alter coastlines. These effects could 
not be prevented isxcept at enormous 
cost. The severity would vary among 
coastal regions and would depend on the 
actual rate of rise. 

Coastal ecology is affected by the rate of 
sea-level rise. Too. rapid a rise could 
reduce or eliminate many coastal eco­
systems, drown coral reefs, reduce 
biological diversity and dismpt the life 
cycles of many economically and 
culturally important species. 

Erosion of wetlands and increasing 
availabihty of organic matter from 
sea-level rise can increase estuarine and 
near-shore . productivity for some 
decades. 

Global warming will change the thermal 
budget of the Worid Ocean and shift the 
global ocean circulation. Changes in . 
ocean circulation, including high-latitude 
deep water formation, will affect the 
capacity of the ocean as a sink of 
atmospheric heat and CO2. Upwellings 
of nutrient-rich waters associated with 
major; fisheries are also expected to 
change, causing a decrease in primary 
production in open ocean upwelling 
zones and an increase in primary 
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production in coastal upwelling zones. 
The expected impacts will include 
chemical changes in biogeochemical 
cycles such as the global carbon cyclê  
which affects the rate of accumulation of 
atmospheric COj. 

Adverse ecological and biological̂  
consequences will vary by geographic 
zones of the world's oceans. The loss df 
habitat will cause changes in biological 
diversity, redistribution of marine 
organisms and a shift in the ocean 
production zones; 

A simultaneous rise in both water 
temperature and sea-level may lead to 
the redistribution of commercially 
important species and benthic organisms. 
Changes in fisheries production may well 
balance globally in the long term, but 
there could be important regional shifts 
in areas of fisheries, with major 
socioeconomic impacts. 

Shipping and ocean transportation will 
benefit-from less sea ice and small 
increases in depth in harbours, but some 
ice-dependent marine mammals and 
birds will lose migratory and hunting 
joutes and the essential haibitats. ' 

Increase in ultraviolet-B radiation can 
have widespread effects on biological 
and chemical processes, on life in the 
upper layer of the open ocean, on corals, 
and on wetlands. These impacts are of 
concern but not well uriderstood. 

Impacts of sea-level rise on coastal 
zones 

The magnitude and rate of sea-level rise 
will determine the ability of social and 
natural ecosystems to adapt to the rise. 
Direct effects of the rise are straight­
forward: inundation of low-lying coastal 
areas; erosion and recession of sandy-
shorelines and wetlands; increased tidal 

range and estuarine salt-front intmsion; 
increases in sedimentation in the zone of 
tidal'= excursion; and increase in the 
potential for salt water contamination of 
coastal freshwater acquifers. The 
predicted changes' in climate may also 
affect the frequency and intensity of 
coastal storms and hurricanes, which are 
the major determinants of coastal 
geomorphic features and extreme high 
sea-level events. ' 

The socioeconomic impacts of these 
direct physical effects are uncertain and 
more difficult to assess, and are region-
and site-specific. There are three 
general impact categories that 
encompass the physical effects: 

• threatened populations in low-lying 
areas and island nations. 

• alteration and degradation of the 
biophysical properties of beaches, 
estuaries and wetiands. 

• inundatioii, erpsion and recession of 
barrier beaches and shoreline. 

Threatened populations in low-lying 
areas and island natfohs 

The most important socioeconomic 
impact of sea-level rise is the inundation 
of intensely utilised and densely 
populated coastal plains. A i m rise 
would produce a coastline recession of 
several kiloinetres in a number of 
countries. Other countries have a 
substantial proportioii of land area 
between 1 m and 5 m above sea-level, 
with high density coastal populations. 
For example, a 1 m sea-level rise could 
inundate 12-15% of'Egypt's arable land 
and 14% of Bangladesh's riet cropped 
area, displacing millions of inhabitants. 
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Sea-level rise would also expose a 
greater proportion of low-lying areas to 
coastal storm flooding from storm 
surges. Densely populated urban areas 
could be protected at great cost,' but less 
densely populated areas stretched out 
alorig the coastline could not be 
protected. ' I n 'these situations, large-
scale resettiement might, be necessary. 

, Another consequence of sea-level rise is 
greater incursion of salt water into 
freshwater estuarine areas, along with 
larger tidal excursion. This would 
reduce the freshwater portion of 
estuarine rivers, especially during 
drought periods, adversely affecting 
municipal and industrial freshwater 

: supplies, and could contaminate coastal 
: groundwater acquifers, which also supply 
water for miinicipal, purposes in many 
areas. Many estuarine areas across the 
world, with large population centres, 
would be affected, particularly those 
where a decrease in net freshwater 
mnoff is also projected as a consequence 
of global warming. 

Finally, as sea-level rises, much of the . 
infrastmcture in low-lying urban areas 
^Ypuld be affected, requiring major 
engineering design adjustmentsj and-
învestments. In particular, stormwater 

.-drainage and sewerage systems of many 
cities will be affected. Coastal, pro-

I tection stmctures, highways, power plants 
and bridges may require redesign and 
reinforcement to- withstand increased 
flooding, erosion, storm surges, wave 
attack and sea-water intrusion. 

Alteration of the biophysical properties 
of estuaries and wetlands 

An accelerated rise in sea-level could 
severely redistribute coastal wetlands. 
Salt, brackish arid fresh marshes as well 
as mangrove and other swamps would be 
lost to inundation and erosion; others 
would transform and adapt to the new 

hydrologic and hydraulic regime or 
would migrate inland through adjacent 
lowlands not impeded by protective 
structures. The value of these wetlands 
as habitat for wildlife would be impaired 
during the transitional period and their 
biodiversity may decrease. Although 
many wetlands have kept pace or have 
increased in arisa under the historic rate 
of sea-level rise owing to sediment 
entrapment and peat formation, vertical 
accretion of wetlands has not been 
observed to occur at rates comparable to 
those projected for sea-level rise in the 
next century. 

Wetiands are vital to the ecology and : 
economy of coastal areas. Their 
biological productivity is equal to or 
exceeds that of any other natural or 
agricultural system, although little of that 
productivity may be available to marsh 
animals and coastal fisheries. Over half 
the species of commercially important 
fishes' in the southeastern US use salt 
marshes as nursery grounds. Wetlands 
also serve as sinks for pollutants and 
provide a degree of protection from 
floods, storms and high tides. Based on 
these functidris, marshes can provide a 
present value to society of as much as 
$US5500/acre or ovê  $US10,000/ha. 

Coastal wetiands and estuaries are 
important to many species. If sea-level 
rise is too rapid, natural succession of 
the 'coastal ecology will not take plac6 
and will lead to great dismption in life ' 
cycles. In the short tenn, production of 
fisheries could rise as marshes flood, die 
and decompose, thus improving fisheries 
habitat in some cases and providing 
more nutrients. Further nutrients will 
become available from the leaching of 
soils and peat which become more 
frequently flooded. This temporary 
increase in productivity appears to be 
happening now in the southeast US 
where sea-level rise is compounded by 
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land subsidence. However, this 
temporary benefit for fisheries may be 
balanced by negative impacts on birds 
and other wildlife as the habitat area is . 
decreased. In the longer term, by 2050 
the overall impact on fisheries and 
wildlife is likely to be negative. 

While considering potential changes in 
the biogeochemical cycles of chemicals . 
from sea-level rise, it should be noted 
that (i)^ growth of nitrogen and 
phosphoms concentrations on a regional 
scale (in subpolar and mid latitudes, in 
the Bering Sea in particular) would 
result from flooding of coastal areas and 
from soil erosion; and (ii) many 
pesticides which are presently held in 
sediments could be released into the 
marine environment by coastal flooding. 

The combination of climatic changes will 
cause coastal ecosystems to move inland, 
unless ^ humankind intervenes, and 
poleward. Also, if sea-level rise is rapid, 
as predicted, productivity will probably 
fall, but there may be some decades 
during w'hich wetlands-based productivity 
increases before it falls. Once the ocean 
begins to stabilise at its new level (if this 
were to occur in the foreseeable future), 
productivity will begin to decrease. . 

Inundation and recession of barrier -
islands, corafatoUs and other shorelines 

Sea-level rise would cause inundation 
and recession of all types of shorelines, 
especially low-lying coastal areas. Many 
beaches have very small gradients of 
1:100 or less. A i m rise in sea-level 
would ' inundate 100 m of beach. 
Additional shoreline recession would 
result from normal erosive processes 
including storm surges and wave attack. 
The potential destmction of coral atolls 
is perhaps most significant, because 
these island areas serve both as 
contained human habitats as well as, 

important ecological habitats with high 
biodiversity. Unlike continental areas 
with receding coastlines, where areas for 
resettlement are available landward of 
the coasts, coral islands have very 
limited possibilities. If the rate of 
sea-level rise exceeds the maximum rate 
of vertical coral growth (8 mm/yr), then 
inundation and erosive processes begin 
to dominate, leading to the demise of 
the coral atoll. However, if the rate of 
sea-level rise is small, then coral growth 
may be able to keep pace. Although 
there are engineering solutions for 
retarding erosion and protecting against 
storm damage of continental coasts, 
coral atolls cannot be effectively 
protected. 

. Barrier beaches are important for human 
use, both for subsistence and recreation, 
and as protection for lagoons and 
mainland areas from coastal storms. 
Coastal areas have always been 
hazardous. Societies have adapted to or 
sought to control the most extreme 
conditions resulting from natural climate 
variability. The loss of habitable coastal 
areas, which are typically densely 
populated .will undoubtedly lead to 
l̂arge-scale resettlement. Since most 
commercial and subsistence fisheries are 
de facto located in the very same 
vulnerable areas, the impacts are 
twofold: • reduction in ecological 
(wetlands) habitat that sustains fish 
populations, coupled with increased 
threats to habitable coastal areas. Many 
areas around the globe, comprising 
thousands of kilometres of shoreline and 
affecting millions of people would be 
adversely affected by a rise of 1 ni, or 
even 0.5 m. For the most part, 

.prevention of the primary physical 
effects is not economical for most of the 
threatened coastline. Therefore, the 
prospect for adverse impacts should be 
considered to .be extremely important 
and virtually irreversible. 
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Impacts on the World Ocean 

Global climate warming can change the 
physical, cheniical and biological 
processes in the oceans, and affect 
productivity of the oceans and fisheries. 
Effective COj doubling could lead to an 
increase of searsurface temperature by 
0.2°-2° C and to changed heat balance 
components. Impacts will differ among 
geographic zones. 

In addition, an increase in atmospheric 
CO2 could cause aii increase in sea­
water acidity up tp 0,3 pH and elevation 
of the lysocline (because of solution, of 
additional amounts of CaCO,). These 
processes might,be accompanied by.a 
decrease in the stability of the complexes 
of . trace metals with aquatic humus, 
strengthening the toxic impacts of these 
substances on marine organisms asvvell 
as a change in the conditions of 
accumulation of deposits. 

Coastal ecosystems will be exposed to 
the most severe impact owing to a water 
temperature increase and, especially, to 
sea-level rise. Disturbances by hydro-
logical and hydrochemical conditions in 
these regions will be accompanied by a 
shift of feeding zones of many commer­
cial fish species and benthic opganisms, 
a change in the trophic stmcture of 
coastal conimuiiities and, as a conse­
quence, a decrease, in their productivity. 
At the first stage, as the flux of nutrient 
increases, in the process of land flooding, 
a certain inaease in the productivity of 
coastal areas might be observed. 

A change in heat balance and the circu­
lation system in the oceans will produce 
a direct effect on the productivity, of 
marine ecosystems. Taking into consi­
deration the fact that 45% of the total 
annual production is in the zones of 
oceanic and coastal upwellings and 
subpolar regions, a change in these 

regions would . determine the future 
productivity of the oceans. 

According to the results of numerical 
experiments with the use of General 
Circulation Models of the atmosphere-
ocean system, as well as palaeo-
oceanographical data, the global 
warming would be accompanied by a 
weakening of the intensity of oceanii: 
upwellings because of a decrease in the 
meridional temperature gradient. This 
process will involve a decrease in the 
productivity of these ecosystems. 
However, some increase in the intensity 
of coastal upwellings as a result of 
increasing temperature difference 
between land and water surface, would 
partially compensate for the reduction of 
oceanic upwellings. Besides, an increase 
in the temperature at high latitudes will 
be accompanied by an increase in their 
productivity. As a .result of the above 
changes, a redistribution of productive 
zones will probably occur. This could 
lead to disturbances in the trophic 
stmcture of marine ecosystems and to a 
change in the conditions of the 
formation of the stocks of commercial 
fishes. ' • 

An increase in the zone of the area of 
warm equatorial • and tropical waters 
would cause the movement of pelagic 
and benthic communities of these areas 
to the boreal and temperate regions. 
This circumstance might significantly 
affect the stmcmre of world fisheries. 
Under conditions of climate warming, 
the. intensification of biodegradation 
processes will occur by up to 30-50% in 
the zone of, high latimdes. This factor, 
along with the expected increase of 
ultraviolet-B radiation, resulting from the 
depletion of the ozone layer, could 
accelerate bacterial and photochemical 
degradation of pollutants and reduction 
of their 'residence time' in the marine 
environment. Ecological and biological 
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consequences of climate changes will 
vary among geographic zones. A 
regional approach is needed to study the 
biogeochemical carbon cycle, especially 
in the most productive and vulnerable 
ecosystems of the ocean. 

The highly productive subpolar and 
polar ecosystems of the Bering Sea, 
Arctic Seas and Southern Ocean are 
important to study because the 
high-latitude areas will see the greatest 
changes. These areas are important to 
the total global carbon cycle in the 
ocean, in climate-formirig processes, in 
fisheries, and in marine mammal and 
bird production. 

International investigations, for example 
those plarmed for the region of the 
Bering Sea, will contribute to the 
determination of the role of subpolar 
ecosystems in the formation of earth's 
climate, as well as to a more compre­
hensive smdy of possible ecological 
impacts of global warming on the ocean, 
iri particular on fisheries. 

Many fisheries and marine mammal 
populations are heavily. stressed from 
fishing pressure. Climate changes will 
increase stress and the chance of 

, collapse. However, for some species, the 
new climate may be more advantageous 
to their well-being. 

One benefit of warming will be thC; 
reduction of sea ice and thus improved 
access for shipping. However, there are 
ecological concems. Land animals use 
sea ice for migratory and hlinting routes, 
while for many species of marine 
mammals (eg seals, polar bears, 
penguins) sea ice is an essential part of 
their habitat. Thus, reduction of the 
amount or duration of ice can cause 
difficulties for such animals. Moderate 
rises in sea-level, provided they are 
insufficient to threaten port installations, 

may prove to be beneficial by increasing 
the allowable draught of ships in shallow 
ports and channels. 

Recommendations for action 

• Identification and assessment of the 
risks to coastal areas and islands and 
living resources of a 0.3-0.5 m rise in 
sea-level. 

• Assessment of potential leaching of 
toxic chemicals with sea-level rise. 

• Improvement of the methods for 
analysing the major components of 
oceanic branch of carbon cycle (the 
carbonate system and organic 
carbon). 

• Assessment of the possible impacts of 
increased UV-B radiation from strato­
spheric ozone depletion on oceanic 
and estuarine ecosystems. 

• Determination of ecological impacts 
of Arctic and Antarctic sea ice 
reductions. 

• Development of methodologies to 
• assess the impacts on living marine 

resources, and socioeconomic impacts, 
. of changes in the ocean and coastal 
zone. 

• Development and implementation of 
multinational systems to detect and 
monitor expected environmental and 
socioeconomic impacts of ocean and 
coastal zone changes. 
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Iriipacts of climate change oni ' 
sieasbhal snow cover, ice and 
permafrost, and socioeconomic,. 
consequences 

- I^ajor^findings ^ ••. 

•; The global areal extent and volume of 
: , the terrestrial cryosphere (seasonal 
•, snoy/ cover,, nearr surf ace layers of 

permafrost and some masses of ice) 
will be substantially reduced. These 
reductions, •>yhen reflected regionally, 

> . could have., significant impacts , on 
. related ecosystems and social and 

economic activiti.es., ; 

• Thawing and'reduction in the areal 
extent, of the terrestrial cryosphere 

• can enhance global warming (positive 
feedback, on climate warming) 
through changes .ip the global .and 
.local radiation and heat balances, and 
the release of greenhouse gases. This 
positive feedback could increase the . 
rate of global warming and, in some 
regions, could result in changes, that 

: are sudden rath.er than gradual. The 
, - possibility of relatively, rapid changes, 

. . increases the potential signî canoe of : 
the associated impacts; . 

• • • i. •'' • • • • •• \, 
• The areal coverage of . seasonal, snow 

and its .Idtiration are projected to 
.decrease in most regipiis, particularly 
at mid latimdeSi with some regions at 
high , latimdes iii": . the Arctic and. , 
Antarctic possibly experiencing 
increases in seasonal snow cover, 

• Decreases in seasonal snow cover can 
have both positive and negative socio-
economic consequences owing to 
impacts on regional water resources, 
winter transportation> and winter 
recreation. 

• Globally, the ice contained in glaciers 
and ice sheets is projected to 

decrease. Regional responses, 
however,̂  are cbriiplicated by the 
effect of increased snowfall in some 
areas which could lead to accumu­
lation of ice. Glacial recession will 

''have significant implications for local 
and regional water resources and thus 

' impact on -water availability and on 
hydroelectric power potential. 
Enhanced melt rates of glaciers may 

- initially-increase the flow of melt-
waters; however, flows will decrease 
and eventually be lost as glacial ice 
riiass decreases. Glacial recessidri 
and loss of ice from ice sheets will 
also-contribute to sea-level rise. 

• Degradation of permafrost is expected 
with andncrease 'in the thickness of 
the seasonal freeze-thaw (active) layer 

. and. a > recession of permafrost to 
higher latitudes and higher altitudes. 

• The thickness of the active layer is 
êxpected to increase by 1 m over the 

I .e next 40-50 years; Although major 
shifts are expected in climatic zones, 
recession of permafrost will signi­
ficantly lag behind,, receding only 
25-50 km during the next 40-50 years. 
These changes coiild lead to increases; 
in terrain instability; erosion and 
landslides in those areas which are 
currently underlaid by permafrost, 

• The socioecoribmic consequences of 
. these changes in permafrost could be 

significant. .'Ecosystems which are 
; underlaid by: permafrost could be 
• substantially'altered owing to terrain 

disturbances and changes in the 
availability of water,' The integrity of 
existing and plaimed stmctures and 
associated facilities and infrastmcture 
could be reduced by changes in the 
•underlying permafrost. Retrofitting 
or redesigning would be required at a 
minimum; however, in some situations 
the associated terrain dismptions 
and/or costs (environmental, social 
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and economic) may be too large, 
necessitating abandonment. Develop­
ment opportunities could also be 
affected in areas where the risks 
associated with developing in an area 
susceptible to permafrost degradation 
are assessed as too ihigh. 

• The terrestrial cryosphere, because of 
its relative responsiveness to climate 
and climatic changes, provides an' 
effective means of monitoring and 
detecting climatic change. 

• Lack of sufficient data and gaps in ­
the understanding of associated 
processes limits more quantitative 
assessments at this time. 

Principal issues 

The terrestrial component of the cryo­
sphere consists of seasonal snow cover, 
mountain glaciers, ice sheets, and frozen 
ground, including permafrost arid 
seasonally frozen ground. These 
elements of the terrestrial cryosphere 
currently cover approximately 41 million 
km̂ ' with seasonal snow cover covering 
as much as 62% of the Eurasian 
continent and virmally all * of North 
America north of 35° latimde. 

Projected changes in climate will 
dramatically reduce the areal extent and 
volume of these elements of the terres­
trial cryosphere. This has implications 
not only with respert to changes in the 
availability of fresh water, changes in 
sea-level and in terrain characteristics, 
but also for societies and related 
economic systems which have come to 
depend on, or are limited by,' the 
existence of a terrestrial cryosphere. ' 

Feedback mechanisms are an important 
factor in understanding the impacts of 
climatic change . on the terrestrial 
cryosphere. Reduced areal coverage of 

these elements and degradation of 
permafrost as a result of climatic 
warming can enhance warming through 
(:hanges in surface characteristics and 
release of greenhouse gases. 

The impacts of, socioeconomic conscr 
quences of charJges Vin the terrestrial 
cryosphere will depend to a large extent 
on the rate at which the "changes occur. 

- Where the rate of change is quick or 
. sudden, environment and associated 
social and economic systems will have 
littie -time to adapt. Under these 

- circumstances the impacts and socio-
econoniic consequences could be large. 

Seasonal snow cover 

General Circulation Models indicate that 
in most parts of the Northem and 
Southern Hemispheres the area of snow 
cover is expected to decrease as a result 
of increaised temperature and, in most 
regions, a corresponding decrease in 
total mass of the sriow. Areas where 
snow cover is projiscted to increase 
include latimdes south of 60°S and 
higher elevations of inland Greenland 
and Antarctica (though the latter is, and 
will reriiaiiij largdy a cold desert). 

A reduction in the areal snow coverage 
and in the length of the snow cover 
season will i-esult in a positive climatic 
feedback, increasing global wanning as a 
result of the greater amount of solar 
radiation that a snow-free surface can 
absorb relative to on<5 that is snow-
covered. 

Loss of snow cover has both negative 
and "• positive socioeconomic conse­
quences. Decreases in snow cover will 
result in inaeased risks of damages and 
losses for those systems which rely on 
snow as protection (ie insulation) from 
cold winter climates. Included are 
agricultural crops such as winter wheat. 
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trees and shrubs, hibernating animals, 
and construction and maintenance of 
municipal infrastmctures. 

Reductions in both the temporal and 
spatial coverage, of seasonal snow cover 
will have significant ramifications for 
water resources as the amount of water 
available for consumptive (eg potable 
and irrigation. water) and non-
consumptive (eg hydroelectric power and 
waste management) uses decreases. 
Particularly sensitive are those areas 
such as the Alps and Carpathians, the 
Altai mountains of Central Asia, the Syr 

, Dgir'ya and Amu Dar'ya region of the 
USSR, the Rocky Mountains and the 
North American Great Plains, all of 
which are dependent on snowmelt for 
the majority of their spring and summer 
water resources. 

Changes in snow cover will also affect 
tourism and recreation-based industries 
and societies, particularly winter 
recreation sports such as skiing. 
Projected climate change could eliminate 
a $50 million per aimum ski industry in 
Ontario, Canada. 

i; From a positive impacts perspective, 
;>v reductions of seasonal snow cover will 

. reduce expendimres on snow removal 
. and will inaease access oppormnities 
. and ease transportation problems. A 

reduaion in snow cover, however, will 
also have adverse impacts for transpor-

. tation in those afeias which rely on snow 
roads in winter. Inability to use snow 

, roads will result in the necessity of using 
other more costly methods of 
traiisportation. 

Ice sheets and glaciers 

The relationships between climate and 
ice sheets and, glaciers are complex, and 
because of relatively limited monitoring 
and research, not fully uriderstood at this 

time. Increased temperatures generally 
result in increased ablation and, hence, 
a decrease in ice mass. Conversely, 
increased snowfall usually increases ice 
mass. Since projected changes in 
climate for some ice-covered regions 
include both increases in temperature 
and snowfall, understanding the impact 
of climatic changes on glaciers and ice 
sheets must consider the combined 

. impact. 

The bulk of the earth's ice mass is stored 
in the Antarctic ice she6t, divided-
between an eastern portion resting oh 
continental cmst and a large western 
portion which is underlaid both by 
continental cmst and ocean. Much of 
the remaining, ice mass is contained in 
the Greenland ice sheet, with smaller 
quantities stored in glaciers throughout 
the world. 

Although observed data are limited, it is 
estimated that both Antarctic and 
Greenland ice sheets are at present 
roughly in equilibrium, with annual gains 
close to armual losses. There is some 
evidence that suggests that the Green­
land ice sheet has been thickening since 
the late 1970s, which'has been attributed 
to new snow accuniulations on the ice 
sheet. 

