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OTE _TO THE READER

THE FIRST ASSESSMENT REPORT OF THE
INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC)

The IPCC First Assessment Report consists of

* the Overview _

* the policymakers summaries of the IPCC
Working Groups and Special Committee on the
Participation of Developing Countries

* the reports of the IPCC Working Groups.

This volume contains the IPCC Overview and the
policymakers summaries.

The report of Working Group I has already been
published commercially; there are plans to publish the
other two reports also, each separately, by the end of
the year. They are available, on request, from the IPCC
Secretariat, World Meteorological Organization, P.0.Box
2300, CH 1211 Geneva 2, Switzerland.

N. Sundarafaman
IPCC Secretary
October 1990
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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.
It 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 required for a more complete understanding of the
problems of climate change resulting from human activities. '

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

The issues, options and strategies 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 it cuts across different sectors in all countries. It should be noted
that the Report reflects the technical assessment of experts rather than
government positions, particularly those governments that could not participate
in all wWorking Groups of IPCC.
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This Overview reflects the
conclusions of the reports of (i)
the three IPCC Working Groups on
science, impacts, and response

strategies, and (ii) the Policymake- -

rs Summaries of the IPCC Working
Groups 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 it would
otherwise be.

* Emissions resulting from human
activities are substantially
increasing the atmospheric
concentrations of the greenhocuse
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 main
greenhouse gas, water vapour,
will increase in response to
global warming and further
enhance it.

We calculate with confidehce that:

* Some gases are pdtentially 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
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dioxide, nitrous oxide and the
CFCs) adjust only siowly to changes
of emissions. Continued emissions
of these gases at present rates
would commit us to increased
concentrations far centuries ahead.
The longer emissions continue
to increase at present-day rates,
the greater reductions would have
to be for cocentrations 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 ard 2050 in Scenarics
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 minus sinks)
emissions from human activities
of long-lived gases would achieve
stabilization of concentration
at today's levels; methane
cancentrations 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
e e 2902 9, 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 vyears.
This will result in a likely
increase in the global mean
temperature of about 1°C above
the present value by 2025 (abcut

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 0.2°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.

w

ith regard to uncertainties, we note
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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 increase,
the realized temperature rise
at any given time is between 50
ard 80% of the camitted 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 cm
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 the end of the next
century. There will be significant
regional variations.

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
tocnz'im:xphﬁexxﬂenﬁanﬁng
of sarces ad sirks of gresriouse
gases and the responses of
clouds, oceans and polar
ice sheets to a change of
the radiative forcing caused
by increasing greenhouse
gas concentrations.

- 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. 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 models.
Thus the observed increase could
be largely due to this natural
variability; altermatively this
variability 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.

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 all, of the reasons for
the large (5-7°C) global
temperature swings between ice
ages and interglacial periods.
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* Natural sources and sinks of
greenhouse gases are sensitive
' to achange in climate. Although
many of the response (feedback)
processes are poorly understood,
it 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 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
CO, in the atmosphere between
now and 2025 to 2050;

. ii) a consequent increase of
global mean temperature in
the range of 1.5°C to 4° -

5°C;

iii) 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. Large-scale natural events ‘

such as El1 Nifio 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 concentra-
tions 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 is
considerable disagreement between
various general circulation model
and palaecanalog results. Moreover,
there are several scientific
uncertainties regarding the
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relationship between climate change
and biological effects and between

. these effects and socioceconomic

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) emissions of greenhouse gases
and doubling of concentrations;

ii) doubling of greenhouse gas .

concentrations and change
in climate;

iii)changes in climate and

effects; and

iv) changes in ghysical ad ecological
effects ad resultat scicecomiic
(including ecological)
consequences. The shorter
the lags, the less the
ability to cope and the greater
the socioceconomic 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. These are presented
below.




2.1 A nd £ r

Sufficient evidence 1is 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
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 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

mid
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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 ec'gsxstem§

Natural terresti'ial ecosystems
could face significant consequences




as a4 result »f the global increases
in the atmospneric ccncentrations
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 £ind 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
distribution 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 of global biological
diversity. Increased 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 CO, enrichment
and climate change for natural
terrestrial 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 options for
adaptability are limited (e.q.
montane, alpine, polar, island and
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ccastal communities, remnant
vegetation, and heritage sites and
reserves) and those communities where
climatic changes add to existing stresses.
The socioceconomic 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 material
ad income are possible as these ecosystems
are changed. Important fibre products
could also be affected in some regions.

2.3 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 humigd
areas where demand or pollution has
led to water scarcity. Little is
known about regional details of

induced hydrametecrological
change. It appears that many areas
will ‘have increased precipitation,
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. In some limited
areas, for example, under an 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 scuthern Asia, that
are dependent on unregulated river

. systems, are particularly vulnerable

to hydrometeorological change. On
the other hand, regions such as the

. western USSR and western United States

that have large requlated water resource
systems are 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
sociceconomic 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. Where precipitation
increases, 2 water management
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.

2.4 Human ettlemen ener
ran r and industrial

sectors, human health and air
quality

The most vulnerable
settlements are those especially
exposed to natural hazards, e.qg.
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 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 infections. Changes
in precipitation and temperature
could radically alter the patterns

human’

OVERVIEW IPCC

of vector-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 nnber of years to severe disnuptions
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 biamass. Such changes
in areas which lose water may jeopardize
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 solar power. 1In
developed countries same 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. 1In 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 DOceans an aazn.

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. A 1 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
sericusly impact on ice-dependent
marine mammals and birds.

Impacts on the glcbal oceans
will include - changes in the heat
balance, shifts in ocean circulation
which will affect the capacity of
the ocean to absorb heat and CO, 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 regicnal
shifts in fisheries will have major
sociceconomic impacts.

2.6 Seasonal snow cover., ice agd
permafrost

The global areal extent and
volume of elements of the
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terrestrial cryosphere (seascnal
snow cover, near-surface layers of
permafrost and some masses of ice)
will be substantially reduced.
These reductions, when reflected regiocnally
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

positive feedhacks, the reductions

could be sudden rather than gradual.

The areal coverage: of seasocnal
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 regiocnal 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
recession will have significant
implications for local and regicnal
water rescurces, and thus impact on
water availability and on hydroelectric
power potential. Glacial recessiocn
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, coculd
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, ercsion and landslides
in those areas which cqurrently contain
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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. A

The IPCC recommends a programme
for the development and implementa-
tion 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.
also effectively slow down the
rate of increase of radiative
forcing of gréenhouse gases in
the atmosphere. Every effort

This action will

.Roles of
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should be ~ade to find replacements
that have little or no greenhcuse
warmming potential ar czane cepletion
potential rather than the HCFCs
and HFCs that are now being
considered.

Thesinglelargestanthropogenic
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.

It is 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 major 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 it would
be well below that required to
stop it. This underlines that
when forestry measures have been
introduced, other measures to
limit or reduce greenhouse emissions
should not be neglected.

industrialized and

developing countries

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

i) A major part of emissions
affecting the atmosphere at
present - originates in
industrialized countries where

adopt domestic measures to



"limit  climate change by
adapting their own
economies in 1line with
future agreements to limit
emissions.

ii) 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 Dby means of
technical co-operation
geared to forestalling and
managing environmental
problems. ‘

* Sustainable develc»pmem:1 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 all 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

!. 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 II to decision
15/2 of the 1!5th session of the UNEP
Governing Council, Nairobi, May 1989)
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percentage of 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

toch.matedmange without hindering

. their economic development, is

an urgent requirement. Develcoping
countries should, within the limits
feasible, take measures to suitably
adapt their economies. Recognizing
the poverty that prevails among
the populations of developing
countries, it 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 partnershipn
of all nations in the world and
would assist developing countries
in dealing vuth the climate change
issue. .

Qm:_LQn_S.

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

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

o .phasing ocut of CFC emissions
and careful assessment of
the greenhouse gas potential
of proposed substitutes;

P ——




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

o sustainable forest
management and afforesta-
tion;

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

0. 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 all 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 greenhouse gases, it
is essential that global climate
change strategies take into
account the need to deal with

OVERVIEW IPCC

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 to 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 goverrments may wish to cnsider
is the setting of targets for
CO, and other greenhouse gases.

A large number of options were
preliminarily assessed by IPCC
Working Group III. It 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
gas emission technologies,
better management of forests,
and other natural resources,
and reductions in emissions
of OCs ad other e 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 all
available options will it be
possible to determine which are best
suited to the circumstances of a
particular country or region.
Initially, the highest priority
should 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 ap-
propriate options which would
reflect the impacts of climate
change and its costs and
benefits on the one hand, and

12
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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
accant impartant social implications.
Limitation and adaptation shoula
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 ac
part of coastal zone management
plans should begin as soon as
possible. .

Environmental objectives can be
pursued regulations and/c.
through market based economic
instruments. The latter, througn
their encouragement of flexibi..
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.

It is not likely, however, that

economic instruments will be
applicable to all circumstances.

Three factors are considered as
potential barriers to the operation
of markets and/or the achievement
of envirommental cbjectives through




market mechanisms. These are:

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

i)

ii) existing measures and
institutions, which can
encourage individuals to
behave in environmentally

damaging ways; and

iii)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 existing subsidies and tax
incentives on energy and other
relevant greenhouse gas produc1ng
sectors.

* With respect to institutional

mechanisms for providing
financial co-operation and
assistance to developing

countries, a two track approach
was considered:

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

i)

does not impose inap-
propriate environmental

conditions.

13
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ii) parallel to this track the
possibility of new mechanisms
and facilities was considered.
Sare developing arnd industrial-
ized 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:

accelerated and co-ordinated
research programmes to reduce
scientific and socioeconom-
ic 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;

encouragement of benef ic_ial
behavioral and structural
(e.g. transportation and housing

infrastructure) changes;

expansion of the global ocean
observing and monitoring
systems.

