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1. I ntroduction

The sengtivity, adaptive capacity, and vulnerability of naturd and human systems to climate change,
and the potential consequences of climate change, are assessed in the report of Working Group 11
of the Intergovernmenta Panel on Climate Change (IPCC), Climate Change 2001: Impacts,
Adaptation, and Vulnerability." This report builds upon the past assessment reports of the |PCC,
reexami ni2 key conclusions of the earlier assessments and incorporating results from more recent
research.”

[FOOTNOTE 1: Climate change in IPCC usage refers to any change in climate over time,
whether due to naturd varigbility or asaresult of human activity. This usage differs from thet in the
Framework Convention on Climate Change, where climate change refersto a change of climate
that is attributed directly or indirectly to human activity that dters the composition of the globa
atmosphere and that isin addition to naturd climate variability observed over comparable time
periods. Attribution of climate change to naturd forcing and human activities has been addressed by
Working Group 1.]

[FOOTNOTE 2: The 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.]

[FOOTNOTE 3: Delegations from 100 IPCC member countries participated in the Sixth Session of
Working Group Il in Geneva on 13-16 February 2001 ]

Observed changesin climate, their causes, and potentia 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 20" century; and that, for the range of scenarios developed in the IPCC
Soecial Report on Emission Scenarios (SRES), the globaly averaged surface air temperatureis
projected by models to warm 1.4 to 5.8°C by 2100 relative to 1990, and globally averaged sea
level is projected by modelsto rise 0.09 to 0.88 meters 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 variability of climate, and changesin the frequency and
intengity of some extreme climate phenomena. These generd features of climate change act on
natura and human systems and they set the context for the Working Group |1 assessment. The
avallable 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 gpproved by |PCC member governments in Genevain
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
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report.* Section 2 of the Summary presents a number of generd findings that emerge from
integration of information across the full report. Each of these findings addresses a different
dimension of cdlimate change impacts, adaptation, and vulnerability, and no one dimengon is
paramount. Section 3 presents findings regarding individua 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.

[FOOTNOTE 4: A more comprehensive summary of the report is provided in the Technical
Summary, and relevant sections of that volume are referenced in brackets a the end of paragraphs
of the Summary for Policymakers for readers who need more information.]

2. Emergent Findings

2.1. Recent Regional Climate Changes, Particularly Temperature I ncreases, have
Already Affected Many Physical and Biological Systems

Avallable observationd evidence indicates thet regiond changes in climate, particularly increasesin
temperature, have dready affected a diverse set of physica and biologica syssemsin many parts of
the world. Examples of observed changes include shrinkage of glaciers, thawing of permafrog, later
freezing and earlier bresk-up of ice on rivers and lakes, lengthening of mid- to high-latitude growing
seasons, poleward and dtitudind shifts of plant and animd 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 changesin regional temperatures and observed changesin physica
and biological systems have been documented in many aguatic, terrestria, and marine environments.
[2.1,4.3,4.4,5.7,and 7.1]

[Insert Figure SPM-1 here]

The studies mentioned above and illugtrated in Figure SPM-1 were drawn from a literature survey, which
identified long-term studies, typicaly 20 years or more, of changesin biologica and physica systems that
could be correlated with regional changes in temperature’®. In most cases where changesin biological and
physica 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 doneis negligible. In many parts of the world, precipitation-rel ated
impacts may be important. At present, thereisalack of systematic concurrent climatic and biophysica data
of sufficient length (2 or more decades) that are considered necessary for assessment of precipitation

impacts.

[FOOTNOTE 5: There are 44 regiona studies of over 400 plants and animals, which varied in length from
about 20-50 years, mainly from North America, Europe, and the southern polar region. There are 16
regiona studies covering about 100 physical processes over most regions of the world, which varied in
length from about 20-150 years. See Section 7.1 of the Technicd Summary for more details]

Factors such as land-use change and pollution aso act on these physical and biologica systems, making it
difficult to attribute changes to particular causes in some specific cases. However, taken together, the
observed changes in these systems are consistent in direction and coherent across diverse locdities and/or
regions (see Figure SPM-1) with the expected effects of regiona changesin temperature. Thus, from the
collective evidence, there is high confidence® that recent regiona changes in temperature have had
discernible impacts on many physica and biologica sysems.

[FOOTNOTE 6: In this Summary for Policymakers, the following words have been used where
gppropriate to indicate judgmenta estimates of confidence (based upon the collective judgment of
the authors using the observationd evidence, modding 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 quditative scale to gauge the level of scientific understanding is used:
well established, established-but-incomplete, competing explanations, and speculative The
approaches used to assess confidence levels and the leve of scientific understanding, and the




DRAFT (19 FEBRUARY 2001) IPCC WG2 Third Assessment Report

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 arein italics.]

2.2. TherearePreliminary I ndications that Some Human Systems have been Affected
by Recent Increasesin Floods and Droughts

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

2.3. Natural Systems are Vulnerable to Climate Change, and Some will be Irreversibly
Damaged

Natura systems can be especidly vulnerable to climate change because of limited adaptive capacity
(see Box SPM-1), and some of these systems may undergo significant and irreversible damage.
Natura systemsat risk include glaciers, cord reefs and atolls, mangroves, bored and tropica
forests, polar and apine ecosystems, prairie wetlands, and remnant native grasdands. While some
species may increase in abundance or range, climate change will increase exigting risks of extinction
of some more vulnerable species and loss of biodiversty. It iswell-established” that the
geographica extent of the damage or loss, and the number of systems affected, will increase with the
magnitude and rate of climate change (see Figure SPM-2). [4.3 and 7.2.1]

[Insert Figure SPM-2 here]
START BOX SPM-1 HERE
Box SPM-1. Climate Change Sensitivity, Adaptive Capacity, and Vulner ability

Sensitivity is the degree to which a system is affected, ether adversaly or beneficidly, by dimate-
related stimuli. Climate-rdaed simuli describe here dl the dements of dimate change, including
mean climate characterigtics, climate variability, and the frequency and magnitude of extremes. The
effect may be direct (e.g. achange in 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
coadta flooding dueto sealevd rise).

Adaptive capacity is the ability of asystem 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.