Greenhouse-gas-induced climatic change 
will tend gradually to warm these sheets 
and bring them out of balance with the 
new climate regime. Change in ice-sheet 
volume is likely to be slow, however, 
with significant loss unlikely to occur 
until after 2100. , Calculations for 
Greenland suggest that a 3% loss of ice 
volume in the next 250 years is possible, 
based on the projected changes in 
climate. In the case of the Antarctic ice 
sheet the situation is more complex. 
The mass of the eastern ice sheet is 
expected to remain virmally the same or 
increase slowly as a result of expected 
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increases in orecipitation and temper­
atures. In contrast, the western ice 
sheet, like other marine ice sheets is 
inherently unstable. Climatic warming 
could cause groundline retreat and rapid 
dispersal of ice into the suriounding 
ocean by way of relatively fast-flowing 
ice streams. These changes in behaviour-
could lead to collapse of a portion of the 
westem Antarctic ice sheet which,; 
depending on the- amount of ice-
involved, could have a dramatic impact 
on sea-level and the sunounding 
environment. : 

The response of glaciers to climatic 
change will depend on their type and 
geographic location. In general, 
however, they have been shrinking for 
the last 100 years and are expected to 
continue to do so in response to pro­
jected changes in climate. In Austria a 
3° C warming by 2050 is projected to 
cause a reduction by about one-half in 
the extent of alpine glaciers. Melting of 
glaciers in the Soviet arrtic archipelagoes 
may result in their disappearance in 
150-250 years. In contrast, an assess­
ment of mountain glaciers in the 
temperate zone of Eurasia indicates that ; 
up to;202Q.these glaciers wiU, in general̂  
remain essentially unchanged, with' 
increased precipitation compensating for 
increased melt 

Ice sheet and glacier melting will result 
in higher sea-levels. Observations over 
the last century indicate that levels have 
been rising between 1-3 mm/year 
primarily as a result of mass loss from 
alpine glaciers. Cunent projections 
suggest an accelerated rise with green­
house gas warming to a most probable 
rise of 65 cm by the end of the next 
cenmry. 

Glacial melting can act as a negative' 
feedback to regional and global 
warniing, with heat extracted from the 

air to melt glacial ice and snow, thereby 
reducing the degree of warming. 

The melting of glaciers will also alter 
regional hydrologic cycles. In New 
Zealand it has been estimated that a 
3°C increase iri temperature would, in 
the short term, increase glacier-fed river 
flow in some westem rivers, increasing 
hydroelectric power generation by 10%. 
Another effect of glacier retreat is 
possible increased debris flows. Large 
amounts of debris masses on steep 
slopes will become exposed as a result of 
glacial retreat and, therefore, would be 
unstable and vulnerable to the effects of 
erosion. Landslides would result, 
leading to burial of stmOures, traffic 
routes and vegetation. Obstmctions of 
river flows and inaeased sediment loads 
resulting in changes in water quantity (eg 
local floods and reduced flows down­
stream) and water quality would also be 
likely to occur as a result of debris flows. 

Pennafh)st 

.Permafrost is the part of the tenestrial 
cryosphere consisting of ground (soil and 
rock) that remairis at or below freezing 
throughout the year. It usually contains 
ice which can take a variety of forms 
from ice held in soil pores to massive 
bodies of more or less pure ice many 
metres thick. The presence of this ice in 
the ground makes it behave uniquely as 
an " earth material, £Uid makes its 
properties vulnerable to climatic 
warming. 

At preserit about 20-25% of the land 
surface of the earth contains permafrost, 
primarily iri the polar regions but also in 
the alpine areas at lower latimdes. It 
occupies approximiately 10.7 million km̂  
in the USSR, 5 million km̂  in Canada, 2 
million km̂  in China and 1.5 million km̂  
in Alaska. Present and past climate is 
the major determinant of permafrost 
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occurrence and characteristics; however, 
a variety of other factors is also 
important; for example, the properties of 
the soil, and overlying terrain, vegetation 
and snow cover. 

Permafrost is usually present where the 
mean annual air temperature is less than 
- r C . At temperatures near this value it 
is discontinuous iri extent (discontinuous, 
permafrost zone). Both its extent and 
thickness increase at progressively higher,: 
latitudes where temperatures, are lower. 
It hjis been found to extend to depths of 
approximately 1000 hi or more in parts 

"of Canada, approximately 1500 m in the 
USSR and 100-250 min China. 

Permafrost can also exist in seabeds. 
There is extensive ice-bound material in 
the continental shelf beneath the Arctic 
Ocean; however, this permafrost', is 
cormnonly relict (ie it formed undtr past 
conditions and would not form under 
current ones). 

Pennafrost is to a large extent inherently 
unstable since it exists so close to its 
melting point. Moist responsive to 
changes in climate would be those 
portions nearest the, surface. Climate 
warming would thicken the active layer, 
leading tb a dieaease in soil stability. 
This permafrost degradation would lead 
to thaw settlement of the surface 
(thermokarst)̂ 'ponding of surface water, 
slope failures (lanidslides) and increased 
soil creep. This terrain instability would 
result in major concerns for the integrity 
and stability of rOalds, pipelines, airfields, 
dams, reservoirs and other facilities iri 
areas which contain permafrost. Teitain 
instability of the surface layer can also 
occur as a result of permafrost degra­
dation in alpine areas, such as the Alps. 
This instability could result in dangerous 
debris falls from thawed rocks and 
mudflows. 

Slope failures, thermpkarst and loss of 
near-surface moisture, as the increased 
depth of the. active layer moved limited 
water supplies further from the surface, 
would have detrimental effects on vege­
tation arid could lead to significant 
decreases in plant populations. In the 
longer , term, permafrost degradation 
would allow the growth of deeper 
rooted, broadleaved species and the 
establishment of denser forest of coni-

' ferous species., Wildlife could also be . 
affected tiirough changes in terrain, , 
surface hydrology and food availability. 
Loss of species and habitats can he 
expected, especially where wetiands dry 
out or areas are flooded as a: result of 
melt. 

Assessment of the effects of climate 
change on permafrost in any particular 
location must consider factors other than 
temperature, eg changes in summer 
rainfall and snow cover. In general, 
however, the projected warming during 
the next several decades would signi­
ficantly deepen the active layer and 
initiate a northward retreat of perma­
frost. It is expected that a 2°C global, 
wanriirig would shift the southern: 
boundary of the climatic zone currently 
associated with permafrost over most of 
Siberia north and northeast by at least 
500-700 km. The southem extent of 
permaiErost will lag beihind this, moving 
orily 25«»50 km in the next 40-50 years • 
(up to 10% reductiori in an area 
underlaid by continuoiis permafrost). 
The depth of the active layer is expected 
to increase by 1 m dming the next 40-50 
years. Projected changes in permafrost 
iri Canada are of similar magnitude. 

The melting of permafrost would result 
in the release of methane and, to a 
lesser exterit, COj from previously frozen 
biological material and from gas 
hydrates. The extent to which this will 
enhance the greenhouse effect is 
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uncertain, but could be about TC by 
the middle of the next century. 

The socioeconomic impacts of perma­
frost degradation will be mbced. 
Maintenance costs of existing northern 
facilities such' as buildings, roads and 
pipelines will tend to rise with abandon­
ment and relocation needed iri soirie 
cases. Change in current constmction 
practices will be necessary, as may be 
changes in sanitary waste disposal. 
Benefits from climate warming and, 
permafrost melt " are likely for agri­
culture, forestry, and hunting ' and 
trapping. 

Recommendations for action 

Projected greenhouse-gas-induced 
changes in climate will lead to ablation 
of global ice masses. Uncertainty exists, 
however, regarding how this ; global 
resporise will, be reflected at the 
regional/local level and how the 
individual ice masses and seasonal ice 
and snow will respond. The most impor­
tant effects of climatic change at high 
latitudes and elevated regions will be on 
and through changes in the tenestrial 
cryosphere. Furthermore, the tenestrial 
cryosphere is particularly suited for early 
detection of the effects of climate 
change. These two points necessitate a 
better understanding of the nature and 
dynamics of these ice masses and the 
factors that control them. This will 
require: 

• establishtherit or enhancement of 
integrated, systematic observation 
programs commensurate with 
research on the use of more efficient 
ground-based systems and remote 
sensing technologies designed to 
provide baseline information and 
trends; 

• concurrent monitoring of those 
facilities, structures and natural 
resources that are at risk owing to 
projected changes in the terrestrial 
cryosphere; 

• establishment of new guidelines and 
prpcedures for design and constmc­
tion practices that—consider the 
impacts of climatic changes on 
permafrost; 

• research, ,- induding intemational 
cooperative efforts, on the relation­
ships bet\yeen cbinponents of the 
terrestrial cryosphere and climate in 
conjunction with other determining 
factors, including feedback 
mechanisms; . , 

• refinement . of existing cHmate-
terrestrial cryosphere models; 

• impacts assessments nationally and 
regionally that will provide data and 
information on the impacts of climate 
change on areas in which components 
of the tenestrial cryosphere occur and 
the resulting socioeconomic conse­
quences; '.'•':-,' • 

• assessment of the needs for protected 
areas (natural reserves) for affected 
species and habitats; and 

• development and diistribution of 
relisvant educatioiial material and 
infonnation on climatic changes, their 
impacts on the tenestrial cryosphere 
and socioeconomic consequences, as 
well as a .wider distribution of 
research results. 
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Summary of major future 
actions 

The results, of the Working Group II 
studies highlight our lack of knowledge, 

' particulariy^alt the regional level and in 
areas most vulnerable tb climate change. 
Further national and international' 

' research is needed on: 
I • , . ' • 

• regional effects bf climate change on 
crpp yields, liVestock productivity and 
production costs; 

• identification of agricultural manage­
ment practices and techriblogy 
appropriate for changed climate; ' 

• factors influencing distribution of 
species and their sensitivity to climate 
change; 

o initiation and maintenance of 
• integrated rrionitpring systems for 
tenestrial and marine ecosystems; 

• intensive assessment of water 
resources and water quality, especially 
in arid and: senii-arid developing 
countries and their sensitivity to 
climate change; 

• regional predictions of changes in soil 
moismre, precipitation, surface arid 
subsurface runoff regimes and their 
interannual distributions as a result of 
climate change; 

» assessment of vulnerability of 
countries to gain or loss of energy 
resources, particularly biomass and 
hydroelectric power in developing 
countries; 

• adaptability of vuhierable human 
populations to heat stress and vector-
borne and viral diseases; 

• a global monitoring 
changes, particularly 
countries; 

of sea-level 
for island 

• identification of populations and 
agricultural and industrial production 
at risk in coastal areas and islands; 

• better ^understanding of the nature 
, and dynamics of ice masses and their 

sensitivity to cliriiate change; 

• integration of climate change impact 
information into the general planning 
process, particularly in developing 
countries; and 

• development of methodology to assess 
sensitivity of environments and 
spcioeconomic systems to climate 
change. 

• Soine of these topics are already 
being covered by existing and 
proposed programs and these will 
need continuing support. In 
particular, there are three core 
projects of the International 
Geosphere-Biosphere Program, . 
namely: 

LandrOcean Interactions 
Coastal Zone 

in the 

Biosphere Aspects of the 
Hydrological Cycle 

Global Change Impact on 
Agriculture and Society 

that will provide valuable data in the 
coming years. 
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Concluding remarks 

Human-induced climate change can have 
profound con.sequences for the worid's 
social, economic and natural systems. 
Each country should take steps to 
understand the impacts on its population 
arid land resources resulting from such a 
change, and the consequences of sea-
level rise, the changed character of 
atmospheric circulation and the resulting 
changes in typical weather patterns,, 
reduction of freshwater resources, 
increased ultraviolet-B radiation and 
spreading of pests and diseases. These 
can affect the potential of food and 
agricultural production and adversely 
affect human health and well-being. 

Too rapid a change in climate may not 
allow species to adapt and, thus, 
biodiversity could be reduced. This 
reduction could occur equally as well in 
the cryosphere regions, where melting of 
sea ice could accelerate, and in,the 
equatorial regions where sea suriface 
temperatures could inaease. Traditional 
cost-benefit analyses do not allow-for 
assessment of tiiese risks. Although 
substantial scientific uncertainty reriiains 
conceming the precise time,' location and 
namre of particular impacts, it is 
inevitable, under the scenario developed 
by Working Grpup I , that in the absence : 
of major preventive and adaptive actions 
by humanity, significant and potentially 
dismptive changes in the earth's 
environment will occur. 

The world community recognises the 
need to undertake certain actions to 
risduce and mitigate the impact of 
climate change. Specific measures 
should follow the assessments of poten­
tial impact on the biosphere and on 
human activity, and a comparison of the 
net costs of adaptation and mitigation 
measures. Some of these impacts, such 
as sea-level rise, are likely to proceed 

slowly but steadily while others such as 
shifts in climate zones - which will affect 
the occurrence of such events as floods, 
droughts and severe storms - may occur 
unpredictably. Regions and nations 
differ considerably in their vulnerability 
to such changes and subsequent impacts. 

" Generally human activity in developing 
countries is more vulnerable than that in 
developed countries to the dismption 
associated with climate change. Global 
warming and its impart must not widen 
the gap between developed and 
developing countries. 

The capacity of developing nations to 
adapt to likely climate changes and to 
rninimise their own contributions to it 
through greenhouse gas emissions, is 
constrained by their limited resources, by 
their di;bt probleiris and by their 
difficulties in developing their economies 
on a sustainable and equitable basis. 
These countries will need assistance in 
developing and implementing 
appropriate response options (including 
consideration of technological 
development and transfer, additional 
financial assistance, public education and 
information).: As. they possess greater 
resources to, cope \yith climate change, 
developed countries must recognise the 
need to assist developing coimtries to 
assess ,and deal with the potential 
impacts of climate change. 
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1 i 
2 
3 
4 EXECUTIVE SUMMARY 
5 

6 Working Group I I I (Response S t r a t e g i e s Working Group) was tasked 
7 t o for m u l a t e a p p r o p r i a t e response s t r a t e g i e s t o g l o b a l c l i m a t e change. 
8 This was t o be done i n the con t e x t of the work o f Working Group i 
9 (Science) and Working Group I I (impacts) which concluded t h a t -

10 • 
11 , • ' "We are c e r t a i n emissions r e s u l t i n g from human a c t i v i t i e s are 
12 s u b s t a n t i a l l y i n c r e a s i n g the atmospheric c o n c e n t r a t i o n s of the 
1^ greenhouse gases: carbon d i o x i d e , methane, c h l o r o f l u o r o - c a r b o n s 

(CFCs) and n i t r o u s oxide. These increases w i l l enhance the 
^5 greenhouse e f f e c t , r e s u l t i n g on average i n an a d d i t i o n a l warminq 
16 of the Earth's s u r f a c e . 
17 
1^ "The longer emissions continue a t present day r a t e s , the g r e a t e r 
1^ r e d u c t i o n s would have t o be f o r c o n c e n t r a t i o n s t o s t a b i l i z e a t 
20 a given l e v e l . 
21 
22 "The l o n g - l i v e d gases would r e q u i r e immediate r e d u c t i o n s i n 
23 emissions from human a c t i v i t i e s o f over 60% t o s t a b i l i z e t h e i r 
24 c o n c e n t r a t i o n s a t today's l e v e l s . 
25 
2 6 "Based on c u r r e n t model r e s u l t s , we p r e d i c t under the IPCC 
2"̂  Business-as-Usual emissions o f greenhouse gases, a r a t e of 
28 increase o f g l o b a l mean temperature d u r i n g the next c e n t u r y of 
29 about 0.3°C per decade ( w i t h an u n c e r t a i n t y range o f o.2°C t o 

0 .5 'C per decade), g r e a t e r than t h a t seen over t h e past 10,000 
y^^T^s; under t he same scenario, we a l s o p r e d i c t an average r a t e 

32 o f g l o b a l mean sea l e v e l r i s e o f about 6 cm per decade over the 
3 3 next c e n t u r y ( w i t h an u n c e r t a i n t y range o f 3 - 10 cm per 
3 4 decade). 
3 5 

3^ "There are many u n c e r t a i n t i e s i n our p r e d i c t i o n s p a r t i c u l a r l y 
3' w i t h regard t o the t i m i n g , magnitude and r e g i o n a l p a t t e r n s of 
38 c l i m a t e change. 
39 
40 

30 
31 

"Ecosystems a f f e c t c l i m a t e , and w i l l be a f f e c t e d by a changing 
;J c l i m a t e and by i n c r e a s i n g carbon d i o x i d e c o n c e n t r a t i o n s . Rapid 
42 changes m c l i m a t e w i l l change the composition o f ecosystems; 
43 some species w i l l b e n e f i t w h i l e o t h e r s w i l l be unable t o migrate 
l l °r adapt f a s t enough and may become e x t i n c t . Enhanced l e v e l s 
45 o f carbon d i o x i d e may increase p r o d u c t i v i t y and e f f i c i e n c y of 
4 6 water use of v e g e t a t i o n . 
47 
48 
49 
50 
51 
52 

" I n many cases, t he impacts w i l l be f e l t most s e v e r e l y i n 
regions a l r e a d y under s t r e s s , mainly t he developing c o u n t r i e s . 

"The most v u l n e r a b l e human s e t t l e m e n t s are those e s p e c i a l l y 
exposed t o n a t u r a l hazards, e.g., c o a s t a l or r i v e r f l o o d i n g , 

53 severe drought, l a n d s l i d e s , severe storms and t r o p i c a l 
54 cyclones". 
55 
56 



1 i i 
2 
3 
4 Any responses w i l l have to take i n t o account the great d i v e r s i t y 
5 of d i f f e r e n t countries' s i t u a t i o n s and t h e i r r e s p o n s i b i l i t y f o r and 
6 negative impacts on d i f f e r e n t countries and consequently would require 
7 a wide v a r i e t y of responses. Developing countries f o r example are at 
8 widely varying le v e l s of development and face a broad range of 
9 d i f f e r e n t problems. They account f o r 75% of the world population and 

10 t h e i r primary resource bases d i f f e r widely. Nevertheless, they are 
11 most vulnerable t o the adverse consequences of climate change because 
12 of l i m i t e d access t o the necessary information, i n f r a s t r u c t u r e , and 
13 human and f i n a n c i a l resources. 
14 
15 Main findings 
16 
17 1) Climate change i s a global issue; e f f e c t i v e responses would 
18 require a global e f f o r t which may have a.considerable impact 
19 on humankind and i n d i v i d u a l s o c i e t i e s . 
20 
21 2) I n d u s t r i a l i z e d countries and developing countries have a common 
22 r e s p o n s i b i l i t y i n dealing w i t h problems a r i s i n g from climate 
2 3 change. 
24 
25 3) I n d u s t r i a l i z e d countries have s p e c i f i c r e s p o n s i b i l i t i e s on two 
26 l e v e l s : 
27 
28 a) major part of emissions a f f e c t i n g the .atmosphere at present 
29 originates i n i n d u s t r i a l i z e d countries where the scope f o r 
30 change i s greatest. . I n d u s t r i a l i z e d countries should adopt 
31 domestic measures t o l i m i t climate change by adapting t h e i r own 
32 economies i n l i n e with future agreements t o l i m i t emissions; 
3 3 
34 b) t o co-operate with developing countries i n i n t e r n a t i o n a l 
35 action, without standing i n the way of the l a t t e r ' s development, 
3 6 by c o n t r i b u t i n g a d d i t i o n a l f i n a n c i a l resources, by appropriate 
37 t r a n s f e r of technology, by engaging i n close co-operation 
38 concerning s c i e n t i f i c observation, by analysis and research, and 
39 f i n a l l y by means of technical co-operation geared to 
40 f o r e s t a l l i n g and managing environmental problems. 
41 
4 2 4) Emissions from developing countries are growing and may need 
4 3 t o grow i n order t o ineet t h e i r development requirements and 
4 4 thus, over time, are l i k e l y t o represent an increasingly 
45 s i g n i f i c a n t percentage of global emissions. Developing 
46 countries have the r e s p o n s i b i l i t y , w i t h i n the l i m i t s f e a s i b l e , 
47 t o take measures t o sui t a b l y adapt t h e i r economies. 
48 
49 5) Sustainable development requires the proper concern f o r 
50 environmental protection as the necessary basis f o r continuing 
51 economic growth. Continuing economic development w i l l 
52 increasingly have t o take i n t o account the issue of climate 
53 change. I t i s imperative t h a t the r i g h t balance between 
54 economic and environmental objectives be struck. 
55 
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10 

1 i i i 
2 
3 
4 6) L i m i t a t i o n and adaptation strategies must be considered as an 
5 integrated package and should complement each other t o minimize 
6 net costs. Strategies t h a t l i m i t greenhouse gases emissions 
7 also make i t easier to adapt to climate ch-ange, 
8 • . , 
9 7) The p o t e n t i a l l y serious consequences of climate change on the 

global environment give s u f f i c i e n t reasons t o begin by adopting 
11 response strategies t h a t can be j u s t i f i e d immediately even i n 
12 the face of significant uncertainties. 
13 . •,• 
14 8) . A well-informed population i s essential to promote awareness 
15 .of the issues and provide guidance on positive practices. The 
16 social, economic and cultural diversity of nations w i l l require 
17 tailored approaches. ^ 
18 , . , 
•19 A flexible and progressive approach . 
20 
21 Greenhouse gas emissions from most sources are l i k e l y to 
22. increase s i g n i f i c a n t l y i n the future i f no response measures are taken. 
23 Although some controls . have.. been .put in place under the Montreal 
24 Protocol for CFCs and halons, emissions of CO2, CH4, N20and other gases 
25 such as several CFC-substitutes w i l l grow. Under these scenarios, i t 
26 i s estimated that CO2 emissions w i l l increase from approximately 7 
27 b i l l i o n (or 1000 m i l l i o n ) tonnes carbon (BtC)in 1985 t o between 11-15 
28 BtC by 2025. S i m i l a r l y , man-made methane emissions are estimated to 
29 increase from about 300 teragrams (Tg) t o over 500 Tg by the year 2025. 
30 Based on these projections. Working Group I estimated th a t global 
31 warming of 0.3"C/decade could occur. 
32 
33 The climate scenario studies of Working Group I f u r t h e r suggest 
34, -that control policies on emissions can indeed slow global warming, 
35 perhaps from 0.3"C/decade to 0.I'C/decade. The social, economic and 
36 environmental costs and -benefits of these control policies have not 
37 been fully assessed. I t must be emphasized that implementation of 
38 measures to reduce global emissions are very d i f f i c u l t as energy use, 
39 forestry, and land use patterns are primary factors in the global 
40 economy.^ To take maximum advantage of our increasing understanding of 
41 s c i e n t i f i c and socio-economic aspects of the issue, a flexible and 
42 progressive approach i s required. Subject to their particular 
43 circumstances, individual nations may wish to consider taking steps now 
44 to attempt to limit; s t a b i l i z e or reduce; the emission of greenhouse 
4 5 gases resulting from, human activities- and prevent the destruction and 
46 improve the effectiveness of sinks. iOne option that governments may 
47- wish to consider i s the setting of targets for CO2 and other greenhouse 
48 gases. 
49 .; 
50 Because large, projected increase in world population w i l l be 
51 a major factor in causing the projected increase in global greenhouse 
52 gases, i t i s essential that global climate change strategies include 
53 strategies and measures to deal with the rate of growth of the world 
54 population. 
55 
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1 IV 
2 
3 
4 Shorter-term 
5 
6 The Working Group has i d e n t i f i e d measures at the national, 
7 regional and i n t e r n a t i o n a l l e v e l s as applicable which, while helping 
8 to t a c k l e climate change, can y i e l d other b e n e f i t s . 
9 

10 Limitation 
11 
12 - Improved energy e f f i c i e n c y reduces emissions of carbon 
13 dioxide, the most s i g n i f i c a n t greenhouse gas, while 
14 improving o v e r a l l economic performance and reducing other 
15 pollutant emissions and increasing energy s e c u r i t y . 
16 
17 - Use of cleaner energy sources and technologies reduces 
18 carbon dioxide emissions, while reducing other pollutant 
19 emissions that give r i s e to a c i d r a i n and other damaging 
20 e f f e c t s . 
21 
22 . - Improved fo r e s t management and, where f e a s i b l e , expansion 
23 of f o r e s t areas as possible r e s e r v o i r s of carbon. 
24 
2 5 - - Phasing out of CFCs under the Montreal Protocol, thus 
26 removing some of the most powerful and long-lived 
27 greenhouse gases, while also protecting the s t r a t o s p h e r i c 
28 ozone la y e r . 
29 
30 - Agriculture, fo r e s t r y and other human a c t i v i t i e s are also 
31 responsible for s u b s t a n t i a l q u a n t i t i e s of greenhouse gas 
3 2 emissions. In the short term, reductions can be achieved 
33 through improved l i v e s t o c k waste management, a l t e r e d use 
3 4 and formulation of f e r t i l i z e r s , and other changes to 
35 a g r i c u l t u r a l land use, without a f f e c t i n g food s e c u r i t y , as 
36 well as through impiroved management i n l a n d f i l l and 
37 wastewater treatment. 
38 
39 Adaptation 
40 
41 - Developing emergency and d i s a s t e r preparedness p o l i c i e s and 
4 2 programmes. 
43 
44 - Assessing areas at r i s k from s e a - l e v e l r i s e and developing 
4 5 comprehensivie management plans to reduce future 
46 v u l n e r a b i l i t y of populations and c o a s t a l developments and 
47 ecosystems as part of c o a s t a l zone management plans. 
48 
49 - Improving the e f f i c i e n c y of natural resource use, research 
50 on control measures for d e s e r t i f i c a t i o n and enhancing 
51 a d a p t a b i l i t y of crops to s a l i n e regimes. 
52 
53 



1 
2 
3 
4 Longer - t e rm 
5 

8 
9 

10 

6 ' Governments should prepare for more intensive action which i s 
7 d e t a i l e d i n the report. To do so, they should undertake now: 

Accelerated and coordinated researrh programmes to reduce 
s c i e n t i f i c and socio-economic u n c e r t a i n t i e s with a view 
towards improving the basis for response s t r a t e g i e s and 

12 measures. 
13 

~ Development of new technologies in the f i e l d s of energy 
15 industry and a g r i c u l t u r e . 

