Climate Change in the Asia/Pacific Region

A Consultancy Report Prepared for the Climate Chang e and
Development Roundtable

CSIRO

Prepared by
Benjamin L. Preston
Ramasamy Suppiah
lan Macadam
Janice Bathols

Climate Change Impacts and Risk
CSIRO Marine and Atmospheric Research

Wednesday, 11 October 2006

WWW.CSiro.au




Enquiries should be addressed to:

Benjamin L. Preston, PhD

CSIRO Marine & Atmospheric Research
Private Bag 1

107-121 Station Street

Aspendale, VIC 3195

Phone: +61 3 9239 4400

Fax: +61 3 9239 4444
benjamin.preston@csiro.au

Important Notice

© Copyright Commonwealth Scientific and Industrial Research Organisation
(‘CSIRQO’) Australia 2006

All rights are reserved and no part of this publication covered by copyright may be reproduced or
copied in any form or by any means except with the written permission of CSIRO.

The results and analyses contained in this Report are based on a number of technical, circumstantial
or otherwise specified assumptions and parameters. The user must make its own assessment of the
suitability for its use of the information or material contained in or generated from the Report. To the
extent permitted by law, CSIRO excludes all liability to any party for expenses, losses, damages and
costs arising directly or indirectly from using this Report.

Use of this Report
The use of this Report is subject to the terms on which it was prepared by CSIRO. In particular, the
Report may only be used for the following purposes.

this Report may be copied for distribution within the Client’s organisation;

the information in this Report may be used by the entity for which it was prepared (“the Client”), or
by the Client's contractors and agents, for the Client’s internal business operations (but not
licensing to third parties);

extracts of the Report distributed for these purposes must clearly note that the extract is part of a
larger Report prepared by CSIRO for the Client.

The Report must not be used as a means of endorsement without the prior written consent of CSIRO.

The name, trade mark or logo of CSIRO must not be used without the prior written consent of CSIRO.



CONTENTS

EXECUTIVE SUMMARY ...t et 1
1. INTERNATIONAL CONTEXT ..ottt et e et e e 6
1.1 Introduction to Global Climate Change...............  ccciiiiiiiieriieiiiinns 6

1.2 International Perspectives on ‘Dangerous’ Climate C  hange....... 7

2. REGIONAL CONTEXT ..ottt et e e e e e e e eennanns 9
2.1 Economic Status and Trends of Asia/Pacific Nations.  ............... 9

2.2 Asia/Pacific Climate and Trends..........cccccceees iviveiieeeeeeeeieeee 13

2.2.1  Arid and SEmI-Arid ASI8 .......cueviiiiiiiiiiiiiiis e 15

2.2.2  Temperate ASIA......ccccoeiiiiie s e 16

2.2.3  TropiCal ASIA ......ccceviiiiiii s i 16

2.3 Regional Climate Vulnerability.........cccccccciiis i 17

3. CLIMATE PROJECTIONS FOR THE ASIA/PACIFIC REGION.... .......... 19
3.1 Global Climate Model Selection...............cccco. i, 19

3.2 Generation of Climate Change Projections ...........  .ccoovivivinnnen. 20

3.3 Projected Asia/Pacific Temperature Changes.........  ....cccccvvveeeen. 21

3.4 Projected Asia/Pacific Rainfall Changes............  .ccccviiiiiiininnnn. 22

3.5 Sea-level Rise and Variability............ccccccc. oo 26

3.6 Climate Extremes and SUIPriSES ......ccccevvvvviiiis cvvvveeeeeeeeeeeiiees 28

4. CLIMATE CHANGE IMPACTS IN THE ASIA/PACIFIC REGION.. ......... 29
4.1 Coastal COMMUNILIES.........cuviiiiiiiiiiiiiii e 30

4.2 Ecosystems and BIOdIVErSItY .........cviviiiiies cieeeeieeeeeii e 33

4.3 Infectious Disease and Heat-Related Mortality......  ...ccccoeeeeeeennne. 36

4.4 Water RESOUICES ......ccevuiiiiiiiiiiiee it ieees e e 38

4.5 Agriculture and Commercial Forestry ......cccccceee covvvviiiiiiiiee e, 40



10.

11.

4.6 Regional ECONOMIC IMPACES ....ccovvviiiiiiiiiiiiiis e 44

4.7 Cross-Sectoral SYNthesiS......ccoovvviiiiiiiiiiiies i 46
4.8 Climate Impacts and Human and Regional Security....  .............. 48
REGIONAL ADAPTATION AND CAPACITY-BUILDING.......... ..cevveeeeee. 51
5.1 Climate Adaptation: Terms and Definitions..........  .ooovviiiiiiiennn. 51
5.2 Summary of Adaptation Strategies.........cccceevees cevveeeeeeeeeee 53
5.3 Adaptation in the Context of Sustainable Developmen  t............ 55
5.4 Balancing Mitigation and Adaptation ................ cooeeeeeiiiiiiiiiieenn. 57
KNOWLEDGE GAPS .. .o e 58
CONCLUSIONS ...ttt 2 e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaaaaaeas 60
APPENDIX I. VITAL STATISTICS FOR ASIA/PACIFIC NATIO NS........ 62

APPENDIX II. 2004/2005 AUSTRALIAN DEVELOPMENT

ASSISTANCE TO ASIA/PACIFIC NATIONS........oooiiiiis e 64
APPENDIX Ill. MODEL SELECTION CRITERIA ..........cce e, 65
APPENDIX IV. SECTORAL IMPACTS OF CLIMATE CHANGE.... ........ 68
11.1 Coastal COMMUNITIES.......uuuiiiieieiiiiiiiiiiies ceeeeeee e e e e e e eeeeaeenns 68
11.2 Ecosystems and BiodiVErSity .......ccccceeiiiieiiis e, 70
11.3 Infectious Disease and Heat-Related Mortality......  ...cccvvvvvvvennene. 71
11.4 WaAtEr RESOUICES ....ccuuiieiieiiii et ee et aeeeeen e e e e e e e e e eenaans 72
11.5 AQFICUITUIE ...uuiiiiiiiiiiiiiii it eeeeeeee e e e eeenees 73
11.6 Regional ECONOMIES .......c.cooviiiiiiiii i ceeeeeeee e e e e 77