Vulnerability is the degree to which a system is susceptible to, or unable to cope with, adverse
effects of dimate change, induding dlimate varigbility and extremes. VVulnerability is afunction of the
character, magnitude and rate of climate variation to which a system is exposed, its sengitivity, and

its adaptive capacity.
END BOX SPM-1 HERE

24. Many Human Systems are Sensitive to Climate Change, and Some are Vulnerable

Human systems that are sengitive to climate change include mainly water resources, agriculture
(especidly food security) and forestry; coastdl zones and marine systems (fisheries); human
settlements, energy, and industry; insurance and other financia services, and human hedlth. The
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vulnerahility of these systems varies with geographic location, time, and socid, economic, and
environmental conditions. [4.1, 4.2, 4.3, 4.4, 4.5, 4.6, and 4.7]

Projected adverse impacts based on models and other studies include:

» A gened reduction in potentia crop yieldsin most tropical and sub-tropical regions for
most projected increases in temperature; [4.2]

* A generd reduction, with some variation, in potentia crop yieldsin most regionsin mid-
latitudes for increases in annua-average temperature of more than afew degrees C; [4.2]

»  Decreased water availability for populations in many water scarce regions, particularly in the
sub-tropics; [4.1]

* Anincrease in the number of people exposed to vector-borne diseases (e.g. mdaria) and
water-borne diseases (e.g. cholera) and an increase in heat stress mortality; [4.7]

* A widespread increase in the risk of flooding for many human settlements (tens of millions of
inhabitants in settlements studied) from both increased heavy precipitation events and sea-
leve risg; [4.5]

* Increased energy demand for space cooling due to higher summer temperatures. [4.5]

Projected beneficia impacts based on models and other studies include:

» Increased potentia crop yields in some regions a mid-latitudes for increases in temperature
of lessthan afew degrees C; [4.2]

* A potentid increase in globa timber supply from appropriately managed forests; [4.3]

» Increased water availability for populationsin some water scarce regions, for examplein
parts of South East Asia; [4.1]

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

» Reduced energy demand for space heating due to higher winter temperatures; [4.5]

25.  Projected Changesin Climate Extremes could have Major Consequences

The vulnerability of human societies and naturd systems to climate extremes is demondrated 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 21% century due to changes
in the mean and/or variagbility of climate, S0 it can be expected that the severity of their impacts will
aso increase in concert with globa warming (see Figure SPM-2). Conversely, the frequency and
magnitude of extreme low temperature events, such as cold spells, is projected to decrease in the
future, with both positive and negative impacts. The impacts of future changesin climate extremes
are expected to fal disproportionately on the poor. Some representative examples of impacts of
these projected changesin climate variability and climate extremes are presented in Table SPM-1.
[3.5,4.6, 6, and 7.2.4]

[Insert Table SPM-1 here]

2.6. ThePotential for Large-Scale and Possibly I rreversible | mpacts Poses Risks that
have yet to be Reliably Quantified

Projected climate changes’ during the 21% century have the potentia to lead to future large-scale
and possibly irreversble changes in Earth systems resulting in impacts at continental and globd
scaes. These possibilities are very climate scenario-dependent and afull range of plausible scenarios
has not yet been evauated. Examples include significant dowing of the ocean circulation that
trangports warm water to the North Atlantic, large reductions in the Greenland and West Antarctic
|ce Sheets, accelerated globa warming due to carbon cycle feedbacks in the terrestrid biosphere,
and releases of terredtria carbon from permafrost regions and methane from hydrates in the coastal
sediments. Thelikeihood of many of these changesin Earth systemsis not well-known but is
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probably very low; however, ther 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]

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

If these changes in Earth systems were to occur, their impacts would be widespread and sustained.
For example, sgnificant dowing of the oceanic thermohdine circulation would impact degp-weter
oxygen leves, 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 meters each over the next 1,000 years, submerge many
idands, and inundate extensve coasta areas. Depending on the rate of ice loss, the rate and
magnitude of sea-level rise could greatly exceed the capacity of human and naturd systems to adapt
without substantia impacts. Releases of terrestria carbon from permafrost regions and methane
from hydratesin the coastdl 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]

FOOTNOTE 8: Details of projected contributions to sealevel rise from the West Anarctic Ice
Sheet and Greenland |ce Sheet are provided in the Working Group | Summary for Policymakers]

2.7.  Adaptation isa Necessary Strategy at All Scalesto Complement Climate Change
Mitigation Efforts

Adaptation has the potentia to reduce adverse impacts of climate change and to enhance beneficia
impacts, but will incur costs and will not prevent al damages. Extremes, variahility, and rates of
change are dl key features in addressng vulnerability and adaptation to climate change, not smply
changes in average climate conditions. Human and naturd systems will to some degree adapt
autonomoudy 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 dl scaesto complement climate
change mitigation efforts. [6]

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

2.8  Thosewith the Least Resources have the Least Capacity to Adapt and are the Most
Vulnerable

The ability of human systems to adapt to and cope with climate change depends on such factors as
wesdlth, technology, education, information, skills, infrastructure, access to resources, and
management capabilities. Thereis potentid 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 generdly poorest in thisregard. 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; seeds0 5.1.7, 5.2.7, 5.3.5, 5.4.6,
5.6.1,5.6.2, 5.7, and 5.8.1 for regional-scale information]

Benefits and cogts of climate change effects have been estimated in monetary units and aggregated
to nationd, regiond, and globa scales. These estimates generdly exclude the effects of changesin
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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 gans.
Edtimates of aggregate impacts are controversa because they treat gains for some as cancding out
losses for others and because the weights that are used to aggregate across individuals are
necessarily subjective. [7.2.2 and 7.2.3]

Notwithstanding the limitations expressed above, based on afew published estimates, increasesin
globa mean temperature9 would produce net economlc losses in many developing countries for dl
magnitudes of warming studied (low confi denceg and losses would be gregter in magnitude the
higher the level of warming (medium confidence”). In contrast, an increase in globa meen
temperature of up to afew degrees C Woul d produce a mixture of economic gains and lossesin
devel oped countries (Gow confidence®), with economic losses for larger temperature increases
(medium confidence”). The projected distribution of economic impactsis such that it would
increase the disparity in well-being between devel oped countries and developing COUI’]'[I’IeS, with
disparity growing for higher projected temperature increases (medium confi dence®). The more
damaging impacts estimated for developing countries reflects, in part, their lesser adaptive capacity
relative to devel oped countries. [7.2.3]

[FOOTNOTE 9: Globa mean temperature change is used as an indicator of the magnitude of
climate change. Scenario-dependent exposures taken into account in these studiesinclude regionaly
differentiated changes in temperature, precipitation, and other climatic varigbles]

