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1 Introduction

The sensitivity, adaptive capacity, and vulnerability of natural
and human systems to climate change, and the potential
conseguences of climate change, are assessed in the report of
Working Group Il of the Intergovernmental Panel on Climate
Change (IPCC), Climate Change 2001: Impacts, Adaptation,
and Vulnerability.2 This report builds upon the past assessment
reports of the IPCC, reexamining key conclusions of the earlier
assessments and incorporating results from more recent
research.23

Observed changesin climate, their causes, and potential future
changes are assessed in the report of Working Group | of the
IPCC, Climate Change 2001: The Scientific Basis. The
Working Group | report concludes, inter alia, that the globally
averaged surface temperatures have increased by 0.6 + 0.2°C
over the 20th century; and that, for the range of scenarios
developed in the IPCC Special Report on Emission Scenarios
(SRES), the globally averaged surface air temperature is
projected by models to warm 1.4 to 5.8°C by 2100 relative to
1990, and globally averaged sealevel is projected by modelsto
rise 0.09 to 0.88 m by 2100. These projections indicate that the
warming would vary by region, and be accompanied by increases
and decreases in precipitation. In addition, there would be changes
in the variahility of climate, and changes in the frequency and
intensity of some extreme climate phenomena. These general
features of climate change act on natural and human systems
and they set the context for the Working Group 1l assessment.
The available literature has not yet investigated climate change
impacts, adaptation, and vulnerability associated with the
upper end of the projected range of warming.

This Summary for Policymakers, which was approved by IPCC
member governments in Geneva in February 2001, describes
the current state of understanding of the impacts, adaptation, and
vulnerability to climate change and their uncertainties. Further
details can be found in the underlying report.4 Section 2 of the
Summary presents a number of general findings that emerge
from integration of information across the full report. Each of
these findings addresses a different dimension of climate change
impacts, adaptation, and vulnerability, and no one dimensionis
paramount. Section 3 presents findings regarding individual
natural and human systems, and Section 4 highlights some
of the issues of concern for different regions of the world.
Section 5 identifies priority research areas to further advance
understanding of the potential consequences of and adaptation
to climate change.

2. Emergent Findings
2.1. Recent Regional Climate Changes, particularly
Temperature I ncreases, have Already Affected
Many Physical and Biological Systems

Available observational evidence indicates that regional
changes in climate, particularly increases in temperature, have
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already affected a diverse set of physical and biological systems
in many parts of the world. Examples of observed changesinclude
shrinkage of glaciers, thawing of permafrost, later freezing and
earlier break-up of ice on rivers and lakes, lengthening of mid-
to high-latitude growing seasons, poleward and altitudinal
shifts of plant and animal ranges, declines of some plant and
animal populations, and earlier flowering of trees, emergence
of insects, and egg-laying in birds (see Figure SPM-1).
Associations between changes in regional temperatures and
observed changes in physical and biological systems have
been documented in many aquatic, terrestrial, and marine
environments. [2.1, 4.3, 4.4,5.7, and 7.1]

The studies mentioned above and illustrated in Figure SPM-1
were drawn from a literature survey, which identified long-
term studies, typically 20 years or more, of changesin biological
and physical systems that could be correlated with regiona
changes in temperature.> In most cases where changesin
biological and physical systems were detected, the direction of
change was that expected on the basis of known mechanisms.
The probability that the observed changes in the expected
direction (with no reference to magnitude) could occur by chance
adone is negligible. In many parts of the world, precipitation-
related impacts may be important. At present, thereis alack of
systematic concurrent climatic and biophysical data of sufficient
length (2 or more decades) that are considered necessary for
assessment of precipitation impacts.

Factors such as land-use change and pollution also act on these
physical and biological systems, making it difficult to attribute
changes to particular causes in some specific cases. However,
taken together, the observed changesin these systems are
consistent in direction and coherent across diverse localities

1Climate change in IPCC usage refers to any change in climate over
time, whether due to natural variability or as aresult of human
activity. This usage differs from that in the Framework Convention
on Climate Change, where climate change refers to a change of
climate that is attributed directly or indirectly to human activity
that alters the composition of the global atmosphere and that isin
addition to natural climate variability observed over comparable
time periods. Attribution of climate change to natural forcing and
human activities has been addressed by Working Group I.