CLIMATE CHANGE IN THE ASIA/PACIFIC REGION 1

EXECUTIVE SUMMARY

The *Anthropocene Era’

The Earth currently finds itself in the midst of attsome have termed the “Anthropocene Era”
— a period during which human activities have bee@rdominate force affecting not only the
planet’s landscape, but also its atmosphere. Shealawn of the industrial evolution of the
mid-18" century, humans have contributed to substantialeases in the concentration of
greenhouse gases in the atmosphere. Carbon dibagléncreased by 36%, methane by 17%,
and nitrous oxide by 151%. These changes in thieaglatmosphere are directly linked to over
two centuries of growth in the burning of fossiefsi by humans. The increase of these gases is
warming the world. Temperatures have increasedifijyroximately 0.8 C since 1880, the
global sea-level is rising, and Earth is alreadyngutted to additional global warming and
climate change in the years ahead.

How much warming is likely to occur over the neghtury? More importantly, how much can
the Earth system tolerate before critical thresh@de crossed and widespread, abrupt and/or
irreversible consequences affect the global climate/ironment, and human societies? A
number of international assessments point to ashiotd for ‘dangerous’ climate change of
approximately 2°C above pre-industrial temperatur€iven historical warming, the current
commitment to future warming as well as future gitow greenhouse gas emissions, remaining
below such a threshold will necessitate global gineeise gas emissions reductions on the order
of 30-55% below 1990 levels. Under proposed burdbaring schemes, reductions for
developed nations would likely be significantly iy. This is one component of the climate
challenge facing human society. The other compoieiitow the global environment — its
oceans, rivers, forests and biodiversity — and hustiety will cope with the consequences of
climate change. The implications of climate changjevery significantly from one region of
the world to another, but as this report demonsstathe Asia/Pacific region is likely to
experience significant adverse consequences.

The Asia/Pacific Region in Context

The Asia/Pacific region encompasses some of theepka greatest cultural, economic, and
ecological diversity. Approximately 60% of the waid population resides in the region, in
communities ranging from major urban centres toatentural communities. The collective
economic activity of the region represents rougi$s of the global domestic product. Rapid
growth in large regional economies such as Chird ladia has elevated human prosperity.
However, unless ultimately decoupled from fossiélfwse, such growth also threatens to
exacerbate the climate challengBurthermore, many of the countries within the AR&ific
region are developing nations, still strugglingtap into the global economic market and with
little climate footprint. This means low perform@&ndn development indicators such as
economic diversification, literacy, per capita im@ and access to basic food and water
security. Meanwhile, ongoing environmental degriadais eroding the valuable goods and
services of the region’s natural ecosystems. To batnthese disadvantages, significant
development assistance flows into the Asia/Padifigion on an annual basis. Australia
contributed over $1 billion in aid to Asia/Pacifi@mtions in 2004/05. These socioeconomic
circumstances form the human and environmentalesorin which climate change and its
consequences will be experienced.
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The Changing Regional Climate

Climate modelling indicates temperature increasethé Asia/Pacific region on the order of
0.5-2°C by 2030 and 1-7°C by 2070. Temperaturedilaly to warm more quickly in the arid
areas of northern Pakistan and India and westemmaChln addition, models indicate increasing
rainfall throughout much of the region in the dezmdhead, including greater rainfall during the
important summer monsoon. Yet the potential fanges in monsoon variability as well as for
drying of monsoon rains from atmospheric aerosssé the benefits of such rainfall changes in
doubt. Furthermore, winter rainfall is projectedl decline in South and Southeast Asia,
suggesting increased aridity from the winter momso®he region will be affected by a rise in
global sea level of approximately 3-16 cm by 2088 @&-50 cm by 2070 in conjunction with
regional sea level variability. Other modellingdies have also indicated the potential for more
intense tropical cyclones and changes in impomaades of climate variability such as the El
Nifilo-Southern Oscillation.

Asia/Pacific Climate Vulnerability

Multiple factors indicate that the Asia/Pacific i@y possess a high degree of vulnerability to
such climate changes. Many nations within theamgilready struggle to cope with the current
climate variability to which they are exposed irtihg tropical cyclones, rainfall extremes,
frequent droughts, and extreme tides. The regialso highly sensitive to climate conditions.
For example, widespread coral bleaching was obdenvethe Indian Ocean in response to
anomalously warm conditions during the 1997/98 Ed\event, while cyclones, droughts and
floods routinely affect thousands to tends of tlemas of individuals each year, with costs
measured in both dollars and lives. Meanwhile, gsheioeconomic conditions in the region
convey little in the way capacity to manage climatpacts.
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Indicators of the vulnerability of several Asia/Pacific sectors to climate change. Individual estimates of
climate change impacts are presented as a percentage of estimates that reflect losses from climate
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A review of 186 different regional and nationalimsttes of the potential impacts of future

climate change to various sectors within the Asiaffit region confirms that there is little room

for optimism. At the regional scale, 62% of impas$timates indicated clear adverse
consequences, and only 19% indicated clear benefits the remaining 20% suggesting the
direction of impacts could lean either way. At thetional scale, 58% of estimates indicated
adverse effects, and only 14% indicated benefigrthermore, studies indicated that different
sectors have different vulnerabilities to climabeicge.