Further, when aggregated to agloba scae, world GDP would change by + afew percent for global
mean temperature increases of up to afew degrees C (low confi dence ), 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 globa mean
temperature increases of |ess than afew degrees C (low confi dence®). These results are sengtive to
assumptions about changes in regiond climate, level of development, adaptive capacity, rate of
change, the vauation of impacts, and the methods used for aggregating monetary losses and gains,
including the choice of discount rete. [7.2.2]

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

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

Many communities and regions that are vulnerable to climate change are aso under pressure from
forces such as population growth, resource depletion, and poverty. Policies that lessen pressures on
resources, improve management of environmentd risks, and increase the welfare of the poorest
members of society can Smultaneoudy advance sustainable development and equity, enhance
adaptive cgpacity, and reduce vulnerability to climate and other stresses. Inclusion of climatic risksin
the design and implementation of nationa and internationa development initiatives can promote
equity and development that is more sustainable and that reduces vulnerability to climate change.
[6.2]

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
scenarios, largely following projected changes in precipitation. A consstent projection across most
climate change scenarios, in which we have medium confi dence®, isfor increasesin annua mean
streamflow in high latitudes and southeast Ada, and decreasesin central Asg, the area around the
Mediterranean, southern Africa, and Audtrdia (see Figure SPM-3). The amount of change,
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however, varies between scenarios. For other areas, including mid-latitudes, there is no strong
congstency in projections of streamflow, partly because of differencesin projected rainfal and
partly because of differencesin projected evaporation, which can offset rainfal increases. In generd,
the projected changes in average annud runoff based on different climate model projections are less
robust than impacts based on temperature change, due to the smadler signal-to-noise retio for
precipitation than temperature. At the catchment scale, the effect of a given change in dlimate varies
with catchment physical properties and vegetation, and may be in addition to land cover changes.
[4.1]

[Insert Figure SPM-3 here]

Onethird of the world' s population, approximately 1.7 billion people, presently livesin countries
that are water stressed (i.e. use more than 20% of their renewable water supply, a commonly-used
indicator of water stress). Population growth and increased water withdrawals are projected to
increase this number to around 5 billion by 2025, depending on the rate of population growth.
Projected climate change would further decrease the available water in many of these weter-
stressed countries, for example in centra Ada, southern Africa, and countries around the
Mediterranean Sea , but may increase it in some others. [4.1. Seedso5.1.1,5.2.3,5.3.1, 5.4.1,
5.5.1, 5.6.2, and 5.8.4 for regiona scale information.]

Flood magnitude and frequency could increase in most regions as a consequence of increased
frequency of heavy precipitation events. Streamflow during seasona low flow periods would
decrease in many areas due to greater evaporation; changesin precipitation may exacerbate or
offset the effects of increased evaporation. Projected climate change will tend to degrade water
quality through higher water temperatures and increased pollutant load from runoff and overflows of
wadte facilities. Quality would be degraded further where flows decrease, but increasesin flows may
mitigate to a certain extent some degradationsin water quality by increasing dilution. Where snowfall
is currently an important component of the water balance, a greater proportion of winter
precipitation may fal asrain, and move pesk streamflow from spring toward winter. [4.1]

Demand for water is generaly increasing due to population growth and economic development, but
isfdling in some countries because of increased efficiency of use. Climate changeis unlikely to have
ahig effect on municipa and industrid demandsin generd, but may subgtantialy affect irrigation
withdrawals, which depend on how increases in evaporation are offset or exaggerated by changesin
precipitation. Higher temperatures, and hence higher crop evaporative demand, mean that the
genera tendency would be towards an increase in irrigation demands. [4.1]

The greatest vulnerabilities are likely to be in unmanaged water systems and systemsthat are
currently stressed or poorly and unsustainably managed due to pricing and other policies that
discourage efficient water use and protection of water quality, failure to manage variable water
supply and demand, use of ingppropriate technology, or lack of sound professiona 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 dresses that heighten vulnerability to climate change. Water resource management techniques,
particularly those of integrated water resource management, can be applied to adapt to hydrologic
effects of climate change, and to additiond uncertainty, so asto lessen vulnerabilities. Currently,
supply-side approaches (changes in water supply) are more widely used than demand-side
approaches (which ater the exposure to stress); the latter—based on arange of measures including
differential pricing, public awareness campaigns, or satutory requirements—are the focus of
increasing atention. However, the cagpacity to implement effective management responsesis
unevenly distributed around the world and is low in many developing and transition countries. [4.1]

3.2.  Agriculture and Food Security

Based on experimental research, crop yied responses to climate change vary widdly, depending
upon species and cultivar; soil properties; pests and pathogens; the direct effects of CO, on plants;
and interactions between CO,, air temperature, water stress, minerd nutrition, air quality, and
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adaptive responses. Even though increased CO, concentration can stimulate crop growth and yield,
that benefit may not dways overcome the adverse effects of excessive heat and drought (medium
confidence®). These advances, aong with advances in research on agricultura adaptation, have
been incorporated since the SAR into models used to assess the effects of climate change on crop
yidds, 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,
adjusments to planting dates, fertilization rates, irrigation gpplications, cultiver traits, and sdection of
animd species. [ 4.2]

When autonomous agronomlc adaptation isincluded, crop modeing assessments indicate with
medium to low confidence® that climate change will lead to generdly positive responses at less than
afew degrees C warming and generdly negative responses for more than afew degrees C in mid-
latitude crop yields. Smilar assessments indicate that yields of some cropsin tropica locations
would decrease generdly with even minimal increases in temperature because such crops are near
thelr maximum temperature tolerance and dryland/rainfed agriculture predominates. Where thereis
adso alarge decrease in rainfall, tropica crop yields would be even more adversely affected. With
autonomous agronomic adaptation, crop yields in the tropics tend to be less adversdly affected by
climate change than without adaptation, but they gill tend to remain below levels estimated with
current climate. [4.2)

Most globa and regiona economic studies not incorporati ng climate change indicate that the
downward trend in global real commodity pricesin the 20" century islikdly to continue into the 21%,
athough confidence in these predictions decreasesfa”ther into the future. Economic modding
assessments indicate with low confidence® thet impacts of dimate change on agricultura production
and prices are estimated to result in smal percentage changes in globa income, with larger increases
in more developed regions and smaller increases or declinesin developing regions. Improved
confidence in thisfinding depends on further research into the sengtivity of economic modeling
assessments to their base assumptions. [4.2 and Box 5-5]