It 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 COUNIRIES

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 it 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 includes not only the
physical presence at meetings but
also the development of national
competence to address all issues of
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:

insufficient information;
insufficientcommunication;
limited human resources;
institutional difficulties ;
‘limited financial
resources. :

000O0O

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 resources for
supporting their efforts to
promote activities which
contribute both to 1limiting
greenhouse gas emissions and/or
adapting to the adverse effects
of climate change, while at the
same time promote economic
development. Areas of co-
operation could include, inter
alia:

14
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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;

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

facilitating the develop-
ment and transfer of clean
and safe technologies in
areas which could include:

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

- industry;

measures which enhance the
capacity of . developing
countries to

to address climate change,
including research and
development activities and
public awareness and educatiun
programmes, such as:

- the development of the
human resources necessary
to tackle the problem
of climate change and
its adverse effects;

- the provision of study
and training programmes

- the provision of skilled

personnel and the
material necessary to
organize education

programmes to devglop




-

locally the skills
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 participa-
tion 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 Programm-
e, the Man and the
Biosphere Programme;

o facilitating participation
by developing countries in
international 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 limita-
tion 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

15
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convention. It appeals to the
multilateral and bilateral
funding organizations to implement
its recommendations. It further
appeals to goverrments far antinuing
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-operation 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
NEP Governing Council amd 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 N General Assembly.

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. It 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 all, 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 III in its legal measures
topic paper, appended to g@its
Policymakers Summary. -

*  The IPCC recommends that

16
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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.
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APPENDIX

Emissions scenarios developed by 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 1 and 2 below. ' :

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

Both scenario approaches indicate .that CO, 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-ocut of CFCs under the Montreal Protocol and lower CO, and
CH, emissions than the Reference Scenario. The Reference Scenario developed
through country and international studies of the energy and agriculture
groups, includes higher CO, 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 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 equivalent of a doubling of pre-industrial CO, levels occurs, according
to Working Group I, by around 2025.

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

2 A11 of the scenarios assumed some level of compliance with
the Montreal Protocol but not with all 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 21st 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); wuse 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. -
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are achizved, 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 Scenarioc) 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 Scenaric) 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 footnote 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 III. Under the Reference Scenario, global CO, emissions
from all 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.

Summary

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

are certain of the following:

there is a natural greenhouse effect which
already keeps the Earth warmer than it
would otherwise be.

emissions resulting from human activities
are substantially increasing the atmospheric
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 main greenhouse gas, water
vapour, will increase in response to global
warming and further enhance it.

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. _ :

ammospheric concentrations of the long-
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 level.

the long-lived 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 uncentainty
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 0.2°C per

. decade (Scenario B), just above 0.1°C per

decade (Scenario C) and about 0.1°C per
decade (Scenario D).

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 be 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 rise of about 6cm per
decade over the next century (with an
uncertainty range of 3 - 10cm 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
mean sea level by 2030, and 65cm by the
end of the next century. There will be
significant regional variations.
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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

. clduds, which strongiy influence the
magnitude of climate change
* oceans, which influence the timing and
patterns of climate change -
'* polarice sheets which affect predictions of
sea level rise S o
These processes are already partially understood,

and we are confident that the uncertainties can be
reduced by further rescarch. 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°C to 0.6°C over the last
100 years, with the five global-average
warmest years being in the 1980s. Over the
same period global sea level has increased
by 10-20cm. These increases have not
been smooth with time, nor uniform over
the globe. -

¢ 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
observed increase could be largely due to
this natural variability; alternatively this
variability 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 by

- increasing carbon dioxide concentrations.
Rapid changes in climate will change the
composition of ecosystems; some species
will benefit while others will be unable to
migrate or adapt fast enough and may
become extinct. Enhanced levels of carbon
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

'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

« develop improved models of the
Earth's climate system. '

* to increase support for national and
international climate research activities,

especially in developing countries

* o 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 pdrposc of the Working Group I report, as
determined by the first meeting of [PCC, 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

2

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 o
predictions? - :

*  Will the climate of the futurc be ver.y
different ? ‘

WGI
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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 their
best-estimates wherever possible, together
with an assessment of the uncertaintes.

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
carth. 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.
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There are several natural factors which can
change the balance between the energy absorbed
by the Earth and that emitted by it in the form of
longwave infra-red radiadon; 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
variatdons in the Earth's orbit affect the seasonal
and latitudinal disaibutdon of solar radiation;

- these were probably responsible for initating 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 clear atmosphere relatvely
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 greernhouse gases are not the
major constituents, nigogen and oxygen, but
water vapour (the biggest conmributor), carbon

atmosphere

most solar
radiation is abscrbed
by the earth's surface and
warms it

EARTH

dioxide, methane, nitrous oxide, and ozone in the
troposphere (the lowest 10-15km of the
ammosphere) and stratosphere.

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
cruptions 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 scientdfic
principles. We know that the greenhouse effect
works in practice, for several reasons.

Firstly, 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.

some solar radiation
is reflected by the earth

and the atmosphere

the lower atmosphare

infra-red

radiation is
emitted from
the earth’s
surface

A simplilied diagram illustrating the greenhouse effect.




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 in the ammosphere. 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 ages and interglacial periods.

Local lemperature changa (°C)

Methane
concentration (ppbv)

1990
lavel 1
of CO2

Carbon dioxide
concenlration (ppmv)
EENEBBE

40 80 120 180

Age (thousand years before present)

‘

Analysis of air trapped in Antarctic ice cores
shows that methane and carbon dioxide
concentrations were closely correlated with the
local temperature over the last 160,000 years.
Present day concentrations of carbon dioxide
are indicated -

(V]
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How might human activities change
global climate ? .

Narurally occurring greenhouse gases keep the
Earth warm enough to be habitable. By
increasing their concentrations, and by adding
new greenhouse gases like chlorofluorocarbons
(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 narural greenhouse
gas concentrations; the word “ennanced” is
usually omitted, but it should not be forgotten.
Other changes in climate are expected o0 result,
for example changes in precipitadon, and 2 global
warming will cause sea levels to rise; these are
discussed in more detail later.

There are other human acavitdes which have the
potendal 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
emirtted largely in fossil fuel combusdon, can
modify clouds and this may act to lower
temperatures. Lastly, changes in ozone in the
stratosphere due to CECs may also influence

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-industial
abundances, current rates of change and present
atmospheric lifetimes of greenhouse gases
influenced by human activites. Carbon dioxide,
methane, and nitrous oxide all have significant
natural and human sources, .while the
chlorofluorocarbons are only produced
industrially.

i
H
Ji
%
i
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SUMMARY OF KEY GREENHOUSE GASES AFFECTED BY HUMAN ACTIVITIES
Carbon Methane CFC-11 ' | CFC-12 Nitrous
Dioxid Oxid
Atmospheric
concentration ppmv ppaav pptv pptv ppbv
Pre-industrial
(1750-1800) 280 0.8 0 0 288
Present day (1990) 353 172 280 484 310
Current rate of 1.8 0.015 9.5 17 0.8
change per year (0.5%) (0.9%) (4%) (4%) (0.25%)
Atmospheric lifetime | (50-200)F 10 65 130 150
(years)
ppmv = parts per million by volume;

ppbv = parts per billion (thousand million) by volume;

PPty = parts per trillion (million million) by volume.

t ThewaymwhnhCO,uabsabedbymexammdhosphatumtnmplcandamghvalmmmtbe
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 intemnally 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 warming 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
activities, 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 world
became more industrialized and as agriculture
developed, the abundances of the greenhouse
gases increased markedly. The figures below
illustrate this for carbon dioxide, methane,
nitrous oxide and CFC-11.

Since the industrial revolution the combustion of
fossil fuels and deforestation have led to an

increase of 26% in carbon dioxide concentration
in the atmosphere. We know the magnitude of
the present day fossil-fuel source, but the input
from deforestation cannot be estimated
accurately. In additon, although about half of
the emitted carbon dioxide stays in the
atmosphere, we do not know well how much of
the remainder is absorbed by the oceans and how
much by terrestrial biota. Emissions of
chlorofluorocarbons, used as aerosol propellants,
solvents, refrigerants and foam blowing agents,
are also well known; they were not present in the
atmosphere before their invention in 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
actvities, we are unable to specify the sources,
but it is likely that agriculture plays a part.
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Concentrations of carbon dioxide and methane after remaining relatively constant up to the 18th
century, have risen sharply since then due to man's activities. Concentrations of nitrous oxide

bave increased since the mid-13th century, especially in the last few decades.

present in the atmosphere before the 1930s

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 northemn
hemisphere in response to these emissions,
observations are insufficient to confirm the
expected increase in the upper troposphere. The
lack of adequate observations prevents us from
accurately quantifying the climatic effect of
changes in opospheric ozone.

In the lower stratosphere at high southern
latitudes ozone has decreased considerably due o
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

CFCs were not

greenhouse gases. Further reductons in lower
stratospheric ozone are possible during the next
few decades as the atmospheric abundances of
CFCs contnue to increase.

Concentrations, lifetimes and

stabilisation of the gases

In 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 representadons of
the transfer of carbon dioxide between the
atmosphere, oceans and terrestrial biosphere.
For the other: greenhouse gases, models which
incorporate the effects of chemical reactions in
the ammosphere are emploved.
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The relationship between hypothetical fossil fuel emissions of carbon dioxide and its
concentration in the atmosphere is shown in the case where (a) emissions continue at 1990
levels, (b) emissions are reduced by 50% in 1990 and conticue 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 atmospheric lifetimes of the gases are
determined by their sources and sinks in the
oceans, atmosphere and biosphere. Carbon
dioxide, chloroflucrocarbons and nitrous oxide
are removed only slowly from the atmosphere
and hence, following a change in emissions, their

atmospheric concentrations take decades to

centuries 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 stll be evident by the year 2100.