2The report has been written by 183 Coordinating Lead Authors and
Lead Authors, and 243 Contributing Authors. It was reviewed by
440 government and expert reviewers, and 33 Review Editors
oversaw the review process.

3Delegations from 100 IPCC member countries participated in the
Sixth Session of Working Group 11 in Genevaon 13-16 February 2001.

4A more comprehensive summary of the report is provided in the
Technica Summary, and relevant sections of that volume are
referenced in brackets at the end of paragraphs of the Summary for
Policymakers for readers who need more information.

SThere are 44 regional studies of over 400 plants and animals, which
varied in length from about 20 to 50 years, mainly from North
America, Europe, and the southern polar region. There are 16
regional studies covering about 100 physical processes over most
regions of the world, which varied in length from about 20 to 150
years. See Section 7.1 of the Technical Summary for more detail.
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Figure SPM-1: Locations at which systematic long-term studies meet stringent criteria documenting recent temperature-related
regional climate change impacts on physical and biological systems. Hydrology, glacia retreat, and sea-ice data represent
decadal to century trends. Terrestrial and marine ecosystem data represent trends of at least 2 decades. Remote-sensing studies
cover large areas. Data are for single or multiple impacts that are consistent with known mechanisms of physical/biological
system responses to observed regional temperature-related changes. For reported impacts spanning large areas, a representative

location on the map was selected.

and/or regions (see Figure SPM-1) with the expected effects  2.2.
of regional changes in temperature. Thus, from the collective
evidence, there ishigh confidence? that recent regional changes

There are Preliminary Indications that Some
Human Systems have been Affected by Recent
Increasesin Floods and Droughts

in temperature have had discernible impacts on many physical

and biological systems.

6In this Summary for Policymakers, the following words have been
used where appropriate to indicate judgmental estimates of
confidence (based upon the collective judgment of the authors
using the observational evidence, modeling results, and theory that
they have examined): very high (95% or greater), high (67-95%),
medium (33-67%), low (5-33%), and very low (5% or less). In
other instances, a qualitative scale to gauge the level of scientific
understanding is used: well established, established-but-inconplete,
competing explanations, and speculative. The approaches used to
assess confidence levels and the level of scientific understanding,
and the definitions of these terms, are presented in Section 1.4 of
the Technical Summary. Each time these terms are used in the
Summary for Policymakers, they are footnoted and initalics.

There is emerging evidence that some social and economic
systems have been affected by the recent increasing frequency
of floods and droughts in some areas. However, such systems
are aso affected by changes in socioeconomic factors such as
demographic shifts and land-use changes. The relative impact
of climatic and socioeconomic factors are generally difficult to
quantify. [4.6 and 7.1]

23. Natural Systems are Vulnerableto Climate

Change, and Some will be Irreversibly Damaged

Natural systems can be especially vulnerable to climate change
because of limited adaptive capacity (see Box SPM-1), and
some of these systems may undergo significant and irreversible
damage. Natural systems at risk include glaciers, coral reefs and
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atolls, mangroves, boreal and tropical forests, polar and alpine  Projected adverse impacts based on models and other studies
ecosystems, prairie wetlands, and remnant native grasslands.  include:
While some species may increase in abundance or range, climate