Review planning in the f i e l d s of of energy, industry, 
transportation, urban areas, c o a s t a l zones and resource use 

16 
17 
18 
19 and management 
20 - Encourage b e n e f i c i a l behavioral and s t r u c t u r a l (e.g. 
21 transportation and housing i n f r a s t r u c t u r e ) changes.* 

23 
24 

Expand the global ocean observing and monitoring systems. 

25 I t should be noted that no d e t a i l e d assessments have been made 
as of yet of the economic costs and benefits, technological f e a s i b i l i t y 
or market p o t e n t i a l of the underlying policy assumptions 

26 
27 
28 
2 9 I n t e r n a t i o n a l cooperation 
30 
31 
32 

The measures noted above require a high degree of i n t e r n a t i o n a l 
cooperation with due respect for national sovereignty of s t a t e s . The 

3 3 i n t e r n a t i o n a l negotiation on a framework convention should s t a r t as 
34 quickly as possible a f t e r the completion of the IPCC F i r s t Assessment 
3 5 Report. This, together with any additional protocols that might be 
36 agreed upon, would provide a firm b a s i s for e f f e c t i v e cooperation to 
37 act on greenhouse gas emissions and adapt to any adverse e f f e c t s of 
38 climate change. The convention should, at a minimum, contain general 
39 p r i n c i p l e s and obligations. I t should be framed i n such a way as to 

gain the adherence of the l a r g e s t possible number and most s u i t a b l y 
balanced range of countries while permitting timely action to be taken. 

AA 1 1 Key -issues for negotiation w i l l include the c r i t e r i a , timing, 
44 l e g a l form and incidence of any obligations to control the net 
45 emissions of greenhouse gases, how to address equitably the 
46 consequences for a l l , any i n s t i t u t i o n a l mechanisms that may be 

required, the need for research and monitoring, and i n p a r t i c u l a r , the 
request of the developing countries for additional f i n a n c i a l resources 
and for the t r a n s f e r of technology on a p r e f e r e n t i a l b a s i s . 

40 
41 
42 
43 

47 
48 
49 
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1 v i 
2 
3 
4 Further consideration 
5 
6 The issues, options and s t r a t e g i e s presented i n t h i s document 
7 are intended t o a s s i s t policymakers and future negotiators i n t h e i r 
8 respective tasks. Further consideration of the summary and the 
9 underlying reports of Working Group I I I should be given by every 

10 government as they cut across d i f f e r e n t sectors i n a l l countries. I t 
11 should be noted t h a t the s c i e n t i f i c and technical information contained 
12 i n the policymakers summary and the underlying reports of Working Group 
13 I I I do not necessarily represent the o f f i c i a l views of a l l governments, 
14 p a r t i c u l a r l y those t h a t could not p a r t i c i p a t e f u l l y i n a l l Working 
15 Groups. 
16 
17 
18 
19 
20 



1 1. RSWG CHAIRMAN'S INTRODUCTION 
2 
3 The F i r s t Plenary Meeting of Working Group I I I of the IPCC the 
4 Response Strategies Working Group (RSWG), was held i n Washington 30 
5 January - 2 February 1989. This meeting was lar g e l y organizational 
6 (see Figure 1), and i t was not u n t i l a f t e r a subsequent RSWG Officers 
7 Meeting i n Geneva, 8rl2 May 1989, that the r e a l work by the four RSWG 
8 subgroups, the Emissions Scenarios Task Force (Task A) , and 
9̂ "Implementation Measures" Topic Coordinators (Task B) began. 

11 The Second RSWG Plenary Session was held i n Geneva, 
12 from 2 to 6 October 1989, to discuss the implementation measures: l ) 
13 public education and information; 2) technology development and 
14 t r a n s f e r ; 3) f i n a n c i a l measures; 4) economic measures; and 5) legal 
15 measures, including elemements of a framework climate convention. A 
16 consensus was reached on f i v e t o p i c a l papers dealing with these 
17 measures, w i t h the understanding t h a t they would be " l i v i n g documents" 
18 subject t o f u r t h e r modification as new information and developments 
19 might require. 
20 
21 The Third Plenary Meeting of RSWG, held i n Geneva, 5-9 June 
22 1990, achieved three objectives: 
23 
24 1) I t reached consensus on the attached "policy summary", the f i r s t 
2 5 i n t e r i m report of the RSWG. 
26 
2"̂  2) I t completed f i n a l e d i t i n g and accepted the reports of the four 
2 8 RSWG subgroups, of the coordinators of Task A, and of the 
29 coordinators of the f i v e Task B t o p i c a l papers. These documents 
3° comprise the underlying material f o r the consensus report of 
3^ t h i s meeting, the policymakers summary; they are not themselves 
3 2 the product of a RSWG plenary consensus although many 
3 3 governments p a r t i c i p a t e d i n t h e i r formulation. 
34 
35 F i n a l l y , 
36 
37 
38 

42 
43 
44 

47 
48 
49 
50 

3) The Working Group agreed t o submit comments on i t s suggested 
fut u r e work programme to the RSWG Chairman by l July l99 0, f o r 

39 transmission t o the Chair of the IPCC. There was general 
agreement t h a t the work of the RSWG should continue. 

41 
The primary task of the RSWG was, i n the broad sense, te c h n i c a l , 

not p o l i t i c a l . The charge of IPCC to RSWG was t o lay out as f u l l y and 
f a i r l y as possible a set of response p o l i c y options and the f a c t u a l 

45 basis f o r those options. 
46 

Consistent with t h a t charge, i t was not the purpose of the RSWG 
to select or recommend p o l i t i c a l actions, much less t o carry out a 
negotiation on the many d i f f i c u l t p o l i c y questions t h a t attach t o the 
climate change issue, although c l e a r l y the information might tend to 

51 suggest one or another option. Selection of options f o r implementation 
52 IS appropriately l e f t t o the policymakers of governments and/or 
53 negotiation of a convention. 
54 
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1 The work of RSWG continues. The Energy and I n d u s t r y Subgroup 
2 has, since the June RSWG Plenary Meeting, h e l d another very p r o d u c t i v e 
3 meeting i n London, the r e s u l t s of which are not r e f l e c t e d i n t h i s 
4 r e p o r t . 
5 
6 Two s p e c i f i c items of u n f i n i s h e d business submitted t o RSWG by 
7 the M i n i s t e r s a t the November 1989 meeting i n Noordwijk are the 
8 c o n s i d e r a t i o n of the f e a s i b i l i t y o f a c h i e v i n g : (1) t a r g e t s t o l i m i t 
9 or reduce CO2 emissions, i n c l u d i n g e.g. a 20 p e r c e n t _ r e d u c t i o n o f CO2 

10 emission l e v e l s by the year 2005; (2) a world net f o r e s t growth of 12 
11 m i l l i o n hectares a year i n the beginning o f the next c e n t u r y . The RSWG 
12 hopes t o complete t h i s a n a l y s i s before t h e Second World Climate 
13 Conference i n November of t h i s year. 
14 
15 The subgroup c h a i r s and t o p i c c o o r d i n a t o r s took the 
16 r e s p o n s i b i l i t y f o r completing t h e i r i n d i v i d u a l r e p o r t s and, along w i t h 
17 t h e i r r e s p e c t i v e governments, c o n t r i b u t e d generously o f t h e i r time and 
18 resources to that end. 
19 
20 
21 The RSWG Policymakers Summary i s the c u l m i n a t i o n o f th e f i r s t 
22 year of e f f o r t by t h i s body. The RSWG has gone to considerable lengths 
23 to insure that the summary accurately r e f l e c t s the work of the various 
24 subgroups and t a s k s . Given the very s t r i c t time schedule under which 
2 5 the RSWG was asked t o work, t h i s f i r s t r e p o r t can only be a beginning. 
26 
27 2. SOURCES OF ANTHROPOGENIC GREENHOUSE GASES 
28 
29 A wide range o f human a c t i v i t i e s r e s u l t i n the r e l e a s e of 
30 greenhouse gases, p a r t i c u l a r l y CO2, CH4, CFCs and N2O, into the 
31 atmosphere. Anthropogenic emissions can be c a t e g o r i z e d as a r i s i n g from 
32 energy production and use, non-energy i n d u s t r i a l a c t i v i t i e s (primarily 
33 the production and use of CFCs), a g r i c u l t u r a l systems, and changes in 
34 land-use patterns (including deforestation and biomass burning). The 
35 r e l a t i v e contributions of these a c t i v i t i e s to r a d i a t i v e forcing during 
36 the 1980s are discussed i n the text and shown below i n Figure 2 (see 
37 Working Group I report for further explanation of the r a d i a t i v e forcing 
38 of the various greenhouse gases). 
39 
4 0 IPCC Working Group I calculated that the observed increases in 
41 the atmospheric concentrations of CO2, CH4, CFCs and N2O during the 
42 1980s, which re s u l t e d from human a c t i v i t i e s , contributed to the 
43 enhanced r a d i a t i v e forcing by 56%, 15%, 24% and 5%, r e s p e c t i v e l y . 
44 
45 Energy 
46 
47 The s i n g l e l a r g e s t anthropogenic source of r a d i a t i v e forcing i s 
48 energy production and use. The consumption of energy from f o s s i l f uels 
49 (coal, petroleum and natural gas excluding f u e l wood) for i n d u s t r i a l 
50 commercial, r e s i d e n t i a l , transportation and other purposes r e s u l t s in 
51 l a r g e emissions of CO2accompanied by much sma l l e r emissions o f CH4 from 
52 coal mining and the v e n t i n g of n a t u r a l gas; the energy s e c t o r accounts 
53 for an estimated 46% (with an uncertainty range of 38-54%) of the 
54 enhanced r a d i a t i v e forcing r e s u l t i n g from human a c t i v i t i e s . 



1 _ N a t u r a l f l u x e s o f CO2 i n t o the atmosphere are l a r g e (200 Bt/yr''") , 
2 but i n p u t s o f man made sources are l a r g e enough t o s i g n i f i c a n t l y 
3 d i s t u r b t h e atmospheric balance, 
4 
5 I n d u s t r y 
6 
7 The p r o d u c t i o n and use of CFCs and ot h e r halocarbons i n v a r i o u s 
8 i n d u s t r i a l processes comprise about 24% of the enhanced r a d i a t i v e 
9 f o r c i n g . 

10 
11 F o r e s t r y 
12 ' 
13 D e f o r e s t a t i o n , biomass b u r n i n g i n c l u d i n g f u e l wood, and other 
14 changes i n land-use p r a c t i c e s , r e l e a s e CO2, CH4, and N2O i n t o the 
15 atmosphere and t o g e t h e r comprise about 18% ( w i t h an u n c e r t a i n t y range 
16 -of 9-26%) o f th e enhanced r a d i a t i v e f o r c i n g . 
17 
18 A g r i c u l t u r e 
19 
20 Methane releases from r i c e c u l t i v a t i o n and from l i v e s t o c k 
21 systems, and n i t r o u s oxide released d u r i n g the use o f nitrogeneous 
22 f e r t i l i z e r s t o g e t h e r comprise about 9% ( w i t h an u n c e r t a i n t y range of 
23 4-13%) of the enhanced r a d i a t i v e f o r c i n g . 
24 
2 5 Other sources 
26 
27 Carbon d i o x i d e from cement manufacturing and methane from land-
28 f i l l s t o g e t h e r comprise about 3% ( w i t h an u n c e r t a i n t y range o f 1-4%) 
29 o f th e enhanced r a d i a t i v e f o r c i n g . 
3 0 • 
31 Estimates o f c u r r e n t greenhouse gas emissions are not p r e c i s e 
32 because o f u n c e r t a i n t i e s - r e g a r d i n g both t o t a l emissions and emissions 
33 from i n d i v i d u a l sources. Global emissions from c e r t a i n sources are 
34 p a r t i c u l a r l y d i f f i c u l t t o determine, e.g., CO2 emission from 
3 5 d e f o r e s t a t i o n , CH4 emission from r i c e c u l t i v a t i o n , l i v e s t o c k systems, 
3 6 bicpmass b u r n i n g , c o a l mining and v e n t i n g o f n a t u r a l gas, and N2O 
37 emissions from a l l sources. The range o f such estimates can be q u i t e 

l a r g e , t y p i c a l l y , a f a c t o r o f 1.5 f o r methane from l i v e s t o c k , a f a c t o r 
of 4 f o r CO2 from d e f o r e s t a t i o n , and upto a f a c t o r o f 7 f o r r i c e . 

38 
39 
40 
41 3. FUTtTRE EMISSIONS OF GREENHOUSE GASES 
42 ' 
43 Greenhouse gas emissions from most sources are l i k e l y t o 
44 increase s i g n i f i c a n t l y i n the f u t u r e i f no p o l i c y measures are taken. 
4 5 As economic and p o p u l a t i o n growth c o n t i n u e , i n p a r t i c u l a r i n the 
4 6 developing c o u n t r i e s , t h e r e i s expected t o be an increase i n energy 
47 use, i n d u s t r i a l and a g r i c u l t u r a l a c t i v i t y , d e f o r e s t a t i o n , and other 
48 a c t i v i t i e s - w h i c h r e s u l t i n a net increase o f greenhouse gas emissions. 
49 Although some c o n t r o l s have been put i n place under t he Montreal 
50 P r o t o c o l f o r c e r t a i n CFCs and halons, emissions o f CO2, methane, 
51 n i t r o u s o x ide, and ot h e r greenhouse gases are l i k e l y t o increase under 
52 c u r r e n t p a t t e r n s o f economic a c t i v i t y and growth. 
53 

54 ^ B i l l i o n ( o r 1000 m i l l i o n ) tonnes per year. 



1 However, because of the inherent l i m i t a t i o n s i n our a b i l i t y to 
2 estimate future rates of population and economic growth, etc, there 
3 i s some uncertainty i n the projections of greenhouse gas emissions, 
4 i n d i v i d u a l behavior, technological innovation, and other fa c t o r s which 
5 are c r u c i a l f o r determining emission rates over the course of the next 
6 century. This lends uncertainty t o projections of greenhouse gas 
7 emissions over several decades or longer. Reflecting these inherent 
8 d i f f i c u l t i e s , the RSWG's work on emissions scenarios are the best 
9 estimates at t h i s time covering emissions over the next century but 

10 f u r t h e r work needs t o be done. 
11 
12 The RSWG used two methods t o develop scenarios of future 
13 emissions as discussed i n Sections 3.1. and 3.2. One method used 
14 global models t o develop four scenarios which were subsequently used 
15 by Working Group I t o develop estimates of future warming. The second 
16 method used studies of the energy and a g r i c u l t u r e sectors submitted by 
17 over 21 countries and in t e r n a t i o n a l organizations t o estimate 
18 emissions. These l a t t e r studies were aggregated i n t o a reference 
19 scenario. Both approaches show tha t emissions of CO2 and CH4 w i l l 
2 0 increase i n the f u t u r e . Both approaches indicate t h a t CO2 emissions 
21 w i l l grow from approximately 7 BtC t o between 11-15 BtC by the year 
22 2025. 
23 
24 3.1 Emissions scenarios 
25 
26 One of the RSWG's f i r s t tasks was t o prepare some i n i t i a l 
27 scenarios of possible future greenhouse gas emissions f o r the use of 
2 8 the three IPCC Working Groups. An experts' group was formed which 
29 looked at four hypothetical future patterns of greenhouse gas emissions 
30 and t h e i r e f f e c t on the atmosphere. The cumulative e f f e c t of these 
31 emissions was calculated using the concept of equivalent CO2 
32 concentrations (e.g. the contributions of a l l greenhouse gases to 
33 r a d i a t i v e f o r c i n g are converted i n t O r t h e i r equivalent i n terms of CO2 
34 concentrations). Global economic growth rates were taken from World 
3 5 Bank projections and population estimates were taken from UN studies 
36 and assumed equal f o r a l l scenarios. 
37 , • 
38 The f i r s t of the scenarios, ca l l e d the Business-as-Usual or the 
39 2030 High Emissions Scenario, assumes tha t few or no steps are taken 
4 0 to l i m i t greenhouse gas emissions. Energy use and c l e a r i n g of t r o p i c a l 
41 forests continue and f o s s i l fuels, i n p a r t i c u l a r coal, remain the 
42 world's primary energy source. The Montreal Protocol comes i n t o e f f e c t 
4 3 but without strengthening and with -less than 100 percent compliance. 
44 Under t h i s scenario, the equivalent of a doubling of p r e - i n d u s t r i a l CO2 
45 levels occurs, according t o Working-Group I , by around 2025. 
46 
47 The estimated anthropogenic contributions t o r a d i a t i v e f o r c i n g 
48 i n 2025 are shown i n Figure 3 and the corresponding data are shown i n 
49 Table 1. The RSWG attempted to synthesize and compare the r e s u l t s of 
50 the Reference scenario and the Business-as-Usual Scenario (2030 High 
51 Emissions). See Figure 4. The figure shows the equivalent CO2 
52 concentrations f o r the Business-as-Usual Scenario (which includes the 
53 Montreal Protocol and lower CO2 and CH4 emissions) and the Reference 
54 Scenario developed by the a g r i c u l t u r e and energy groups (higher CO2 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

47 
48 
49 
50 
51 
52 
53 

TABLE 1 

Anthropogenic Greenhouse Gas Emissions From Working Group I I I scenarios 

AFOS/EIS 
Reference Scenario 

1985 2025 

CO2 Emissions (BtC) 

2030 High Emissions 
Scenarios 

1985 2025 

13 Energy 5. 1 12.4 5.1 9.9 
14 Deforestation 1. 7** 2.6 0.7* 1,4 
15 Cement 0. 1 0.2 0.1 0,2 
16 
17 Total 6. 9 15. 2 5,9 11. 5 
18 
19 CH4 Emission (TgCH4) *** 
20 
21 Coal Mining 44 126 35 85 
22 Natural Gas 22 59 45 74 
23 Rice 110 149 110 149 
24 E n t e r i c Ferm. 75 125 74 125 
25 Animal Wastes 37 59 - -
26 L a n d f i l l s 30 60 40 71 
27 
28 Subtotal 318 577 304 503 
29 
30 Biomass Burning 55 77 
31 Natural 179 179 
32 
33 Total 541 761 
34 
35 N2O (TgN) 12.5 16.4 
36 
37 CO (TgC) 537 781 
38 NOx (TgN) 51 68 
39 
40 CFCs (Gg) 
41 
42 CF C l l 278 245 
43 CFC12 362 303 
44 HCFC 97 1340 
45 Halon 1211 1.4 18.6 
46 Halon 1301 2 . 1 7.4 

* Assuming low biomass per hectare and deforestation rates. 
** Midrange estimates for deforestation and biomass consistent with 

preferred value from Working Group I . 
*** Differences in the 1985 emissions figures are due to differences 

i n d e f i n i t i o n s and q u a l i f y i n g the emissions from these p a r t i c u l a r 
sources. 
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1 emissions/CFC phaseout) . The r e s u l t s i n d i c a t e t h a t the CO2 e q u i v a l e n t 
2 c o n c e n t r a t i o n s and thus the e f f e c t on the g l o b a l c l i m a t e are s i m i l a r 
3 f o r both s c e n a r i o s . 
4 
5 The second of the scenarios, the 2060 Low Emissions Scenario, 
6 assumes t h a t a number of environmental and economic concerns r e s u l t i n 
7 steps t o reduce the growth of greenhouse gas emissions. Energy 
8 e f f i c i e n c y measures, which might only be p o s s i b l e w i t h government 
9 i n t e r v e n t i o n , are implemented, emissions c o n t r o l s are adopted g l o b a l l y , 

10 and t h e share o f the world's primary energy p r o v i d e d by n a t u r a l gas 
11 increases. F u l l compliance w i t h the Montreal P r o t o c o l i s achieved and 
12 t r o p i c a l d e f o r e s t a t i o n i s h a l t e d and reversed. Under t h i s s c e n a r i o , 
13 the cumulative e f f e c t o f such measures i s a CO2 e q u i v a l e n t d o u b l i n g 
14 around 2060. 
15 
16 The remaining two scenarios r e f l e c t f u t u r e s where steps i n 
17 a d d i t i o n t o those i n the 2060 Low Emissions Scenario are taken t o 
18 reduce greenhouse gas emissions. These steps i n c l u d e r a p i d u t i l i z a t i o n 
19 of renewable energy sources, s t r e g t h e n i n g of the Montreal P r o t o c o l , and 
20 adoption o f a g r i c u l t u r a l p o l i c i e s t o reduce emissions from l i v e s t o c k 
21 systems, r i c e paddies, and f e r t i l i z e r s . 
22 
23 A l l of the above scenarios p r o v i d e a conceptual b a s i s f o r 
24 c o n s i d e r i n g p o s s i b l e f u t u r e p a t t e r n s of emissions and t h e broad 
25 responses t h a t might a f f e c t those p a t t e r n s . However, they r e p r e s e n t 
26 assumptions r a t h e r than cases d e r i v e d from s p e c i f i c s t u d i e s . I n 
27 a d d i t i o n , no f u l l assessment was made as y e t of the t o t a l economic 
28 costs and b e n e f i t s , t e c h n o l o g i c a l f e a s i b i l i t y , or market p o t e n t i a l of 
2 9 the u n d e r l y i n g p o l i c y assumptions. 
30 
31 3.2 Reference scenario 
32 
33 Table 2 shows the r e s u l t s of the EIS Reference Scenario ( f o r CO2 
34 emissions from t h e energy s e c t o r only) d i v i d e d by r e g i o n . The t a b l e 
3 5 i s incomplete and does not i n c l u d e CO2 emissions from non-energy 
3 6 sources nor o t h e r greenhouse gases and s i n k s . While i t i s not d i r e c t l y 
37 a measure of a r e g i o n ' s c l i m a t e f o r c i n g c o n t r i b u t i o n , t h i s t a b l e does 
38 p o r t r a y a f u t u r e where, i n the absence of s p e c i f i c p o l i c y measures, 
39 g l o b a l emissions of one major gas, CO2, grow from 5.15 BtC i n 1985, t o 
40 7.30 BtC i n 2000 and 12.43 BtC i n 2025. Primary energy demand more 
41 than doubles between 1985 and 2025, an average annual growth r a t e of 
42 2.1%. 
43 
44 The annual r a t e of growth i n CO2 emissions v a r i e s between 0.7% 
45 i n Western Europe, 1.3% i n North America and the P a c i f i c OECD 
46 C o u n t r i e s , and 3.6% i n developing c o u n t r i e s . The share of emissions 
47 between r e g i o n s v a r i e s over time. 
48 
49 Under t h i s s c e n a rio, the per c a p i t a emissions i n the 
50 i n d u s t r i a l i z e d c o u n t r i e s increase from 3.1 tonnes carbon (TC) per 
51 c a p i t a i n 1985 t o 4.7 TC per c a p i t a i n 2025. For the developing 
52 c o u n t r i e s , the per c a p i t a emissions r i s e from 0.4 TC per c a p i t a i n 1985 
53 t o 0.8 TC per c a p i t a i n 2025. 
54 
55 
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19 
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23 
24 
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28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
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TABLE 2 

GROSS CO2 EMISSIONS FROM THE ENERGY SECTOR* 

(From t he Reference Scenario^ 

CO2 Emissions i n the Reference Scenario ( b i l l i o n tonnes carbon/year) 

Global T o t a l s 

I n d u s t r i a l i z e d 

North America 
Western Europe 
OECD P a c i f i c . 
C e n t r a l l y Planned.Europe 

Developing 

A f r i c a 
C e n t r a l l y Planned Asia 
L a t i n America 
Middle East 
South and East Asia 

Global T o t a l s 

I n d u s t r i a l i z e d 

North America 
Western Europe 
OECD P a c i f i c 
Non OECD Europe 

Developing^ 

A f r i c a 
C e n t r a l l y Planned Asia 
L a t i n America 
Middle East 
South and East Asia 

1985 % 

5.15 (100) 

3.83 (74) 

1.34 
0.85 
0.31 
1.33 

(26) 
(16) 
(6) 

(26) 

1.33 (26) 

0. 
0. 
0. 
0. 
0. 