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

To illustrate the emission-concentration
relatonship 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 in emissions of 2% per year (pa)
from 1990 and (d) a 2% pa increase from 1950-
2010 followed by a 2% pa decrease from 2010.

Contnuation of present day emissions are
committing us to increased future conceatratons,
and the longer emissions continue to increase, the
greater would reductons have to be to stabilise at
a given level. If there are critical concentratdon
levels that should not be exceeded, thea ths
earlier emission reductions are made the mors
cffective they are.

preseat day levels:

Carbon Dioxide
Methane
Nitrous Oxide
CFrC-11
CFC-12
HCFC-22

STABILISATION OF ATMOSPHERIC CONCENTRATIONS
Reductions in the human-made emissions of greenhouse gases required to stabilise concentrations at

>60%
15 - 20%
70 - 80%
70 - 75%
75 - 85%
40 - 50%

Note that the stabilisation of each of these gases would have different effects on climate,
as explained in the next section.




The term "atmospheric stabilisation” is often
used to describe the limidng of the concentraton
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 opposite. For
most gases the reductions would have to be
substantial.

How will greenhouse gas abundances
change in the future?

We need to 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, between the
ammosphere, oceans and terrestrial biosphere - the
greenhouse gas “feedbacks”.

Four scenarios of future human-made emissions
were developed by Working Group III. The first
of these assumes that few or no steps are taken to
limit greenhouse gas emissions, and this is
therefore termed Business-as-Usual (BaU). (It
should be noted that an aggregation of nadgonal
forecasts of emissions of carbon dioxide and
methane to the year 2025 undertaken by Working
Group III resulted in global emissions 10-20%
higher than in the BaU scenario.) The other three
scenarios assume that progressively increasing
levels of controls reduce the growth of
emissions; these are referred to as scenarios B,
C, and D. They are briefly described in the
Annex. Future concentrations of some of the
greenhouse gases which would arise from these
emissions are shown opposite.

Greenhouse gas feedbacks -

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

The net emissions of carbon dioxide from
terrestrial ecosystems will be elevated if higher
temperatures increase respiragon at a faster rate
than photosynthesis, or if plant populations,
particularly large forests, cannot adjust rapidly

enough to changes in climate.
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Atmospheric concentrations of carbon dioxide,
methane and CFC-11 resulting from the four
IPCC emissions scenarios

A net flux of carbon dioxide to the atmosphere
may be particularly evident in warmer condidons
in tundra and boreal regions where there are large
stores of carbon. The opposite is tue if higher
abundances of carbon dioxide in the atmosphere
enhance the productvity of narural ecosystems,
or if there is an increase in soil moisture which
can be expected to sumulate plant growth in dry
ecosystems and to increase the storage of carbon
in tundra peat. The extent to which ecosystems
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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 acavity 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 Adantic for
example, might 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 temperartures could increase
the emissions of methane at high northem
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 ages and interglacials.

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
world.

Which gases are the most.
important?

We are certain that increased greenhouse gas
concentrations increase radiative forcing. 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 ammospheric 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 relatve to
carbon dioxide. These relative effects span a
wide range; methane is about 21 times more
cffective, molecule-for-molecule, than carbon
dioxide, and CFC-11 about 12,000 times mor=
effective. On a kilogram-per-kilogram basis, the
equivalent values are 58 for methane and about
4,000 for CFC-11, both relative to carboa
dioxide. Values for other greenhouse gases zre t
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 quantiry
has changed in the past (based on observations of
greenhouse gases) and how it might change in
the fumure (based on the four [IPCC emissions

~scenarios). For simplicity, we can express total

forcing in terms of the amount of carbon dioxide
which would give that forcing; this is termed the
equivalent carbon dioxide concentration.
Greenhouse gases have increased since pre-
industrial times (the mid-18th cenmry) by an
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- How can we evaluate the effect of

CAREON
DIOXIDE

NITROUS

The contribution from each of the human-made
greenhouse gases to the change in radiative
forcing from 1980 to 1990. The contribution
from ozone may also be significant, but
cannot be quantified at present.

amount that is radiadvely equivalent to about a
50% increase in carbon dioxide, although carbon
dioxide itself has risen by only 26%; other gases
have made up the rest.

The contributions of the various gases to the total
increase in climate forcing during the 1980s is
shown above as a pie diagram; carbon dioxide is
responsible for about half the decadal increase.
(Ozone, the effects of which may be significant,
is not included)

different greenhouse gases?

To evaluate possible policy opdons, it is useful to
know the relative radiative effect (and, hence,
potendal climate effect) of equal emissions of
cach 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
amnosphere. :

This index defines the time-integrated warming
effect due to an instanwneous 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 atmospheric composition changes because,
although radiative forcing increases in direct
propordon to the concentraton of CFCs, changes
in the other greenhouse gases (partcularly carbon
dioxide) have an effect on forcing which is much
less than proportonal.

The GWPs in the following table are shown for
three time horizons, reflecting the need to
consider the cumulatve 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 term. There are a number of
pracucal difficuldes in devising and calculating
the values of the GWPs, and the values given
here should be considered as preliminary. In
addidon to these direct effects, there are indirect
effects of human-made emissions arising from
chemical reactions between the various

‘ GLOBAL WARMING POTENTIALS
The warming effect of an emission of 1kg of each gas relative to that of CO,
These figures are best estimates calculated on the basis of the present day ammospheric compositdon

. 20yr
- Carbon dioxide 1
Methane (including indérect) 6
Nitrous oxide ' 270
CFC-11 4500
CFC-12 | 7100
HCFC-22 - 4100

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

Time Horizon

100 yr 500 yr
1 1
21 9
290 190
3500 1500
7300 4500
1500 510

11
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GWP

hoxtzon)
Carbon dioxide 1
Methanc* 21
Nitrous oxide 290
CFCs  Various
HCFC-22 - 1500
Others* Various

"THE RELATIVE CUMULATIVE CLIMATE EFFECT OF
1990 MAN-MADE EMISSIONS

1990 Relative
emissions contribution
(Te) over 100yr
26000t 61%
300 15%
6 4%
09 11%
0.1 0.5%
8.5%

 *These values include the indirect effect of these emissions on other greenhouse gases via chemical reactions in the
atmosphere. Such estimates are highly mode! 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 26 000 Tg (teragrams) of carbon dioxide = 7 000 Tg (=7 Gt) of carboa

constituents. The indirect effects on stratospheric

water vapour, carbon dioxide and tropospheric

ozone have been included in these estimates.

The table indicates, for example, that the
cffectiveness 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 lifetimes of the proposed CFC
replacements range from 1 to 40 years; the longer
lived replacements are still potentially effective as
- agents of climate change. One example of this,
HCFC-22 (with a 15 year lifetime), has a similar
cffect (when released in the same amount) as

CFC-11 on a 20 year timescale; but less over a
500 year timescale.

The table shows carbon dioxide to be the least
effective greenhouse gas per kilograrthme 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
cmissions 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

MAJOR
GAS CONTRIBUTOR?
Carbon dioxide yes
Methane yes
Nitrous oxide not at
present
CFCs yes
HCFCs, etc not at
: present
Ozone ~ possibly

LONG SQURCES

LIFETIME? KNOWN?
yes yes

no semi-quantitatively

yes qualitatively
_yes yes
mginly no yes

no qualitatively

12




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 earlier
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 opposite
illustrates these factors.

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 crude.
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.c the equilibrium temperature
change due to a doubling of carbon dioxide
in the atmosphere) obtained from model
simulations, feedback analyses and
observational considerations (see later box:
"What tools do we use?™)

13
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ii) a "box diffusion upwelling” occan-
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).

How quickly will global climate change?

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

Under the IPCC Business-as-Usual (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.

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").
For the 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
cach of the greenhouse gases at present day
levels from now on, the tem 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.



WGI  POLICYMAKERS SUMMARY

w 7 .
o F BUSINESS 1 HIGH ESTIMATE
= 6 - AS-USUAL .
u 4
S st
o I BEST ESTIMATE
cX 4P
Ul o
G O
== 3F LOW ESTIMATE
Ee [

> 2 b
-9 !
u e
7] b o
3 !
w Y 1 T T
© 1850 1906 1850 2000 2050 2100

YEAR :

Simulation of the increase in global mean temperature from 13850-1990 due to observed imcreases
in greenbouse gases, and predictions of the rise between 1990 and 2100 resuiting from the.
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b. If emissions are subject to controls

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

The indicated range of uncertainty in global
temperature rise given abave reflects a subjectve
assessment of uncertainges in the calculadon of
climate response, but does not include those due
to the wansformation of emissions to
concentrations, nor the effects of greenhouse gas
feedbacks. .

5
w L * o
g BUSINESS
£G4 AS-USUAL
zv
w v
3 SCENARIO B
Ye. SCENARIOC
>

al? SCENARIOD
we C o
ay
2
m::
=

0 oy T 1 r T M T ¥

1850 1900 1950 2000 2050 2100

YEAR

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 DBusiness-as-Usual case for comparison.

14



POLICYMAKERS SUMMARY 7 GI

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

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

Climate forecasts are derived in a different way from weather forecasts. A weather prediction model givesa
description of the atmosphere's state up to 10 days or so ahead, starting from a detailed descripticn of an
initial state of the atmosphere at a given time. Such forecasts describe the movement and development of
large weather systems, though they cannot represent very smail scale phenomena; for example, individual
shower clouds.

To make a climate forecast, the climate model is first run 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
aclose 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 10 as
the climate sensitivity) is generally used as a benchmark to compare models. The range of results from
model studies is 1.9 to 5.2°C. Most results are close to 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 10 4.5°C.