change will increase existing risks of extinction of some more e A genera reduction in potentia crop yields in most
vulnerable species and loss of biodiversity. It iswell-established® tropical and sub-tropical regions for most projected
that the geographical extent of the damage or loss, and the increases in temperature [4.2]
number of systems affected, will increase with the magnitude e A general reduction, with some variation, in potential
and rate of climate change (see Figure SPM-2). [4.3 and 7.2.1] crop yields in most regions in mid-latitudes for
increases in annual -average temperature of more than
afew °C[4.2]
24. Many Human Systems are Sensitive to Climate e Decreased water availability for populations in many
Change, and Some are Vulnerable water-scarce regions, particularly in the sub-tropics [4.1]
* Anincrease in the number of people exposed to vector-
Human systems that are sensitive to climate change include borne (e.g., malaria) and water-borne diseases (e.g.,
mainly water resources; agriculture (especially food security) cholera), and an increase in heat stress mortality [4.7]
and forestry; coastal zones and marine systems (fisheries); e A widespread increase in the risk of flooding for
human settlements, energy, and industry; insurance and other many human settlements (tens of millions of inhabitants
financial services; and human health. The vulnerability of these in settlements studied) from both increased heavy
systems varies with geographic location, time, and social, precipitation events and sea-level rise [4.5]
economic, and environmental conditions. [4.1, 4.2, 4.3, 4.4, * Increased energy demand for space cooling due to
45,4.6, and 4.7 higher summer temperatures. [4.5]
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Figure SPM-2: Reasons for concern about projected climate change impacts. The risks of adverse impacts from climate
change increase with the magnitude of climate change. The left part of the figure displays the observed temperature increase
relative to 1990 and the range of projected temperature increase after 1990 as estimated by Working Group | of the IPCC for
scenarios from the Special Report on Emissions Scenarios. The right panel displays conceptualizations of five reasons for
concern regarding climate change risks evolving through 2100. White indicates neutral or small negative or positive impacts or
risks, yellow indicates negative impacts for some systems or low risks, and red means negative impacts or risks that are more
widespread and/or greater in magnitude. The assessment of impacts or risks takes into account only the magnitude of change
and not the rate of change. Global mean annual temperature change is used in the figure as a proxy for the magnitude of climate
change, but projected impacts will be a function of, among other factors, the magnitude and rate of global and regional
changes in mean climate, climate variability and extreme climate phenomena, social and economic conditions, and adaptation.



Box SPM-1. Climate Change
Sensitivity, Adaptive Capacity, and Vulner ability

Sensitivity is the degree to which a system is affected,
either adversely or beneficialy, by climate-related stimuli.
Climate-related stimuli encompass all the elements of
climate change, including mean climate characteristics,
climate variability, and the frequency and magnitude of
extremes. The effect may be direct (e.g., achangein
crop yield in response to a change in the mean, range,
or variability of temperature) or indirect (e.g., damages
caused by an increase in the frequency of coastal flooding
dueto sea-level rise).

Adaptive capacity is the ability of a system to adjust to
climate change (including climate variability and extremes)
to moderate potential damages, to take advantage of
opportunities, or to cope with the consequences.

\Wilnerability isthe degree to which a system is susceptible
to, or unable to cope with, adverse effects of climate
change, including climate variability and extremes.
Vulnerability is afunction of the character, magnitude,
and rate of climate change and variation to which asygem
is exposed, its sensitivity, and its adaptive capacity.

Projected beneficial impacts based on models and other studies
include:

* Increased potential crop yields in some regions at
mid-latitudes for increases in temperature of less than
afew °C[4.2]

* A potentia increase in global timber supply from
appropriately managed forests [4.3]

* Increased water availability for populations in some
water-scarce regions—for example, in parts of southeast
Asa[4.]]

¢ Reduced winter mortality in mid- and high-latitudes[4.7]

¢ Reduced energy demand for space heating due to
higher winter temperatures. [4.5]

2.5. Projected Changesin Climate Extremes could have

Major Consequences

The vulnerability of human societies and natural systems to
climate extremesis demonstrated by the damage, hardship, and
death caused by events such as droughts, floods, heat waves,
avalanches, and windstorms. While there are uncertainties
attached to estimates of such changes, some extreme events are
projected to increase in frequency and/or severity during the
21st century due to changes in the mean and/or variability of
climate, so it can be expected that the severity of their impacts
will also increase in concert with global warming (see Figure
SPM-2). Conversely, the frequency and magnitude of extreme
low temperature events, such as cold spells, is projected to
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decrease in the future, with both positive and negative
impacts. The impacts of future changes in climate extremes
are expected to fall disproportionately on the poor. Some
representative examples of impacts of these projected changes
in climate variability and climate extremes are presented in
Table SPM-1. [3.5, 4.6, 6, and 7.2.4]