Mogt studies indicate (established, but incomplete®) that globa mean annua temperature increases
of afew degrees C or greater would prompt food pricesto increase due to adowing in the
expangon of globa food supply relative to growth in globa food demand. At lesser amounts of
warming than afew degrees C, economic models do not clearly digtinguish the climate change sgnd
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 smalholder
producers and poor urban consumers. These studies find that climate change would lower incomes
of the vulnerable populations and increase the absolute number of people at risk of hunger, though
thisis uncertain and requires further research. It is established, though incompletely, that climate
change, mainly through increased extremes and tempora/spatia shifts, will worsen food security in
Africa [4.2]

3.3. Terrestrial and Freshwater Ecosystems

V egetation modeling studies continue to show the potentia for significant disruption of ecosystems
under climate change (high confidence®). M igration of ecosystems or biomes as discrete unitsis
unlikely to occur; instead & 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]

Digtributions, population sizes, population density and behavior of wildlife have been, and will
continue to be, affected directly by changesin global or regiond climate and indirectly through
changes in vegetation. Climate change will lead to poleward movement of the boundaries of
freshwater fish digtributions aong with loss of habltat for cold and cool water fishesand gainin
habitat for warm water fishes (high confidence®). Many species and popul ations are aready at high
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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 management, these pressures will
calse some speues currently classified as " critically endangered” to become extinct and the magjority
of those labeled "endangered o vulnerable" to become rarer, and thereby closer to extinction, in the
21% century (high confidence®). [4.3]

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

Terrestria ecosystems appear to be storing increasing amounts of carbon. At the time of the SAR,
this was largely atributed to increasing plant productivity because of the interaction between
elevated CO, concentration, increasing temperatures, and soil moisture changes. Recent results
confirm that productivity gains are occurring but suggest that they are smdler under field conditions
than indicated by plant-pot experiments (medium confi dence®). Hence the terrestrial uptake may
be due more to change in uses and management of land than to the direct effects of devated CO,
and climate. The degree to which terrestria ecosystems continue to be net sinks for carbon is
uncertain due to the complex interactions between the factors mentioned above (e.g., arctic
terrestrial ecosystems and wetlands may act as both sources and sinks) (medium confidence®).
[4.3]

Contrary to the SAR, globa timber market studies that include adaptations through land and
product management, even without forestry projects that increase the capture and storage of
carbon, suggest that a small amount of climate change would increase global timber supply and
enhance e><|st| ng market trends towards risng market share in developing countries (medium
confidence®). Consumers may benefit from lower timber prices while producers may gain or lose
depending on regiona changes in timber productivity and potentia dieback effects. [4.3]

34. Coastal Zonesand Marine Ecosystems

Large-scale impacts of climate change on oceans are expected to include increases in sea surface
temperature and mean globa sealevel, decreases in seaice cover, and changes in sdinity, wave
conditions, and ocean circulation. The oceans are an integral and responsive component of the
climate system with important physical and biogeochemica feedbacks to dimate. Many marine
ecosystems are sengtive to climate change. Climate trends and variability as reflected in multiyear
climate-ocean regimes (e.g., Pacific Decadd Oscillation) and switches from one regime to another
are now recognized to strongly affect fish abundance and population dynamics, with sgnificant
impacts on fish-dependent human societies. [4.4]

Many coastd areas will experience increased leves of flooding, accelerated erosion, loss of
wetlands and mangroves, and seawater intrusion into fresh water sources as aresult of climate
change. The extent and severity of sorm impacts, including sorm-surge floods and shore erosion,
will increase as aresult of dimate change including searleve rise. High latitude coasts will experience
added impacts related to higher wave energy and permafrost degradation. Changesin relative sea
level will vary locally due to uplift and subsidence caused by other factors. [4.4]

Impacts on highly diverse and productive coastal ecosystemns such as cord reefs, atolls and reef
idands, sdt marshes and mangrove forests will depend upon the rate of sealevd rise rdative to
growth rates and sediment supply, space for and obstacles to horizonta migration, changesin the
climate-ocean environment such as sea surface temperatures and storminess, and pressures from
human activitiesin coastal zones. Episodes of cord bleaching over the past 20 years have been
associated with severa causes, including increased ocean temperatures. Future sea surface warming
would i increase stress on cora reefs and result in increased frequency of marine diseases (high
confidence®). Assessments of adaptation strategies for coastal zones have shifted emphasis avay
from hard protection structures of shordlines (e.g., seawdls, groins) toward soft protection measures
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(e.g., beach nourishment), managed retreet, and enhanced resilience of biophysical and
socioeconomic systems in coastal regions. [4.4.]

Adaptation options for coastal and marine management are mogst effective when incorporated with
policiesin other areas, such as disaster mitigation plans and land-use plans. [4.4]

3.5. Human Health

The impacts of short-term weether events on human hedlth have been further ducidated snce the
Second Assessment Report, particularly in relation to periods of therma stress, the modulation of air
pollution impacts, the impacts of orms and floods, and the influences of seasond and interannua
climatic variability on infectious diseases. There has been increased understanding of the
determinants of population vulnerability to adverse hedlth impacts and the possibilities for adaptive

responses. [4.7]

Many vector-borne, food-borne and water-borne infectious diseases are known to be sensitive to
changesin climatic conditions. From results of most predictive modd studies'®, there is medium-to-
high confidence® that, under dlimate change scenarios, there would be anet increase in the
geographic range of potentia transmisson of maaria and dengue-two vector-borne infections each
of which currently impinge on 40-50% of the world population. Within their present ranges, these
and many other infectious diseases would tend to increase in incidence and seasondity—athough
regional decreases would occur in some infectious diseases. In dl cases, however, actud disease
occurrence is strongly influenced by loca environmental conditions, socioeconomic circumstances,
and public hedth infragtructure. [4.7]

FOOTNOTE 10: Eight studies have modeed the effects of climate change on mdaria (5) and
dengue (3). Seven use abiologicd, or process-based approach, and one uses an empiricd,
satistical approach.]