Although scientists are reluctant to give a single best estimate in this range, it is necessary 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 2.5°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, 10
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 give similar results to GCMs
when globally averaged.

A completely different, and potentially useful, way of predicting patterns 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 patterns 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, orbital 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 palaco-climates as predictions of regional climate change due fo
future increases in greenhouse gases. However, palaeo-climatological information can provide useful
insights into climate processes, and can assist in the validation of climate models.
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closely coupled to the oceans, so in

temperanure change.

Models predict that, for the present day
the realised temperature rise at any ime
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Equilibrium and realised climate change

When the radiative forcing on the earth-ammosphere system is changed, for example by increasing greenhouse
gas concentrations, the atmosphere will try to respond (by warming) immediately. But the atmosphere is
order for the air to be warmed by the greenhouse effect, the oceans also
have to be warmed; because of their thermal capacity this takes
berween agmosphere and ocean will act to slow down the temperanure rise forced by the greenhouse effect

In a hypothetical example where the concentration of greenhouse gases in the atmosphere, following a period
of constancy, rises suddenly to a new level and remains there, the radiative forcing would also rise rapidly to
anew level. This increased radiative forcing would cause the ammosphere and oceans to warm, and eventally
come 10 2 new, stable, temperatre. A commitment to this equilibrium temperature rise is incurred as
soon as the gresnhouse gas concentration changes. Butatany time before equilibrium is reached, the acrual
temperature will have risen by only part of the equilibrium temperature change, known as the realised

case of an increase in radiative forcing which is approximately steady,
is about 50% of the committed temperature rise if the climate
sensitivity (the response to a doubling of carbon dioxide) is 4.5°C and about 80% if the climate sensigvity
held constant, temperatures would continue to rise slowly,
certain whether it would take decades or centuries for most of the remaining rise to equilibrium to occur
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What will 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 seasonaily.

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 Adantc region.

There are some continental-scale changes which
are consistently predicted by the highest

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

Five regions, cach a few million square
- kilometres in area and representative of different
climatological regimes, were sclected by [PCC
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 cach 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
1mpacts assessments. :

‘How will climate extremes and extreme
events change?

Changes in the variability of weather and the
frequency of extremes. will generally have more
impact than changes in the mean climate at a
particular location. With the possible exception
of an increase in the number of intense showers,

WGI
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there is no clear evidence that weather variability

will change in the fuwre. In the case of
temperatures, assuming no change in variability,
but with a modest increase in the mean, the
number of days with temperatures above a given
value at the high end of the distmibution will
increase substandally. On the same assumptions,
there will be a decrease in days with temperatures
at the low end of the distibution. So the number
of very hot days or frosty nights can be
substandally changed without any change in the
vaniability of the weather. The number of days
with a minimum threshold amount of soil
moisture (for viability of a certain crop, for
example) would be even more sensitive to
changes in average precipitation and evaporadon.

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 paracular 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 locadon 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 cridcal value

Map showing the locations and extents of the five areas selected by IPCC
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Central North America (35°-50°N

Southern Asia (5°-30°N  70°-105°E)

soil moisture increases by 5 to 10%.

Sahel (10°-20°N 20°W-40°E)

Australia (12°-45°S 110°-115°E)

continental level.

ESTIMATES FOR CHANGES BY 2030
(IPCC Business-as-Usual scenario; changes from pre-industrial) -

The numbers given below are based on high resolution models, scaled to be consistent with our best estimate
of global mean warming of 1.8°C by 2030. For values consistent with other estimates of global temperature
rise, the numbers below should be reduced by 30% for the low estimate or increased by 50% for the high :
estimate. Precipitation estimates are also scaled in a similar way.

Confidence in these regional estimates is low

85°-105°W)

The warming varies from 2 t0.4°C in winter and 2 to 3°C in summer.
increases 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%.

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

The warming ranges from 1 to 3°C. Arca mean precipitation increases and area mean soil
moisture decreases marginally in summer. However, throughout the region, there are
areas of both increase and decrease in both parameters throughout the region.

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

The warming is about 2°C in winter and varies
-indication of increased precipitation in winter, but summer precipitation decreases by 5 to
15%, and summer soil moisture by 15 to 25%.

The warming ranges from 1 to 2°C 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 moisturc. The area averages hide large variations at the sub-

Precipitation

from 2 to 3°C in summer. There is some

will increase as the globe warms, the critical
temperature itself may increase in a warmer
world. 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
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weakened in 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 be significant 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 time-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 eruptions can lead to a cooling
at the surface which may oppose the greenhouse
warrning for a few years following an eruption.
Again, over longer periods the greenhouse
warming is likely to dominate.

Human activity is leading to an increase in
acrosols in the lower atmosphere, mainly from
sulphur emissions. These have two effects, both
of which are difficult to quantify but which may
be significant particularly at the regional level.
The first is the direct effect of the acrosols on the
radiation scattered and absorbed by the
atmosphere. The second is an indirect effect

WGI
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How much confidence do
we have in our predictions?

Uncertainties in the above climate predictions
arise from our imperfect knowledge of:

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 at which
greenhouse gases (and other gases which affect
their concentrations) are emitted. This in turn
will be determined by various complex economic
and sociological factors. Scenarios 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 concentrations arising from a given
emissions scenario. We have used a number of
models to calculate concentrations and chosen a
best estimate for ecach gas. In the case of carbon
dioxide, for example, the concentration increase

. between 1990 and 2070 due to the Business-as-

whereby the aerosols affect the microphysics of

clouds leading to an increased cloud reflectivity.
Both these effects might lead to a significant
regional cooling; a decrease in emissions of
sulphur might be expected to increase global

temperatures.

Because of long-period couplings between
different components of the climate system, for

example between ocean and atmosphere, the -

earth's climate would still vary without being
perturbed by any external influences. This
natural variability could act to add to, or
subtract from, any human-made warming; on a
century timescale this would be less than changes
expected from greenhouse gas increases.
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Usual emissions scenario spanned almost a factor
of two between the highest and lowest model
result (corresponding 'to a range in radiative
forcing change of about 50%)

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

Thirdly, climate models are only as good as our
understanding of the processes which they
describe, and this is far from perfect. The ranges
in the climate predictions given above reflect the
uncertainties due to model imperfections; the
largest of these is cloud feedback (those factors
affecting the cloud amount and distribution and
the interaction of clouds with solar and terrestrial
radiation), which leads to a factor of two
uncertainty in the size of the warming. Others
arise from the wansfer of energy between the
atmosphere and ocean, the atmosphere and land
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surfaces, and between the upper and deep layers
of the occan. The treatment of sea-ice and
convection in the models is also crude.
Nevertheless, for reasons given in 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 surprises; 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 periods of comparatively rapid climate
change at the end of the last ice age, is not well
observed, understood or modelled.

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

confidence in the predictions from climate models.

all models.

some confidence in the results.

Confidence in predictions from climate models

What confidence can we have that climate change due to increasing greenhouse gases will look anything like
the 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

When the latest 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 fcatures 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 large day-to-day pressure variations in the middle latitude depression belts and
the maxima in interannual variability 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

Overall confidence is increased by atmospheric models’ generally satisfactory portrayal of aspects of
variability of the atmosphere, for instance those associated with variations in sea surface temperature. There
has been some success in simulating the general circulation of the ocean, including the paterns (though not
always the intensites) of the principal currents, and the distributions of tracers added to the ocean.

Atmospheric models have been coupled with simple models of the ocean 10 predict the equilibrium response
to greenhouse gases, uniler the assumption that the model errors are the same in a changed climate. The
ability of such models to simulate important aspects of the climate 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 (o increasing greenhouse gases.
Although the models so far are of relatively coarse resolution, the large scale structures 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 climate. As
‘yet, these errors must be removed by adjustments to the exchange of heat between ocean and atmosphere.
There are similarities between results from the coupied models using simple representations of the ocean and
those using more sophisticated descriptions, and our understanding of such differences as do occur gives us

20



middle and high ladtude 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 litle
more than 1°C. Some fluctuatons 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 instrumental 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 0.3°C - 0.6°C has taken place

POLICYMAKERS suMMARY WGI

over the last century; any bias due to urbanisagon
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-toopospheric
_temperatures.

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, contnuing to cool
untl recently. This regional diversity indicates
that future regional temperature changes are likely
to differ considerably from a global average.

The conclusion that global temperature has been
rising is songly supported by the retreat of most
mountain glaciers of the world since the end
of the nineteenth century and the fact thar 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
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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 rse
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; alternadvely this variability and other
man-made factors could have offset a sall larger
man-made greenhouse warming. The
unequivocal detection of the enhanced
greenhouse effect from observadons is not likely
for a decade or more, when the committment to
furure climate change will then be considerably
larger than it is today. .

Global-mean temperature alone is an inadequate
indicator of greenhouse-gas-induced climatic
change. Identifying the causes of any global-
mean temperature change requires examination of
other aspects of the changing climate, particularly
its spadal and temporal characteristcs - the man-
made climate change "signal”. Patterns of
climate change from models such as the northem
hemisphere warming 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 yet
know what the detailed "signal” looks like
because we have limited confidence in our
predictions of climate change patterns.
Furthermore, any .changes to date could be
masked by nawral variability and other (possibly -
man-made) factors, and we do not have a clear
picture of these.

How 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 :o
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 rise is about 20cm in global mean sea
level by 2030, and 65cm by the end of the next
century. There will bg significant regional
variadons. :

The best estimate in each case is made up mainly
of posidve contributions from thermal expansion
of the occans 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 condnuing
.sea level rise for many decades and even
ceaturies, 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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Commitment to sea level rise in the year
2030. The curve shows the sea level rise due
to Business-as-Usual emissions to 2030, with
the additional rise that would occur in the

remainder of the century even if climate
forcing was stabilised in 2030.