2.6. The Potential for Large-Scale and Possibly
Irreversible I mpacts Poses Risks that have yet to be

Reliably Quantified

Projected climate changes’ during the 21st century have the
potential to lead to future large-scale and possibly irreversible
changes in Earth systems resulting in impacts at continental
and global scales. These possibilities are very climate scenario-
dependent and a full range of plausible scenarios has not yet
been evaluated. Examples include significant slowing of the
ocean circulation that transports warm water to the North
Atlantic, large reductions in the Greenland and West Antarctic
Ice Sheets, accelerated global warming due to carbon cycle
feedbacksin the terrestrial biosphere, and releases of terrestrial
carbon from permafrost regions and methane from hydrates in
coastal sediments. The likelihood of many of these changesin
Earth systems is not well-known, but is probably very low;
however, their likelihood is expected to increase with the rate,
magnitude, and duration of climate change (see Figure SPM-2).
[3.5,5.7,and 7.2.5]

If these changes in Earth systems were to occur, their impacts
would be widespread and sustained. For example, significant
slowing of the oceanic thermohaline circulation would impact
deep-water oxygen levels and carbon uptake by oceans and
marine ecosystems, and would reduce warming over parts
of Europe. Disintegration of the West Antarctic | ce Sheet or
melting of the Greenland Ice Sheet could raise global sealevel
up to 3 m each over the next 1,000 years?, submerge many
islands, and inundate extensive coastal areas. Depending on the
rate of ice loss, the rate and magnitude of sea-level rise could
greatly exceed the capacity of human and natural systems to
adapt without substantial impacts. Releases of terrestrial
carbon from permafrost regions and methane from hydrates in
coastal sediments, induced by warming, would further increase
greenhouse gas concentrations in the atmosphere and amplify
climate change. [3.5, 5.7, and 7.2.5]

2.7. Adaptation is a Necessary Strategy at All Scales to

Complement Climate Change Mitigation Efforts

Adaptation has the potentia to reduce adverse impacts of climate
change and to enhance beneficial impacts, but will incur costs

7Details of projected climate changes, illustrated in Figure SPM-2,
are provided in the Working Group | Summary for Policymakers.

8Details of projected contributions to sea-level rise from the West
Anarctic |ce Sheet and Greenland Ice Sheet are provided in the
Working Group | Summary for Policymakers.
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Table SPM-1: Examples of impacts resulting from projected changes in extreme climate events.

Projected Changesduring the
21st Century in Extreme Climate
Phenomena and their Likelihooda

Repr esentative Examples of Projected | mpactsP
(all high confidence of occurrence in some areast)

Simple Extremes

Higher maximum temperatures; more hot
days and heat wavesd over nearly al land
areas (very likely?)

Increased incidence of death and seriousillness in older age groups and urban
poor [4.7]

Increased heat stressin livestock and wildlife [4.2 and 4.3]

Shift in tourist destinations [Table TS-4 and 5.8]

Increased risk of damage to a number of crops [4.2]

Increased electric cooling demand and reduced energy supply reliability
[Table TS-4 and 4.5]

Higher (increasing) minimum tempergures,
fewer cold days, frost days, and cold
wavest over nearly al land areas

(very likelyd)

Decreased cold-related human morbidity and mortality [4.7]

Decreased risk of damage to a number of crops, and increased risk to others[4.2]
Extended range and activity of some pest and disease vectors [4.2 and 4.3]
Reduced heating energy demand [4.5]

More intense precipitation events
(very likelya over many areas)

Increased flood, landslide, avalanche, and mudslide damage [4.5]

Increased soil erosion [5.2.4]

Increased flood runoff could increase recharge of some floodplain aquifers [4.1]
Increased pressure on government and private flood insurance systems and
disaster relief [Table TS-4 and 4.6]

Complex Extremes

Increased summer drying over most
mid-latitude continental interiors and
associated risk of drought (likely?)