Projected climate change will be accompanied by an increase in heatwaves, often exacerbated by
increased humidity and urban air pollution, which would cause an increase in hegt-related deeths and
illness episodes. The evidence indicates that, with high confidence®, the impact would be greatest in
urban populations, affecting particularly the ederly, sick and those without access to air-conditioning
. Limited evidence indicates that in some temperate countries reduced winter desths would
outnumber incressed summer desths (medium confidence®). However, published research has been
largely confined to populations in developed countries, thus precluding a generalized comparison of
changes in summer and winter mortdity. [3.5 and 4.7]

Extensive experience makes clear, with high confidence®, that any incresse in flooding will incresse
the risk of drowning, diarrhoed and respiratory diseases and, in developing countries, hunger and
manutrition. If cyclones were to increase regionally, devastating impacts would often occur,
particularly in densdy settled populations with inadequate resources. A reduction in crop yields and
food production because of climate change in some regions, particularly in the tropics, will
predispose food-insecure populations to manutrition, leading to impaired child development and
decreased adult activity. Socioeconomic disruptions could occur in some regions, impairing both
livelihoods and hedlth. [3.5, 4.1, 4.2, 4.5, and 4.7]

For each anticipated adverse hedlth impact there is arange of socid, indtitutiond, technologicd, and
behaviora adaptation options to lessen that impact. Adaptations could, for example, encompass
srengthening of the public hedth infrastructure, hedth-oriented management of the environment
(including air and water qudity, food safety, urban and housing design, and surface water
management) and the provision of appropriate medica care facilities. [TS 4.7)

Overdl, the adverse hedlth impacts of climate change will be grestest in vulnerable lower-income

populations, predominantly within tropical/subtropica countries. Adaptive policieswould, in generd,
reduce these impacts. [4.7]

3.6. Human Settlements, Energy, and I ndustry
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A growing and increasingly quantitative literature shows that human settlements are affected by
climate change in one of the three mgor ways.

1) The economic sectors that support the settlement are affected because of changes in resource
productivity or changesin market demand for the goods and services produced there. [4.5]

2) Some aspects of physica infrastructure (including energy transmission and digtribution systems),
buildings, urban services (including transportation systems) and specific industries (such as
agroindustry, tourism, and congtruction) may be directly affected. [4.5]

3) Populations may be directly affected through extreme weether, changes in hedth status, or
migration. The problems are somewhat different in the largest population centers (e.g. those
over 1 million) and mid-sized to smal-sized populations. [4.5]

The most widespread direct risk to human settlements from climate change is flooding and
landdides, driven by prOJected increasesin rainfal intengty and, in coadta aress, sealeve rise,
Thereis high confidence® that riverine and coastal settlements are particularly at risk, but urban
flooding could be a problem anywhere that sorm drains, water supply, and waste management
systems have inadequate capacity. In such areas, squatter and other informa urban settlements with
high population density, poor shelter, little or no access to resources such as safe water and public
hedlth services, and low adaptive cgpacity are highly vulnerable. Human settlements currently
experience other Sgnificant environmenta problems which could be exacerbated under higher
temperature/increased precipitation regimes, including water and energy resources and
infrastructure, waste trestment, and trangportation [4.5]

Rapid urbanization in low lying coastd areas of both the developing and developed world is greetly
increasing population dengties and the vaue of human-made assats exposed to coastd climatic
extremes such astropica cyclones. Mode-based projections of the mean annua number of people
who would be flooded by coastdl storm surges increase severd fold (by 75 million to 200 million
people depending on adaptive responses) for mid-range scenarios of 40 cm sealevd rise by 2080s
relative to scenarios with no sealevel rise. Potentid damages to infrastructure in coastd areas from
sealeve rise have been projected to be tens of billions of dollars for individua countries, for
example Egypt, Poland, and Vietnam. [4.5]

Thereis high confidence® that settlements with little economic diversification and where ahigh
percentage of incomes derive from climate-sengitive primary resource industries (agriculture,
forestry, and fisheries) are more vulnerable than more diversified settlements. In developed areas of
the Arctic, and where the permafrogt isice-rich, Soecia attention will be required to mitigate the
detrimenta impacts of thaNl ng, such as severe damage to buildings and transport infrastructure
(very high confidence®). Indugtrid, trangportation, and commercid infrastructure is generaly
vulnerable to the same hazards as settlement infrastructure. Energy demand is expected to increase
for space cooling and decrease for space heating, but the net effect is scenario- and location-
dependent. Some energy production and distribution systems may experience adverse impacts that
would reduce supplies or system reliability while other energy systems may benefit. [4.5 and 5.7]

Possible adaptation options involve the planning of settlements and their infrastructure, placement of
indudtrid facilities, and making smilar long-lived decisons in amanner to reduce the adverse effects
of eventsthat are of low (but increasing) probability and high (and perhaps rising) consequences.
[4.5]

3.7. Insurance and Other Financial Services

The costs of ordinary and extreme weather events have increased rapidly in recent decades. Globa
economic losses from catastrophic events increased 10.3-fold from 3.9 hillion USS$ per year in the
1950s to 40 billion USS$ per year in the 1990s (al in 1999 USS$, unadjusted for purchasing power
parity), with gpproximately one-quarter of the losses occurring in developing countries. The insured
portion of these losses rose from a negligible level to 9.2 billion USS$ per year during the same
period. Totd costs are afactor of two larger when losses from smaller, non-catastrophic weather-
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related events are included. As ameasure of increasing insurance industry vulnerability, the ratio of
globa property/casud insurance premiums to weether related losses fell by afactor of three
between 1985 and 1999. [4.6]

The costs of weather events have risen rapidly despite Significant and increasing efforts a fortifying
infrastructure and enhancing disaster preparedness. Part of the observed upward trend in disaster
losses over the past 50 yearsis linked to socioeconomic factors, such as population growth,
increased wedlth, and urbanization in vulnerable areas, and part is linked to climatic factors such as
the observed changes in precipitation and flooding events. Precise attribution is complex and there
are differences in the balance of these two causes by region and type of event. [4.6]

Thereis high confidence® that climate change and anticipated changes in weather-related events
perceived to be linked to climate change would increase actuaria uncertainty in risk assessment.
Such developments would place upward pressure on insurance premiums and/or could lead to
certain risks being reclassified as uninsurable with subsequent withdrawa of coverage. Such changes
would trigger increased insurance cogts, dow the expansion of financid servicesinto developing
countries, reduce the availability of insurance for spreading risk, and increase the demand for
government-funded compensation following natura disasters. In the event of such changes, the
relative roles of public and private entities in providing insurance and risk management resources can
be expected to change. [4.6]

The financia services sector as awhole is expected to be able to cope with the impacts of climeate
change, athough the historic record demongtrates that low-probability high-impact events or
multiple closdly spaced events severely affect parts of the sector, epecidly if adaptive capacity
happens to be smultaneoudy depleted by non-climate factors (e.g., adverse financid market
conditions). The property/casudty insurance and reinsurance segments and small speciaized or
undiversfied companies have exhibited greater senstivity, including reduced profitability and
bankruptcy triggered by weather-related events. [4.6]