Predicted sea level rises due to the other three
emissions scenarios are shown below, with the
Business-as-Usual case for comparison; only
best-esdmate calculations are shown.

«©
o

REALISED SEA LEVEL RISE (cm)
8
L}

20

0 LA AR S A S S s

1980 2000 2020 2040 2060 2030 2100
YEAR

Model estimates of sea-level rise from 1990.
2100 due to all four emissions scenarios.

POLICYMAKEKS SUMMARY W GI

The West Antarctic Ice Sheet is of special
concemn. A large portion of it, conuaining an
amount of ice equivalent to about Sm of global
sea level, is grounded far below sea level. There
have been suggestions that 2 sudden outflow of
ice might result from global warming and raise
sea level quickly and substandally. 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 exweme events (for example, storm

surges) the incidence of which may be affected
imatic 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 carbon dioxide are
among the factors which contol 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 ammospheric carbon
dioxide, water and solar energy and stores them
in organic compounds which are then used for
subsequent plant growth, the growth of animals
or the growth of microbes in the soil. All of
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these organisms release carbon dioxide via
respiration into the atmosphere. Most land plants
have a system of photosynthesis which will
respond positively to increased atmospheric
carbon dioxide ("the carbon dioxide fertilization
cffect”) but the response varics 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 yet 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 structure 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 structure 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 Atlantc
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 ccosystems
could result in their instability. -

dioxide by 35 10 60 ppmv.

Deforestation and Reforestaﬁon

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
impactsonclimaxc:dmghdnwbonamlniuogencycb(wkteitmludmchangainamwsphaic
carbon dioxide concentrations), through the change in reflectivity of terrain when forests are cleared, through
nseﬂ‘ectonxhehydmlogxalcyclcaxecqnmmcvaponmnmdmﬁ)mdanfmcmgmmmdm

- ammospheric circulation which can produce remote effects on climate.

It is estimated that each year about 2 Gt of carbon (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 2 more important contributor to
ammospheric carbon dioxide than was the buming ef 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 GIC; this would increase atmospheric carbon

To analyse the effect of reforestation we assume that 10 million hectares of forests are planted each year

for a period of 40 years, ic 4 million km2 would then have been planted by 2030, at which time 1GiC
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
80G!C after 100 years. This accumulation of carbon in forests is equivalent to some 5-10% of the emission
due to fossil fuel bumning 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 gver 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 between
the ocean and the atmosphere, between the
upper layers of the ocean and the deep
ocean, and 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:
predictions of sea level rise

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

To reduce the current scientific uncertainties in
each of these areas will 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.

which affect

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 verifying model simulations.
Increased accuracy and coverage in many
observations are required. Associated with
expanded observations is the need to develop

appropriate comprehensive global information °
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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 Warch
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 ccosystem
extent, type and productivity.

iii) the establishment of a global ocean
observing system to measure changes in
such variables 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 bailoons,

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 during the next
decades. ’ -

Understanding of the climate system will be
developed from analyses of observations and of
the results from model simulations. In additon,
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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 fro
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);
International 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
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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 pregrammes to be
conducted on a continuing basis well into
the next century.
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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
Netherlands to develop emissions scenarios for
evaluation by the IPCC Working Group I. The
scenarios cover the emissions of carbon dioxide
(CO37), methane (CHs), nious oxide (N20),
chlorofluorocarbons (CFCs), carbon monoxide
{CO) and nirogen oxides (NOy) 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, deforestadon continues undl
the oopical forests are depleted and agricultural
emissions of methane and nitrous oxide are
uncontrolled. For CFCs the Montreal Protocol is
implemented albeit with only pardal participation.
Note that the aggregation of national projections
by IPCC Working Group ILII gives higher
emissions (10 - 20%) of carbon dioxide and
methane by 2025.

In Scenario B the energy supply mix shifts
towards lower carbon fuels, notably nawral gas.
Large efficiency increases are achieved. Carbon
monoxide controls are stringent, deforestaton is
reversed and the Monueal Protocol implemented
with full partdcipaton. ‘

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
agncultural 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

MAN-MADE METHANE

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 cenwry.
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Executive summary

The IPCC Working Groups on scientific

analysis (Working .Group I), impacts

(Working Group M) and response
strategies (Working Group III) were
established in November 1988 and
proceeded to work in parallel under
instructions from IPCC., The respon-
- sibility of Working Group IT 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 CO, 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
to 4°-5°C;

(iii) 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 03-0.5 m

by 2050 and about 1 m by 2100, together

with a rise in the temperature of the

;lgrface ocean layer of between 0.2° and
°C.

'I-'!lese 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 c¢m by the end of the next
century. Working' Group [ 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

Nifio 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 ultra-
violet-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 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
relationship between climate change and
_biological effects and between these
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. This
is one of the responsibilities of Working
Group IIL.

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;

ili) 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 tq 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
that 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 trade could be
altered by decreased cereal production -
in some 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 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 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 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 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. Ecasystems
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 occur in
some areas and these could enhance
projected ecosystem changes.

Consequences of CO, 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 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 ecosystems are
changed. Important fibre products could
also be affected in some regions.

Hydrolegy 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 where
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. In
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 senmsitive to the range of

hydrometeorological changes in the -

assumed greenhouse 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 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. Where precipitation
increases, water management 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.

energy,

Human settlements,

" 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. 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
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 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 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 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 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-levél
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 1 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
changes in the heat balance, shifts in
ocean circulation which will affect the
capacity of the ocean to absorb heat and
CO,, 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 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
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 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.

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 éffgcts of climate change on
crop yields, livestock productivity and
production costs;

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

e 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
resources and water quality, especially
in arid and semi-arid developing
countries and their sensitivity to
climate change;

® 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 developing
countries;

adaptabi:lity 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 planning
process, particularly in developing
countries; and

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
projects of the International
Geosphere-Biosphere Program,
namely:

Land-Ocean Interactions in the
Coastal Zone

Biosphere Aspects of the
Hydrological Cycle

Global Change Impact on
Agriculture and 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 patterns.

® 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:

(1) an effective doubling of CO, 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;

(i) an increase of mean global

temperature in the range 1.5°C to 4.5°C
corresponding to the effective doubling
of CO,;

(ili) 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 1°C
above the 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 uncontrolléd 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
Caribbean, 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 associated 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
Maodels, 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 L.

The palaeoclimate scenarios used by
Soviet scientists are based on three

warm geological periods with estimated

future levels of concentration of CO,
applied to them. The details of these
are shown in Table 1. While these are
superficially similar to the predictions of
the general circulation model approach
for different CO, concentrations, 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 crude in their description
of many of the processes involved.
However they can be used to simulate
regional changes resulting from a range
of concentrations of CO, 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 IL

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
between wvarious 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 regional
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 entirely possible that shifts
in climate regimes will result in changes
in frequency in certain regions.



Table 1 Palacoclimate analogs used by Soviet scientists

Period Analogue Temperature Past CO, concn. Assumed CO,

: (year) (difference from (ppm) concn. (ppm)
present)

Holocene 2000 +1 280 380

Optimum

Ecmian 2025 +2 280 420

Interglacial

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 estimate (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.

Central North America (35°-50°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 marginally in summer. However, there are areas of both increase and decrease in both
parameters throughout the region, which differ from model to model.

Southern 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 coasistent 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 in the following sections
under: agriculture and forestry;
terrestrial ecosystems; hydrology and
water resources; human settlement,
energy, transport, industry, human health
and air quality; world ocean and coastal
zones; seasonal snow 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,
necessitating innovation in technology
and agriculture management
practices. There may be severe
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
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 b2 maintained at essentially

large new areas for °

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 maisture
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 CO, 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 ta demand. If, on the
contrary, there is little beneficial direct
CO, 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-cay
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 could
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
and moisture. For example, the number
of 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 1°C to
2°C increase in mean annual temper-
atures. Similarly, reduction in average
levels of soil moisture as a result of
higher rates of evapotranspiration could
increase substantially the number of days
below 2 minimum threshold of water
availability for given crops.

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

Higher levels of atmospheric CO, 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 CO, 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-latitude 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 with
serious implications for regional food
supplies in some developing 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 fruit
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,



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 summer drying may reduce pro-
ductive potential (eg in the south and
central US and in southern Europe),
yield potential is estimated to fall by
10-30% under an equilibrium 2 x Co,
climate by the middle of the next
century. Towards the northern edge of
current core producing regions, however,
warming may enhance productive
potential in climatic terms. When
combined with direct CO, effects,
increased 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
production potential in North America
and to southern Europe, but increased
potential in northern Europe. Warming
could allow increased agricultural output
in regions near the northern limit of
current production in the USSR and
North America, but output in the
southern areas of these regions could
only increase if corresponding increases
in soil moisture 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,
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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 world, 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
climate. 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 system. ‘

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.



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 wvulnerable regions in
particular should be encouraged.

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

® An 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 and economic conditions in
rural areas (eg employment and
income, equity considerations, farm
infrastructure, 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
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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.

e 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 Ilatitude and
continentality.

The distinction between managed and
unmanaged forests is often unclear, but
it 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
restructured 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.



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 forést 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 burned. Developed countries
can barely cope with the current state
and the extent of areas burned 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 disruption of weather patterns, can
be expected. There will be problems in
using the lower quality wood grown
under stress and large costs associated
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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 Hemisphere 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 stand level, the following effects
of climate change on 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 of 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-arid 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 CO,.



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
inputs 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 borne and could encourage
poorer countries to accelerate harvesting,
reduce rotation periods and engage in
other practices, which may not be
sustainable. More data are needed on
these secondary and insidious effects of
climate change. Associated disruptions
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
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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 implemented as local con-
ditions warrant, but some may be
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. The
provision of recreational facilities is
another example of an important forest-
based economic sector. Governments

‘and private firms must anticipate how



forested landscapes 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
amount 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 and 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, will 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 only 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
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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,
humans 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 different nations, together with
the cultural diversity that distinguishes
and may dominate our actions.