17 
54 
22 
13 
27 

1985 

(3) 
(10) 
(4) 
(3) 
(5) 

PC** C I * * * 

1.06 15.7 

3.12 16.3 

5. 08 
2.14 
2.14 
3.19 

15.7 
15.6 
16.1 
17. 5 

0.36 14.2 

0, 29 
0.47 
0.55 
1.20 
0.19 

12 . 3 
17.3 
11.5 
16.7 
12 . 3 

2000 % 

7.30 (100) 

4.95 (68) 

1.71 
0,98 
0.48 
1.78 

(23) 
(13) 
(7) 

(24) 

2.35 (32) 

0.28 
0.88 
0.31 
0.31 
0. 56 

(4) 
(12) 
(4) 
(4) 
(8) 

2000 

PC CI 

1.22 15.8 

3.65 16.1 

5.75 
2.29 
3.01 
3 . 78 

15.8 
15.1 
16.1 
16.9 

0.51 15.2 

0.32 
0.68 
0. 61 
1.79 
0.32 

13.2 
18.8 
11.4 
16. 1 
14.3 

2025 

12.43 (100) 

6.95 (56) 

2 . 37 
1. 19 
0. 62 
2 . 77 

(19) 
(10) 
(5) 

(22) 

5.48 (44) 

0, 
1, 
0, 
0. 

80 
80 
65 
67 

1.55 

2025 

(6) 
(14) 
(5) 
(5) 

(12) 

PC CI 

1.56 16.0 

4.65 16.0 

7.12 
2.69 
3 . 68 
5.02 

16.6 
14.6 
14.8 
16.4 

0.84 16.0 

0, 
1, 
0, 
2. 
0. 

54 
15 
91 
41 
64 

15. 2 
19,6 
11,8 
15,5 
15. 6 

This t a b l e presents r e g i o n a l CO2 emissions and does not i n c l u d e 
CFCs, CH4, O3, N2O, or s i n k s . Climate change c r i t i c a l l y depends 
on a l l GHG from a l l economic s e c t o r s . S M s t a b l e should be 
i n t e r p r e t e d w i t h r a i - ^ . 

PC - Per c a p i t a carbon emissions i n tonnes carbon per person, 

*** CI - Carbon I n t e n s i t y i n kilograms carbon per g i g a j o u l e . 
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1 The Reference Scenario sets out an example of the scope of the 
2 reductions i n t o t a l global emissions which might be necessary to 
3 s t a b i l i z e or reduce CO2 emissions. The s t a b i l i z a t i o n of global 
4 emissions at 1985 levels would require reductions of 29% by 2000 and 
5 59% by 2025. A reduction of global emissions t o 20% below 1985 levels 
6 would require reductions of 44% i n 2000 and 67% by 2025. 
7 
8 The carbon i n t e n s i t y figures show, f o r each region, the amount 
9 of carbon emitted per u n i t of energy consumed. The c o n t r i b u t i o n of 

10 energy consumption i n a region t o global warming i s l a r g e l y a function 
11 of i t s carbon i n t e n s i t y , t o t a l f u e l use, and of the e f f i c i e n c y with 
12 which i t consumes f o s s i l f u e l s . Carbon i n t e n s i t y f o r i n d u s t r i a l i z e d 
13 countries changes from 16.3 tonnes carbon per gigajoule (TC-GJ) i n 1985 
14 t o 15.5 i n 2025. In the developing world the change i s from 14.2 TC-GJ 
15 t o 15.6. 
16 
17 4. RESPONSE STRATEGIES FOR ADDRESSING GLOBAL CLIMATE CHANGE 
18 
19 Because climate change could p o t e n t i a l l y r e s u l t i n s i g n i f i c a n t 
20 impacts on the global environment and human a c t i v i t i e s , i t i s important 
21 t o begin considering now what measures might be taken i n response. 
22 Working Group 1 found t h a t under a "Business-as-Usual" scenario global 
2 3 average temperature could r i s e by 0.3 degrees centigrade per decade; 
24 i t also found t h a t under the Accelerated Control P o l i c i e s Scenario 
25 (scenario D) w i t h extremely s t r i n g e n t emissions reductions the 
2 6 temperature r i s e could perhaps be reduced t o 0.1 degree centigrade per 
27 decade. The RSWG i d e n t i f i e d a wide range of options f o r the 
28 i n t e r n a t i o n a l community t o consider. These include measures both to 
29 l i m i t net greenhouse gas emissions and t o increase the a b i l i t y of 
3 0 society and managed ecosystems t o adapt t o a changing climate. 
31 
3 2 Strategies which focus only on one group of emission sources, 
33 one type of abatement option or one p a r t i c u l a r greenhouse gas w i l l not 
34 achieve t h i s . Policy responses should, therefore, be balanced against 
35 a l t e r n a t i v e abatement options among the energy, industry, f o r e s t r y and 
36 a g r i c u l t u r a l sectors, and adaptation options and other p o l i c y goals 
37 where applicable at both national and i n t e r n a t i o n a l l e v e l s . Ways 
38 should be sought t o account f o r other countries, and intergenerational 
39 issues, when making p o l i c y decisions. 
40 
41 The consideration of climate change response s t r a t e g i e s , 
42 however, presents formidable d i f f i c u l t i e s f o r policymakers. On the 
43 one hand, the information available t o make sound p o l i c y analyses i s 
44 inadequate because of: (a) remaining s c i e n t i f i c u n c e r t a i n t i e s regarding 
45 the magnitude, t i m i n g , r a t e , and regional consequences of p o t e n t i a l 
46 climate change; (b) uncertainty with respect t o how e f f e c t i v e s p e c i f i c 
47 response options or groups of options would be i n a c t u a l l y averting 
48 p o t e n t i a l climate change; and (c) uncertainty with respect t o the 
49 costs, e f f e c t s on economic growth, and other economic and soc i a l 
50 implications of s p e c i f i c response options or groups of options. The 
51 p o t e n t i a l l y serious consequences .of, climate change on the global 
52 environment, however, give s u f f i c i e n t reasons t o begin by adopting 
53 response st r a t e g i e s t h a t can be j u s t i f i e d immediately even i n the face 
54 of such s i g n i f i c a n t u n c e r t a i n t i e s. 
55 
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1 Recognizing these f a c t o r s , a l a r g e number of op t i o n s were 
2 p r e l i m i n a r i l y assessed. I t appears t h a t some of these o p t i o n s may be 
3 economically and s o c i a l l y f e a s i b l e f o r implementation i n the near-term 
4 w h i l e o t h e r s , because they are not y e t t e c h n i c a l l y or economically 
5 v i a b l e , may be more a p p r o p r i a t e f o r implementation i n the longer-term, 
6 I n g e n e r a l , the RSWG found t h a t the most e f f e c t i v e response s t r a t e g i e s , 
7 e s p e c i a l l y i n the sh o r t - t e r m , are those which are: 
8 
9 - b e n e f i c i a l f o r reasons o t h e r than c l i m a t e change and j u s t i f i a b l e 

10 i n t h e i r own r i g h t , f o r example increased energy e f f i c i e n c y and 
11 lower greenhouse gas emission t e c h n o l o g i e s , b e t t e r management 
12 o f f o r e s t s and oth e r n a t u r a l resources, and re d u c t i o n s i n 
13 emissions o f CFCs and ot h e r ozone d e p l e t i n g substances t h a t are 
14 a l s o r a d i a t i v e l y i mportant gases; 
15 

16 ~ economically e f f i c i e n t and cost e f f e c t i v e , i n p a r t i c u l a r those 
17 t h a t use market-based mechanisms; 
18 
19 - able t o serve m u l t i p l e s o c i a l , economic, and environmental 
20 purposes; 
21 ' : 
22 - f l e x i b l e and phased, so t h a t they can be e a s i l y m o d i f i e d t o 
23 respond t o increased understanding o f s c i e n t i f i c , t e c h n o l o g i c a l 
24 and economic aspects o f c l i m a t e change; 
25 
26 - compatible w i t h economic growth and the concept o f s u s t a i n a b l e 
27 development; 
28 

29 - a d m i n i s t r a t i v e l y p r a c t i c a l and e f f e c t i v e i n terms o f 
3 0 a p p l i c a t i o n , m o n i t o r i n g , and enforcement; and 
31 

32 - r e f l e c t i n g o b l i g a t i o n s o f both i n d u s t r i a l i z e d and developing 
33 c o u n t r i e s i n addressing t h i s i ssue, w h i l e r e c o g n i z i n g the 
34 s p e c i a l needs o f developing c o u n t r i e s , i n p a r t i c u l a r i n the 
35 areas o f f i n a n c i n g and technology. 
36 . 
37 The degree t o which o p t i o n s are v i a b l e w i l l a l s o vary 
38 c o n s i d e r a b l y depending on the r e g i o n or cou n t r y i n v o l v e d . For each 
39 c o u n t r y , t h e i m p l i c a t i o n s o f s p e c i f i c o p t i o n s w i l l depend on i t s 
40 s o c i a l , environmental, and economic c o n t e x t . Only through c a r e f u l 
41 a n a l y s i s o^ a l l a v a i l a b l e o p t i o n s w i l l i t be p o s s i b l e t o determine 
4 2 which are best s u i t e d t o the circumstances o f a p a r t i c u l a r c o u n t r y or 
43 r e g i o n . I n i t i a l l y , the h i g h e s t p r i o r i t y should be t o review e x i s t i n g 
44 p o l i c i e s w i t h a view t o mi n i m i z i n g c o n f l i c t s w i t h t he goals o f c l i m a t e 
45 change s t r a t e g i e s . New p o l i c i e s w i l l be r e g u i r e d . 
46 
47 5. OPTIONS FOR LIMITING GREENHOUSE GAS EMISSIONS 
48 
^̂9 The RSWG reviewed p o t e n t i a l measures f o r m i t i g a t i n g c l i m a t e 
50 change by l i m i t i n g net emissions o f greenhouse gases from t he energy 
51 i n d u s t r y , t r a n s p o r t a t i o n , housing and b u i l d i n g , f o r e s t r y , a g r i c u l t u r e ^ 
52 and ot h e r s e c t o r s . These measures i n c l u d e those which l i m i t emissions 
53 from greenhouse gas sources (such as energy p r o d u c t i o n and use), those 
54 which increase the use of n a t u r a l s i n k s (such as immature f o r e s t s and 
55 o t h e r biomass) f o r sequestering greenhouse gases, as w e l l as those 
56 measures aimed a t p r o t e c t i n g r e s e r v o i r s such as e x i s t i n g f o r e s t s . 
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1 While RSWG was not mandated to consider the r o l e of the oceans. Working 
2 Group I noted t h a t oceans also play an equally important r o l e as sinks 
3 and reservoirs f o r carbon dioxide. A discussion of both short and 
4 long-term options f o r each major emissions sector i s provided below. 
5 
6 I t also should be recognized t h a t the large, projected increase 
7 i n the world population, t o as much as ten b i l l i o n people during the 
8 next century, w i l l be a major factor i n causing the projected increase 
9 i n global greenhouse gases. This i s because larger p o p u l a t i o n s . w i l l 

10 be accompanied by increased consumption of energy and of food, more 
11 land c l e a r i n g , and other a c t i v i t i e s , a l l of which w i l l cause an 
12 increase i n net greenhouse gas emission. I t i s e s s e n t i a l , therefore, 
13 t h a t p o l i c i e s designed t o deal e f f e c t i v e l y w i t h the issue of p o t e n t i a l 
14 global climate change include strategies and measures t o reduce the 
15 rate of growth of the world population. 
16 
17 5.1 L i m i t a t i o n of net emissions from the energy sector 
18 
19 The energy sector plays a v i t a l l y important r o l e i n economic 
20 well-being and development f o r a l l nations. At the same time, because 
21 energy production and use accounts f o r approximately one h a l f of the 
22 r a d i a t i v e f o r c i n g from human a c t i v i t i e s , energy p o l i c i e s need t o ensure 
2 3 th a t continued economic growth occurs i n a manner t h a t , g l o b a l l y , 
24 conserves the environment f o r future generations. However, there i s 
25 no sing l e , q u i c k - f i x technological option f o r l i m i t i n g greenhouse gas 
26 emissions from energy sources. A comprehensive strategy i s necessary 
27 which deals w i t h improving e f f i c i e n c y on both the demand and supply 
28 sides as a p r i o r i t y and emphasizes technological research, development, 
29 and deployment. 
30 
31 The RSWG recognizes the p a r t i c u l a r d i f f i c u l t i e s which w i l l be 
3 2 faced by countries, p a r t i c u l a r l y developing countries, whose economy 
3 3 i s heavily dependent on the production and/or export of f o s s i l f u e l s , 
34 as a consequence of actions taken by other countries t o l i m i t or reduce 
35 energy re l a t e d greenhouse gas emissions. These d i f f i c u l t i e s should be 
3 6 taken i n t o account when elaborating i n t e r n a t i o n a l s t r a t e g i e s . 
37 
38 Various p o t e n t i a l options have been i d e n t i f i e d f o r reducing 
39 greenhouse gas emissions from energy systems. The most relevant 
4 0 categories of options appear t o be: 
41 
42 - e f f i c i e n c y improvements and conservation i n energy supply, 
43 conversion, and end use; 
44 
4 5 - f u e l s u b s t i t u t i o n by energy sources which have lower or no 
4 6 greenhouse gas emissions; 
47 
48 - reduction of greenhouse gas emissions by removal, r e c i r c u l a t i o n 
49 or f i x a t i o n ; 
50 
51 - management and behavioural changes (e.g. increased work i n homes 
52 through information technology) and s t r u c t u r a l changes (e.g. 
53 modal s h i f t i n t r a n s p o r t ) . 
54 
55 From an analysis of the technologies i n these categories, i t 
56 appears t h a t some technologies are available now or i n the short-term 



15 

1 w h i l e o t h e r s need f u r t h e r development t o lower c o s t s or t o improve 
2 t h e i r environmental c h a r a c t e r i s t i c s . 
3 

10 

4 Tables 3 and 4 provide v a r i o u s examples o f t e c h n o l o g i c a l o p t i o n s 
5 w i t h i n each o f the broad c a t e g o r i e s d e f i n e d above, and t h e i r p o s s i b l e 
6 a p p l i c a t i o n i n the s h o r t , medium, and longer-term. This d i s t i n c t i o n 
7 among time frames i s . used i n order t o r e f l e c t the remaining 
8 t e c h n o l o g i c a l needs i n each category and t o a s s i s t i n f o r m u l a t i n g 
9 t e c h n o l o g i c a l s t r a t e g i e s . Short-term t e c h n o l o g i e s are those which 
0 a p p a r e n t l y are or w i l l be both t e c h n i c a l l y and economically ready f o r 

11 i n t r o d u c t i o n and/or demonstration up t o the year 2005 and beyond 
12 Mid-term t e c h n o l o g i e s are those which, w h i l e t e c h n i c a l l y a v a i l a b l e now* 
13 are not y e t economic and thus may not be implemented u n t i l t he p e r i o d 
14 from 2005 t o 2030. Longer-term t e c h n o l o g i e s are not y e t a v a i l a b l e but 
15 may emerge a f t e r 2030 as a r e s u l t of research and development. Such 
16 time frames could be i n f l u e n c e d by such f a c t o r s as the pace of the 
17 t e c h n o l o g i c a l changes and economic c o n d i t i o n s . 
18 

I t ^ . t e c h n i c a l , economic, and market p o t e n t i a l o f t e c h n o l o g i c a l 
20 o p t i o n s w i l l v a ry depending upon the s e c t o r i n which they are t o be 
21 a p p l i e d . The t e c h n i c a l p o t e n t i a L of an energy technology i s i t s 
22 c a p a c i t y t o reduce p o t e n t i a l emissions, i r r e s p e c t i v e o f the costs 
23 i n v o l v e d , and i s l a r g e l y a f u n c t i o n of t e c h n i c a l f e a s i b i l i t y and 
24 resource a v a i l a b i l i t y . Economic p o t e n t i a l r e f e r s t o whether the 
25 a p p l i c a t i o n o f the o p t i o n s i s economically e f f i c i e n t and c o s t - e f f e c t i v e 
26 - I t may be s i g n i f i c a n t l y l e s s than t e c h n i c a l p o t e n t i a l where t h e r e are 
27 p o s i t i v e resource c o s t s . Market p o t e n t i a l r e f e r s t o whether the 
28 consumer or user i s l i k e l y t o adopt the o p t i o n - i t might be even l e s s 
29 than economic p o t e n t i a l due t o market i m p e r f e c t i o n s , a t t i t u d e s t o r i s k 
3 0 and t h e presence o f non-monetary c o s t s . 
31 
1 1 ^ ^ ' 'T̂ ê ê i s i n g e n e r a l , extensive i n f o r m a t i o n a v a i l a b l e on the 
3 3 t e c h n i c a l p o t e n t i a l of the many t e c h n o l o g i c a l o p t i o n s l i s t e d . For 
3 4 example: v.*. 
35 

36 - i n t h e T r a n s p o r t a t i o n s e c t o r , v e h i c l e e f f i c i e n c y improvements 
37 have v e r y h i g h t e c h n i c a l p o t e n t i a l (e.g. 50 percent improvement 
30 from t h e average v e h i c l e on the road i n some c o u n t r i e s ) ; 

40 - i n t h e E l e c t r i c i t y Generation s e c t o r , e f f i c i e n c y improvements 
°f -15 t o 20 percent could be achieved f o r r e t r o f i t s o f c o a l 
p l a n t s and up t o 65 percent f o r new g e n e r a t i o n versus average 
e x i s t i n g c o a l p l a n t s ; f u e l s u b s t i t u t i o n c o u l d achieve 30 percent 
( f o r o i l t o n a t u r a l gas) t o 40 percent ( f o r c o a l t o n a t u r a l gas) 

45 r e d u c t i o n i n emissions of CO2; 
46 

i n t h e B u i l d i n g s s e c t o r , new homes could be r o u g h l y t w i c e as 
energy e f f i c i e n t and new commercial b u i l d i n g s up t o 75 percent 
as energy e f f i c i e n t as e x i s t i n g b u i l d i n g s ; r e t r o f i t t i n g e x i s t i n g 

50 homes cou l d average 25 percent improvement and e x i s t i n g 
commercial b u i l d i n g s around f i f t y p e r c e n t ; 

42 
43 
44 

47 
48 
49 

53 
54 
55 

i n t h e I n d u s t r y s e c t o r , the t e c h n i c a l p o t e n t i a l f o r e f f i c i e n c y 
improvements ranges from around 15 percent i n some sub-sectors 
t o over 40 percent i n others ( i . e , the best a v a i l a b l e technology 

56 versus the stock average) 



TABLE 3 

Examples of Short-Term Option.s 

I . IMPROVE LFHCIENCY IN THE PRODUCTION. CONVERSION AND USE OF ENERGY 

Electricity Generation Industry Sector Transport .Sector Building .Stilor 

Improved efficiency in 
clcctnciiy gcncralion 

Repowering of existing 
faciiiiics with higli 
efficiency systems; 
Introduction of 
integrated gasification 
combined cycle systems; 
Introduction of 
atmospheric (luidiscd 
bed combustion; 
Introduction of 
pressurised fluidiscd bed 
combustion with 
combined cycle power 
systems: 
Improvement of boiler 
efficiency. 

Improved system'for co-
generBtion of electricity and 
sicam. 

Improved operation and 
mamicnaiKC. 

Introduction of photovoliiiics, 
especially for local elccuiciiy 
generation. 

Inuoduction of fuel cells. 

Prornotion of funher 
efficiency iiiiprovemenis in 
production process; 
Materials recycling 
(particularly encrgy-
intcnsivc materials); 
Substitution with lower 
energy intensity materials; 
Improved electromechanical 
drives and motors; 
Thermal process 
optimisation, inchiding 
energy cascading and co-
generation. 
Improved operation and 
mamtenance. 

Inipi()vc:cl fuel efficiency of 
road vehicles; 

Electronic engine 
ni.ina(;eii)cni and 
trjnsinission cunuol 
sysicms; 
advaneeil vcliicic 
design; 
regular vehicle 
iiiainicnancc; 
higher capacity 
tiMclcs; 
improved efficiency 
in transpon faciliiies; 
regenerating units; 

Technology devcldprncni in 
public iiansponaiion; 

liiua<iiy modal shift 
(e g. c;ir lo bus or 
ineiro); 
advanced train 
ciinirol system to 
increase irallic 
density on urban rail 
lines; 
High .S|)cc-d inter city 
trains; 
,Heller intciiiiodal 
i.iiii.'grution. 

Reduced size and weight, 
with use of lightweight 
conipo.<itc materials and 
structural ceramics; 
improved aeiodyiiamits, 
combusiion i liainbcr 
coiiiponeiiis, better 
lubricaiils and lyre design, 
etc.). 

Driver lichavKHir, irallic 
inaiiageiiieiii, and veliii le 
maintenance. 

Improved heaung and ci-oNn ;̂ 
eijui|>fneni and sysieniN; 

Improvcmeni of enercy 
efficiency ol air 
condilioning; 
Promotion of 
iniroducuun of arc;; 
hcaUng and cot)ling 
including jse of hcai 

flumps; 
iriproved burner 

efficiency; 
Use of heal punip'. ui 
buildings; 
Use of advajiced 
electronic energy 
managcmcni VoiiLrul 
systems. 

Improved spjcc condiluniini; 
clliciency in tiouse/builami;; 

Improved lieal ellicieik y 
ih/ough highly clficieni 
insulating maicri.ils: 
Deiler building design 
(orieniaiion, window, 
building, envelope, eu..;; 
Improved air lo-air hciii 
cichangers. 

improved lighting eflicieniy. 
Improved appliance efficiency 
Improved operation and 
mainicnance. 
Improved eflicienc. of cook 
siovcs (in developing 
counuies). 



TABLE 3 (CONTINUED) 

II . NON FOSSIL AND LOW EMISSION ENERGY SOURCES 

Electricity (;enrrati»n 

Constnicuon of small-scale and large-scale hydro projects-
bxpansion of conventional nuclear power plants-
Consiniction of gas-fired power plants-
andTsafety^ <•«'£" of nuclear power plants lo improve economics 

Development of geothermal energy projects; 
Inuoduciion of wind turbines; 
Expansion of sustainable biomass combustion 
RcDlacemcni of scrubbers and other energy consuming control technolocy 
with more energy cflicicni emission control •«-iiiiuiot,y 

Otlur .Sectors 

Sob^h"caUng'̂  "^'"^^ biomass for healing oil and coai; 
Technologies for producing and utilising aliernauvc fuels 

Improved storage and combustion sysiems lor nauiral t;as 
iniroducuon of llcxible-fucl and alcohol fuel vehicles ' 

III. REMOVAL, RECIRCULATION OR l-IXATION 

Energy/industry 
Landl l l ls 

mmmg;"̂  °^ '" ' ' "^ ° ' storage, coal 

Improved maintenance of oil and natural gas and oil production and 
disiribuuon systems to reduce CH., leakage; i"o«iuciion ami 

Recycle and incineraiioii of wasu; inalcrials lo reduce CII, cdiî Mons: 

Use or lljring of C\̂ ^ emissions; 

Improved mainicmmcc of landfill to de4.re.1sc Cll^ emissions 



TABLE 4 

Examples of Mediuro-ZLong-' lerm Options 

1. IMPROVE EFTICIENCY IN THE PRODUCTION. CONVERSION A N D THE USE OF ENERGY 

Electricity Generation Industry Seitur 

Advanced technologies for 
storage of inicmiiticnt energy; 
Advanced batteries; 
Compressed air energy storage; 
Superconducting energy storage; 

Increased use of less 
energy-intensive materials; 
Advanced pnxcss 
technologies; 
Use of biological 
phenomena in processes; 
Localised process energy 
conversion; 
Use of fuel cells for co-
generation. 

Transport Sei tur 

Improved fuel efficiency of 
road vehicle^; 
Improvements i i i ai icrali 
ana ship design: 

Adv:mccd (iropulsion 
concepts; 
Ulua nigh-bypass 
aircraft engines; 
Coiiua rout ing ship 
propulsion. 

I tu i ld ing Srctiir 

Improved energy siorage 
sysicms; 

Use of i i i loini j i ion 
technology to anticipaie 
and satisfy energy 
needs; 

- '• Use of hydroLcn lo 
store energy for usj in 
buildings. 

Improved liuildn.g sysuiu-,. 

New Building ni;ikrials 
for belter insulation af -
reduced co^I; 
Windows wtiicli .i.l|Uil 
op;icity 10 ina.xinii-,j 
solar gam. 