Adaptation to climate change presents complex challenges, but also opportunities, to the sector.
Regulatory involvement in pricing, tax treatment of reserves, and the (in)ability of firms to withdraw
from at-risk markets are examples of factors that influence the resilience of the sector. Public- and
private-sector actors also support adaptation by promoting disaster preparedness, loss-prevention
programs, building codes, and improved land-use planning. However, in some cases public
insurance and relief programs have inadvertently fostered complacency and mal-adaptation by
inducing development in at-risk areas such as U.S. flood plains and coastal zones. [4.6]

The effects of climate change are expected to be greatest in the developing world, especidly in
countries reliant on primary production as amgor source of income. Some countries experience
impacts on their GDP as a consequence of naturd disasters, with damages as high as half of GDPin
one case. Equity issues and development congtraints would arise if weether-related risks become
uninsurable, pricesincrease, or availability becomes limited. Conversaly, more extensive access to
insurance and more widespread introduction of micro-financing schemes and development banking
would increase the ability of developing countries to adapt to climate change. [4.6]

4, Vulnerability Varies Across Regions

The vulnerability of human populations and naturd systems to climate change differs subgtantialy
across regions and across popul ations within regions. Regiond differences in basdine climate and
expected climate change give rise to different exposures to climate stimuli acrossregions. The
naturd and socia systems of different regions have varied characterigtics, resources, and inditutions,
and are subject to varied pressures that give rise to differencesin sengtivity and adaptive capacity.
From these differences emerge different key concerns for each of the mgjor regions of the world.
Even within regions however, impacts, adaptive capacity, and vulnerability will vary. [5]

In light of the above, dl regions are likely to experience some adverse effects of climate change.
Table SPM-2 presents in a highly summarized fashion some of the key concerns for the different
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regions. Some regions are particularly vulnerable because of their physica exposure to climate
change hazards and/or their limited adaptive capacity. Most less-devel oped regions are especialy
vulnerable because alarger share of their economies are in climate-sengitive sectors and thelr
adaptive cagpacity islow dueto low levels of human, financid, and natura resources, aswell as
limited inditutiona and technologica capability. For example, smdl idand states and low-lying
coasta areas are particularly vulnerable to increases in sealevel and storms, and most of them have
limited capabilities for adaptation. Climate change impactsin polar regions are expected to be large
and rapid, including reduction in searice extent and thickness and degradation of permafrost.
Adverse changesin seasond river flows, floods and droughts, food security, fisheries, hedlth effects,
and loss of biodiversty are among the mgjor regiona vulnerabilities and concerns of Africa, Latin
America, and Asawhere adaptation opportunities are generaly low. Even in regions with higher
adaptive capacity, such as North Americaand Australiaand New Zedand, there are vulnerable
communities, such as indigenous peoples, and the possibility of adaptation of ecosystemsis very
limited. In Europe, vulnerability is sgnificantly greater in the south and in the Arctic than dsewherein
the region. [5]

[Insert Table SPM-2 here]

5. I mproving Assessments of Impacts, Vulnerabilities, and Adaptation

Advances have been made since previous |PCC assessments in the detection of changein biotic
and physical systems, and steps have been taken to improve the understanding of adaptive capacity,
vulnerability to climate extremes, and other critical impact-related issues. These advancesindicate a
need for initiatives to begin designing adaptation strategies and building adaptive capacities. Further
research is required, however, to strengthen future assessments and to reduce uncertainties in order
to assure that sufficient information is available for policymaking about responses to possible
consequences of climate change, including research in and by developing countries. [8]

The following are high priorities for narrowing gaps between current knowledge and policymaking
needs:

*  Quantitative assessment of the sengitivity, adaptive capacity, and vulnerability of naturd and
human systems to climate change, with particular emphasis on changes in the range of
climatic variation and the frequency and severity of extreme climate events

* Assessment of possible thresholds at which strongly discontinuous responses to projected
climate change and other stimuli would be triggered

*  Understanding dynamic responses of ecosystemns to multiple stresses, including climate
change, at globd, regiond, and finer scales

» Development of approaches to adaptation responses, estimation of the effectiveness and
cogts of adaptation options, and identification of differencesin opportunities for and
obstacles to adaptation in different regions, nations, and populations

»  Assesament of potentid impacts of the full range of projected climate changes, particularly
for non-market goods and services, in multiple metrics and with consstent trestment of
uncertainties, including but not limited to numbers of people affected, land area affected,
numbers of species a risk, monetary vaue of impact, and implications in these regards of
different sabilization levels and other policy scenarios

» Improving tools for integrated assessment, including risk assessment, to investigete
interactions between components of natural and human systems and the consequences of
different policy decisons

»  Assessment of opportunities to include scientific information on impacts, vulnerahility, and
adaptation in decision-making processes, risk management, and sustainable devel opment
initiatives

*  Improvement of systems and methods for long-term monitoring and understanding the
consequences of climate change and other stresses on human and natura systems

Cutting across these foci are specid needs associated with strengthening international cooperation
and coordination for regiona impacts, vulnerability assessment, and adaptation, including capacity
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building for monitoring, assessment and data gethering, and training, particularly in and for
developing countries (particularly in relaion to the items identified above).
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Table SPM-1: Examples of Impacts Resulting from Projected Changes in Extreme Climate Events.

Projected Changesduring the 21% Century
in Extreme Climate Phenomena and their
Likelihood®

Repr esentative Examples of Projected Impacts”

(all high confidence of occurrencein some ar eas®)

Simple Extremes

Higher maximum temperatures, more hot
days and heat waves® over nearly all land
areas (Very likely?)

Increased incidence of death and seriousillnessin 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-2 and 5.7]
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 temperatures,
fewer cold days, frost days and cold waves®
over nearly all land areas (Very likely?)

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
likely?, 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]

Increasein tropical cyclone peak wind
intensities, mean and peak precipitation
intensities (Likely?, over some areas)®

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 [4.5 and 7.2.4]

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

Intensified droughts and floods associated
with El Nifio eventsin 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 potential in drought-prone regions
[5.1.1and Figure TS-7]

Increased A sian summer monsoon
precipitation variability (Likely?)

Increasein flood and drought magnitude and damagesin
temperate and tropical Asia[5.2.4]

Increased intensity of mid-latitude storms
(Little agreement between current models)°

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

Likelihood refers to judgmental estimates of confidence used by Working Group I: very likely (90-99% chance); likely (66-90%

chance). Unless otherwise stated, information on climate phenomena is taken from the Summary for Policymakers of Working

Group I.