The nature and temporal/spatial distri-
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 uses 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
pursued in the near future (early 1990s)
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 between species and sites; (iv)
analyses of the potential role of forest
management in mitigating undesirable
impacts and capitalising on desirable
impacts of climate change; (v) regional
analyses of potential disruption of
wildlife habitat and the recreational
potential of forests due to forest-
structure changes brought on by climate
change; (vi) regional analyses of
potential socioeconomic repercussions of



fluctuations in timber supply due to
climate change on rural communities,
industrial cancerns, markets and trade in
forest products, 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 climatic shifts, surviving in their
present location; they would therefore
find themselves in a different climatic

regime.

® The rate of projected climatic 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 these responses may be
sudden or gradual.

® New climatic regimes may be less
hospitable under some circumstances
(eg towards lower latitudes and lower
altitudes) and may be more
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 semnsitive 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 CO,
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



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 disruption
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 in
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 remnant vegetation patches
in rural areas, and in parks and
reserves);

® geneticallv impoverished species;

® specialised organisms with specific
niches; ’

® poor dispersers;
e more slowly reproducing species; and
of annual

® localised populations
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 northern 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 range will expand and these
ecosystems will be more maritime in

~ terms of species composition. The forest

steppe subzone in the European USSR
will change while in southern portions of
western  Siberia the forest-steppe
boundary could move up to 200 km.

In the semi-arid, arid and hyper-arid
ecoclimatic zones of the Mediterranean,
greenhouse-gas-induced climate change
will reduce plant productivity and result
in desertification of the North African
and Near Eastern 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
corresponds to the lower limits of the
Semi-Arid Zone (ie foothills of the high,
Mid and Tell Atlas and Tunisian Dorsal
in Northern Africa, and of the 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
is uncertain. For example, almost all of
Tasmania is expected to become, at best,
climatically ‘marginal’ in terms of
temperate rainforests, largely owing to a
rise in winter temperatures suggested by
climate scenarios. This increase in
temperature is unlikely to have a direct

effect on the forest, but may facilitate .

the invasion of less frost-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 of 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 semi-arid climates, where evapotran-
spiration exceeds precipitation for long
periods and increased percolation from
vegetation clearing or excessive irrigation
may have raised the water table, surface
soil salinisation 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 structure and
composition of natural terrestrial
ecosystems as 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 fires, and invasion of species. One
species that might spread, given such
conditions, 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.



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-driven
stressors. An example from New
Zealand concerns hard beech
(Nothofagus truncata). A 3°C rise in
temperature would increase annual
respiratory carbon losses by 309%; such a
loss ‘exceeds the total annual 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 (Nothofagus) species succumbed
to defoliation insects. This would be
exacerbated by non-induced climate

change.

Since wetlands, particularly seasonal
wetlands in warmer regions, provide
habitat for the breeding and growth of
vectors of a number of serious diseases
such as malaria, filariasis and schisto-
somiasis, an increase in average temper-
ature and any change in the distribution
of seasonal wetlands will alter the
temporal and 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 CO,
on forest understorey, this could lead to
increased exposure of forests to fire,

" months could - alter fuel

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
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 the subtropical and temperate
woodlands of Mexico, which would
suggest increased fire frequencies.

- Global biological diversity is expected to

decrease with possible sociceconomic
consequences as a result of climate
change; however, some local increases
may also result, especially over the
longer term. The resulting impacts on
biological diversity are dependent on the
balance between changes in species
interactions and adaptation through
migration.

Warming could set off a chain of
extinctions by eliminating keystone
herbivores or their functional
counterparts in other ecosystems. For
example, in the 100 years following the
disappearance of elephants in the
Hluhluwe Game reserve in Natal,
several species of antelope have been
extirpated and populations of open
country grazers, such as wildebeest and
waterbuck, have been greatly reduced.

The direct effects of increased
atmospheric concentrations of CO, may
increase 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 degree matters of
conjecture, there are some clear
conclusions that can be made. Natural
terrestrial ecosystems will change in
make-up and shift in location, and those
species which can adapt and shift will
survive. The sensitive species, especially
those for which options 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 limiting this work is that, for the
most part, 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,
economic and environmental systems
and have not conmsidered social and
economic adjustments nor impacts and
consequences during ecosystem
transitional periods.

These limitations can be addressed by:

@ assembling relevant inventories of
species and ecosystems;

® injtiating and mamta.lmng integrated
monitoring programs;
® gathering information on relative

species and ecosystems sensitivities to
_climate change;

e initiating and supporting regional
national and intemational 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

e 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; 1°C to 2°C
temperature increase coupled with a
10% reduction in precipitation could
conceivably produce a 40-70%
reduction in annual runoff.

® Based on empirical data and
hydrological models, annual runoff
appears to be more sensitive to
changes in precipitation than to
changes in temperature. However, in
regions where seasonal snowfall and
snowmelt are a major part of the total
water supply, the monthly distribution
of runoff and soil moisture is more
sensitive to temperature than to
precipitation.

® The construction of hypothetical
scenarios provides a range of runoff
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.



® 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, southern Africa; Asia
- western Arabia, Southeast Asia, the
Indian subcontinent; 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 future design of
water -resource engineering take into
account that climate is a
non-stationary process, and that
structures with a design life of S0 to
more than 100 years should be
designed to accommodate climatic
and hydrometeorological conditions
which may exist over the entire life of
the structure.

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.
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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 cCommunity.

Regional impacts
Continental/national

Based on palaeoclimatic analogs coupled
with physically based water-balance
models, annual runoff over the whole of
the USSR is projected to rise, although
runoff is expected to decrease slightly in
the forest steppe and southern forest
zones. In any case, winter runoff is
expected to increase in the regions with
snowfall and snowmelt. Serious flooding
problems 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,



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 runoff
may increase in the northern nations,
possibly causing flooding problems in
low-lying countries. The Mediterranean
countries of the EEC may experience a
decline in runoff, thereby increasing the
already serious and frequent water
supply shortages occurring in that region.
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
capacity is limited and a large proportion
of the population is located 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 New
Zealand.

The UK can expect an increase in mean
annual runoff over most of the country,
but with a stronger seasonal variation in
peak flows, imposing the need for
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 climatic conditions, especially
precipitation. Research suggests, for
example, that a 20% to 309 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
managed 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 snowmelt-generated runoff
by 16% to 81%, severely stressing the
flood-control capabilities of existing
reservoirs. However, summer runoff
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



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 runoff 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 runoff decreases of 23%
to 51% under an effective doubling of
CO, scenario. Generation of hydro-
electric power, the very important
commercial navigational uses, and lake
water quality which is due to thermal
stratification, are expected to be
adversely affected.

The Aral Sea would continue to
experience water-quality degradation by
polluted irrigation return flows, as the
precipitation-runoff increases projected
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-
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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
must be ascertained considering both
natural and anthropogenic conditions
and potential changes.

Intensive assessments of water resource
sensitivities are necessary in developing
countries, especially those located in
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.

Studies 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 structures that
specifically incorporate estimates of
climatic variability and change.

Very little is currently known about the
effects of climate change on water
quality. Although concerns 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.



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

quality
Major findings

® Throughout the world the most
vulnerable populations are farmers
engaged in subsistence agriculture,
residents of coastal lowlands and
islands, populations in semi-arid
grasslands and the urban poor in
slums in shanty towns, especially in
megacities - those with several
millions of inhabitants.

® Climate change and even a modest
global sea-level rise can be expected
to prove disruptive to human
settlement 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 production.

® Global warming can be expected to
cause a significant shift in the
permafrost zone; such rapid change
will prove quite disruptive to roads,
railways, buildings, oil and gas
pipelines, mining facilities and
infrastructure in 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
in areas which lose water may
jeopardise energy supply and
materials essential for human
habitation and energy. Climate
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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 of climate changes, human
settlement and industry may be
seriously affected, with large loss of
human life.

Principal issues

The impact on developing countries,
many of which lack resources for
adaptation, may be particularly
disruptive. 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 considerably among regions. In
addition, the vulnerability to change in
climate of human settlement and related



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

Human settlement

A principal difficulty in determining the

impact of climate change on human
habitat is the fact that many other
factors, largely independent of climate
change, are also important. One can
reliably predict that certain developing
countries will be extremely vulnerable to
climate changes because they are already
at the limits of their capacity to cope
with climatic events. These include
populations in low-lying coastal 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 settle-
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
States and Japan will also be threatened,
although these nations are expected to
have the requisite resources to cope with
this challenge. The Netherlands has
demonstrated how a small country can
effectively marshall resources to deal
with such a threat.

Besides flooding of coastal areas, human
settlement may be jeopardised by
drought, which could impair food
supplies and the availability of water
resources. Water shortages caused by
irregular rainfall may especially affect
developing countries, 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 construction 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
CO, doubling could 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 result in expansion of
human settlement poleward, thawing of
the permafrost may also disrupt
infrastructure and transport and
adversely affect stability of existing
buildings and conditions for future
construction.

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 on the developing world
are the threats in 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
to 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 compensating effects of
faster growth of fuelwood due to higher
ambient CO,. Analysis of this situation
should be a top priority for energy
planners.

In addition to affecting the regional
distribution of water and biomass,
climate-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
particularlyimportant 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 some present hydroelectric power
facilities obsolete and future energy
planning more troubled, although others
may benefit from increased runoff.

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 CO,-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
patterns of living.



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 concerns 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
25 m resulting from an effective CO,
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 infrastructure
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‘handful of

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 infrastructure
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.
could have adverse implications for
ocean shipping and infrastructure. 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
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 developing countries,
as efficiency of the transport sector is
likely to be an essential element in the
ability of countries to respond to climate
change.