Coastal Communities. All of the studies, whether conducted at a regi@malational
level, indicated the region’s coasts would expearenlimate damages in the decades
ahead. These damages include coastal inundatobrerasion from sea-level rise, the
displacement of communities, increased coastal geanant and defence costs, and the
potential for more intense tropical cyclones. Masstisk are the low-lying river deltas
of Bangladesh, India, Vietnam, and China as wethassmall island states.

Ecosystems and Biodiversity.  The natural ecosystems of the Asia/Pacific region
will face increasing pressure from human activitesl land use change. These factors
will reduce the resilience of ecosystems to theat# of climate change. Coral reefs are
likely to be damaged from increases in the frequesicbleaching events, while the
region is likely to lose 1-13% of its mangrove waetls — with much larger proportional
losses for some individual nations. Changeshen high altitude biomes of the
Tibetan Plateau may see desert and steppe systeenway to forests and grasslands.
However, existing grasslands of Arid Asia and tbeehl forests of China are projected
to decline, while wildfires and dieback may affeotne tropical forests.

Disease and Heat-Related Mortality. Changing patterns of temperature and rainfall
will likely cause shifts in the distribution of dgme and malaria-carrying mosquitoes.
On a local basis, disease risk will increase fons@nd decrease for others, but region-
wide, the net effect is projected to expose miBiaf additional individuals to such
infectious diseases by the end of the century.héfigemperatures may reduce the risk
of cold-weather mortality, but increase heat-relateortality, while increased flooding
and intensification of tropical cyclones would iease climate-related injuries and
deaths.

Water Resources. Managing water resources to ensure a secure stpmgyowing
populations is already a major challenge in margasrof the Asia/Pacific region.
Climate change is likely to further alter the ashility of water resources, driven by
seasonal reductions in rainfall and runoff in Soartld Southeast Asia and increases in
runoff in other areas, particularly the Pacificalslls. Some river basins may benefit
from increasing runoff. Nevertheless, on a redidmaais, water stress is likely to affect
millions of people throughout the region, and tlsts for managing water resources
will rise. Furthermore, to the extent that raihfatreases manifest as extreme events,
flood risk is also likely to increase.

Agriculture and Forestry.  Studies indicate a high degree of spatial varighiti the
vulnerability of Asia/Pacific agriculture to climatchange. Although increases in
summer rainfall alone may benefit crop productiond acommercial forestry,
particularly in South Asia, crop stress from ristegiperatures may offset such benefits,
particularly for rice yields. Furthermore, areasrently in water crisis, such as
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northeast China and flood-prone river deltas of d@atlesh and Vietnam, are likely to
experience significant land degradation and losa ithanging climate. For the least
developed nations, such agriculture impacts magaten not only food security, but
also national economic productivity.

Regional Economies. The net effect of climate change on regional antional
economies is projected to be largely negative. sLo§ agricultural revenue and
additional costs for managing water resources,tlioas, and disease and other health
risks will be a drag on economic activity. Givemdpterm, sustainable economic
development and growth in per capita wealth, su@nemic impacts may comprise a
declining portion of total economic welfare, andiomal capacity to effectively manage
climate risk is likely to rise. However, a numlwérAsia/Pacific nations currently have
sluggish or stagnant economic growth that, in somagnces, is projected to persist for
the foreseeable future. Furthermore, even wittwigrg regional prosperity, localised
climate impacts, such as the collapse of a fislweryhe inundation of core cropping
land, could devastate local economies.

Existing challenges to human security in the Asaific region may be significantly
exacerbated by the broad range of impacts that@atéirashange may bring. Chronic food and
water insecurity and epidemic disease may impedmanic development in some nations,
while degraded landscapes and inundation of pogailateas by rising seas may ultimately
displace millions of individuals forcing intra amtter-state migration. The implications of such
challenges to human security are difficult to dptite, but there is currently little awareness of
the implications and regional management framewfoksaddressing climate change-induced
security and migration issues are lacking.

Reducing Climate Risk

Climate risk in the Asia/Pacific region may be aimmted through two complementary
strategies: greenhouse gas mitigation and adaptatiditigation will reduce the magnitude of
climate change to which the region is exposed tiverdong-term, but will do little to address
climate risk over the near-term, particularly iretkeast developed nations where climate
vulnerability is substantial yet responsibility fplobal greenhouse gas emissions is quite small.
Under the United Nations Framework Convention fom@te Change, the developed world has
already agreed to take the lead in pursuance ehfjaise gas mitigation. Yet, as these efforts
progress, investments must also be made in incrgdbe capacity of Asia/Pacific nations to
adapt to climate variability and climate changehisTmay be most effectively achieved by
mainstreaming climate change adaptation into d@weémt assistance that addresses developing
world needs with respect to governance, educatiealth, technology, security, and disaster
management.

Effective implementation of adaptation and capabitjiding projects is key to reducing future
vulnerability of Asia/Pacific nations to climateafge. This necessitates the development and
maintenance of institutions and human capital #natknowledgeable regarding climate change
and capable of effective decision-making, resouamttecation, and risk management. At
present, there are numerous examples of decisitmmahat will increase, rather than
decrease, the future vulnerability of Asia/Pacificosystems and communities to climate
change. Reigning in such behaviours and devisugiagable environmental management
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practices that harmonise economic development agalthv generation with natural resource
management and vulnerability reduction is a cogéoreal challenge.
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1. International Context

1.1  Introduction to Global Climate Change

Over the past few centuries, the rate at which hubengs have altered the Earth system and
the various ecosystems of which it is compriseddrasvn exponentially. Species extinctions,
deforestation, urbanisation and other changeseadathdscape, along with the release of toxic
substances to sea, land, and air have all beeriats with rapid increases in the global
population and economic activity Within the past several decades, it has becogs that the
progressive growth of the human influence on trengl is now affecting the climate system
itself? As the climate is a major factor determining oaty the spatial distribution of the
world’s plants and animals, but also the enterprisEhuman beings such as agriculture and
forestry, such climate change is likely to havengigant global consequences.