These impacts can be lessened by appropriate response measures.

High confidence refers to probabilities between 67 and 95% as described in Footnote 6.
Information from Working Group |, Technical Summary, Section F.5.

Changesin regional distribution of tropical cyclones are possible but have not been established.
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Table SPM-2: Regional Adaptive Capacity, Vulnerability, and Key Concerns™®

Region

Africa

Adaptive capacity of human systemsin Africaislow due to lack of economic resources
and technology, and vulnerability high as aresult of heavy reliance on rain-fed agriculture,
frequent droughts and floods, and poverty. [5.1.7]

Grain yields are projected to decrease for many scenarios, diminishing food security,
particularly in small food-importing countries (mediumto high confidence®). [5.1.2]

Major rivers of Africaare highly sensitive to climate variation; average runoff and water
availability would decrease in Mediterranean and southern countries of Africa (medium
confidencee). [5.1.1]

Extension of ranges of infectious disease vectors would adversely affect human health in
Africa(medium confidence6). [5.1.4]

Desertification would be exacerbated by reductions in average annual rainfall, runoff, and
soil moisture, especially in southern, North, and West Africa (medium confidence6). [5.1.6]
Increasesin droughts, floods, and other extreme events would add to stresses on water
resources, food security, human health, and infrastructures, and would constrain
development in Africa (high confi dences). [5.1]

Significant extinctions of plant and animal species are projected and would impact rural
livelihoods, tourism, and genetic resources (medium confidencee). [5.1.3]

Coastal settlementsin, for example, the Gulf of Guinea, Senegal, Gambia, Egypt, and along
the East—Southern African coast would be adversely impacted by sea-level rise through
inundation and coastal erosion (high confidencee). [5.1.5]

Asia

Adaptive capacity of human systemsislow and vulnerability is high in the developing
countries of Asia; the developed countries of Asiaare more ableto adapt and less
vulnerable. [5.2.7]

Extreme events have increased in temperate and tropical Asia, including floods, droughts,
forest fires, and tropical cyclones (high confidence”). [5.2.4]

Decreasesin agricultural productivity and aquaculture due to thermal and water stress, sea
level-rise, floods and droughts, and tropical cycloneswould diminish food security in
many countries of arid, tropical, and temperate Asia; agriculture would expand and
increase in productivity in northern areas (medium confidenceG). [6.2]]

Runoff and water availability may decrease in arid and semi-arid Asiabut increasein
northern Asia (medium confidence6). [5.2.3]

Human health would be threatened by possible increased exposure to vector-borne
infectious diseases and heat stressin parts of Asia (mediumconfi dence6). [5.2.6]
Sea-level rise and an increasein the intensity of tropical cycloneswould displace tens of
millions of peoplein low-lying coastal areas of temperate and tropical Asia; increased
intensity of rainfall would increase flood risks in temperate and tropical Asia (high

confi dencee). [6.25and Table TS-§]

Climate change would increase energy demand, decrease tourism attraction, and influence
transportation in some regions of Asia (mediumconfi denceG). [6.24and 5.2.7]

Climate change would exacerbate threats to biodiversity due to land-use and land-cover
change and population pressure in Asia (mediumconfi denceG). Sea-level rise would put
ecological security at risk, including mangroves and coral reefs (high confi denceG). [6.2.2]
Poleward movement of the southern boundary of the permafrost zones of Asiawould
result in achange of thermokarst and thermal erosion with negative impacts on social
infrastructure and industries (medium confi dence6). [5.2.2]

Australia
and New
Zedland

Adaptive capacity of human systemsis generally high, but there are groupsin Australia
and New Zealand, such as indigenous peoples in some regions, with low capacity to adapt
and consequently high vulnerability. [5.3 and 5.3.5]

The net impact on some temperate crops of climate and CO, changes may initially be
beneficial, but this balance is expected to become negative for some areas and crops with
further climate change (mediumconfi dencee). [5.33]

Water islikely to be akey issue (high confi dencee) due to projected drying trends over
much of the region and change to a more El Nifio-like average state. [5.3 and 5.3.1]
Increases in the intensity of heavy rains and tropical cyclones (mediumconfi dencee), and
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region-specific changesin the frequency of tropical cyclones, would alter therisksto life,
property, and ecosystems from flooding, storm surges, and wind damage. [5.3.4]

Some species with restricted climatic niches and which are unable to migrate due to
fragmentation of the landscape, soil differences, or topography could become endangered
or extinct (high confidenceG). Australian ecosystems that are particularly vulnerableto
climate change include coral reefs, arid and semi-arid habitats in southwest and inland
Australia, and Australian alpine systems. Freshwater wetlandsin coastal zonesin both
Australiaand New Zealand are vulnerable, and some New Zealand ecosystems are
vulnerableto accelerated invasion by weeds. [5.3.2]

Europe

Adaptive capacity is generally high in Europe for human systems; southern Europe and
the European Arctic are more vulnerable than other parts of Europe. [5.4 and 5.4.6]
Summer runoff, water availability and soil moisture are likely to decrease in southern
Europe, and would widen the difference between the north and drought-prone south;
increases are likely in winter in the north and south (high confidence”). [5.4.1]

Half of alpine glaciers and large permafrost areas could disappear by the end of the 21%
century (medium confidence6). [54.1]

River flood hazard will increase across much of Europe (mediumto high confidencee); in
coastal areas, the risk of flooding, erosion, and wetland loss will increase substantially
with implications for human settlement, industry, tourism, agriculture, and coastal natural
habitats. [5.4.1 and 5.4.4]

There will be some broadly positive effects on agriculture in northern Europe (medium
confidencee); productivity will decrease in southern and eastern Europe (medium

confi dencee). [5.4.3]

Upward and northward shift of biotic zones will take place. L oss of important habitats
(wetlands, tundra, isolated habitats) would threaten some species (high confidence6).
[54.2]

Higher temperatures and heat waves may change traditional summer tourist destinations
and less reliable snow conditions may impact adversely on winter tourism (medium
confi dencee). [5.4.4]

Latin
America

Adaptive capacity of human systemsin Latin Americaislow, particularly with respect to
extreme climate events, and vulnerability is high. [5.5]

Loss and retreat of glaciers would adversely impact runoff and water supply in areas
where glacier melt is an important water source (high confi dence6). [55.1]

Floods and droughts would become more frequent (high confidencee) with floods
increasing sediment loads and degrade water quality in some areas. [5.5]

Increasesin intensity of tropical cycloneswould alter therisksto life, property, and
ecosystems from heavy rain, flooding, storm surges, and wind damages. [5.5]