Industry

- 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
developed countries,

This -~



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 the regional and global
availability and cost of food and fibre
may significantly affect the competi-
tiveness and viability of such derivative
industries as food processing, forest and
paper products, 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
international mechanisms for develop-
ment and transfer of new technology.
Efficiency in the use of energy may
become an even more significant com-
petitive factor in steel, aluminium and
other metal industries, and automotive
manufacturing. Public concerns about
limiting greenhouse gas emissions may
also create opportunities for energy
conservation or for industries based on
‘clean technology’. Studies 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.
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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 summer is likely
to increase heat-related deaths and
illnesses. Generally, the increase in
heat-related deaths weould be likely to
exceed the number of deaths avoided by
reduced severe cold in winter. Global
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 in 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 ameong fair-skinned
Caucasians in high-latitude zones.

Another major effect of global warming
may be the movement poleward in both
hemispheres of vector-borne diseases



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 drought, may
increase malnutrition in some developing
countries.

Air pollution

SO,, NO, and 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 areas. The tropo-
spheric temperature rise induced by the
enhanced greenhouse effect could
change homogeneous and heterogeneous
reaction rates, solubility to cloud water,
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 H,0,, which are
important for the oxidation of SO, and
NO, in the atmosphere. The predicted
change of the patterns of cloud cover,
stability in the lower atmosphere,
circulation and precipitation, could
concentrate or dilute pollutants, and
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change their distribution patterns and
transformation rates in regional or local
sectors. A change in aerosol formation
by atmospheric conversion from NO,
and SO, 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 effect 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 wulnerable human



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 magnitudes and to storm
surge.

® It is important 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 warming will cause
sea-level 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
regional variations because of local
geological movements. The Greenland
and perhaps the Antarctic i¢e sheets may
still be responding to changes since the
last glaciation. Fisheries -and various
coastal resources are presently under
growing stress from pollution, exploita-
tion and development, creating serious
problems for populations dependent on
them. Impacts from the enhanced
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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 1 m sea-level rise (the maximum
projected by the year 2100) would
eliminate several sovereign states,
displace populations, destroy low-lying
urbaninfrastructure, inundate productive
lands, contaminate freshwater supplies
and alter coastlines. These effects could
not be prevented except 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 disrupt the life
cycles of many economically and
culturally important species.

Erosion of wetlands and increasing
availability 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 World 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 CO,. 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



production in.coastal upwelling zones.
The expected impacts will include
chemical changes in biogeochemical
cycles such as the global carbon cycle
which affects the rate of accumulation of
atmospheric CO,.

Adverse ecological and biological
consequences will vary by geographic
zones of the world’s oceans. The loss of
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
routes and the essential habitats.

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 understood.

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 intrusion;
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-specificc.  There are three
general impact categories that
encompass the physical effects:

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

e alteration and degradation of the
biophysical properties of beaches,
estuaries and wetlands.

e inundation, erosion and recession of
. barrier beaches and shoreline.

Threatened populations in low-lying

areas and island nations

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 kilometres in a number of
countries.  Other countries have a
substantial proportion 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 net cropped
area, displacing millions of inhabitants.



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-

along the coastline could not be
protected. In these situations, large-
scale resettlement 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 ‘reshwater
supplies, and could contaminate coastal
groundwater acquifers, which also supply
water for municipal 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
runoff is also projected as a consequence
of global warming. ’

Finally, as sea-level rises, much of the
infrastructure in low-lying urban areas
would be affected, requiring major
engineering design adjustments and
investments. In particular, stormwater
drainage and sewerage systems of many
cities will be affected. Coastal pro-
tection structures, 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 and fresh marshes as well
as mangrove and other swamps would be
lost to inundation and erosion; others
would transform and adapt to the new
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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 area 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.

Wetlands 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 functions, marshes can provide a
present value to society of as much as
S$USS500/acre or over $US10,000/ha.

Coastal wetlands and estuaries are
important to many species. If sea-level
rise is too rapid, natural succession of
the coastal ecology will not take place
and will lead to great disruption in life
cycles. In the short term, 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



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
phosphorus 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 which 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, coral atolls 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 1 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 destruction of coral atolls
is perhaps most significant, because
these island areas serve both as
contained human habitats as well as
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. limited possibilities.

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
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
large-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 m, or
even 05m. 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.



 Impacts on the World Ocean

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

In addition, an increase in atmospheric
CO, could cause an increase in sea-
water acidity up to 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 as well
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 organisms,
a change in the trophic structure of
coastal communities 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 increase 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

37

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 oceanic
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
structure 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 structure 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 latitudes. 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



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-forming processes, in
fisheries, and in marine mammal and
bird production.

International investigations, for example
those planned 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 study of possible ecological
impacts of global warming on the ocean,
in 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 the
reduction of sea ice and thus improved
~ access for shipping. However, there are
ecological concerns. Land animals use
sea ice for migratory and hunting 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,
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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).

e 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 socioeconomicimpacts,
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.



Impacts of climate change on
seasonal snow cover, ice and
permafrost, and socioeconomic
consequences

Major findings

® The global areal extent and volume 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.

® Thawing and reduction in the areal
extent of the terrestrial cryosphere
can enhance global warming (positive
feedback on climate warming)
through changes in 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 $ome
regions, could result in changes that
are sudden rather than gradual. The
possibility of relatively rapid changes,
increases the potential significance of
the associated impacts.

® 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 in 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 contﬁined in glaciers
and ice sheets is projected to
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decrease. Regional responses,
however, are complicated 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
mass decreases. Glacial recession
and loss of ice from ice sheets will
also contribute to sea-level rise.

Degradation of permafrost is expected
with an increase 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
expected to increase by 1 m over the
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 could lead to increases
in terrain instability, erosion and
landslides in those areas which are
currently underlaid by permafrost.

The socioeconomic 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 planned structures and
associated facilities and infrastructure
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 disruptions

~and/or costs (environmental, social



and economic) may be too large,

necessitaiing 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 high.

® 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.

Pnincipal issues

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

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

The impacts of socioeconomic conse-
quences of changes in 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
little time to adapt. Under these
circumstances the impacts and socio-
economic consequences could be large.

Seasonal snow cover

General Circulation Models indicate that
in most parts of the Northern and
Southern Hemispheres the area of snow
cover is expected to decrease as a result
of increased temperature and, in most
regions, a corresponding decrease in
total mass of the snow. Areas where
snow cover is projected to increase
include latitudes south of 60°S and
higher elevations of inland Greenland
and Antarctica (though the latter is, and
will remain, largely a cold desert).

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

Loss of snow cover has both negative
and positive socioeconomic conse-
quences. Decreases in snow cover will
result in increased 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, Iixfbemating animals,

and construction and maintenance of
municipal infrastructures.

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
Dar'ya and Amu Darya 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 annum ski industry in
Ontario, Canada.

From a positive impacts perspective,
reductions of seasonal snow cover will
reduce expenditures on snow removal
and will increase access opportunities
and ease transportation problems. A
reduction in snow cover, however, will
also have adverse impacts for transpor-
tation in those areas which rely on snow
roads in winter. Inability to use snow
roads will result in the necessity of using
other more costly methods of
transportation.

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 understood at this
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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 sheet, divided
between an eastern portion resting on
continental crust and a large western
portion which is underlaid both by
continental crust 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 annual 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 accumulations 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 virtually the same or
increase slowly as a result of expected



increases in precipitation 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 surrounding
ocean by way of relatively fast-flowing
ice streams. These changes in behaviour
could lead to collapse of a portion of the
western Antarctic ice sheet which,
depending on the amount of ice
involved, could have a dramatic impact
on sea-level and the surrounding
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 arctic 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 2020 these glaciers will, in general,
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. Current projections
suggest an accelerated rise with green-
house gas warming to a most probable
rise of 65 cm by the end of the next
century.

Glacial melting can act as a negative
feedback to regional and global
warming, 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 in temperature would, in

"the short term, increase glacier-fed river

flow in some western 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 structures, traffic
routes and vegetation. Obstructions of
river flows and increased 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.

Permafrost

Permafrost is the part of the terrestrial
cryosphere consisting of ground (soil and
rock) that remains 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, and makes its
properties vulnerable to climatic
warming.

At present about 20-25% of the land
surface of the earth contains permafrost,
primarily in the polar regions but also in
the alpine areas at lower latitudes. It
occupies approximately 10.7 million km®
in the USSR, 5 million km? in Canada, 2
million km? in China and 1.5 million km’
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
-1°C. At temperatures near this value it
is discontinuous in extent (discontinuous
permafrost zone). -Both its extent and
thickness increase at progressively higher
latitudes where temperatures are lower.
It has been found to extend to depths of
approximately 1000 m or more in parts
of Canada, approximately 1500 m in the
USSR and 100-250 m in 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
commonly relict (ie it formed under past
conditions and would not form under
current ones).

Permafrost is to a large extent inherently
unstable since it exists so close to its
melting point. Most responsive to
changes in climate would be those
portions nearest the surface. Climate
warming would thicken the active layer,
leading to a decrease in soil stability.
This permafrost degradation would lead
to thaw settlement of the surface
(thermokarst), ponding of surface water,
slope failures (landslides) and increased
soil creep. This terrain instability would
result in major concerns for the integrity
and stability of roads, pipelines, airfields,
dams, reservoirs and other facilities in
areas which contain permafrost. Terrain
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.
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Slope failures, thermokarst 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 and 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 through changes in terrain,
surface hydrology and food availability.
Loss of species and habitats can be
expected, especially where wetlands 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
warming 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 southern extent of
permafrost will lag behind this, moving
only 25-50 km in the next 40-50 years
(up to 10% reduction in an area
underlaid by continuous permafrost).
The depth of the active layer is expected
to increase by 1 m during the next 40-50
years. Projected changes in permafrost

in Canada are of similar magnitude.