. A g Some solar Some of the infrared radiation passes through
v w  radiation is the atmosphere, and some is absorbed and
- . p reflected by re-emitted in all directions by greenhouse
A A, the earth and gas molecules. The effect of this is to warm
y < the atmaosphere the earth's surface and the lower atmosphere.
Solar
racliation
passes through
the clear
atmosphere

Maost radiation is absorbed Infrared radiation

by the earth's surface is emitted from the
and warms it earth's surface

Figure 1.1. The Greenhouse Effect®

The source of this climatic change lies in thedrisal dependence of human beings upon fossil
fuels as the primary source of the energy drivitgbgl mobility and commerce. To date,
human consumption of fossil fuels has grown in stith the global population and economy,
and the unintentional side-effect of their combursthas been a significant change in the
composition of the Earth’'s atmosphere. The atmesplas multiple components, several of
which are naturally-occurring gases referred tagesenhouse gases,’ due to their ability to trap
heat. The primary greenhouse gas is water vapuarpthers such as carbon dioxide @O
methane (Chk), and nitrous oxide (fD), are also important. Energy from the sun passes
through the atmosphere and warms the surface opldret (Figure 1.13.While most of this
heat is simply radiated back into space, someagped by greenhouse gases. This has a
warming effect on the atmosphere and ultimatelypkethe planet at an average annual
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temperature of approximately 15°C. Without this qass, the global average surface
temperature would be closer to -18°C.

Centuries of human combustion of fossil fuels, glaith land-clearing, have increased the flow
of greenhouse gases to the atmosphere, increabigig ¢oncentration and subsequently
magnifying the natural greenhouse effect. Carbooxide levels have increased by
approximately 36% relative to their concentratipnigr to the industrial revolution. At the end
of 2005, the average atmospheric Q@ncentration was 379 parts per million (pprahigher
than at any point over at least the past 650,0@@syeMeanwhile, other greenhouse gases such
as NO and CH have increased by 17% and 151%, respectfvely.

The net effect of these changes to the atmosplerdden a warming of the planet. Since the
mid-19" century, the average temperature at the Eartifaceihas increased by approximately
0.8°C/ and according to the Intergovernmental Panel omaé Change, a significant portion
of this warming is attributed to human activiteSuch warming has also contributed to an
acceleration in the rate of global sea-level figalditional warming is projected over the®21
century and beyond in response to continued emmissid greenhouse gases. In 2001, the
Intergovernmental Panel on Climate Change projedigdre increases in global mean
temperature of 1.4-5.8°C by the year 2100, alonl & increase in sea level of 9-88tfhe
actual magnitude of climate change that is ultityatealised will depend in large part upon
future human emissions of greenhouse gases. MNeless, it is clear that humans, and the
environment in which they live, are currently sumded by a changing climate, and how we
respond to this change over the next few decadikdbevicentral to achieving global economic
and environmental sustainability.

1.2 International Perspectives on ‘Dangerous’ Clima  te
Change

Are there limits to the rate and magnitude of ctenehange with which Earth’s ecosystems and
human enterprises can cope? This is a questionstitaintral to international decision-making
on climate change. Article 1l of the United NatsoRramework Convention on Climate Change
(1992), specifies the ultimate goal of internaticrianate policy as follows:

“The ultimate objective of this Convention and any r elated legal
instruments that the Conference of the Parties may adopt is to
achieve, in accordance with the relevant provisions of the
Convention, stabilisation of greenhouse gas concent rations in the
atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system .”

Since the Third Assessment Repoxf the Intergovernmental Panel on Climate Chahge

considerable attention has been devoted to idémgifyvhat magnitude of climate change
comprises “dangerous anthropogenic interferencef, aubsequently, assessing the risk of
exceeding this temperature threshold under difteseenarios of future growth in greenhouse
gas emissions and/or efforts to reduce or mitifadse emissions.

Conducting such a risk assessment involves integraéstimates of the threshold for
‘dangerous’ climate change with the likelihood offfetent increases in future global
temperatures. Various international estimates efdlobal threshold for ‘dangerous’ climate
change were reviewed by Preston and Jones (200Bhe international community appears to
have arrived at a consensus estimate of approXdynat&°C above 1990 temperatures or
approximately 2°C above pre-industrial temperaturBsis represents a threshold beyond which
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there is a significant risk of damage or loss tmue or threatened systems (such as coral reefs),
local to global economies, or large-scale and pi#y irreversible changes in the climate
systent*

Meanwhile, a number of attempts have been madestimae the likelihood of different
magnitudes of global mean temperature change bee2f' century if the global economy and
its greenhouse gas emissions continue along therert trajectorie$>***** These studies
enable one to place the Intergovernmental Pan&lliomate Change range (1.4-5.8°C) in some
context and indicate that the likelihood of warmetgeither extreme of this range is relatively
unlikely, relative to warming toward the middle this range. What such studies also reveal,
however, is that given ‘business-as-usual’ emissitime likelihood of remaining below a 2°C
threshold for average global temperature changatlier small (Figure 1.2). As a consequence,
large-scale reductions in global greenhouse gasséonis on the order of 30-55% below 1990
levels are necessary over thé'2éntury if such a target is to be reali$®t. In order to achieve
such targets, several developed nations, includirg United Kingdom and Sweden, have
adopted greenhouse gas mitigation goals of reduemigsions by approximately 60% from
current levels by 2050, as have the Australiaresgaivernments of South Australia and New
South Wales?*®*?Such an emissions target was also recently recomieceby the Australian
Business Roundtable on Climate Change and the Earopnion’s Environment Couné.
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Figure 1.2. Likelihood of exceeding a 2T increase in 9Ioba| mean temperature under different
assumptions regarding the stabilisation of greenhouse gases.2