Yields of important crops are projected to decrease in many locationsin Latin America,
even when the effects of CO, are taken into account; subsistence farming in some regions
of Latin America could be threatened (high confidencee). [5.54]

The geographical distribution of vector-borne infectious diseases would expand poleward
and to higher elevations, and exposures to diseases such as malaria, dengue fever, and
cholerawill increase (mediumconfi dence6). [5.5.5]

Coastal human settlements, productive activities, infrastructure, and mangrove
ecosystems would be negatively affected by sea-level rise (medium confi denceG). [65.3]
Therate of biodiversity loss would increase (high confi dencee'). [5.5.2]

North
America

Adaptive capacity of human systemsis generally high and vulnerability low in North
America, but some communities (e.g., indigenous peoples and those dependent on
climate-sensitive resources) are more vulnerable; social, economic, and demographic
trends are changing vulnerabilitiesin subregions. [5.6 and 5.6.1]

Some crops would benefit from modest warming accompanied by increasing CO,, but
effects would vary among crops and regions (high confidencee'), including declines dueto
drought in some areas of Canada’s Prairies and the U.S. Great Plains, potential increased
food production in areas of Canada north of current production areas, and increased
warm-temperate mixed forest production (medium confi dencee‘). However, benefits for
crops would decline at an increasing rate and possibly become a net loss with further
warming (medi um confi dencee'). [5.64]

17




DRAFT (19 FEBRUARY 2001) IPCC WG2 Third Assessment Report

Snowmelt-dominated watersheds in western North Americawill experience earlier spring
peak flows (high confidenceG), reductions in summer flows (medium confidenceG), and
reduced lake levels and outflows for the Great Lakes-St. Lawrence under most scenarios
(mediumconfi denceﬁ); adaptive responses would offset some, but not all, of the impacts
on water users and on aquatic ecosystems (medium confidenceB). [5.6.2]

Unique natural ecosystems such as prairie wetlands, alpine tundra, and cold water
ecosystems will be at risk and effective adaptation is unlikely (mediumconfi dencee). [5.6.59]
Sea-level rise would result in enhanced coastal erosion, coastal flooding, loss of coastal
wetlands, and increased risk from storm surges, particularly in Florida and much of the US
Atlantic coast (high confidenceB). [5.6.1]

Weather-related insured |osses and public sector disaster relief paymentsin North
Americahave been increasing; insurance sector planning has not yet systematically
included climate change information, so there is potential for surprise (high confi dence6).
[56.]]

V ector-borne diseases—including malaria, dengue fever, and Lyme disease—may expand
their rangesin North America; exacerbated air quality and heat stress morbidity and
mortality would occur (medium confidencee); socioeconomic factors and public health
measures would play alarge role in determining the incidence and extent of health effects.
[5.6.6]

Polar

Natural systemsin polar regions are highly vulnerable to climate change and current
ecosystems have low adaptive capacity; technologically developed communities are likely
to adapt readily to climate change, but some indigenous communities, in which traditional
lifestyles are followed, have little capacity and few options for adaptation. [5.7]

Climate changein polar regionsis expected to be among the largest and most rapid of any
region on the Earth, and will cause major physical, ecological, sociological, and economic
impacts, especially in the Arctic, Antarctic Peninsula, and Southern Ocean (high
confidence"). [5.7]

Changesin climate that have already taken place are manifested in the decrease in extent
and thickness of Arctic seaice, permafrost thawing, coastal erosion, changesin ice sheets
and ice shelves, and altered distribution and abundance of speciesin polar regions (high
confidencee). [5.7]

Some polar ecosystems may adapt through eventual replacement by migration of species
and changing species composition, and possibly by eventual increasesin overall
productivity; ice edge systems that provide habitat for some species would be threatened
(mediumconfi dencéé). [5.7]

Polar regions contain important drivers of climate change. Once triggered, they may
continue for centuries, long after greenhouse gas concentrations are stabilized, and cause
irreversible impacts on ice sheets, global ocean circulation, and sea-level rise (medium
confidencee). [5.7]

Small Island
States

Adaptive capacity of human systemsis generally low in small island states, and
vulnerability high; small island states are likely to be among the countries most seriously
impacted by climate change. [5.8]

The projected sea-level rise of 5mm per year for the next 100 years would cause enhanced
coastal erosion, loss of land and property, dislocation of people, increased risk from storm
surges, reduced resilience of coastal ecosystems, saltwater intrusion into freshwater
resources, and high resource costs to respond to and adapt to these changes (high
confidencee). [5.8.2and 5.8.5]

Islands with very limited water supplies are highly vulnerable to the impacts of climate
change on the water balance (high confi dencegﬁ'). [5.84]

Coral reefswould be negatively affected by bleaching and by reduced calcification rates
due to higher carbon dioxide levels (medium confidence6); mangrove, sea grass beds,
other coastal ecosystems and the associated biodiversity would be adversely affected by
rising temperatures and accelerated sea-level rise (medium confidencee). [4.4and 5.8.3]
Declinesin coastal ecosystems would negatively impact reef fish and threaten reef
fisheries, those who earn their livelihoods from reef fisheries, and those who rely on the
fisheries as asignificant food source (mediumconfi dence6). [4.4and 5.8.4]

Limited arable land and soil salinization makes agriculture of small island states, both for

18




DRAFT (19 FEBRUARY 2001) IPCC WG2 Third Assessment Report

domestic food production and cash crop exports, highly vulnerable to climate change
(high confidence®). [5.8.4]

e Tourism, an important source of income and foreign exchange for many islands, would
face severe disruption from climate change and sea-level rise (high confidencee). [5.85]

% Because the available studies have not employed a common set of climate scenarios and methods, and
because of uncertainties regarding the sensitivities and adaptability of natural and social systems, the
assessment of regional vulnerabilitiesis necessarily qualitative.

Theregionslisted in Table SPM-2 are graphically depicted in Figure TS-2 of the Technical Summary.

b
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Figure SPM-1: Locations at which systematic long-term studies meet stringent criteria documenting recent temperature-rel ated
regional climate change impacts on physical and biological systems. Hydrology, glacial 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.
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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 the pre-industrial period and the range of projected temperature increase as estimated by Working Group | of the
IPCC for scenarios from the Soecial Report on Emissions Scenarios The right panel displays conceptualizations of five reasons
for concern of 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 afunction 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.
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Figure SPM-3: Projected changes in average annual 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 genera 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)
HadCM 3. 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.