New food ^IorJge sysu njs 
which cliniinaie relngerji ion 
requu-cmenis. 



TABLE 4 (CONTINUED) 

11. NON FOSSIL AND LOW EMISSION ENERGY SOURCES 

Electr ici ty Generation 

Nuclear power plants: 

Passive safety features to improve reliability and acceptability. 

Solar power technologies: 

Solar thermal; 

Solar photovoltaic (especially for local elccuici iy gcncralion). 

Advanced fuej cell technologies. 

Other Sectors 

Other technologies for prodiKing and utilising alicinaiivc fuels: 

Improved storage and combustion systems for hydrogen 
Control of gases boiled of f from cryogenic fuels; 
Improvements in performance of mcuiT hydrides; 
High yield processes to convert lingo ccllulosic "hioni.iss mt 
alcohol fuels; 
Inuoduction of electric and hybrid vehicles; 
Reduced re-charging Lme for advanced baitcries. 

I I I . R E M O V A L , RECIRCULATION OR F IXATION 

Improved combustion conditions to reduce N j O emissions. 

Treatment of exhaust gas to reduce N jO emissions. 

CO, separation and geological and marine disposal. 
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1 The c o n s t r a i n t s t o ach i e v i n g the t e c h n i c a l p o t e n t i a l i n these 
2 s e c t o r s can be g e n e r a l l y c a t e g o r i z e d as: 
3 
4 - c a p i t a l costs of more e f f i c i e n t t e c h n o l o g i e s v i s - a - v i s t h e cost 
5 of energy; 
6 
7 - r e l a t i v e p r i c e s o f f u e l s ( f o r f u e l s u b s t i t u t i o n ) ; 
8 
9 - l a c k o f i n f r a s t r u c t u r e ; 

10 
11 - remaining performance drawbacks o f a l t e r n a t i v e t e c h n o l o g i e s ; 
12 
13 - replacement r a t e s ; 
14 
15 - reaching t h e l a r g e number of i n d i v i d u a l decision-makers 
16 i n v o l v e d . 
17 
18 Each of these c o n s t r a i n t s may be more or l e s s s i g n i f i c a n t 
19 depending on the se c t o r i n g u e s t i o n . While not a c o n s t r a i n t , 
20 b e h a v i o u r a l changes (e.g., improved d r i v e r behaviour, b e t t e r v e h i c l e 
21 maintenance and t u r n i n g o f f unused l i g h t s ) can make s i g n i f i c a n t 
22 c o n t r i b u t i o n s t o emissions r e d u c t i o n i n a l l s e c t o r s . A c h i e v i n g such 
2 3 changes r e g u i r e s the engagement of both t he energy s u p p l i e r and the 
24 consumer. Likewise, improvements i n o p e r a t i o n a l p r a c t i c e s on t h e p a r t 
25 o f i n d u s t r y and government (e.g. b e t t e r t r a f f i c management or b o i l e r 
26 o p e r a t i o n ) o f f e r s i g n i f i c a n t p o t e n t i a l but r e g u i r e increased a t t e n t i o n . 
27 Transport and housing p o l i c i e s (e.g. promotion o f p u b l i c t r a n s p o r t , 
28 home i n s u l a t i o n ) could a l s o reduce greenhouse gas emissions. A more 
2 9 comprehensive assessment of the measures t o overcome these c o n s t r a i n t s 
30 i s contained i n s e c t i o n 8 of t h i s r e p o r t . 
31 
32 Factors e x t e r n a l t o the energy s e c t o r a l s o s i g n i f i c a n t l y 
33 c o n s t r a i n p o t e n t i a l . These i n c l u d e t h e d i f f i c u l t y o f : 
34 
35 - making basic changes i n the s t r u c t u r e o f economies (e.g. 
3 6 development o f new t r a n s p o r t a t i o n and housing i n f r a s t r u c t u r e ) ; 
37 
38 - making fundamental changes i n a t t i t u d i n a l and s o c i a l f a c t o r s 
39 (e.g. preferences f o r s m a l l e r and h i g h e r e f f i c i e n c y v e h i c l e s ) . 
40 
41 The challenge t o policymakers i s t o enhance the market uptake 
4 2 o f t e c h n o l o g i c a l o p t i o n s and b e h a v i o r a l and o p e r a t i o n a l changes as 
4 3 w e l l as t o address the broader issues o u t s i d e t h e energy s e c t o r i n 
44 order t o capture more of the p o t e n t i a l t h a t e x i s t s . 
45 
4 6 Options and s t r a t e g i e s 
47 
48 Tables 3 and 4 summarize the t e c h n o l o g i c a l , r e g u l a t o r y , and 
49 i n s t i t u t i o n a l approaches which could form elements o f s t r a t e g i e s t o 
50 c o n t r o l greenhouse gases. 
51 
52 A l i s t o f o p t i o n s recommended by EIS as measures f o r addressing 
53 greenhouse gas emissions i s given below. Countries are encouraged t o 
54 eva l u a t e t h e s o c i a l , economic and environmental consequences of these 
55 o p t i o n s . 
56 
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1 -
2 
3 
4 
5 
6 
7 - adopting a f l e x i b l e progressive approach, based on the best 
8 available s c i e n t i f i c , economic and technological knowledge, to 
9 action needed t o respond t o climate change; 

10 
11 ~ drawing up s p e c i f i c p o l i c i e s and implementing wide-ranging 
12 comprehensive programmes which cover a l l energy-related 
13 greenhouse gases; 
14 ' 
15 - s t a r t i n g with implementing st r a t e g i e s which have m u l t i p l e 
16 s o c i a l , economic and environmental b e n e f i t s , are cost e f f e c t i v e , 
17 are compatible wi t h sustainable development and make use of 
18 market forces i n the best way possible; 
19 
20 - i n t e n s i f y i n g i n t e r n a t i o n a l , m u l t i l a t e r a l and b i l a t e r a l co-
21 • operation' i n developing new energy strategies t o cope with 
22 climate change. I n t h i s context, i n d u s t r i a l i z e d countries are 
2 3 encouraged t o promote the development and the t r a n s f e r of energy 
24 e f f i c i e n t ' a n d clean' technologies to other countries; 
25 • ' ^ 
26 - increasing public awareness of the need f o r external 
27 environmental costs t o be r e f l e c t e d i n energy prices, markets 
28 and p o l i c y decisions to the extent t h a t they can be determined; 
• 29 • '' 
30 - increasing public awareness of energy e f f i c i e n c y technologies 
31 and products and a l t e r n a t i v e s , through public education and 
32 information (e.g. l a b e l l i n g ) ; 
33 
34 - ' strenghtening research and development and i n t e r n a t i o n a l 
35 c o l l a b o r a t i o n i n energy technologies, and' economic and' energy 
36 p o l i c y analysis, which are relevant f o r climate change; 
38 - encouraging the p a r t i c i p a t i o n of industry, the general public, 
39 and NGOs i n the development and implementation of st r a t e g i e s t o 
4 0 l i m i t greenhouse gas emissions. 
41. .., -•- .-. -. 
42 :Short-term strategy options 
43 , .. ... , 
44 Short-term-strategies f o r a l l i n d i v i d u a l nations include: 
45 
46 - improving d'itfusibn of energy e f f i c i e n t and a l t e r n a t e energy 
47 technologies which are t e c h n i c a l l y and commercially proven; 
48 • ' 
49 

2 ' ' •• • "t 
There was s i g n i f i c a n t concern expressed at the RSWG 

51 meeting about the immediacy implied by the word now i n option 
52 one, when implemention could only be considered at a rate 
53 consistent with countries' l e v e l of knowledge and p a r t i c u l a r 
54 circumstances. 
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1 - improving energy e f f i c i e n c y of mass,produced goods including 
2 motor vehicles and e l e c t r i c a l appliances and equipment and 
3 buildings (e.g., through improved standards); 
4 
5 - developing, d i f f u s i n g and t r a n s f e r i n g technologies t o l i m i t 
6 energy re l a t e d greenhouse gas emissions; 
7 
8 - reviewing energy-related price and, t a r i f f systems and p o l i c y 
9 decisions on energy planning t o . b e t t e r r e f l e c t environmental 

10 costs. 
11 
12 Long-term strategy options 
13 . 
14 Over the longer term, sustainable development w i l l remain a 
15 c e n t r a l theme of p o l i c i e s and strategies. Specific approaches w i t h i n 
16 a sustainable development p o l i c y framework w i l l evolve as our 
17 understanding of climate change and.its implications improves. 
18 - ' . , 
19 Long-term strategies f o r a l l i n d i v i d u a l nations include: 
20 . . 
21 - accelerating work t o ,improve the long-term p o t e n t i a l of 
22 e f f i c i e n c y i n the production and use of energy; encouraging a 
2 3 r e l a t i v e l y greater reliance on no or lower greenhouse gas 
24 emissions energy sources and technologies; and enhancing n a t u r a l 
2 5 and man-made means t o sequester greenhouse gases; 
26 
27 - fu r t h e r reviewing, developing and deploying p o l i c y instruments, 
28 which may include public information, standards, taxes and 
29 incentives, tradeable permits, and environmental impact 
3 0 assessments, which w i l l induce sustainable energy choices by 
31 producers and consumers without jeopardizing energy s e c u r i t y and 
32 economic growth; 
33 
34 - developing methodologies to, evaluate the trade o f f between 
35 l i m i t a t i o n and adaptation.strategies and est a b l i s h i n g changes 
36 i n i n f r a s t r u c t u r e (e.g. pipelines, e l e c t r i c a l g r i d s , dams) 
37 needed t o l i m i t or adapt to climate change. 
38 
39 5.2 Limitation of net emissions from the industry sector 
40 ,• ; . . , _ 
41 The most s i g n i f i c a n t source of greenhouse gases associated 
42 w i t h i n d u s t r i a l a c t i v i t y not related -to energy use i s the production 
4 3 and use of CFCs and other halocarbons. CFCs represent a very important 
44 source of greenhouse gas emissions and account f o r about 24% of the 
45 t o t a l c ontributions t o the enhanced r a d i a t i v e f o r c i n g f o r the period 
4 6 of the 1980s. While the RSWG did not consider, c o n t r o l s t r a t e g i e s f o r 
47 these gases since the issue i s already addressed under the Montreal 
4 8 Protocol on Substances t h a t Deplete the Ozone Layer, i t noted t h a t the 
49 review of the Montreal Protocol now underway should take i n t o account 
50 the global warming p o t e n t i a l of p o t e n t i a l CFC sub s t i t u t e s . 
51 
52 The RSWG did develop future emission scenarios f o r CFCs and 
53 HCFC-22 (HCFC-22 was used as a surrogate f o r a p o t e n t i a l mix of HCFCs 
54 and HFCs s u b s t i t u t e s ) . The p o t e n t i a l impact of such s u b s t i t u t e s on 
55 r a d i a t i v e f o r c i n g was assessed by Working Group I . For a given 
56 emission r a t e , HCFCs and HFCs are less e f f e c t i v e greenhouse gases than 
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1 t h e CFCS' because of t h e i r s h o r t e r l i f e t i m e s . The growth r a t e s assumed 
2 i n the IPCC scenarios w i l l r e s u l t i n the atmospheric c o n c e n t r a t i o n s of 
3 HFCs and HCFCs becoming comparable t o the CFCs d u r i n g the next several 
4 decades assuming t h a t the CFCs had continued t o be used a t c u r r e n t 
5 r a t e s . Assuming the IPCC scenarios f o r HFCs and HCFCs, Working Group 
6 I c a l c u l a t e d t h a t these gases would c o n t r i b u t e up t o 10% of the t o t a l 
7 a d d i t i o n a l r a d i a t i v e f o r c i n g f o r t h e p e r i o d 2000-2050. 
8 
9 5.3 L i m i t a t i o n o f net emissions from the a g r i c u l t u r e s e c t o r 

10 '̂ ^ 
11 About 9 percent o f anthropogenic greenhouse gas emissions can 
12 be a t t r i b u t e d t o the a g r i c u l t u r a l s e c t o r , i n p a r t i c u l a r l i v e s t o c k 
13 systems, r i c e c u l t i v a t i o n , and t h e use of nitrogenous f e r t i l i z e r s , 
14 L i m i t a t i o n o f emissions from t h i s s e c t o r presents a challenge because 
15 t he processes by which greenhouse gases, i n p a r t i c u l a r methane and 
16 n i t r o u s oxide, are' released i n a g r i c u l t u r a l a c t i v i t i e s are not w e l l 
17 understood. I n a d d i t i o n , response o p t i o n s i n the a g r i c u l t u r a l , s e c t o r 
18 must be designed t o ensure maintenance of 'food supply. There appear, 
19 however, t o be a number of s h o r t - t e r m response o p t i o n s , some 
20 economically b e n e f i c i a l i n t h e i r own r i g h t , which could c o n t r i b u t e t o 
21 a l i m i t a t i o n o f net emissions from a g r i c u l t u r a l sources. Where 
22 a p p r o p r i a t e the removal o f s u b s i d i e s , i n c e n t i v e s and r e g u l a t o r y 
23 b a r r i e r s t h a t encourage greenhouse gas emissions from the a g r i c u l t u r a l 
24 s e c t o r would be both e n v i r o n m e n t a l l y and economically b e n e f i c i a l . I n 
25 a d d i t i o n , t h e r e are a number of promising t e c h n o l o g i e s and p r a c t i c e s 
26 which, i n the longer term, could s i g n i f i c a n t l y reduce 'greenhous'^ gas 
27 emissions. 
28 
29 Short-term o p t i o n s : 
30 • . -
31 L i v e s t o c k systems: Methane emissions could be reduced through 
32 improved management b f l i v e s t o c k wastes, expansion o f 
3 3 supplemental f e e d i n g p r a c t i c e s , and increased use o f p r o d u c t i o n 
3 4 and growth enhancing agents w i t h safeguards f o r human h e a l t h . 
3 5 
36 F e r t i l i z e r use: N i t r o u s oxide emissions may be reduced hy using 
37' ^ e x i s t i n g improved f e r t i l i z e r f o r m u l a t i o n s , j u d i c i o u s use of 
38 animal'manures-and compost, and improved a p p l i c a t i o n technology 
39 and p r a c t i c e s . 
40 

Marginal lands: Areas m a r g i n a l l y s u i t a b l e f o r annual cropping 
systems may be s h i f t e d t o p e r e n n i a l cover crops f o r fodder, 

"̂3 p a s t o r a l l a n d uses or f o r e s t s i f s o i l s are s u i t a b l e . Such 
4 4 a c t i o n s would increase carbon uptake, both i n the v e g e t a t i o n and 
45 s o i l , and would y i e l d o t h e r b e n e f i t s . 
46 • 
^'^ Sustainable a g r i c u l t u r a l p r a c t i c e s : Where p o s s i b l e , minimum or 
48 n o - t i l l systems should be i n t r o d u c e d f o r those c o u n t r i e s 

c u r r e n t l y u s i n g t i l l a g e as p a r t o f the annual cropping sequence, 
50 thus m a i n t a i n i n g and i n c r e a s i n g s o i l organic matter. 
51 
52 Longer-term o p t i o n s : 
53 

Rice c u l t i v a t i o n : A comprehensive approach, i n c l u d i n g management 
55 o f water regimes, improvement o f c u l t i v a r s , e f f i c i e n t use of 

f e r t i l i z e r s , and o t h e r management p r a c t i c e s , could l e a d t o a 10 
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1 t o 30 percent r e d u c t i o n i n methane emissions from f l o o d e d r i c e 
2 c u l t i v a t i o n although s u b s t a n t i a l research i s necessary t o 
3 develop and demonstrate these p r a c t i c e s . I t i s e s t i m a t e d t h a t 
4 a t l e a s t 20 years would be needed t o i n t r o d u c e such p r a c t i c e s . 
5 Adaptable a l t e r n a t i v e crops research i s needed t o p r o v i d e a more 
6 d i v e r s e crop base f o r r i c e growing r e g i o n s . 
7 
8 L i v e s t o c k ; Through a number o f t e c h n o l o g i e s i t appears t h a t 
9 methane emissions may be reduced from l i v e s t o c k systems by up 

10 t o 25 - 75 percent per u n i t o f product i n d a i r y and meat 
11 p r o d u c t i o n , although many u n c e r t a i n t i e s e x i s t . 
12 
13 F e r t i l i z e r s ; F e r t i l i z e r - d e r i v e d emissions of n i t r o u s oxide 
14 p o t e n t i a l l y can be reduced (although t o what e x t e n t i s 
15 u n c e r t a i n ) through changes i n p r a c t i c e s such as u s i n g 
16 f e r t i l i z e r s .with c o n t r o l l e d n i t r o g e n conversion r a t e s , improving 
17 f e r t i l i z e r - u s e e f f i c i e n c y , and adopting a l t e r n a t i v e a g r i c u l t u r a l 
18 systems where p o s s i b l e . 
19 
2 0 D e s e r t i f i c a t i o n : Enhanced research on c o n t r o l mesures. 
21 
22 
23 5.4 L i m i t a t i o n o f net emissions from f o r e s t r y and o t h e r a c t i v i t i e s 
24 
25 F o r e s t r y and r e l a t e d aspects o f l a n d use cannot be considered 
26 i n i s o l a t i o n , and s o l u t i o n s must be based on an i n t e g r a t e d approach 
27 which l i n k s f o r e s t r y t o o t h e r p o l i c i e s , such as those concerned w i t h 
28 p o v e r t y and l a n d resources, which should be supported by s t r o n g 
29 i n s t i t u t i o n s i n order t o enhance o v e r a l l f o r e s t management. The f o r e s t 
30 c r i s i s i s r o o t e d i n the a g r i c u l t u r a l s e c t o r and i n people's needs f o r 
31 employment and income. D e f o r e s t a t i o n w i l l be stopped o n l y when the 
32 n a t u r a l f o r e s t i s economically more v a l u a b l e f o r the people who l i v e 
3 3 i n and around the f o r e s t s than a l t e r n a t i v e uses f o r the same l a n d . 
34 
35 F o r e s t r y p r a c t i c e s and o t h e r human a c t i v i t i e s a s s o c i a t e d w i t h 
36 l a n d use, such as biomass burning and l a n d f i l l s , account f o r about 18 
37 percent o f anthropogenic greenhouse gas emissions. A number o f s h o r t 
38 and long-term response o p t i o n s f o r l i m i t i n g ne-t. emissions from these 
39 s e c t o r s have been i d e n t i f i e d . -
40 
41 Short-term o p t i o n s ; 
42 
43 1. Improvement o f forest-management and r e d u c t i o n o f d e f o r e s t a t i o n 
44 and f o r e s t d e g r a d a t i o n which should be supported by: 
45 
46 - r e d u c t i o n o f a i r p o l l u t i o n which c o n t r i b u t e s t o f o r e s t 
47 d e g r a d a t i o n ; 
48 
49 - e l i m i n a t i o n of i n a p p r o p r i a t e economic i n c e n t i v e s and s u b s i d i e s 
50 "that c o n t r i b u t e t o f o r e s t l o s s , where a p p r o p r i a t e ; 
51 
52 - i n t e g r a t i o n of f o r e s t c o n s e r v a t i o n requirements and s u s t a i n a b l e 
53 developement i n a l l r e l e v a n t s e c t o r s of n a t i o n a l development 
54 p l a n n i n g and p o l i c y t a k i n g account of the i n t e r e s t s o f l o c a l 
55 communities; 
56 
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1 - co - o r d i n a t e d remote sensing, data c o l l e c t i o n and analyses t o 
2 pr o v i d e the r e q u i r e d data; 
3 
4 - a meeting o f i n t e r e s t e d c o u n t r i e s from the developing and the 
5 i n d u s t r i a l i z e d worlds and of a p p r o p r i a t e i n t e r n a t i o n a l agencies 
6 t o i d e n t i f y p o s s i b l e key elements of a wo r l d f o r e s t c o n s e r v a t i o n 
7 p r o t o c o l i n the c o n t e x t of a c l i m a t e convention process t h a t 
8 a l s o addresses energy supply and use, and p r a c t i c a l means of 
9 implementing i t . Such a meeting should a l s o develop a framework 
10 and methodology f o r a n a l y s i n g t h e f e a s i b i l i t y o f the Noordwijk 
11 r e m i t i n c l u d i n g a l t e r n a t i v e t a r g e t s , as w e l l as t h e f u l l range 
12 of cost s and b e n e f i t s ; 
13 
14 - s t r e n g t h e n i n g T r o p i c a l F o r e s t r y A c t i o n Plan (TFAP) and i n the 
15 l i g h t o f t h e independent review which i s being undertaken, the 
16 I n t e r n a t i o n a l T r o p i c a l Timber O r g a n i z a t i o n (ITTO), and other 
17 i n t e r n a t i o n a l o r g a n i z a t i o n s whose o b j e c t i v e i s t o help 
18 developing c o u n t r i e s i n a c h i e v i n g c o n s e r v a t i o n , and s u s t a i n a b l e 
19 development and management of f o r e s t s ; 
20 
21 - an assessment o f i n c e n t i v e s and d i s i n c e n t i v e s f o r s u s t a i n a b l e 
22 f o r e s t management, f o r example, the f e a s i b i l i t y o f l a b e l l i n g ; 
23 
24 - i n t r o d u c t i o n o f s u s t a i n a b l e f o r e s t h a r v e s t i n g and management; 
25 
26 - development o f enhanced r e g e n e r a t i o n methods; 
27 
28 - development and implementation o f ( l a r g e - s c a l e ) n a t i o n a l 
29 a f f o r e s t a t i o n and f o r e s t c o n s e r v a t i o n plans, where f e a s i b l e . 
30 
31 2. Where a p p r o p r i a t e expand f o r e s t areas, e s p e c i a l l y by 
32 a f f o r e s t a t i o n , a g r o f o r e s t r y and regreening o f a v a i l a b l e s u r p l u s 
33 a g r i c u l t u r a l , urban and marginal lands. 
34 
35 3. Where a p p r o p r i a t e s t r e n g t h e n and improve the use o f f o r e s t 
36 products and wood through measures such as s u b s t i t u t i n g a. p o r t i o n o f 
37 f o s s i l energy sources ' by wood or o t h e r s u s t a i n a b l y managed biomass; 
38 p a r t i a l replacement o f h i g h energy i n p u t m a t e r i a l s by wood; f u r t h e r 
39 r e c y c l i n g o f f o r e s t p r o d u c t s ; and, improved e f f i c i e n c y o f use o f f u e l 
4 0 wood. 
41 
42 4. Development o f methane recovery systems f o r l a n d f i l l and waste 
43 water' treat m e n t f a c i l i t i e s and t h e i r use, i n p a r t i c u l a r , i n 
4 4 i n d u s t r i a l i z e d c o u n t r i e s . 
45 
46 Longer-term o p t i o n s ; 
47 
48 1. M a i n t a i n t h e h e a l t h and the continuance o f e x i s t i n g f o r e s t s as 
49 major n a t u r a l carbon r e s e r v o i r s , e s p e c i a l l y through the development and 
50 implementation o f 
51 

52 - s i l v i c u l t u r a l adjustment and s t r e s s management s t r a t e g i e s ; 

54 - s p e c i a l f o r e s t p r o t e c t i o n s t r a t e g i e s (developed under c l i m a t e 
55 change s c e n a r i o s ) ; 
56 
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1 - environmentally sound treatment practices f o r peatlands; 
2 
3 - standardisation of methods of for e s t inventory and bio-
4 monitoring t o f a c i l i t a t e global f o r e s t management. 
5 
6 2. Expand fo r e s t biomass, especially of i n t e n s i v e l y managed 
,7 temperate f o r e s t s , by s i l v i c u l t u r e measures and g e n e t i c a l l y improved 
8 trees. 
9 