Achieving such a greenhouse gas concentrationttesg®mplicated by the inherent inertia of
both the climate system as well as the global Uséossil fuels. For example, Hare and
Meinshausen (2004) applied a simple climate manlestimate the commitment to warmittg.
They concluded that if greenhouse gas and aerosiss®sns were held at current levels, £O
concentrations would increase to 531 ppm by 21@0929 ppm by 2400. These concentrations
carried warming in the range of 1.4-2.7°C aboveipdestrial temperatures by 2100 and 2.5—
6.1°C by 2400. These results highlight the faet #missions will have to be reduced to limit
warming to 2°C. In fact, according to Hare and mdbiausen’s (2004) analysis, even
immediately ceasing emissions altogether, temperatwould continue to increase by up to
1.2°C above pre-industrial levels by 2400. Thwssuaning a 2°C threshold for global mean
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temperature change, the planet is already committedvering half that distance without even
considering the next century of population and ecain growth, fossil fuel consumption, and
greenhouse gas emissions.

What does the risk of ‘dangerous’ climate changbailobal scale mean for individual nations
or local communities and ecosystems? What coragittdangerous’ climate change for East
Timor may be quite different from the Solomon Islaror a community in Bangladesh. Some
areas already struggle to cope with existing clamariability, while others may have already
taken advantage of the lessons learned in dealitgcimate variability of the past and largely

‘climate proofed' their communities, thereby buyiggeater coping capacity and resilience to
future climate change. To understand future claratanges and impacts in the Asia/Pacific
region, one must appreciate its socioeconomic,atbfogical, and environmental diversity.

Figure 1.3. Geographic extent of the Asia/Pacific region and various subregions as used in this report. The
review of climate change impacts primarily addresses those nations coloured black.

2. Regional Context

2.1 Economic Status and Trends of Asia/Pacific Nati ons

The Asia/Pacific region encompasses some of theepfa greatest cultural, economic, and
ecological diversity. The region spans the easladian to southwestern Pacific oceans
including the Bay of Bengal and the South Chinailiftfine, and Coral Seas (Figure 1°3).

Approximately 60% of the world’s population residesthe region, in communities ranging
from major urban centres with 15+ million individsiato remote rural communities. The
collective economic activity of the region represenoughly 25% of the global domestic
product. In includes mature economic hubs such iagafore, which are international
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waypoints and centres for commerce, as well asndiere cultures of the Indian islands of
Andaman and Nicobar, where small fragile commusiiliiee largely in isolation from the rest of
the world and continue to engage in traditional sistence and cultural practic&s. The
region’s ecosystems are unique and represent $esfeEzarth’s major biodiversity hotspots,
including the lowland rainforests of the Indo-Maday archipelago and the mangroves and
wetlands of Papua New Guinea, the Solomon Islaamt$ Vanuatd?

Table 2.1. Vital Statistics for Selected Asia/Pacif ic Nations 2

| Nation Pop. GDP Agriculture Pop. Adult P/pita
Growth Per as a share Access Literacy CO,
Rate Capita® of GDP to Safe Emissions

Water (tons)

Australia 1.1% $23,249 3.5% 100% - 17.3

Singapore 1.5% $18,707 0.1% 100% 92.5% 13.1

Bangladesh 1.9% $399 22.7% 75% 40.6% 0.2

China 0.6% $799 15.4% 7% 82.8% 2.7

India 1.6% $543 22.7% 86% 58.0% 1.0

Papua New 2.1% $971 26.9% 29% 64.6% 0.5
Guinea

Vanuatu 2.0% $1,151 15.1% 60% - 0.4

Vietnam 1.4% $171 23.0% 73% 92.7% 0.7

Although the region has a profound economic, caltuand environmental influence on the
global community, much of the countries within theia/Pacific region are developing nations
still in transition to mature market economies.islib readily demonstrated by comparing some
vital statistics of Australia or a regional economentre such as Singapore with those of the
region’s less developed nations (Table 2.1). Sioga for example, is almost exclusively an
urban nation devoted to an industrial and servioenemy. It has a high per capita gross
domestic product (GDP), high rates of education lgatacy among its population, and access
to secure resources such as drinking water. Inrastm other Asia/Pacific nations, including
Singapore’s neighbours, have per capita GDPs aeraofl magnitude lower than that of
Singapore, lower literacy rates, and lower acoessife water.

These problems are often exacerbated by rapid cftgpulation growth that continually
challenge government institutions to provide sigfit services to the public. The consequence
is a lack of confidence among individuals in gowveemt and lack of resilience among
populations and institutions in response to distnde or disaster. For example, AusAid’s
Pacfic 2020report identified the Pacific Islands as perforgnpoorly relative to the generally

2 For vital statistics for additional Asia/Pacific nations, see Section 8.
®In 1990 US$
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high rates of economic growth found across theoregi These challenges spill over to the

environment. Developing nations of the Asia/Paciggion have high rates of environmental
degradation from unsustainable resource extradiwh use as individuals, communities, and
enterprises seek the most immediately availableoxppities to achieve economic needs and
aspirations. This is perhaps best demonstratedxagni@ing the region’s progress toward the

United Nations’ Millennium Development Goals, whickveal that while progress is being

made in other areas, environmental sustainabdifyerhaps the most recalcitrant problem in the
region®

Figure 2.1. Global distribution of Australian development assistance.?

To combat these disadvantages, significant devedoprassistance flows into the Asia/Pacific
region on an annual basis. The majority of Ausitaliglobal distribution of development
assistance, for example, is concentrated in the/Ratific region (Figure 2.4)— the top ten
recipients of Australian assistance during 2004¢08ectively received approximately $1.2
billion (Table 2.2—see also Section 9). This s#tasice has historically targeted the areas of
health, education, governance, and infrastructowe,additional assistance has been provided
recently to address disaster relief from the 200dian Ocean Tsunami.27 As of 2003/04,
Australia’s investment in development assistana ihareased by 35% relative to 1971772.
However, the average annual increase in foreigistagse has only been 1.1% - lower than the
average rate of economic growth. As a consequéhnegroportion of aid relative to Australian
gross national income has declined over the pageas from 0.48% to 0.25%.