Decreased crop yields [4.2]

Increased damage to building foundations caused by ground shrinkage [Table TS-4]
Decreased water resource quantity and quality [4.1 and 4.5]

Increased risk of forest fire [5.4.2]

Increase in tropical cyclone peak wind
intensities, mean and peak precipitation
intensities (likely2 over some areas)e

Increased risks to human life, risk of infectious disease epidemics, and many
other risks[4.7]

Increased coastal erosion and damage to coastal buildings and infrastructure
[45and 7.2.4]

Increased damage to coastal ecosystems such as coral reefs and mangroves[4.4]

Intensified droughts and floods associated
with El Nifio events in many different
regions (likely?)

(see also under droughts and intense
precipitation events)

Decreased agricultural and rangeland productivity in drought- and flood-prone
regions [4.3]
Decreased hydro-power potentia in drought-prone regions[5.1.1 and Figure TS-7]

Increased Asian summer monsoon
precipitation variability (likely?)

Increased flood and drought magnitude and damages in temperate and tropical
Asia[5.2.4]

Increased intensity of mid-latitude storms
(little agreement between current models)d

Increased risks to human life and health [4.7]
Increased property and infrastructure losses [Table TS-4]
Increased damage to coastal ecosystems [4.4]

al ikelihood refers to judgmental estimates of confidence used by TAR WGI: very likely (90-99% chance); likely (66-90% chance). Unless otherwise stated,
information on climate phenomena is taken from the Summary for Policymakers, TAR WGI.

bThese impacts can be lessened by appropriate response measures.

CHigh confidence refers to probabilities between 67 and 95% as described in Footnote 6.

dinformation from TAR WGI, Technical Summary, Section F.5.

eChanges in regional distribution of tropical cyclones are possible but have not been established.
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and will not prevent all damages. Extremes, variability, and
rates of change are all key features in addressing vulnerability
and adaptation to climate change, not simply changes in
average climate conditions. Human and natural systemswill to
some degree adapt autonomously to climate change. Planned
adaptation can supplement autonomous adaptation, though
options and incentives are greater for adaptation of human
systems than for adaptation to protect natural systems.
Adaptation is a necessary strategy at al scales to complement
climate change mitigation efforts. [6]

Experience with adaptation to climate variability and extremes
can be drawn upon to develop appropriate strategies for adapting
to anticipated climate change. Adaptation to current climate
variability and extremes often produces benefits as well as
forming a basis for coping with future climate change.
However, experience also demonstrates that there are constraints
to achieving the full measure of potential adaptation. In addition,
maladaptation, such as promoting development in risk-prone
locations, can occur due to decisions based on short-term
considerations, neglect of known climatic variability, imperfect
foresight, insufficient information, and over-reliance on insurance
mechanisms. [6]

2.8 Those with the Least Resources have the Least

Capacity to Adapt and are the Most Vulnerable

The ability of human systemsto adapt to and cope with climate
change depends on such factors as weslth, technology, education,
information, skills, infrastructure, access to resources, and
management capabilities. There is potentia for developed
and developing countries to enhance and/or acquire adaptive
capabilities. Populations and communities are highly variable
in their endowments with these attributes, and the developing
countries, particularly the least developed countries, are generally
poorest in this regard. As aresult, they have lesser capacity to
adapt and are more vulnerable to climate change damages, just
as they are more vulnerable to other stresses. This condition is
most extreme among the poorest people. [6.1; see also 5.1.7,
5.2.7,5.35,5.4.6,5.6.1,5.6.2,5.7, and 5.8.1 for regional-scale
information]