10 3. With regard t o waste management, use of gas c o l l e c t i o n and 
11 f l a r i n g t o reduce methane emissions from l a n d f i l l s and development of 
12 biogas plants t o reduce methane emissions from wastewater treatment. 
13 Demonstration, t r a i n i n g and technology t r a n s f e r are necessary to 
14 r e a l i s e these p o t e n t i a l s , which may range from 30 t o 90 percent f o r 
15 l a n d f i l l s and up to 100 percent f o r wastewater treatment. 
16 
17 6. FURTHER WORK ON GREENHOUSE GAS EMISSION LIMITATION GOALS 
18 
19 There has been considerable i n t e r n a t i o n a l discussion of targets 
20 f o r s p e c i f i c greenhouse gas emissions, i n p a r t i c u l a r , CO2, which i s the 
21 most abundant of the greenhouse gases. The f i n a l d eclaration at the 
22 November 1989 Noordwijk Conference on Atmospheric P o l l u t i o n and Climate 
23 Change encouraged the IPCC to include i n i t s F i r s t Assessment Report 
24 an analysis of q u a n t i t a t i v e targets t o l i m i t or reduce CO2 emissions, 
25 and urged a l l i n d u s t r i a l i z e d countries t o inves-tigate the f e a s i b i l i t y 
2 6 of achieving such targets, including, f o r example, a 2 0 percent 
27 reduction of CO2 emissions by the year 2005. The Conference also 
28 c a l l e d f o r assessing the f e a s i b i l i t y of increasing net global f o r e s t 
29 growth by 12 m i l l i o n hectares per year. During i t s Third Plenary, the 
30 IPCC accepted the mandate. 
31 
32 Although the f e a s i b i l i t y of q u a n t i t a t i v e targets on greenhouse 
33 gas emissions f e l l w i t h i n the RSWG's o r i g i n a l mandate through i t s 
34 Energy and Industry Subgroup (EIS), i t was agreed t h a t these new, 
3 5 s p e c i f i c tasks would require more time, data and analyses i n order t o 
36 be dealt w i t h properly. I t was decided, therefore, t h a t the r e s u l t s 
37 of the deliberations of the EIS on these remits, could not be f u l l y 
38 included i n i t s report, but only treated i n an incomplete and 
39 preliminary way. A progress report i s t o be presented t o the Fourth 
4 0 IPCC Plenary fo l l o w i n g an i n t e r n a t i o n a l workshop t o be hosted by the 
41 United Kingdom i n June 1990. As f o r the Noordwijk remit on global 
4 2 f o r e s t growth, the RSWG through i t s A g r i c u l t u r e , Forestry and Other 
4 3 Human A c t i v i t i e s Subgroup (AFOS) noted t h a t a framework and methodology 
44 f o r analyzing i t s f e a s i b i l i t y should be developed. 
45 
46 While the technical p o t e n t i a l of a number of options has been 
47 demonstrated, there i s very l i t t l e information available on the actual 
48 economic and s o c i a l f e a s i b i l i t y associated with implementation of such 
49 options. An adequate understanding of the be n e f i t s , i n terms of 
50 changes i n climate variables that are avoided, i s also seriously 
51 lacking. I t i s imperative th a t f u r t h e r work on the cost and b e n e f i t 
52 implications of response strategies be undertaken. These issues have 
53 been i d e n t i f i e d as one of the most important areas f o r fu t u r e research 
54 by the RSWG, concerned i n t e r n a t i o n a l organizations, and i n d i v i d u a l 
55 countries. 
56 
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1 The m a t e r i a l a v a i l a b l e t o the EIS demonstrates t h e important 
2 r o l e emissions o f i n d u s t r i a l i z e d c o u n t r i e s p l a y i n t o t a l g l o b a l 
3 emissions i n the near term. The m a t e r i a l a l s o i n d i c a t e s t h a t the 
4 t e c h n i c a l p o t e n t i a l f o r r e d u c t i o n i s l a r g e , and d i f f e r s g r e a t l y 
5 between regions and c o u n t r i e s . Therefore, i n the near term, no 
6 s i g n i f i c a n t progress i n l i m i t i n g g l o b a l emissions w i l l occur w i t h o u t 
7 a c t i o n s by the i n d u s t r i a l i z e d c o u n t r i e s . Some c o u n t r i e s have already 
8 decided t o s t a b i l i z e or reduce t h e i r emissions. 
9 

10 7. MEASURES FOR ADAPTING TO GLOBAL CLIMATE CHANGE 
11 
12 I n a d d i t i o n t o the l i m i t a t i o n o p t i o n s discussed above, the RSWG 
13 reviewed measures f o r adapting t o p o t e n t i a l c l i m a t e change. The 
14 c o n s i d e r a t i o n o f ad a p t a t i o n o p t i o n s i s c r i t i c a l f o r a number o f 
15 reasons. F i r s t , because i t i s b e l i e v e d t h a t t h e r e i s l i k e l y t o be a 
16 l a g time between emissions and subsequent c l i m a t e change, the c l i m a t e 
17 may alr e a d y be committed t o a c e r t a i n degree o f change. Implementation 
18 o f a d a p t a t i o n measures may thus be necessary r e g a r d l e s s o f any 
19 l i m i t a t i o n a c t i o n s which may be taken. Secondly, n a t u r a l c l i m a t i c 

21 
22 
23 
24 

26 
27 
28 

v a r i a b i l i t y i t s e l f n e c e s s i t a t e s a d a p t a t i o n , 

,1^5^^^^°^®' 2^°^ld s i g n i f i c a n t adverse c l i m a t e change occur 
I t would be nec:essary t o consider l i m i t a t i o n and a d a p t a t i o n s t r a t e g i e s 
as p a r t o f an i n t e g r a t e d package i n which p o l i c i e s adopted i n the two 

25 areas complement each o t h e r so as t b minimize c o s t s . L i m i t a t i o n and 
ad a p t a t i o n o p t i o n s should be developed and analyzed r e c o g n i z i n g the 
r e l a t i o n s h i p between the t i m i n g and.costs o f l i m i t a t i o n and a d a p t a t i o n , 

ocs example, t h e more net emissions are reduced and the r a t e o f c l i m a t e 
29 change p o t e n t i a l l y slowed, the e a s i e r i t would be t o adapt. A t r u l y 
30 comprehensive approach should recognize t h a t c o n t r o l l i n g the d i f f e r e n t 
31 gases might have d i f f e r e n t e f f e c t s on the adaptive c a p a c i t y o f n a t u r a l 
32 resources. ir ^ j i»Qi.uj.ax 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

45 
46 
47 
48 

The RSWG ex p l o r e d two broad c a t e g o r i e s o f a d a p t a t i o n o p t i o n s : 

Coastal zone management, or o p t i o n s which maximize the a b i l i t y 
o f c o a s t a l regions t o adapt t o t h e ' p r o j e c t e d sea l e v e l r i s e and 
t o reduce v u l n e r a b i l i t y t o storms; and 

' Resourtpe use and management, o r op t i o n s which address the 
p o t e n t i a l impacts-of g l o b a l c l i m a t e change on food s e c u r i t y 
J ' ^ ^ f f a v a i l a b i l i t y , n a t u r a l and managed ecosystems, l a n d , and 

43 b i o d i v e r s i t y . ' ' 
44 

7•1 Coastal zone management 

^ ? 5 ^^^^ emissions scenario, g l o b a l c l i m a t e change 
IS p r e d i c t e d t o r a i s e g l o b a l mean sea l e v e l 65 cm ( w i t h an u n c e r t a i n t y 

49 range o f 30 t o 100 cm) by the year 2100. I f sea l e v e l r i s e s b ^ l 
s? ^nH";^ ^ " " ^ ^ f ^ V ^ thousands o f sguare k i l o m e t r e s of c o a s t a l wetlands 
51 and o t h e r lowlands could be inundated, w h i l e ocean beaches c o u l d erode 
52 as much as a few hundred metres over the next c e n t u r y . Flooding would 
53 t h r e a t e n l i v e s , a g r i c u l t u r e , l i v e s t o c k , and s t r u c t u r e s , w h i l e s a l t w a t e r 
54 would advance i n l a n d i n t o a q u i f e r s , e s t u a r i e s , and s o i l s , thus 
55 t h r e a t e n i n g water s u p p l i e s and a g r i c u l t u r e i n some areas. Loss of 
56 c o a s t a l ecosystems would t h r e a t e n f i s h e r y resources. 
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1 
2 Some n a t i o n s would be p a r t i c u l a r l y v u l n e r a b l e t o such changes. 
3 E i g h t t o t e n m i l l i o n people l i v e w i t h i n one metre of h i g h t i d e i n each 
4 of the u n p r o t e c t e d r i v e r d e l t a s of Bangladesh, Egypt, and Vietnam. 
5 H a l f a m i l l i o n people l i v e i n c o r a l a t o l l n a t i o n s t h a t l i e almost 
6 e n t i r e l y w i t h i n t h r e e metres of sea l e v e l , such as the Maldives, the 
7 M a r s h a l l I s l a n d s , Tuvalu, K i r i b a t i , and Tokelau. Other s t a t e s w i t h 
8 c o a s t a l areas, archipelagos and i s l a n d n a t i o n s i n t h e P a c i f i c and 
9 I n d i a n Oceans and the Caribbean could lose much o f t h e i r beaches and 

10 a r a b l e lands, which would cause severe economic and s o c i a l d i s r u p t i o n . 
11 
12 A v a i l a b l e responses t o sea l e v e l r i s e f a l l b r o a d l y i n t o t h r e e 
13 c a t e g o r i e s ; 
14 
15 o R e t r e a t : Under t h i s o p t i o n no a c t i o n s would be taken t o p r o t e c t 
16 t h e l a n d from t h e sea - the focus would i n s t e a d be on p r o v i d i n g 
17 f o r people and ecosystems t o s h i f t landward i n an o p t i m a l 
18 f a s h i o n . This choice could be. motivated by e i t h e r excessive 
19 c o s t s of p r o t e c t i o n or by a d e s i r e t o m a i n t a i n ecosystems. 
20 
21 o Accommodation: Under t h i s s t r a t e g y , w h i l e no attempt would be 
22 made t o p r o t e c t the land a t r i s k , measures would be taken t o 
23 a l l o w f o r continued h a b i t a t i o n of t h e area. S p e c i f i c responses 
24 under t h i s o p t i o n s would i n c l u d e e r e c t i n g f l o o d s h e l t e r s , 
25 e l e v a t i n g b u i l d i n g s on p i l i n g s , c o n v e r t i n g a g r i c u l t u r e t o f i s h 
26 f a r m i n g , o r growing f l o o d - or s a l t - t o l e r a n t species. 
27 • 
28 o P r o t e c t i o n ; A , p r o t e c t i o n s t r a t e g y uses s i t e - s p e c i f i c f e a t u r e s 
29 such as sea w a l l s , d i k e s , dunes, and v e g e t a t i o n t p p r o t e c t the 
30 l a n d from the sea so t h a t e x i s t i n g land uses can be r e t a i n e d . 
31 
3 2 There are v a r i o u s environmental, economic, s o c i a l , c u l t u r a l , 
33 l e g a l , i n s t i t u t i o n a l and t e c h n o l o g i c a l i m p l i c a t i o n s f o r each o f these 
3 4 o p t i o n s . R e t r e a t Could lead t o a l o s s o f p r o p e r t y , p o t e n t i a l l y c o s t l y 
3 5 r e s e t t l e m e n t of p o p u l a t i o n s , and, i n some n o t a b l e cases, refugee 
36 problems. Accommodation could r e s u l t i n d e c l i n i n g p r o p e r t y v a l u e s , and 
37 c o s t s f o r m o d i f y i n g i n f r a s t r u c t u r e . P r o t e c t i h i i e x i s t i n g development 
38 from a one metre sea l e v e l r i s e would _^require about 360,000 k i l o m e t r e s 
39 of c o a s t a l defences a t a t o t a l c ost o f US$ 500 b i l l i o n , over t h e next 
4 0 100 years. The annual c o s t of p r o t e c t i o n r e p r e s e n t s , on average, 0.04 
41 percent o f t o t a l gross n a t i o n a l product (GNP), and ranges from zero t o 
4 2 20 percent f o r i n d i v i d u a l c o u n t r i e s . The estimate i s not d i s c o u n t e d and 
43 does not r e f l e c t present c o a s t a l defence needs or impacts o f s a l t water 
44 i n t r u s i o n o r f l o o d i n g of unprotected lands. F u r t h e r , t h e p r o t e c t i o n 
45 c o u l d have nega t i v e impacts on f i s h e r i e s , w i l d l i f e and r e c r e a t i o n . The 
46 l o s s of t r a d i t i o n a l environments could p o t e n t i a l l y d i s r u p t f a m i l y l i f e 
47 and c r e a t e s o c i a l i n s t a b i l i t y . 
48 
49 A c t i o n s t o prepare f o r p o s s i b l e sea l e v e l r i s e 
50 
51 A number of response o p t i o n s are a v a i l a b l e which not only 
52 enhance t h e a b i l i t y o f c o a s t a l n a t i o n s t o adapt t o sea l e v e l r i s e , but 
53 are a l s o b e n e f i c i a l i n t h e i r own r i g h t . Implementation o f such o p t i o n s 
54 would be most e f f e c t i v e i f undertaken i n the s h o r t - t e r m , not because 
55 t h e r e i s an impending catastrophe, but because t h e r e are o p p o r t u n i t i e s 
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1 t o avoid adverse impacts by a c t i n g now - o p p o r t u n i t i e s which may not 
2 be as e f f e c t i v e i f the process i s delayed. These o p t i o n s i n c l u d e : 

4 N a t i o n a l c o a s t a l p l a n n i n g : 
5 
6 
7 
8 

Development and implementation i n the s h o r t term of 
comprehensive n a t i o n a l c o a s t a l zone management plans which (a) 
deal- w i t h both sea l e v e l r i s e and o t h e r impacts o f g l o b a l 

9 c l i m a t e change and (b) ensure t h a t r i s k s t o p o p u l a t i o n s are 
^° minimized w h i l e r e c o g n i z i n g the need t o p r o t e c t and m a i n t a i n 
11 i m p o r t a n t c o a s t a l ecosystems. 
12 
^3 o I d e n t i f i c a t i o n of c o a s t a l areas a t r i s k . N a t i o n a l e f f o r t s are 
1"̂  needed t o (a) i d e n t i f y f u n c t i o n s and resources a t r i s k from a 
^5 metre r i s e i n sea l e v e l and (b) assess the i m p l i c a t i o n s of 
16 a d a p t i v e response measures on them. 

P r o v i s i o n s t o ensure t h a t c o a s t a l development does not incrGa.<^P 
• v u l n e r a b i l i t y t o sea l e v e l r i s p . A c t i o n s i n p a r t i c u l a r need of 

review i n c l u d e r i v e r levees and dams, conversions of mangroves 
21 and o t h e r wetlands f o r a g r i c u l t u r e and human h a b i t a t i o n , 
22 • h a r v e s t i n g of c o r a l and increased s e t t l e m e n t i n l o w - l y i n g areas. 
23 I n a d d i t i o n , w h i l e s t r u c t u r a l measures t o prepare f o r sea l e v e l 

^ i s e are not y e t warranted, the design and l o c a t i o n o f c o a s t a l 
25 i n f r a s t r u c t u r e and c o a s t a l defenses should i n c l u d e c o n s i d e r a t i o n 
26 of sea l e v e l r i s e and o t h e r c o a s t a l impacts o f c l i m a t e change. 
2'̂  I t i s sometimes l e s s expensive t o design a s t r u c t u r e today, 

29 
30 o 

17 
18 
19 
20 

i n c o r p o r a t i n g these f a c t o r s , than t o r e b u i l d i t l a t e r . 

' Review and s t r e n g t h e n i n g of emeraencv preparedness and coastal 
3-'- zone response mechanisms. E f f o r t s are needed t o develop 
32 emergency preparedness plans f o r reducing v u l n e r a b i l i t y t o 
3 3 c o a s t a l storms through b e t t e r evacuation p l a n n i n g and the 
3^ development o f c o a s t a l defense mechanisms t h a t recognize the 
3 5 impact of sea l e v e l r i s e . 
36 
37 I n t e r n a t i o n a l c o o p e r a t i o n ; 
38 7 
39 o Maintenance o f a c o n t i n u i n g i n t e r n a t i o n a l focus on the imparits 

of sea l e v e l r i s e . E x i s t i n g i n t e r n a t i o n a l o r g a n i z a t i o n s should 
"® -augmented w i t h new mechanisms t o focus a t t e n t i o n and 

42 awareness on sea l e v e l change and t o encourage the n a t i o n s of 
4 3 t h e w o r l d t o develop a p p r o p r i a t e responses. 
4 4 

° P r o v i s i o n of t e c h n i c a l assistance and c o - o p e r a t i o n t o developing 
46 n a t i o n s . I n s t i t u t i o n s o f f e r i n g f i n a n c i a l support should take 

48 
49 
50 
51 l e v e l r i s e . 
52 
53 o 
54 
55 

J — — — w ^ii<->uj.ia uarwc 

i n t o account the need f o r t e c h n i c a l a s s i s t a n c e and c o - o p e r a t i o n 
i n developing c o a s t a l management plans, assessing c o a s t a l 
resources a t r i s k , and i n c r e a s i n g a n a t i o n ' s a b i l i t y - through 
education, t r a i n i n g , and technology t r a n s f e r - t o address sea 

Support bv i n t e r n a t i o n a l o r g a n i z a t i o n s f o r n a t i o n a l e f f o r t s t n 
l i m i t p o p u l a t i o n growth i n c o a s t a l areas. m the f i n a l 
a n a l y s i s , r a p i d p o p u l a t i o n growth i s the u n d e r l y i n g problem w i t h 



30 

1 the greatest impact on both the e f f i c a c y of coastal zone 
2 management and the success of adaptive response options. 
3 
4 Research, data, and information: 
5 
6 o Strengthening of research on the impacts of global climate 
7 change on sea l e v e l r i s e . I n t e r n a t i o n a l and national climate 
8 research programmes need t o be directed at understanding and 
9 p r e d i c t i n g changes i n sea l e v e l , extreme events, p r e c i p i t a t i o n , 
10 and other impacts of global climate change on coastal areas. 
11 
12 o Development and implementation of a global ocean observing 
13 network, f o r example through the e f f o r t s of the IOC, WMO,and 
14 UNEP t o estab l i s h a coordinated i n t e r n a t i o n a l ocean observing 
15 network t h a t w i l l allow f o r accurate assessment and continuous 
16 monitoring of changes i n the world's oceans and coastal areas, 
17 p a r t i c u l a r l y sea l e v e l change and coastal erosion. 
18 
19 o Dissemination of data and information on sea l e v e l change and 
20 adaptive options. An i n t e r n a t i o n a l mechanism could be 
21 i d e n t i f i e d with the p a r t i c i p a t i o n of the p a r t i e s concerned f o r 
22 c o l l e c t i n g and exchanging data and information on climate change 
2 3 and i t s impact on sea l e v e l and the coastal zone and on various 
24 adaptive options. Sharing t h i s information w i t h developing 
2 5 countries i s c r i t i c a l l y important f o r preparation of coastal 
2 6 management plans. 
27 
28 A programme could begin now t o enable developing countries t o 
29 implement coastal zone management plans by the year 2000. The programme 
3 0 would provide f o r t r a i n i n g of, country experts, data c o l l e c t i o n and 
31 technical assistance and co-operation. Estimated funding t o provide 
3 2 the necessary support over the next 5 years i s US$ 10,000,000. I t i s 
3 3 suggested t h a t i n t e r n a t i o n a l organizations such as UNEP and WMO 
3 4 consider co-ordinating t h i s programme i n consultation w i t h interested 
3 5 nations. 
36 
37 
38 7.2 Resource use and management 
39 
40 The reports of Working Groups I and I I i n d icate s i g n i f i c a n t and 
41 unavoidable impacts, both p o s i t i v e and negative, upon the very 
42 resources t h a t humans and other species r e l y on t o l i v e . These 
43 resources include water, a g r i c u l t u r e , l i v e s t o c k , f i s h e r i e s , land, 
4 4 for e s t s , and w i l d l i f e . The RSWG addressed these resource issues i n the 
4 5 context of considering options f o r ensuring food s e c u r i t y ; conserving 
4 6 b i o l o g i c a l d i v e r s i t y ; maintaining water supplies; and using land 
47 r a t i o n a l l y f o r managed and unmanaged .ecosystems. 
48 
49 The p o t e n t i a l impacts of climate change on natural resources and 
50 human a c t i v i t i e s are poorly understood. F i r s t , credible regional 
51 estimates of changes i n c r i t i c a l c l i m a t i c f a c t o r s , such as temperature, 
52 s o i l moisture,annual and seasonal v a r i a b i l i t y , and frequencies of 
53 droughts, floods and storms, are simply not available. For many of 
54 these c r i t i c a l c l i m a t i c factors even the d i r e c t i o n of change i s 
55 uncertain. Secondly, methods f o r t r a n s l a t i n g these changes i n t o 
56 e f f e c t s on the cjuantity and q u a l i t y of resources are generally lacking. 
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1 While i t i s c l e a r t h a t some of the impacts of c l i m a t e change on 
2 resources could be negative and others p o s i t i v e , a more s p e c i f i c 
3 q u a n t i f i c a t i o n of those impacts i s not p o s s i b l e a t t h i s time, 
4 Nevertheless, these u n c e r t a i n t i e s do not preclude t a k i n g a p p r o p r i a t e 
5 a c t i o n s , e s p e c i a l l y i f they are w o r t h w h i l e f o r o t h e r non-climate 
6 r e l a t e d reasons. However, i t can be s a i d t h a t : (a) those resources 
7 which are managed by humans (e.g. a g r i c u l t u r e , f o r e s t r y ) are more 
8 s u i t e d t o s u c c e s s f u l a d a p t a t i o n than unmanaged ecosystems; and (b) the 
9 f a s t e r the r a t e of change, the g r e a t e r the impact. I n t h a t regard, i t 
0 i s very i m p o r t a n t t o r e a l i z e t h a t some species w i l l not be able t o 

11 sur-zive r a p i d c l i m a t e changes. 
12 
13 Through the ages s o c i e t i e s and l i v i n g t h i n g s have developed the 
14 c a p a b i l i t y t o adapt t o the c l i m a t e ' s n a t u r a l v a r i a b i l i t y and t o extreme 
15 events. Several c l i m a t i c zones span the globe, and resource use and 
16 management i s an ongoing challenge i n each of these zones. Therefore, 
17 s o c i e t y c o u l d borrow from t h i s e x i s t i n g l a r g e r e s e r v o i r o f experience 
18 and knowledge" i n developing p o l i c i e s t b adapt t o p o s s i b l e c l i m a t e 
19 change. I n a d d i t i o n , expected f u t u r e economic and t e c h n o l o g i c a l 
20 progress would p r o v i d e the f i n a n c i a l and t e c h n i c a l resources r e q u i r e d 
21 t o b e t t e r adapt t o a changing c l i m a t e . Nevertheless, s i g n i f i c a n t 
22 c o s t s , and l e g a l , i n s t i t u t i o n a l and c u l t u r a l adjustments may be 
2 3 necessary t o implement a d a p t a t i o n measures. 
24 
25 I n r e c o g n i t i o n o f the u n c e r t a i n t i e s r e g a r d i n g the impacts of 
26 c l i m a t e change on resource use and management, the f o l l o w i n g s e c t i o n s 
27 p r o v i d e g e n e r a l , r a t h e r than s p e c i f i c , o p t i o n s i n t h r e e c a t e g o r i e s . 
28 The appropriateness of these o p t i o n s f o r i n d i v i d u a l c o u n t r i e s may vary 
29 depending on the s p e c i f i c s o c i a l , environmental and economic c o n t e x t . 
30 
31 Short-term research r e l a t e d o p t i o n s 
32 ' 
33 There are a number o f a c t i o n s which would augment our knowledge 
34 base f o r making reasoned judgments about response s t r a t e g i e s . These 
35 i n c l u d e : 
36 
37 o Developing i n v e n t o r i e s , data bases', m o n i t o r i n g systems, and 
38 catalogues o f t h e c u r r e n t s t a t e o f resources and resource use 
39 and management p r a c t i c e s . 
40 
41 o Improving our s c i e n t i f i c understanding of and p r e d i c t i v e t o o l s 
42 f o r c r i t i c a l c l i m a t i c f a c t o r s , t h e i r impacts on n a t u r a l 
43 resources, and t h e i r socio-economic conseguences. 