The outlook for economic development across thea/Rsicific region varies considerably.
During the late 1990s, China and India, the regidargest economies, had annual rates of
economic growth of approximately 8% and 6%, respelst (Section 8). Such rapid rates of
growth are projected to continue in the decadesdles these nations comprise a greater
fraction of global economic activity, which, as iadirect consequence, will result in a greater
contribution from these and other nations in tlggane to global greenhouse gas emissions, and



CLIMATE CHANGE IN THE ASIA/PACIFIC REGION 12

thus the climate change challenge. A number ofroffsga/Pacific nations such as Indonesia,
Malaysia, the Philippines, Thailand and Viethanoglested healthy rates of economic growth
in 2005 of 5-8967

Table 2.2. Top-Ten Recipients of Australian Foreign  Aid (2004/05) %" L

Nation Assistance Nation Assistance

(millions AUS$) (millions AUS$)
1) Papua New Guinea $366.6 6) Philippines $62.5
2) Indonesia $270.3 7) China $49.8
3) Solomon Islands $171.5 8) Sri Lanka $39.8
4) Vietnam $74.4 9) Cambodia $38.2
5) East Timor $64.2 10) Bangladesh $32.9

In contrast, the outlook for other nations in tegion, at least economically, is not so optimistic.
AusAid’s Pacfic 2020report warned, for example, that the Pacific Idkawill not be able to
address current and future challenges without sestaeconomic growtff. Furthermore,
although such growth is possible, it remains tedsen whether such growth will occur or
whether economies will continue to struggle andrséde. Some of the key factors inhibiting
growth in the Pacific Islands include:

Weak Governance
Poor and degraded infrastructure
Limited cooperation politically and economically am ong nations

Poor implementation of measures and policies to add ress soil and
economic concerns

It is important to note that these socioeconomicuthstances establish the context in which
climate change and its impacts will be experientgd nations and communities in the
Asia/Pacific region. Yet this context can shifinsiderably in coming decades in response to
changes in economic condition and governance. h&cektent that positive trends persist and
negative trends are reversed, the region’s futurmevability to climate change may be
significantly reduced (see Section 5).

The outlook for economic development across thea/Rsicific region varies considerably.
During the late 1990s, China and India, the regdargest economies, had annual rates of
economic growth of approximately 8% and 6%, respelst (Section 8). Such rapid rates of
growth are projected to continue in the decadesdles these nations comprise a greater
fraction of global economic activity, which, as iadirect consequence, will result in a greater
contribution from these and other nations in thggae to global greenhouse gas emissions, and
thus the climate change challenge. A number ofroffsga/Pacific nations such as Indonesia,
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Malaysia, the Philippines, Thailand and Vietnanogested healthy rates of economic growth
in 2005 of 5-896"

In contrast, the outlook for other nations in thgion, at least economically, is not so optimistic.
AusAid’s Pacfic 2020report warned, for example, that the Pacific Idkawill not be able to
address current and future challenges without swstaeconomic growtff. Furthermore,
although such growth is possible, it remains t@den whether such growth will occur or
whether economies will continue to struggle andrsé@e. Some of the key factors inhibiting
growth in the Pacific Islands include:

Weak Governance
Poor and degraded infrastructure
Limited cooperation politically and economically am ong nations

Poor implementation of measures and policies to add ress soil and
economic concerns

It is important to note that these socioeconomicuchstances establish the context in which
climate change and its impacts will be experientgd nations and communities in the
Asia/Pacific region. Yet this context can shifinsiderably in coming decades in response to
changes in economic condition and governance. h&cektent that positive trends persist and
negative trends are reversed, the region’s futurmevability to climate change may be
significantly reduced (see Section 5).

2.2 Asia/Pacific Climate and Trends

A broad range of climatological and geographic dezd exist within the Asia/Pacific region,
from temperate areas with marked temperature diffegs from one season to another, to
tropical areas with temperatures that are condlgteglatively high throughout the year (Figure
2.2). For example for a nation such as China, wkixtends north of 30°N latitude, January
temperatures may be at or below freezing, partigulia the high altitude areas around the
Himalayaé3 In contrast, the tropical areas south of 30°Nshsas the Indian subcontinent,
Southeast Asia, Indonesia, and the Pacific Islagdserally experience temperatures above
25°C throughout the year.

Similarly, there is significant spatial variability seasonal precipitation (Figure 2.3). Regional
rainfall, and subsequently temperature, are styoimgiluenced by the summer and winter
monsoons. The summer monsoon (consisting of theh®est Asian Monsoon and the East
Asia Monsoon) influences the climate of this regitom May to September and brings rains to
South and Southeast Asia and east China. The @stthénter monsoon controls the climate
from December to February and is characterisedripyminds out of the northeast which bring
significant rainfall to parts of Southeast Asiat tleave much of South Asia dry, particularly
central and northern India. The two inter-monsoorransitional seasons comprise March to
April and October to November. Strong inter-anrauadl intra-seasonal variations in climate of
this region are caused by large and synoptic stadelation patterns. Year-to-year monsoon
variability and rainfall is strongly related to tt# Nifio-Southern Oscillatioff. In general,
below normal rainfall coincides with El Nifio eventghile above normal rainfall is associated
with La Nifia events.
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Figure 2.2. Average seasonal temperatures across the Asia/Pacific region (1961-1990).24

During the first six months of the year (Januaryviay), continental Asia experiences moderate
rainfall of less than 50 mm/month, whereas the txis areas further to the south receive
intense rainfall of several hundred mm/mofithin contrast, during the latter half of the year,
the precipitation band shifts north, bringing mamsaains to South Asia, Southeast Asia, and
southeast China. Some areas, such as northeastestern China as well as much of Pakistan
receive relatively low precipitation throughout tyear and tend to be more arid. These patterns
of temperature and precipitation dictate not orie thiological and ecological diversity
throughout the region, but also the availability métural resources such as water, and
subsequently, the timing and productivity of agltice.