The melting of permafrost would result
in the release of methane and, to a
lesser extent, CO, from previously frozen
biological material and from gas
hydrates. The extent to which this will
enhance the greenhouse effect is



uncertain, but could be about 1°C by
the middlc of the next century.

The socioeconomic impacts of perma-
frost degradation will be mixed.
Maintenance costs of existing northern
facilities such as buildings, roads and
pipelines will tend to rise with abandon-
ment and relocation needed in some
cases. Change in current construction
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
response 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 terrestrial
cryosphere. Furthermore, the terrestrial
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:

® cstablishment 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
procedures for design and construc-
tion practices that consider the
impacts of climatic changes on
permafrost;

_research, including international

cooperative efforts, on the relation-
ships between components of the
terrestrial cryosphere and climate in
conjunction with other determining
factors, including feedback
mechanisms;

refinement of existing climate-
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 terrestrial 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 distribution of
relevant educational material and
information on climatic changes, their
impacts on the terrestrial cryosphere
and socioeconomic consequences, as
well as a wider distribution of
research results.



Summary of major future

actions

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 manage-
ment practices and technology
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
resources and water quality, especially
in arid and semi-arid developing
countries and their sensitivity to
climate change;

® 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 developing
countries;

® adaptability of wvulnerable human
populations to heat stress and vector-
borne and viral diseases;
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a 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 planning
process, particularly in developing
countries; and

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
projects of the International
Geosphere-Biosphere Program,
namely:

Land-Ocean Interactions in the
Coastal Zone

Biosphere Aspects of the
Hydrological Cycle

Global Change Impact on
Agriculture and Society

that will provide valuable data in the
coming years.



Concluding remarks

Human-induced climate change can have
profound consequences for the world's
social, economic and natural systems.
Each country should take steps to
understand the impacts on its population
and 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 surface
temperatures could increase. Traditional
cost-benefit analyses do not allow for
assessment of these risks. Although
substantial scientific uncertainty remains
concerning the precise time, location and
nature of particular impacts, it is
inevitable, under the scenario developed
by Working Group [, that in the absence
of major preventive and adaptive actions
by humanity, significant and potentially
disruptive changes in the earth's
environment will occur.

The world community recognises the
need to undertake certain actions to
reduce 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
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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 disruption
associated with climate change. Global
warming and its impact must not widen
the gap between developed and
developing countries.

The capacity of developing nations to

- adapt to likely climate changes and to

minimise their own contributions to it
through greenhouse gas emissions, is
constrained by their limited resources, by
their debt problems 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 with climate change,
developed countries must recognise the
need to assist developing countries to
assess and deal with the potential
impacts of climate change.
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CHAIRMAN'S INTRODUCTION

The First Plenary Meeting of
Working Group III of the IPCC, the
Response Strategies Working Group
(RSWG), was held in Washington, 30
January - 2 February 1989. This
meeting was largely organizational

(see Figure 1), and it was not

until after a subsequent RSWG
Officers Meeting in Geneva, 8-12
May 1989, that the real work by the
four RSWG subgroups, the Emissions
Scenarios Task Force (Task A), and
"Implementation Measures" Topic
Coordinators (Task B) began.

The Second RSWG Plenary Session

was held in Geneva, from 2 to 6
October 1989, to discuss the
implementation measures: 1) public
education and information;
2) technology development and
transfer; 3) financial measures;
4) economic measures; and 5) legal
measures, including elements of a
framework climate convention. A
consensus was reached on five
topical papers dealing with these
measures, with the understanding
that they would be "living
documents" subject to further
modification as new information and
developments might require.

The Third Plenary Meeting of
RSWG, held in Geneva, 5-9 June
1990, achieved three objectives:

1) It reached consensus on the
attached "policy summary", the
first interim report of the RSWG.

2) It completed final editing and
accepted the reports of the four
RSWG subgroups, © of the
coordinators of Task A, and of
the coordinators of the five Task
B topical papers. These
documents comprise the underlying
material for the consensus report
of this meeting, the policymakers
summary; they are not themselves
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the product of a RSWG plenary
consensus although many governments
participated in their formulation.

Finally,

3) The Working Group agreed to
submit comments on its suggested
future work programme to the RSWG
Chairman by 1 July 1990, for
transmission to the Chair of the
IPCC. There was general agreement
that the work of the RSWG should
continue.

The primary task of the RSWG was,
in the broad sense, technical, not
political. The charge of IPCC tc
RSWG was to lay out as fully and
fairly as possible a set of response
policy options and the factual basis
for those options.

Consistent with that charge, it
was not the purpose of the RSWG
to select or recommend political
actions, much less to carry out a
negotiation on the many difficult
policy questions that attach to
the climate change issue, although
clearly the information might tend
to suggest one or another option.
Selection of options for implementaticn
is appropriately 1left to the
policymakers of governments and/or
negotiation of a convention.

The work of RSWG continues. The
Energy and Industry Subgroup has,
since the June RSWG Plenary Meeting,
held another very productive meeting
in London, the results of which are
not reflected in this report.

It should be noted that quantitative
estimates provided in the report
regarding CFCs, including those in
Scenario A (Business as Usual), generally
do not reflect decisions made in
June 1990 by the Parties to ‘e
Montreal Protocol. Those decisions
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accelerate the timetable to phase
out production and consumption of
CFCs, halons, carbon tetrachloride
and methyl chloroform.

It should further be noted that
quantitative estimates of forestry
activities (e.g., deforestation,
biomass burning, including fuel
wood, and other changes in land-
use practices), as well as
agricultural and other activities,
provided in the Report continue
to be reviewed by experts.

Two specific items of unfinished
business submitted to RSWG by
the Ministers at the November 1989
meeting in Noordwijk are the
consideration of the feasibility
of achieving: (1) targets to limit
or reduce CO, emissions, including
e.g. a 20 percent reduction of CO,
emission levels by the year 2005;
(2) a world net forest growth of
12 million hectares a year in the

POLICYMAKERS SUMMARY WG IXI

beginning cf the next century.
The RSWG hopes to complete this
analysis before the Second Wecrld
Climate Conference in November of
this year.

The subgroup chairs and topic
coordinators took the responsibility
for campleting their individual reports
and, along with their respectivs
governments, contributed generously
of their time and resources to that
end.

The RSWG Policymakers Summary
is the culmination of the first
year of effort by this body. The
RSWG has gone to considerable
lengths to insure that the summarvy
accurately reflects the work of tiie
various subgroups and tasks. Given
the very strict time schedule under
which the RSWG was asked to work,
this first report can only be a
beginning.

*

Frederick M. Bernthal
Chairman,
Response Strategies Working Group



POLICYMAKERS SUMMARY WG IIIX

EXECUTIVE SUMMARY

Working Group III (Response
Strategies Working Group) was
tasked to formulate appropriate
response strategies to global
climate change. This was to be
done in the context of the work of
Working Group I (Science) and
working Group II (Impacts) which
concluded that:

"'We are <certain emissions
resulting from human activities are
substantially increasing the
atmospheric concentrations of the
greenhouse gases: carbon dioxide,
methane, chlorofluoro-carbons
(CFCs) and nitrous oxide. These
increases will enhance the
greenhouse effect, resulting on
average in an additional warming
of the Earth's surface.

"The longer emissions continue
at present day rates, the greater
reductions would have to be for
concentrations to stabilize at a
given level.

"The long-lived gases would
require immediate reductions in
emissions from human activities
of over 60% to stabilize their
concentrations at today's levels.

"Based on current model results,
we predict under the IPCC Business-
as-Usual 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), greater than
that seen over the past 10,000
years; under the same scenario,
we also predict 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 cm per decade).
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"There are many uncertainties
in our predictions particularly with
regard to the timing, magnitude and
regional patterns of climate change.

"Ecosystems affect climate, and
will be affected by a changing
climate and by increasing carbcn
dioxide concentrations. Rapid chang.:s
in climate will change the compositicn
of ecosystems; some species will
benefit while others will be unabl :
to migrate or adapt fast enough
and may become extinct. Enhanced
levels of carbon dioxide may
increase productivity and efficiency
of water use of vegetation.

"In many cases, the impacts will
be felt most severely in regions
already under stress, mainly the
developing countries.

"The most vulnerable human
settlements are those especially
exposed to natural hazards, e.qg.,
coastal or river flooding, severe
drought, landslides, severe storms
and tropical cyclones'".

Any responses will have to
take into account the great diversity
of different countries' situations
and their responsibility for and
negative impacts on different countries
and consequently would require a
wide variety of responses. Developing
countries for example are at widely
varying levels of development and
face a broad range of different
problems. They account for 75% of
the world population and their
primary resource bases differ
widely. Nevertheless, they are
most vulnerable to the adverse
consequences of c¢limate change
because of limited access to the
necessary information, infrastructure,



and human and financial resources.

Main findings

1)

2)

3)

4)

Climate change is a global issue;
effective responses would require
a global effort which may have
a considerable impact on
humankind and individual
societies.

Industrialized countries and
developing countries have a
common responsibility in dealing
with problems arising from
climate change.

Industrialized countries have
specific responsibilities on two
levels:

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;

b) 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 concerning
scientific observation, by
analysis and research, and
finally by means of technical
co-operation geared to
forestalling and managing
environmental problems.

Emissions from developing
countries are growing and may
need to grow in order to meet
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5)

6)

7)

8)
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their development requirements
and thus, over time, are likely
to represent an increasingly
significant percentage of global
emissions. Developing countries
have the responsibility, within
the limits feasible, to take measures
to suitably adapt their economies.

Sustainable development requires
the proper concern for
environmental protection as
the necessary basis for continuing
economic growth. Continuing
economic development will
increasingly have to take into
account the issue of climate
change. It is imperative that
the right balance between
economic and environmental
ob