4 5 o Undertaking s t u d i e s and assessments t o gauge the r e s i l i e n c e and 
46 a d a p t a b i l i t y o f resources and t h e i r v u l n e r a b i l i t y t o c l i m a t e 
47 change. 
48 
4 9 o Encouraging research and development by both p u b l i c and p r i v a t e 
50 e n t e r p r i s e s d i r e c t e d toward more e f f i c i e n t resource use and 
51 b i o t e c h n o l o g i c a l i n n o v a t i o n ( w i t h adequate safeguards f o r 
52 h e a l t h , s a f e t y , and the environment), i n c l u d i n g a l l o w i n g 
53 i n n o v a t o r s t o b e n e f i t from t h e i r work. 
54 
55 o Continuing e x i s t i n g research and development of methods t o cope 
56 w i t h the p o t e n t i a l l y worst conseguences of c l i m a t e change, such 
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1 as developing more drought- or s a l i n i t y - r e s i s t a n t c u l t i v a r s or 
2 using c l a s s i c a l and modern breeding techniques to help keep 
3 farming and f o r e s t r y options open, and research on 
4 agrometeorology or agroclimatology. 
5 
6 o Increasing research on the preservation of b i o l o g i c a l resources 
7 i n s i t u and ex s i t u , including i n v e s t i g a t i o n s into the s i z e and 
8 location of protected natural areas and conservation c o r r i d o r s . 
9 

10 Short-term p o l i c v options 
11 
12 Some response s t r a t e g i e s are a v a i l a b l e which are probably 
13 economically j u s t i f i e d under present-day conditions and which could be 
14 undertaken for sound resource management reasons, even i n the absence 
15 of climate change. I n general, these r e l a t e to improving the 
16 e f f i c i e n c y of natural resource use, f u l l e r u t i l i z a t i o n of the 
17 "harvested" component of resources, and waste reduction. Measures that 
18 could be implemented i n the short-term include: 
19 
20 o Increased emphasis on the development and adoption of 
21 technologies which may increase the productivity or e f f i c i e n c y 
22 (per u n i t of land or water) of crops, f o r e s t s , l i v e s t o c k , 
2 3 f i s h e r i e s , and human settlements, consistent with the p r i n c i p l e s 
24 of sustainable development. Such e f f i c i e n c i e s reduce the demand 
2 5 for land for human a c t i v i t i e s and could a l s o help reduce 
26 emissions of greenhouse gases. Examples of s p e c i f i c options 
27 include more e f f i c i e n t milk and meat production; improved food 
28 storage and d i s t r i b u t i o n ; and better water management p r a c t i c e s . 

3 0 o Increased promotion and strengthening of resource conservation 
31 and sustainable resource use - e s p e c i a l l y i n highly vulnerable 
3 2 areas. Various i n i t i a t i v e s could be explored for conserving the 
33 most s e n s i t i v e and valuable .resources, including strengthening 
34 conservation measures, managing development of highly vulnerable 
35 resources, and promoting r e f o r e s t a t i o n and a f f o r e s t a t i o n . 
36 
37 o Acceleration of economic development e f f o r t s i n developing 
38 countries. Because these countries often have l a r g e l y 
39 resource-basied economies, e f f o r t s at improving a g r i c u l t u r e and 
40 natural resource use would be p a r t i c u l a r l y b e n e f i c i a l . Such 
41 e f f o r t s would a l s o promote c a p i t a l formation, which would 
42 generally make adaptation to climate change and sustainable 
4 3 development more f e a s i b l e . 
44 
4 5 o Developing methods whereby l o c a l populations and resource users 
46 gain a stake i n conservation and sustainable resource use, for 
47 example by investing resource users with c l e a r property r i g h t s 
48 and long-term tenure, and allowing voluntary water t r a n s f e r or 
49 other market mechanisms. 
50 
51 o Decentralizing, as p r a c t i c a b l e , decision-making on resource use 
52 and management. - , 
53 
54 Longer-term options 
55 
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1 
2 
3 

There are also a number of other possible responses which are 
cos t l y or otherwise appear to be more appropriate f o r consideration i n 
the longer term, once uncertainties regarding- climate change impacts 

4 are reduced. Options i n t h i s category include: 
5 

6 o Building larige c a p i t a l structures (such as dams) to provide f o r 
7 enhanced a v a i l a b i l i t y of water and other resources. 
8 

9 o Strengthening- and- enlarging protected natural areas and 
examining the f e a s i b i l i t y of establishing conservation corridors 
to enhance the adaptation prospects f o r unmanaged ecosystems. 

As appropriate, reviewing and el i m i n a t i n g d i r e c t and i n d i r e c t 
subsidies and incentives f o r i n e f f i c i e n t resource use, and other 

15 i n s t i t u t i o n a l b a r r i e r s t o e f f i c i e n t resource use. 
16' [ 

10 
11 
12 
13 
14 

17 
18 8, 
19 

MECHANISMS FOR IMPLEMENTING RESPONSE STRATEGIES 

2? artdr.c.jH i / °. ''-°"f̂ '̂ '̂'̂ '̂  several p r i o r i t y areas which must be 
21 addressed m order t o adequately.implement l i m i t a t i o n or adaptation 
22 responses. ,-These "implementation mechanisms" represent the primarv 

vehicles through^which national, regional and inte'^national respo^se^ 
to climate can be brought i n t o force. The s p e c i f i c implementation 
mechanisms considered were: f-i-eiiieiii.<atj.on 

-Technology development and t r a n s f e r ; 

23 
24 
25 
26 
2*7 o Public information and education; 
28 
29 o. 
30 
31 o , Economic (market) mechanisms; 
32 
3 3 o Financial mechanisms; 
34 
35 
36 
37 
38 

Legal and i n s t i t u t i o n a l mechanisms, including possible elements 
of a framework convention on climate change. 

39 provided'^bel'oT'''" "̂̂ ^ ̂ '̂ '''̂  deliberations on these issues are 
40 

8.1 Public information and educatiriTi 
42 ~ ~ : 
11 ^nH r.r.^^ Well informed global population i s essential f o r addressing 
44 and coping w i t h an issue as complex as climate change. Because climate 
45 change would a f f e c t , e i t h e r d i r e c t l y or i n d i r e c t l y , A l m o s t every seSor 
46 of society, broad global understanding of the iss^e w i l l f a c i l i t a l l the 
47 adoption and implementation of sudh response options as diemed 
48 necessary and appropriate. The dissemination of i n f o ^ a t i o n also 
5 l 7 c u r l t T . instrument f o r ensuring thft'markets 

™ ^ account p o t e n t i a l conseguences and/or 
51 opportunities of climate change. dna/or 
52 -' .' I*. - . " _ . _ 1 '. 

54 t o : '^^^ °^ education and information programmes are 
55 . 
56 o Promote awareness and knowledge of climate change issues; 
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1 
2 o Provide guidance f o r p o s i t i v e practices t o l i m i t and/or adapt 
3 t o climate change; 
4 
5 o Encourage wide p a r t i c i p a t i o n of a l l sectors of the population 
6 of a l l countries, both developed and developing, i n addressing 
7 .climate change issues and developing appropriate responses; and 
8 
9 o Especially emphasize key t a r g e t groups, such as c h i l d r e n and 

10 youth, as well,as i n d i v i d u a l s at household l e v e l s , policymakers 
11 and leaders, media,, educ,ational i n s t i t u t i o n s , s c i e n t i s t s , 
12 business and a g r i c u l t u r a l sectors. 
13 , 
14 Given the importance of a well-informed population, the RSWG 
15 developed, suggestions and approaches f o r improving i n t e r n a t i o n a l 
16 awareness of the p o t e n t i a l causes and impacts of climate change. I n 
17 t h i s process i t was recognized t h a t , while broad-based understanding 
18 i s e s s e n t i a l , no single mechanism can work f o r every group or i n every 
19 c u l t u r e or country. The s o c i a l , economic, and c u l t u r a l d i v e r s i t y of 
20 nations w i l l l i k e l y require educational approaches and information 
21 t a i l o r e d t o the s p e c i f i c requirements and resources of p a r t i c u l a r 
22 locales, countries, or regions. The importance of education and 
2 3 information f o r developing countries cannot be overemphasized. 
24 : 
2 5 A number of national and i n t e r n a t i o n a l actions should be taken 
26 t o disseminate broadly information on climate change. These include 
27 the: 
28 
29 o Establishment of national, committees or c l e a r i n g houses to 
30 c o l l e c t , develop, and disseminate objective materials on climate 
31 change issues. This could help provide foc a l points f o r 
32 information on issues such as energy e f f i c i e n c y , energy savings, 
3 3 f o r e s t r y , a g r i c u l t u r e , etc. 
34 
35 o Use by i n t e r n a t i o n a l organizations (UNESCO, UNEP, WMO, etc.) and 
36 non-governmental organizations of IPCC, and other relevant 
37 reports i n developing and providing t o a l l " c o u n t r i e s an adequate 
38 understanding f o r future actions. 
39 
40 o Use of an e x i s t i n g i n t e r n a t i o n a l i n s t i t u t i o n , or development of 
41 a new i n s t i t u t i o n , i f necessary, t o serve as a clearinghouse f o r 
42 informational and educational materials. 
43 
44 o Upon completion of the IPCC reports, or e a r l i e r , arrange a 
45 series of short seminars targeted t o inform high p r i o r i t y 
46 decision makers, world leaders and others of causes and e f f e c t s 
47 of climate change. 
48 
49 8.2 Technology development and transfer 
50 
51 The development and t r a n s f e r pf technologies i s v i t a l t o any 
52 e f f o r t t o address global climate change. The development of new 
53 technologies may provide the means, by which so c i e t i e s can meet t h e i r 
54 energy, food, and other needs i n the face of changes i n global climate, 
55 while at the same time minimizing emissions of greenhouse gases, 
56 Prompt t r a n s f e r of technologies, especially t o developing countries. 
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1 i s likewise an important aspect of any e f f o r t t o l i m i t or adapt to 
2 climate change. 
3 
4 Technology research and development 
5 
6 Technological development, including improvement and 
7 reassessment: of e x i s t i n g technologies, i s needed t o l i m i t or reduce 
8 anthropogenic greenhouse gas emissions; absorb such gases by p r o t e c t i n g 
9 and increasing sinks; adapt human a c t i v i t i e s and resource use and 

10 management t o the impacts of climate change; and detect, monitor and 
11 p r e d i c t climate change and i t s impacts. Technological development 
12 could be pursued i n a wide range of a c t i v i t i e s such as energy, 
13 industry, a g r i c u l t u r e , transport, water supply, coastal p r o t e c t i o n , 
14 management of natural resources, and housing and b u i l d i n g construction. 
15 . 
16 Adequate and t r a i n e d human resources are a p r e r e q u i s i t e f o r 
17 development and t r a n s f e r of technologies, and technological actions, 
18 founded on a sound s c i e n t i f i c basis, must be consistent w i t h the 
19 concept of sustainable development. 
2'0 
21 C r i t e r i a f o r selecting technologies include such factors as the 
22 existence of economic and social benefits i n a d d i t i o n t o environmental 
23 b e n e f i t s , economic e f f i c i e n c y taking i n t o account a l l the external 
24 costs, s u i t a b i l i t y t o l o c a l needs, ease of administration, information 
25 needs, a c c e p t a b i l i t y t o the public. 
26 . 
27 Appropriate p r i c i n g p o l i c i e s where applicable, information 
28 exchange on the state of development of technologies, and the support 
29 of governments are important measures th a t can promote technology 
30 development. Also of importance are i n t e r n a t i o n a l c o l l a b o r a t i v e 
31 e f f o r t s , especially between the i n d u s t r i a l i z e d and the developing 
32 countries i n the b i l a t e r a l and m u l t i l a t e r a l context. 
33 
34 Technolocrv Transfer 
35 
36 There i s a need f o r the rapid t r a n s f e r t o the developing 
37 covintries, on a p r e f e r e n t i a l . basis, of technologies f o r addressing 
38 climate change.- Developing countries are of the view t h a t t r a n s f e r of 
39 technologies on a non-commercial basis i s necessary and t h a t s p e c i f i c 
40 b i l a t e r a l and m u l t i l a t e r a l arrangements should be established to 
41 promote this-. Some other countries where technologies are not owned 
42 by the government believe t h a t t r a n s f e r of technologies would be a 
43 function of commercial negotiations. The issue of i n t e l l e c t u a l 
44 property r i g h t s also presents a case where i n t e r n a t i o n a l opinion i s 
45 mixed. 
46 
47 A number of impediments also e x i s t which hinder the e f f e c t i v e 
4 8 t r a n s f e r of technologies t o developing countries. These include lack 
4 9 of f i n a n c i a l resources, necessary i n s t i t u t i o n s , and t r a i n e d human 
50 resources. E x i s t i n g i n s t i t u t i o n s could be strengthened, or new 
51 mechanisms established, where appropriate, t o finance technology 
52 t r a n s f e r s , t r a i n human resources, and evaluate,•introduce and operate 
53 e x i s t i n g or new technologies. Legal b a r r i e r s and r e s t r i c t i v e trade 
54 practices are also impeding factors, 
55 
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1 I t has not been possible to bridge the difference on views on 
2 some of the questions mentioned above. I t i s extremely important to 
3 reach early i n t e r n a t i o n a l agreement on these issues i n order t o promote 
4 e f f e c t i v e flow of technologies t o monitor, l i m i t or adapt t o climate 
5 change. One area where i n t e r n a t i o n a l agreement may be possible i s the 
6 promotion of CFC substitutes and provision of assistance and 
7 cooperation t o the developing countries i n the a c q u i s i t i o n and 
8 manufacture of such substitutes. 
9 

10 Several countries have suggested t h a t the issue of technology 
11 t r a n s f e r t o Eastern European countries,be addressed.. 
12 
13 8.3 Economic mechanisms 
14 
15 I t i s important t h a t any p o t e n t i a l measures t o l i m i t or adapt 
16 to global climate change be as economically e f f i c i e n t and 
17 c o s t - e f f e c t i v e as possible, while taking i n t o account important s o c i a l 
18 implications. I n general, environmental•objectives can be achieved 
19 e i t h e r through regulations r e g u i r i n g the use of a s p e c i f i c technology 
20 or attainment of specified goals, or economic instruments such as 
21 emissions fees, subsidies, tradeable permits, or sanctions. 
22 
2 3 Economic instruments, through t h e i r encouragement of f l e x i b l e 
24 selection of abatement measures, freguently o f f e r the p o s s i b i l i t y of 
2 5 achieving environmental improvements at lower cost than regulatory 
2 6 mechanisms. Unlike many regulations, they tend t o encourage innovation 
27 and the development of improved technologies and practices f o r reducing 
28 emissions. Economic mechanisms also have the p o t e n t i a l t o provide the 
29 signals necessary f o r more environmentally s e n s i t i v e operation of 
3 0 markets. I t i s u n l i k e l y , however, t h a t economic instruments w i l l be 
31 applicable t o a l l circumstances. 
32 
33 Three factors are considered as p o t e n t i a l b a r r i e r s t o the 
34 operation of markets and/or the achievement of environmental objectives 
3 5 through market mechanisms. These are; information problems, which can 
36 often cause markets to produce less e f f e c t i v e or unfavorable 
37 environmental outcomes; e x i s t i n g measures and i n s t i t u t i o n s , which can 
38 encourage i n d i v i d u a l s t o behave i n environmentally damaging ways; and 
39 balancing competing objectives ( s o c i a l , environmental, and economic). 
4 0 An i n i t i a l response strategy may therefore be t o address information 
41 problems d i r e c t l y and t o review e x i s t i n g measures which may be 
42 b a r r i e r s . For example, p r i o r t o possible adoption of a system of 
4 3 emission charges, countries should examine e x i s t i n g subsidies and tax 
4 4 incentives on energy and other relevant greenhouse gas producing 
4 5 sectors. 
46 
47 A general advantage of market based economic instruments i s t h a t 
48 they encourage l i m i t a t i o n s or reductions i n emissions by those who can 
4 9 achieve them at least cost. They also provide an ongoing incentive f o r 
50 industry and i n d i v i d u a l consumers t o apply the most e f f i c i e n t 
51 l i m i t a t i o n / r e d u c t i o n measures through, f o r example, more e f f i c i e n t and 
52 cleaner technologies. Such incentives may be lacking i n the case of 
53 regulations. 
54 
55 Regulations. are the customary means of c o n t r o l l i n g p o l l u t i o n 
56 i n both market and c e n t r a l l y planned economies. An advantage of 
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1 regulations i s t h a t , i n ce r t a i n circumstances, they create more 
2 c e r t a i n t y as to desired outcomes, whereas major disadvantages are that 
3 they may discourage innovation, introduce i n f l e x i b i l i t i e s i n meeting 
4 objectives, can discourage resource use e f f i c i e n c y , and o f f e r few or 
5 no incentives t o reduce emissions below specified l e v e l s 
6 - . 
7 I t i s evident t h a t the question of adoption of any form of 
8 economic instrument, whether domestically or i n t e r n a t i o n a l l y , raises 
9 many complex and d i f f i c u l t issues. Careful and substantive analysis 
0 of a l l implications of such instruments i s needed. Possible s p e c i f i c 

11 economic instruments which have been i d e n t i f i e d f o r consideration 
12 include; 

10 

13 
° A system of tradeable emissions permits: An emission permit 

15 system is' based on the concept th a t the economic costs of 
16 a t t a i n i n g a given environmental goal can be minimized by 
17 allowing f o r the tr a d i n g of emissions r i g h t s . Once an o v e r a l l 
18 l i m i t on emissions has been set, emissions entitlements 
19 amounting t o tha t l i m i t could be provided to em i t t i n g sources 
20 and free t r a d i n g of such entitlements allowed. This would 
21 reduce the costs of meeting a given emission t a r g e t because: 
22 (a) as i n trade, comparative advantages between t r a d i n g e n t i t i e s 
2 3 would be maximized; and (b) economic incentives would be created 
24 f o r the^development of improved greenhouse gas l i m i t a t i o n 
25 technologies, sink enhancement, and resource use e f f i c i e n c y 
26 (energy conservation). Concerns wit h t h i s approach include the 
27 l i m i t e d experience with t h i s instrument, the p o t e n t i a l scope and 
28 " size of tradin g markets and the need f o r the development of an 
29 administrative structure not c u r r e n t l y i n place. 
30 
31 ° A system of emission charges: Emission charges are levied on 
32 sp e c i f i e d emissions" depending on t h e i r - l e v e l of c o n t r i b u t i o n to 
33 climate change. Such charges may provide a means of encouraging 
3̂* emitters t o l i m i t or reduce emissions and provide an incentive 

diverse p a r t i e s t o implement e f f i c i e n t means of l i m i t i n g or 
3 6 reducing emissions. Another advantage of charges i s t h a t they 
37 generate revenue' which could provide a funding base f o r f u r t h e r 
38 p o l l u t i o n abatement, research, and administration, or allow 
3^ other taxes t o be lowered. Concerns wit h t h i s approach include 

the d i f f i c u l t y of deciding on the basis and size of the tax, and 
41 the .lack of c e r t a i n t y t h a t the tax w i l l achieve the agreed 
42 emission reduction t a r g e t . 
43 

° Subsidies; Subsidies are aimed at encouraging environmentally 
sound actions by lowering t h e i r costs. Subsidies could be used, 

46 i n t e r a l i a , t o encourage the use of ener g y - e f f i c i e n t equipment 
^ ' non-fossil energy sources, and the development and greater 

^se of environmentally sound technologies. Concerns with 
subsidies include the possible size of the reguired f i n a n c i a l 

50 commitment of governments, the need f o r c a r e f u l design, the need 
51 review, and the i n t e r n a t i o n a l trade aspects of such 
52 measures. 
53 

° Sanctions; A f i n a l type of economic instrument i s the use of 
55 economic sanctions f o r the enforcement of i n t e r n a t i o n a l 
56 agreements. This would require an i n t e r n a t i o n a l convention to 
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1 establish a system of agreed trade or f i n a n c i a l sanctions t o be 
2 imposed on countries not adhering t o agreed regimes. Many 
3 contributors expressed considerable reservations about applying 
4 t h i s approach t o greenhouse gas emissions because of the 
5 complexity of the s i t u a t i o n . The concerns include a b e l i e f t h a t 
6 sanctions could appear t o be a r b i t r a r y , could create confusion 
7 and resentment and could be used as a pretext t o impose new non-
8 t a r i f f trade b a r r i e r s . 
9 

10 , I t has also been suggested t h a t the environmental p r o t e c t i o n 
11 could be advanced and economic , costs of meeting greenhouse gas 
12 l i m i t a t i o n targets , i f any, minimized by addressing, t o the extent 
13 f e a s i b l e , a l l greenhouse gas sources and sinks comprehensively. This 
14 approach could employ an "index" r e l a t i n g net emissions of various 
15 greenhouse gases by f u r t h e r development of the index formulated by 
16 Working Group,I. 
17 
18 Each of the approaches ,outlined above, however, poses 
19 p o t e n t i a l l y s i g n i f i c a n t challenges i n terms of implementation and 
20 a c c e p t a b i l i t y . There i s an incomplete understanding of the economic 
21 and s o c i a l consequences of these various approaches. I t i s evident 
22 t h a t f u r t h e r work i s required i n a l l countries, and i n ongoing IPCC 
23 work, t o f u l l y evaluate the p r a c t i c a l i t y of such measures and costs and 
24 benefits associated w i t h different.mechanisms, especially w i t h t h e i r 
25 use i n t e r n a t i o n a l l y . I t has, however, been pointed out t h a t an 
26 i n t e r n a t i o n a l system of tradeable .permits, or, a l t e r n a t i v e l y , an 
27 i n t e r n a t i o n a l sytem of emissions charges, could o f f e r the p o t e n t i a l of 
28 serving as a c o s t - e f f i c i e n t main - instrument f o r achieving a defined 
29 t a r g e t f o r the reduction of greenhouse gas emisssions. 
30 
31 F i n a l l y , i t was stressed t h a t i n order t o share equitably the 
3 2 economic burdens, implementation of any of the i n t e r n a t i o n a l economic 
3 3 instruments ^discussed above should, take i n t o account the circumstances 
34 t h a t most emissions a f f e c t i n g the atmosphere at present o r i g i n a t e d i n 
35 the i n d u s t r i a l i s e d countries where the scope f o r change i s the 
3 6 greatest, and t h a t , under present conditions, emissions from developing 
37 countries are growing and may need t o grow i n order t o meet t h e i r 
38 development requirements and thus, over time, are l i k e l y t o represent 
39 an increasingly s i g n i f i c a n t percentage of global emisssions. I t i s 
40 appreciated t h a t each instrument assessed, has a r o l e i n meeting 
41 greenhouse gas emission objectives, but the s u i t a b i l i t y of p a r t i c u l a r 
4 2 instruments i s dependent on the p a r t i c u l a r circumstances and at t h i s 
4 3 stage no measure can be considered u n i v e r s a l l y superior t o any other 
44 available mechanisms. 
45 
46 8.4 Financial mechanisms 
47 , • 
4 8 I n d u s t r i a l i z e d and developing countries consider i t important 
49 t h a t assurances of f i n a n c i a l mechanisms are needed f o r undertaking 
50 adequate measures to l i m i t and/or adapt t o climate change. 
51 
52 GUIDING PRINCIPLES 
53 
54 The f o l l o w i n g p r i n c i p l e s should guide the f i n a n c i a l approach: 
55 
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1 a) I n d u s t r i a l i z e d countries and developing countries have a 
2 common r e s p o n s i b i l i t y in dealing with problems a r i s i n g from 
3 climate change, and e f f e c t i v e responses require a global 
4 e f f o r t . 
5 
6 b) I n d u s t r i a l i z e d countries should take the lead and have 
7 ' s p e c i f i c r e s p o n s i b i l i t i e s on two l e v e l s : 
8 

1) Ma]or part of emissions a f f e c t i n g the atmosphere at present 
10 o r i g i n a t e s i n i n d u s t r i a l i z e d countries where the scope for 
11 . . change i s greatest. I n d u s t r i a l i z e d countries should adopt 
12 domestic measures to l i m i t climate change by adapting t h e i r 

own economies in l i n e with future agreements to l i m i t 13 
14 • emissions; 
15 
16 
17 

i i ) To cooperate with developing countries i n i n t e r n a t i o n a l 
action, without standing i n the way of the l a t t e r ' s 

18 development, by contributing additional f i n a n c i a l 
t l resources, by appropriate t r a n s f e r of technology, by 
,° engaging i n close cooperation concerning s c i e n t i f i c 

observation, by a n a l y s i s and research, and f i n a l l y by means 
i i °^ t e c h n i c a l co-operation geared tb f o r e s t a l l i n g and 
•̂̂  managing environmental problems; 
2 4 
25 c) Emissions from developing countries are growing and may need 
26 50 grow in order to meet t h e i r development reguirements and 
i ^ ^^^^r over time, are l i k e l y to represent an i n c r e a s i n g l y 
28 s i g n i f i c a n t percentage of global emissions. Developing 
29 countries should, within the l i m i t s f e a s i b l e , take measures 

to s u i t a b l y adapt t h e i r economies. 

F i n a n c i a l resources channelled to developing countries would be 
most e f f e c t i v e I f focused on those a c t i v i t i e s which contribute both to 
li"«iting greenhouse gas emissions and promoting economic development. 