For further detail on different areas, the regian be divided into four broad subregions, Arid
and Semi-Arid Asia, Temperate Asia, North Tropidaia and South Tropical Asi&:Each of
these regions has its own distinctive climatologaad ecological features that set the context
for future climate change and impacts. Furthermduéire changes in climate will likely
influence these four regions in different ways.

Generally, the Asia/Pacific region has experiereedarming trend in recent decades consistent
with global temperature trend5Trends in rainfall are more difficult to interpratith some
subregions experiencing declining rainfall, whil¢hers have experienced increases. For
example, annual average rainfall has declinederctiastal margins and arid plains of Pakistan,
the east coast of India, and in Indoné$iaYet rainfall has increased in western and sashe
coastal China, Bangladesh, and the Philippfhesin addition to such trends in average
temperature and rainfall, there is some evideng patterns of extreme weather in the
Asia/Pacific region changed over the™26entury®® For example, significant changes in the
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frequency and intensity of tropical cyclones hagerbreported? While the number of cyclones
and the number of cyclone days have fallen, thengity of cyclones in the region has increased
over the past 35 years in association with incieassea surface temperatures. A recent paper
by Landsea et al. (2006) suggests this trend makargely due to of inaccurate estimates of
historical cyclone intensities rather than climatenge’® However, global increases in ocean
temperatures have been linked to human greenh@ssengission$:
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Figure 2.3 Average seasonal precipitation across the Asia/Pacific region (1979-1995)%
2.2.1  Arid and Semi-Arid Asia

Arid and Semi-Arid Asia is comprised of the northexxtent of India and Pakistan as well as
western China, and the landscape is representeotigal savannah vegetation, grasslands, and
desert. This subregion has a tropical climate Wwihsummers that can be either warm or wet.
Rainfall is limited and can be highly variable dgrithe year, with significant rainfall in some
areas occurring in only a few months. This submedias experienced warming over thé"20
century. For example, Central Asia warmed by axiprately 0.1-0.2°C per decatfe,
suggesting warming of 1-2°C over the past 100 yddesnwhile, rainfall has increased by 22—
33% in northwest China and most observing station®akistan also record increases in
rainfall >4

The subregion, particularly central Asia, is weallekvn for extremes of climate. Extreme
temperatures occur in western arid lands duringnseim In addition, localised storms are a
frequent occurrence, and cyclones occasionallyctaffee region between January and March.
However, these cyclones deliver little precipitatim the region because of its aridity. The
frequency and severity of wildfires in grasslandsl aangelands in Arid and Semi-Arid Asia
have increased in recent decatfeéd/ater resources and human settlements have bfsmealf
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by increased melting of glaciers that appears te liacreased the frequency of mudflows and
avalanche$®

2.2.2 Temperate Asia

Temperate Asia is comprised of the Tibetan Plateastern China, and the Korean Peninsula.
The landscape has been significantly altered duseturies of deforestation and agriculture.
Temperatures in northeast China over th€ 26ntury increased in winter but decreased in
summerwhile southeast China warmed by 1-2¢€*® Higher rates of warming (0.16-0.32°C
per decade) have been observed on the TibetaraRfat&Rainfall in temperate Asia is strongly
influenced by the East Asian Monsoon, providingé fraction of annual rainfall during the
summer wet seasdh.Warm years tend to be associated with strongersomrs and higher
rainfall, while cooler years tend to be associatét drier conditions? Nevertheless, in China,
annual precipitation has been decreasing continyaisce 1965" although increases have
been observed in southeast Chihand the northeast Tibetan Plat8ulncreases in extreme
rainfall have been observed on the Korean Peninsdula

Countries in temperate Asia have been frequentednbyy droughts in the 20century,
including major droughts in China in 1972, 1978] 4997%’ Severe flooding has also affected
China, Korea, and Japan in recent y&ar3The occurrence of severe droughts and floods in
temperate Asia also appears to be associated wwihstatus of the EI Nifio-Southern
Oscillation®’

2.2.3 Tropical Asia

Tropical Asia/Pacific can be divided into two suioms: North Tropical Asia is comprised of
central and southern India, Sri Lanka, Bhutan, Bedegsh, and Southeast Asia (e.g., Myanmar,
Vietnam, Laos, Cambodia, and Thailand); while Sotthpical Asia consists of the island
nations of the equatorial Indian Ocean (Maldiveslgstern Pacific Ocean (Philippines,
Malaysia, Papua New Guinea); the Maritime Contir{émdonesia, East Timor); and the islands
of the southwest Pacific (Cook Islands, Solomorandk, Fiji, Vanuatu, Tuvalu). These
subregions are geographically diverse and contaimuraber of hotspots for terrestrial and
marine biodiversity. Although the economies withirese subregions are based largely upon
rural agricultural systems, the region also corstadome of the world’s largest, and most
densely, populated cities.