Benefits and costs of climate change effects have been estimated
in monetary units and aggregated to national, regional, and
global scales. These estimates generally exclude the effects of
changes in climate variability and extremes, do not account for
the effects of different rates of change, and only partialy
account for impacts on goods and services that are not traded
in markets. These omissions are likely to result in underestimates
of economic losses and overestimates of economic gains.
Estimates of aggregate impacts are controversial because they
treat gains for some as canceling out losses for others and
because the weights that are used to aggregate acrossindividuals
are necessarily subjective. [7.2.2 and 7.2.3]

Notwithstanding the limitations expressed above, based on afew
published estimates, increasesin globa mean temperature® would

Climate Change 2001: Impacts, Adaptation, and Vulnerability

produce net economic losses in many developing countries for
al magnitudes of warming studied (low confidence?), and
losses would be greater in magnitude the higher the level of
warming (medium confidence®). In contrast, an increase in
global mean temperature of up to a few °C would produce a
mixture of economic gains and losses in developed countries
(low confidence®), with economic losses for larger temperature
increases (medium confidences). The projected distribution of
economic impacts is such that it would increase the disparity
in well-being between developed countries and developing
countries, with disparity growing for higher projected temperature
increases (medium confidence?). The more damaging impacts
estimated for developing countries reflects, in part, their lesser
adaptive capacity relative to developed countries. [7.2.3]

Further, when aggregated to aglobal scale, world gross domestic
product (GDP) would change by + a few percent for global
mean temperature increases of up to afew °C (low confidence?),
and increasing net losses would result for larger increases
in temperature (medium confidence®) (see Figure SPM-2).
More people are projected to be harmed than benefited by
climate change, even for global mean temperature increases
of less than afew °C (low confidence®). These results are
sensitive to assumptions about changes in regiona climate,
level of development, adaptive capacity, rate of change, the
valuation of impacts, and the methods used for aggregating
monetary losses and gains, including the choice of discount
rate. [7.2.2]

The effects of climate change are expected to be greatest in
developing countriesin terms of loss of life and relative effects
on investment and the economy. For example, the relative
percentage damages to GDP from climate extremes have been
substantially greater in developing countries than in devel oped
countries. [4.6]

29. Adaptation, Sustainable Development, and
Enhancement of Equity can be Mutually

Reinforcing

Many communities and regions that are vulnerable to climate
change are also under pressure from forces such as population
growth, resource depletion, and poverty. Policies that lessen
pressures on resources, improve management of environmental
risks, and increase the welfare of the poorest members of society
can simultaneously advance sustainable development and
equity, enhance adaptive capacity, and reduce vulnerability to
climate and other stresses. Inclusion of climatic risks in the
design and implementation of national and international
development initiatives can promote equity and devel opment
that is more sustainable and that reduces vulnerability to climate
change. [6.2]

9Globa mean temperature change is used as an indicator of the
magnitude of climate change. Scenario-dependent exposures taken
into account in these studies include regionally differentiated
changes in temperature, precipitation, and other climatic variables.
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3. Effectson and Vulnerability of
Natural and Human Systems

3.1. Hydrology and Water Resources

The effect of climate change on streamflow and groundwater
recharge varies regionaly and between climate scenarios,
largely following projected changesin precipitation. A consistent
projection across most climate change scenariosis for increases
in annual mean streamflow in high latitudes and southeast Asia,
and decreasesin centrd Asia, the area around the Mediterranean,
southern Africa, and Australia (medium confidences) (see Figure
SPM-3); the amount of change, however, varies between scenarios.
For other areas, including mid-latitudes, there is no strong
consistency in projections of streamflow, partly because of
differencesin projected rainfall and partly because of differences
in projected evaporation, which can offset rainfall increases.
Theretreat of most glaciersis projected to accelerate, and many
small glaciers may disappear (high confidence®). In general,
the projected changes in average annual runoff are less robust
than impacts based solely on temperature change because
precipitation changes vary more between scenarios. At the
catchment scale, the effect of a given change in climate varies
with physical properties and vegetation of catchments, and
may be in addition to land-cover changes. [4.1]