3 5 Areas for cooperation and assistance could include: 
36 

37 o E f f i c i e n t use of energy resources and the increased use of 
38 f o s s i l f u e l s with lower greenhouse gas emission rate or non-
39 f o s s i l sources; 
40 

41 o Rational forest management practices.and a g r i c u l t u r a l techniques 
which reduce greenhouse gas emissions; 

43 
44 o 
45 
46 o 
47 
48 
49 
50 o P a r t i c i p a t i o n by developing countries i n i n t e r n a t i o n a l fora on 

global climate change, such as the IPCC. 
52 
l l ^- recognized that cooperation and a s s i s t a n c e for 

nnnnJ"'^^ measures would be required, noting that for some regions and 
55 countries, adaptation rather than l i m i t a t i o n a c t i v i t i e s are p o t e n t i a l l y 
56 most important. 

30 
31 
32 
33 
34 

F a c i l i t a t i n g technology t r a n s f e r and,technology development; 

Measures which enhance the capacity of developing countries to 
develop programmes to address climate change,, including research 
and development a c t i v i t i e s and public awareness and education; 
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1 
2 A number of possible sources f o r generating f i n a n c i a l resources 
3 were considered. These include general t a x a t i o n , s p e c i f i c t a x a t i o n on 
4 greenhouse gas emissions, and emissions t r a d i n g . For the s i g n i f i c a n t 
5 complexities and implications of such taxes, reference i s made to the 
6 econculc measures paper (section 8.3). Creative ,suggestions include 
7 using undisbursed o f f i c i a l resources, which might r e s u l t from savings 
8 on government energy b i l l s and lower le v e l s of m i l i t a r y expenditures, 
9 a f i x e d percentage tax on t r a v e l t i c k e t s , and levies on countries that 

10 have been unable t o meet t h e i r o b l i g a t i o n s . The question has also been 
11 raised of whether such f i n a n c i a l cooperation and assistance should 
12 only be given t o those countries which abstain from a c t i v i t i e s 
13 producing greenhouse gases. ., A p o s i t i v e i n t e r n a t i o n a l economic 
14 environment, including f u r t h e r reduction of trade b a r r i e r s , and 
15 implementation of more equitable trade practices would help t o generate 
16 resources which can be applied towards pressing needs. 
17 •-• 
18 With respect t o i n s t i t u t i o n a l .mechanisms f o r providing f i n a n c i a l 
19 cooperation and assistance t o de-v'eloping countries, a two track 
20 approach was considered: 
21 
22 i ) one track b u i l t on work underway or planned i n e x i s t i n g 
23 i n s t i t u t i o n s . I n t h i s regard, the World Bank, a number of 
24 regional banks, other m u l t i l a t e r a l organizations, and b i l a t e r a l 
25 agencies have i n i t i a t e d e f f o r t s t o incorporate global climate 
2 6 change issues i n t o t h e i r programmes. B i l a t e r a l donors could 
27 f u r t h e r intiegrate and r e i n f o r c e the environmental components of 
28 t h e i r assistance programmes and develop cofinancing arrangements 
29 w i t h m u l t i l a t e r a l i n s t i t u t i o n s while ensuring t h a t t h i s does not 
30 impose inappropriate environmental conditions. 
31 
32 i i ) p a r a l l e l t o t h i s track the p o s s i b i l i t y of new mechanisms and 
33 f a c i l i t i e s was considered. Some developing and i n d u s t r i a l i z e d 
34 countries' suggested. th a t new, mechanism d i r e c t l y r e l a t e d t o a 
35 future climate .convention arid protocols, such as a new 
3 6 i n t e r n a t i o n a l fund, were required. I t was added t h a t such new 
37 instruments could be located w i t h i n the World Bank (with new 
38 rules) or elsewhere. I t was also noted t h a t the Global 
39 Environmental F a c i l i t y proposed by the World Bank i n 
40 c o l l a b o r a t i o n w i t h UNEP and UNDP was welcomed by i n d u s t r i a l i z e d 
41 and developing countries at the World Bank Development Committee 
42 meeting in. May 1990. 
43 
44 I t was noted t h a t the issue of generating f i n a n c i a l resources 
45 was d i s t i n c t from tha-t of a l l o c a t i n g those resources. 
46 
47 Areas, i d e n t i f i e d f o r future work include studies, w i t h donor 
48 assistance, f o r developing countries on t h e i r current and projected 
49 net emissions le v e l s and assistance and cooperation needs f o r l i m i t i n g 
50 such emissions. Further consideration i s also needed of the important 
51 r o l e which the p r i v a t e sector might play, through technology t r a n s f e r , 
52 foreign d i r e c t investment and other means to a s s i s t and cooperate with 
53 developing countries .to respond t o climate change. 
54 
55 
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1, 8.5 Legal and institutional mechanisms 
2 
3 A number of institutions and international legal mechanisms 
4 exist which have a bearing on the climate change issue, in particular 
5 those dealing with the environment, science and technology, energy, 
6 natural resources, and financial assistance. One of these existing 
7 international legal mechanisms, the Vienna Convention on the Protection 
8 of the Ozone Layer and i t s associated Montreal Protocol on Substances 
9 that Deplete the Ozone Layer, deals sp e c i f i c a l l y with reducing 
0 emissions of important greenhouse gases which also deplete the ozone 

11 layer. However, there i s a general view that, while existing legal 
12 instruments and institutions related to climate change should be fully 
13 u t i l i z e d and further strengthened, they are insufficient alone to meet 
14 the challenge. 
15 
16 A consensus emerged at the 44th session of the UN General 
17 Assembly on the need to prepare as a matter of urgency a framework 
18 convention on climate change, laying down, as a minimum, general 
19 principles and obligations. I t should, in the view of RSWG, be framed 
20 in such a way as to gain the adherence of the largest possible number 
21 and most suitably balanced range of countries while permitting timely 
22 action to be taken. I t may contain provision for separate 
23 annexes/protocol(s) to deal with specific obligations. As part of the 
24 commitment of the parties to action on greenhouse gas emissions and 
25 adverse effects of climate change, the convention should also address 
26 the particular financial and other needs of the developing countries 
27 (notably those most vulnerable to climate change agriculturally or 
28 otherwise), the guestion of access to and transfer of technology, the 
29 need for research and monitoring, and institutional requirements. 
30 
31 Decisions w i l l have to be taken on a number of key issues. 
32 These include: 
33 
34 o the p o l i t i c a l imperative of striking the correct balances (a) 
35 between the arguments for a far-reaching, action-oriented 
36 convention and the need for urgent adoption of a convention so 
37 as to begin tackling the problem of climate change; and (b) 
38 among the risks of inaction, the costs of action and current 
39 levels of s c i e n t i f i c uncertainty; 
40 
41 o the-extent to which specific obligations, particularly on the 
42 control of emissions of greenhouse gases, should be included in 
43 the convention i t s e l f , possibly as annexes, or be the subject 
44 of a separate protocol(s); 
45 . 
46 o the timing of negotiation of protocol (s) in relation to the 
47 negotiations on the convention; 
48 
49 o the introduction as appropriate of sound s c i e n t i f i c bases for 
50 establishing emission targets (such as total emission levels, 
51 per capita emissions, emissions per GNP, emissions per energy 
52 use, climatic conditions, past performance, geographic 
53 characteristics, f o s s i l fuel resource base, carbon intensity per 
54 unit of energy, energy intensity per GNP, socio-economic costs 
55 and benefits or other eguitable considerations); 
56 
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1 o the extent to which s p e c i f i c goals wi t h respect t o global levels 
2 of emissions or atmospheric concentrations of greenhouse gases 
3 should be addressed; 
4 
5 o whether obligations should be eguitably d i f f e r e n t i a t e d 
6 according t o countries' respective r e s p o n s i b i l i t i e s f o r causing 
7 and combatting climate change and t h e i r l e v e l of development; 
8 
9 o the nee.d f o r a d d i t i o n a l resources f o r developing countries and 

10 the manner i n which t h i s should be addressed, p a r t i c u l a r l y i n 
11 terms of the nature, size and conditions of the funding, even 
12 i f d e t a i l e d arrangements form the subject of a separate 
13 p r o t o c o l ; 
14 
15 o the basis on which the promotion of the development and t r a n s f e r 
16 of technology and provision of technical assistance and co-
17 operation t o developing countries should take place, t a k i n g i n t o 
18 account considerations such as terms of t r a n s f e r ( p r e f e r e n t i a l 
19 or non-preferential, commercial or non-commercial), assured 
20 access, i n t e l l e c t u a l property r i g h t s , the environmental 
21 soundness of such technology, and the f i n a n c i a l i m p l i c a t i o n s ; 
22 
2 3 o the nature of any new i n s t i t u t i o n s t o be created by the 
24 convention (such as a Conference of the Parties, an Executive 
25 Organ, as wel l as other bodies), together w i t h t h e i r functions, 
2 6 composition and decision-making powers, e.g. whether or not they 
27 should exercise supervision and c o n t r o l over the ob l i g a t i o n s 
28 undertaken. 
29 
3 0 The i n t e r n a t i o n a l negotiation on a framework convention should 
31 s t a r t as quickly as possible a f t e r the completion of the IPCC i n t e r i m 
3 2 report. The f u l l and e f f e c t i v e p a r t i c i p a t i o n of developing countries 
33 i n t h i s process i s e s s e n t i a l . Many, e s s e n t i a l l y developing, countries 
34 stressed t h a t the negotiation must be conducted i n the forum, manner 
35 and with the timing t o be decided by the UN General Assembly. This 
36 understanding also applies t o any associated protocols. I n the view 
37 of many countries and i n t e r n a t i o n a l and non-governmental organizations, 
38 the process should be conducted wi t h a view of concluding i t not l a t e r 
39 than the 1992 UN Conference on Environment and Development. 
40 
41 The foregoing does not necessarily c o n s t i t u t e an exclusive l i s t 
4 2 of issues which w i l l a r i se i n the negotiations. However, a readiness 
4 3 t o address these fundamental problems w i l l be a p r e r e q u i s i t e f o r 
44 ensuring the success of the negotiations and the support of a 
45 s u f f i c i e n t l y wide and representative spread of nations. 
46 . 
4 7 9. THE SPECIAL CIRCUMSTANCES OF THE DEVELOPING COUNTRIES 
48 
49 RSWG has taken note of the report of the IPCC Special Committee 
50 on the P a r t i c i p a t i o n of Developing Countries, presented by i t s 
51 Chairman, Mr. J. Ripert (see Annex I ) . According t o the report, the 
52 d i f f i c u l t i e s encountered by the developing countries i n p a r t i c i p a t i n g 
53 i n IPCC include; 
54 
55 
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1 * i n s u f f i c i e n t information 
2 * i n s u f f i c i e n t communication 
3 * l i m i t e d human resources 
4 * i n s t i t u t i o n a l d i f f i c u l t i e s 
5 * l i m i t e d f i n a n c i a l resources. 
6 
7 The RSWG c a l l s the a t t e n t i o n on the need of the IPCC t o consider 
8 f u l l y the report of the Special Committee during i t s Fourth Plenary 
9 (Sundsvall, Sweden, 27 - 30 August 1990). 

10 
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1 ANNEX I 
2 
3 
4 SUMMARY OF THE REMARKS OF THE CHAIRMAN, MR. J . RIPERT, 
5 OF THE IPCC SPECIAL COMMITTEE ON THE PARTICIPATION 
6 OF DEVELOPING COUNTRIES TO THIS SESSION OF THE RSWG 
7 
8 
9 In i t s t h i r d plenary i n Washington, IPCC requested the S p e c i a l 

10 Committee to prepare a report and policymakers summary for i n c l u s i o n 
11 i n the IPCC f i r s t assessment report. Such a report and policymakers 
12 summary were drafted i n a meeting i n P a r i s i n A p r i l 1990 with inputs 
13 from se v e r a l governments. The drafts were c i r c u l a t e d to a l l governments 
14 and f i n a l i z e d during an open-ended plenary of the S p e c i a l Committee 
15 from 31 May - 1 June 1990. 
16 
17 The i n i t i a l emphasis in the work of the Committee was on how to 
18 further f a c i l i t a t e the physical p a r t i c i p a t i o n of representatives from 
19 the developing countries at the meetings of IPCC, i t s Working Groups 
2 0 and t h e i r subgroups. I t was very much on f a c i l i t a t i n g t r a v e l , 
21 i d e n t i f i c a t i o n of experts, better information flow, and i n t e r n a l and 
22 external co-ordination. There was r e a l i z a t i o n from the outset i n the 
23 Special Committee that i t should not i n t e r f e r e with the work of the 
2 4 IPCC Working Groups or t h e i r subgroups which had been asked to look 
25 at i s s u e s l i k e t r a n s f e r of technology or f i n a n c i a l a i d . In addition, 
26 the work of the Special Committee was done i n p a r a l l e l with that i n the 
27 Working Groups, a nec e s s i t y since not a l l the completed reports of the 
28 Working Groups were a v a i l a b l e at the time of the plenary session of the 
29 S p e c i a l Committee. 
30 
31 I t may be r e c a l l e d that i n Washington se v e r a l countries 
3 2 expressed the view that the mandate of the S p e c i a l Committee could not 
3 3 be perceived i n so narrow a way, but one r o l e of the Committee should 
34 be to consider what i s preventing the f u l l p a r t i c i p a t i o n of developing 
35 countries i n the s c i e n t i f i c and other assessments and the elaboration 
3 6 of response options. Developing countries have to be a c t i v e partners 
37 i n a l l ongoing and envisaged climate change-related i n t e r n a t i o n a l 
38 process and not only i n discussions within IPCC. 
39 
40 The a n a l y s i s of the Committee has i d e n t i f i e d the following 
41 i n h i b i t i n g f a c t o r s with respect to the f u l l p a r t i c i p a t i o n of the 
42 developing countries i n climate change a c t i v i t i e s ; i n s u f f i c i e n t 
4 3 information, i n s u f f i c i e n t communication, limited human resources, 
44 s p e c i f i c i n s t i t u t i o n a l d i f f i c u l t i e s , and limited f i n a n c i a l resources. 
4 5 While the f u l l d iscussion on these matters i s to be found i n the report 
4 6 of the Special Committee, the Committee was very anxious to convey i n 
47 addition the following message. 
48 
49 1) Most of the developing countries are on the horns of the dilemma 
50 of deciding the p r i o r i t i e s between environmental i s s u e s and 
51 economic development. While global environment today has 
52 acquired greater s i g n i f i c a n c e for i n d u s t r i a l i z e d countries, 
53 p r i o r i t y for a l l e v i a t i o n of poverty continues to be the 
54 overriding concern of the developing countries; 
55 
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1 2) This s i t u a t i o n poses a serious obstacle to enhancing th. 
2 p a r t i c i p a t i o n of developing countries; 

4 The committee noted also th a t for developing % ^ ^ ^ f 

I ^ecCnc"gie/ ai?^d s T b s t ^ n t i a l l / t o the i n h i b i t i o n ot the developing 
I countries t o take active p a r t . Many delegates strongly f e l t t h a t t h i s 

,n h^s ̂ o b l recognized as a r e a l obstacle t o the development of a global 
\ l s ^ r a r e g ^ ^ J ^ J t h e r e f re t h U shoû ^̂ ^̂  

? u J S i e f " U r i " e r e r t L t " . t r ^ \ r , u l a ^ i o n _ o f 12 
13 
14 

S S I L 'TdaptaTlon and ir^Iementation of clean technology as against 
trans r e r , aaapua / create.healthier conditions f o r the 

i p ^ ^ r i c i p a t i o n S devJloprng countries. This i s a very d i f f i c u l t issue 
17 ?!Sr?y t controvbrsial- one, nevertheless of great importance to the 
18 developing countries. 

on The special Committee has made' al ".number of s p e c i f i c 

whoT-f:- the IPCC Working Groups are active. I n a l l these areas, tne 

The special Committee expressed the view t h a t i t i s necessary 
to prepare s p e c i f i c programmes of a c t i o n . f o r the furtherance of the 

33 p L ? i c i p a t i o n by developing countries. Sudh programmes should include 
34 s p e c i f i c a c t i o / items, time schedules, i d e n t i f i c a t i o n of •requisite 
3 5 resources, and i n s t i t u t i o n s f o r implementation. 

I t Also serious consideration should be given t o providing 
l l simultaneoS; i n ? e ^ r e t a t i o n and t r a n s l a t i o n i n a l l UN languages during 
39 t i e meetings of thS IPCC This aspect i s of p a r t i c u l a r importance f o r 
4 0 many developing countries. 

11 TO r e i t e r a t e , f i n a n c i a l support should be ensured i n the coming 
11 months f o l the IVCC Trust Fund to f a c i l i t a t e the uninterrupted 
44 p a r t i c i p a t i o n of as many experts from developing countries as possible 
45 i n the Sork t o be conducted a f t e r the IPCC Fourth Plenary. 
46 
47 

27 
28 
29 
30 
31 
32 
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L i s t of acronyms and chemical symbols 

AFOS 

Bt 
BtC 
CFCs 
CH4 
CI 
CO 
CO 2 
EIS 
Gg 
GHG 
GNP 
HCFC 
HFCs 
IOC 
IPCC 
ITTO 
N2O 
NGOs 
NOx 
O3 
OECD 
PC 
ppm 
RSWG 
SOx 
TC 
TC-GJ 
TFAP 
Tg 
TgC 
TgCH4 
TgN 
UN 
UNDP 
UNEP 
UNESCO 

VOCs 
WMO 

o r i ^ C C ^ Z k i n ^ S ^ ^ , "'"^ A c t i v i t i e s Subgroup 
B i l l i o n tonnes 
B i l l i o n (or 1000 m i l l i o n s ) tonnes Carbon 
Chlorofluorocarbons O^JJUH 
Methane 

Srbon Z ^ ^ ' " 9igaioule 
Carbon dioxide 

= ? g a 1 L r a 5 5 grf„?, '""^'^'"^ °' ' ^ ' ^ "--^-^ -roup I I I 
Greenhouse Gas 
Gross National Product 
Hydrochlorofluorocarbon 
Hydrofluorocarbon 

^ T t t l T l t T / . ^ " ' ^ ^ Organleat?on 
Non-Governmental Organizations 
Nitrogen oxides 
Ozone 

T u m T c l l l l T ' ' ^ ' ""Wng croup Of IPCC MorWng Group 3 
Tonne Carbon 
Tonne Carbon per GigaJoule 
Tropical Forestry Action Plan 
Teragram (IQ-^^grams) 
Teragram Carbon 
Teragram Methane 
Teragram Nitrogen 
United Nations 

UntJfn v^J^°"^ Development Programme 
un^^fn V 1°"^ Environment Programme 
organization Educational, S c i e n t i f i c and Cultural 

V o l a t i l e Organic Compounds 
World Meteorological Organization 
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UNITED STATES ENVIRONMENTAL PROTECTION AQENCV 
WASHINQTON, D.C. 20460 

November 19, 1992 

OFFIOEOF 
POIIOY, PUNNINQ AND EVALUATION 

Subject: IPCC Plenary Meeting - Harare, Zimbab̂ November 10-13, 1992 

To: See Distribution 

Prom: Dennis A. Tirpak, Direĉ eis. ^ 
Climate Change Division 

Joel D. Scheraga. Z^cudM^^^y^ 
Adaptation Branch 

Summary: 

The Eighth IPCC Plenary meeting in Zimbabwe restructured the IPCC into three 
workgroups. i.e., WO-l (Science), WO-II (Impacts, Mitigation and Adaption), and WO-IH 
(Qoss-cutting Economic and Other Issues). (See Draft Report - Doc 14). A new slate of 
officers was e ected with the U.S. and Zimbabwe serving as co-chairmen of WO-n. (See Bureau 
Membership Attachment). The next Plenary will be in late June or early July. WO-II will hold 
a meeting in early February. EPA was represented at the meeting by Dennis Tiipak. Joel 
bcheraga; and Lowell Smith. 

Discussion; 

Jotin Houghton (UK) presented the workplan for WQ-I (Attached). The workplan was 
approved with the understanding that modifications would be made to reflect tiisujoweFfts^ 

\ P'̂ liinl'̂ wy Workplan for WCn was presented-5jC|iRSisteih 
(Attached). Because the plan was sUtched together at the meeting, most aimn^Ii£5fearw 
plan as preliminary. Countries were requested to provide the U.S. with comments by early 
January, The U.S. offered to prepare a revised version in sufficient time for a WG-II meeting 
1" ̂  \ Pfb™»ry. Topics which need considerable thought are: how to provide a global 
tTn^lfJi .̂ m.̂ '̂̂ ^̂ '̂ .f '̂ ^̂^ '° '̂l̂ at® scenarios and Impacts, how 
to provide the INC sciendfic advice on the objective of the convention (Article 2), and how to 
take advantage of the network of prior participants in old WG-H on impacts. 

PtlnXvi on R«oy^6d Ptpsr 
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the plenary also approved the fonnation of WQ-EH and supported the development of a 
workplan covering scenarios and economic analysis. (Sec page 7 of Doc 14). Language for the 
The Tenns of Reference was initially drafted widi the aid of delegates from the U.S., 
Netherlapds, U.K., Canada, France, and Norway. (Tirpak, Scheraga, Sally Kane [NOAA], and 
Rick Bradley [DOE] participated in these discussions.) The Terms of Reference call for WO-in 
to consider such topics as top-down and bottom-up econoniic modeling, the evolution of 
technological change, methods for risk assessment, and tnatfitytajfor assessing response 
l|wmnnent5. Don Pearlman, Kuwait, and Saudi Arabia resistedlncludingdie terms "response 
instruments" (taxes, permits, etc.) in the Terms of Reference, but subsequently agreed to the final 
language. Canada will co-chalr WG-III with South Korea. A workshop will be held in March 
or April to develop the workplan. 

In addition to the plenary - several other meetings took place on the sidelines. 

0 The Dutch held a meeting on an intemational coastal zone conference to be held 
next fall. It is anticipated that at least two regional workshops will be held prior 
to the conference. These workshops will produce Information that will contribute 
to the conference. The U.S. is considering hosting an Atlantic Region Workshop 
to feed into the conference. (Contact Scheraga for details.) 

0 The U.K. hosted two meetings on emission inventories to discuss the current work 
program and finances needed to complete the methodology document by next 
summer. A number of countries offered to consider additional financial 
contributions. (Contact Tirpak) 

0 Preliminary discussions were held with a number of countries on plans for several 
WO-in Workshops. Several possible workshop topics were considered, including 
macroeconomic modeling, impacts analysis, adaptation, decision making under 
uncertainty, and response instruments, (Contact Scheraga) 

0 The NetheriandvOermanyrJlJK, Canada, and Australia expressed considerable 
I interest in the(pECD̂ rgieci)t!LdfisignAnalyze future action plans. (Contact 

Tirpak) 

Finally, the U.S. provided̂ k̂ ĝ gL îjrparticifâ n die President's $25 million Country 
Study Initiative. A number of C(iS5me8̂ ^mrofZ5nbabwe, China, Indonesia, Latvia, Malta) 
sought additional information from die U.S. delegation. 

NOTE: Cllnton/Gore-buttons and stickers were heavily sought after by tiie participants 
at tiiel^CCll 
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INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE 

CHAIRMAN'S PROPOSAL ON THE IPCC BUREAU MEMBERSHIP 
(Where names have been formally received from governments, 

they ara Included) 

Vice-Chairs Saudi Arabia 
Dr. A. Al-Gain 

Russian Federation 
Prof. Yu. A. Izrael 

WQ 1 

Wfl I I 

Co-Chairs 

Vice-Chairs 

Co-Chairs 

United Kingdom 
Sir John Houghton 

Brazil 
Dr. L.G. Meira Filho 
Chir»a . 

Germany 
Dr. H. Grassl 

Senegal 
Mr. M. Seek 

United States 
Mr. Robert A. Reinetein 

Zimbabwe 
Dr. M.C. zinyowera/ 
alternate Mrs, Karimanzira 

n 

vice-Chairs (who are also the Co-Chairs of) 

Subgroup A India 
Or. M. Parabrahmam 
Japan 
Dr. K. Yokobori 
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Subgroup B 

subgroup C 

The Netherlands 
Dr. P. Vellinga 

Venezuela 
Ing. Martha Perdomo 

Argentina 
Dr. 0. Canzlani 

Switzerland 
Dr. H. Beniston 

Subgroup D Pranoa 
Dr. M. Petit 

Tunisia 

HfiJLU co-Chairs Canada 
Ms4 E. Dowdeswell 

Republic of Korea 
Dr. H. Lee 

Vice-Chairs 

Rebional Rapraaantation 

Region 1 
Aftica 

Rejjion I I 
Asia 

Ration I I I 
S. America 

Kenya 

Prof. R.S. odingo 

Norway 
Mr. T. Hanisch 

Nigeria 
Dr. Adejokun 

Kuwait 

Colombia 

Region IV 
North and Central 
America 

Re^fion V 
SW Pacific 

Region vi 
Europe 

Cuba 

Australia 
Dr. McG. Tegart 

Spain 
Dr. M. Bautista Perez 
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