Approximately 1.7 billion people, one-third of the world's
population, presently live in countries that are water-stressed
(defined as using more than 20% of their renewable water
supply, acommonly used indicator of water stress). This number
is projected to increase to around 5 billion by 2025, depending
on the rate of population growth. The projected climate change
could further decrease the streamflow and groundwater
recharge in many of these water-stressed countries—for example
in central Asia, southern Africa, and countries around the
Mediterranean Sea—but may increase it in some others. [4.1;
see dso 5.1.1, 5.2.3, 5.3.1, 54.1, 55.1, 5.6.2, and 5.84 for
regional-scale information]

Demand for water is generally increasing due to population
growth and economic development, but is faling in some
countries because of increased efficiency of use. Climate change
is unlikely to have a big effect on municipal and industrial
water demands in general, but may substantially affect irrigation
withdrawals, which depend on how increases in evaporation
are offset or exaggerated by changes in precipitation. Higher
temperatures, hence higher crop evaporative demand, mean that
the general tendency would be towards an increasein irrigation
demands. [4.1]

Flood magnitude and freguency could increase in many
regions as a consequence of increased frequency of heavy
precipitation events, which can increase runoff in most areas as
well as groundwater recharge in some floodplains. Land-use
change could exacerbate such events. Streamflow during
seasonal low flow periods would decrease in many areas due
to greater evaporation; changesin precipitation may exacerbate
or offset the effects of increased evaporation. The projected
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climate change would degrade water quality through higher
water temperatures and increased pollutant load from runoff
and overflows of waste facilities. Quality would be degraded
further where flows decrease, but increasesin flows may mitigate
to a certain extent some degradations in water quality by
increasing dilution. Where snowfall is currently an important
component of the water balance, a greater proportion of winter
precipitation may fall as rain, and this can result in a more
intense peak streamflow which in addition would move from
spring to winter. [4.1]

The greatest vulnerabilities are likely to be in unmanaged water
systems and systems that are currently stressed or poorly and
unsustai nably managed due to policies that discourage efficient
water use and protection of water quality, inadequate watershed
management, failure to manage variable water supply and
demand, or lack of sound professional guidance. In unmanaged
systems there are few or no structures in place to buffer the
effects of hydrologic variability on water quality and supply. In
unsustainably managed systems, water and land uses can add
stresses that heighten vulnerability to climate change. [4.1]

Water resource management techniques, particularly those of
integrated water resource management, can be applied to adapt
to hydrologic effects of climate change, and to additiona
uncertainty, so asto lessen vulnerabilities. Currently, supply-side
approaches (e.g., increasing flood defenses, building weirs,
utilizing water storage areas, including natural systems,
improving infrastructure for water collection and distribution)
are more widely used than demand-side approaches (which
ater the exposure to stress); the latter is the focus of increasing
attention. However, the capacity to implement effective
management responses is unevenly distributed around the world
and is low in many transition and developing countries. [4.1]

32 Agriculture and Food Security

Based on experimental research, crop yield responses to climate
change vary widely, depending upon species and cultivar; soil
properties; pests, and pathogens; the direct effects of carbon
dioxide (CO,) on plants; and interactions between CO,, air
temperature, water stress, mineral nutrition, air quality, and
adaptive responses. Even though increased CO, concentration
can gtimulate crop growth and yield, that benefit may not
always overcome the adverse effects of excessive heat and
drought (medium confidencef). These advances, along with
advances in research on agricultural adaptation, have been
incorporated since the Second Assessment Report (SAR) into
models used to assess the effects of climate change on crop
yields, food supply, farm incomes, and prices. [4.2]

Costs will be involved in coping with climate-induced yield
losses and adaptation of livestock production systems. These
agronomic and husbandry adaptation options could include,
for example, adjustments to planting dates, fertilization rates,
irrigation applications, cultivar traits, and selection of animal
species. [4.2]
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When autonomous agronomic adaptation is included, crop
modeling assessments indicate, with medium to lowconfidences,
that climate change will lead to generally positive responses at
less than afew °C warming and generally negative responses for
morethan afew °C in mid-latitude crop yields. Smilar assessments

Climate Change 2001: Impacts, Adaptation, and Vulnerability

indicate that yields of some crops in tropical locations would
decrease generally with even minimal increases in temperature,
because such crops are near their maximum temperature tolerance
and dryland/rainfed agriculture predominates. Where there is
also alarge decrease in rainfal, tropical crop yields would be
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Figure SPM-3: Projected changes in average annua water runoff by 2050, relative to average runoff for 1961-1990, largely
follow projected changes in precipitation. Changes in runoff are calculated with a hydrologic model using as inputs climate
projections from two versions of the Hadley Centre atmosphere-ocean general circulation model (AOGCM) for a scenario of
1% per annum increase in effective carbon dioxide concentration in the atmosphere: (a) HadCM2 ensemble mean and (b)
HadCM3. Projected increases in runoff in high latitudes and southeast Asia, and decreases in central Asia, the area around
the Mediterranean, southern Africa, and Australia are broadly consistent across the Hadley Centre experiments, and with the
precipitation projections of other AOGCM experiments. For other areas of the world, changes in precipitation and runoff are
scenario- and model -dependent.
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even more adversely affected. With autonomous agronomic
adaptation, crop yields in the tropics tend to be less adversely
affected by climate change than without adaptation, but they still
tend to remain below levels estimated with current climate. [4.2]

Most global and regional economic studies not incorporating
climate change indicate that the downward trend in global real
commodity prices in the 20th century is likely to continue into
the 21st, although confidence in these predictions decreases
farther into the future. Economic modeling assessmentsindicate
that impacts of climate change on agricultural production and
prices are estimated to result in smal percentage changesin global
income (lowconfidencef), with larger increasesin more devel oped
regions and smaller increases or declines in developing
regions. Improved confidence in this finding depends on further
research into the sensitivity of economic modeling assessments
to their base assumptions. [4.2 and Box 5-5]

Most studies indicate that global mean annual temperature
increases of afew °C or greater would prompt food prices to
increase due to adowing in the expansion of global food supply
relative to growth in global food demand (established, but
incompleted). At lesser amounts of warming than a few °C,
economic models do not clearly distinguish the climate change
signal from other sources of change based on those studies
included in this assessment. Some recent aggregated studies
have estimated economic impacts on vulnerable populations
such as smallholder producers and poor urban consumers.
These studies find that climate change would lower incomes of
the vulnerable populations and increase the absol ute number of
people at risk of hunger, though this is uncertain and requires
further research. It is established, though incompletely, that climate
change, mainly through increased extremes and temporal/
spatial shifts, will worsen food security in Africa. [4.2]

3.3. Terrestrial and Freshwater Ecosystems

Vegetation modeling studies continue to show the potential for
significant disruption of ecosystems under climate change
(high confidence®). Migration of ecosystems or biomes as
discrete units is unlikely to occur; instead at a given site,
species composition and dominance will change. The results of
these changes will lag behind the changes in climate by years
to decades to centuries (high confidence®). [4.3]

Distributions, population sizes, population density, and behavior
of wildlife have been, and will continue to be, affected directly
by changesin global or regional climate and indirectly through
changes in vegetation. Climate change will lead to poleward
movement of the boundaries of freshwater fish distributions
along with loss of habitat for cold- and cool-water fishes and
gain in habitat for warm-water fishes (high confidences). Many
species and populations are already at high risk, and are
expected to be placed at greater risk by the synergy between
climate change rendering portions of current habitat unsuitable
for many species, and land-use change fragmenting habitats
and raising obstacles to species migration. Without appropriate
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management, these pressures will cause some species currently
classified as “critically endangered” to become extinct and
the majority of those labeled “endangered or vulnerable” to
become rarer, and thereby closer to extinction, in the 21st
century (high confidence®). [4.3]

Possible adaptation methods to reduce risks to species could
include: 1) establishment of refuges, parks, and reserves with
corridors to allow migration of species, and 2) use of captive
breeding and trandocation. However, these options may have
limitations due to costs. [4.3]

Terrestrial ecosystems appear to be storing in