For nations near the Equator, seasonal variabilitemperature is small and increases as one
moves toward higher latitudes. The dominating atimfeature in the region is the summer
Southwest Asian Monsoon, which influences the dateayy of the nations within the subregion
to varying degrees and in diverse waysObservations indicate temperatures are increasing
throughout much of the subregion. For example,miag in Vietnam of 0.32°C has been
observed over the past three decades, consistémtottier observations in Southeast ASia.
Meanwhile, temperatures in Sri Lanka and tropicadid have increased by approximately
0.30°C and 0.68°C, respectivéRi’ while coastal Pakistan warmed by 0.6—1.0°C over2’
century®® There has been no consistent trend in rainfabutinout the North Tropical Asia
subregion. For example, while northwest India baperienced increased extreme rainfall
events, there are no clear signals of a long-teendtin annual rainfaf In fact, the number of
rain days along the east coast has declined imrgears® A declining trend in annual rainfall
has been observed in ThailaficElsewhere, including Sri Lanka and Bangladestretielittle
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long-term trend, but rainfall is dominated by semes of prolonged high rainfall years
followed by low rainfall yeard! Records also indicate that rainfall has decredmethe
southwest Pacifit’

Tropical Asia is routinely affected by climate esttres, particularly floods, droughts, and
cyclones. The number of reported disasters laeased steadily over the past 50 years, as has
the number of affected individudis\Vast areas of some Tropical Asia nations are ptone
flooding including 3.1 million hectares of Banglatieand 40 million hectares of IndfaThere

are also reports of an increase in thunderstorres e land regions of North Tropical A§fa.

Yet in any given year, parts of Bangladesh andresite areas of India are also prone to
drought®* Monsoon failure and drought events in TropicalaAappear to be associated with
variability in the EI Nifio-Southern Oscillation, thidrought more common in El Nifio yedrs.
Historical tide gauge data from small island statéso reveal significant tidal variations
associated with El Nifio yeats.

2.3  Regional Climate Vulnerability

What do the current socioeconomic statuses andatdiogical features found within the
Asia/Pacific region suggest regarding vulnerability climate change? The 2005 Australian
Greenhouse Office repoElimate Change Risk and Vulnerabilitgytlined a conceptual model
that defined vulnerability as a process integragmxgosure sensitivity potential impact and
adaptive capacity® This model implies that building a comprehensineerstanding of climate
change vulnerability requires considering the ctimarivers to which human and natural
systems are exposed, the responsiveness of thetmmsyto those drivers (i.e., the extent to
which systems change with the climate), and theacifp of the system to adapt to climate
change to reduce the likelihood of adverse consempse

Figure 2.4. Components of climate change vulnerability66

If one considers the Asia/Pacific region in thisitext, it is possible to identify some of the key
aspects of the region’s exposure, sensitivity, addptive capacity that contribute to its net
vulnerability to climate change:

1) Exposure — The Asia/Pacific region is exposed to a rangeliofate conditions and
extreme events. In particular, some of the doreifedtures of the region’s climate are
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2)

Table 2.3. Reported Natural Disasters in the Pacifi
2004)%*

the influences of monsoons, the El Nifio-Southerdil@son, and cyclones on rainfall.
Much of the region is adapted to, and thus dependpon, the annual monsoon
occurrencé? which leaves it vulnerable when the monsoon faitel rainfall is
significantly curtailed. Meanwhile, variability ssciated with the El Nifio-Southern
Oscillation, and particularly El Nifio events, cabtites to periodic drought and extreme
sea levels in the southwest Pacific. Finally, matkoastal Asia/Pacific is affected by
tropical cyclones and their associated high wirelsrm surge, and extreme rainfall.
These climate challenges are permanent featurdiseofsia/Pacific region, but ones
that may be significantly altered by anthropogaiiimate change in the decades ahead.

Sensitivity — In addition to being exposed to various climaeards, the vulnerability
of the Asia/Pacific region is also affected by Hensitivity of different nations and
sectors to these hazards when they occur. Formgamith much of their subsistence
and economic power dependent upon agricultureptitential for widespread adverse
impacts is enhanced in developing nations. Sitgilahe development of existing
water resources in many developing nations is éichs is, subsequently, access to safe
drinking water and sanitation. In the event ofudylat or flood, the ability to safely and
efficiently manage water storage, diversion, ankiveley may be easily compromised.
Settlements and infrastructure in developing Asiaffitc tend to be more susceptible to
the effects of climate extremes and more likelpeadamaged. Low-lying coastal areas,
including small island states, tend to be more ifeasto the effects of sea-level rise
and storm surge and thus have potentially morede from climate change than land-
locked nations. Statistics indicate that extremenevin the region are associated with
significant financial losses as well as the lossivads (Table 2.3), and disasters in the
region have increased in recent decédes.

¢ Islands (1950-

Event Number | Fatalities Population Losses (millions
Affected 2004 USS)
Windstorms 157 1,380 2,496,808 5,903.90
Droughts 10 0 629,580 137.00
Floods 8 40 246,644 94.80
Earthquakes 17 53 22,254 330.60
Others 15 274 21,520+ 60.00

3) Adaptive Capacity

— The Asia/Pacific region’s exposure and sensjtito climate

variability and climate change creates a large mi@kfor adverse climate impacts, a
fact that is readily evident from the toll thatrchite events take on the region at present.
But in understanding the current and future vulbiitg of the region to climate
change, one must also give consideration to thewifypof its nations to adapt to
The afamgareed discussion of the
socioeconomic state of affairs in the region presidoom for both optimism and
pessimism regarding adaptive capacity. On one heaquid structural change and
growth in some national economies, such as Chidlaladia, suggests reduced future
sensitivity to climate change, and the abilitygedrage resources to reduce risk. On the
other hand, some economies are currently stagnatdgsome nations, such as small
island states, have limited options available tapadn situ. Furthermore, continued
rapid exploitation and degradation of natural resesi and capital due to rapid
urbanisation and economic development in a numlberadons further reduces the
resilience of some nations to climate variabilibdachange. Rather than mustering the

climate change (see also Section 5).
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resources to successfully address climate changacis, some nations may find the
changing climate to actually be a barrier to adhigwa more prosperous future.

The net result is a region that is currently, oarage, quite vulnerable to the effects of climate
change, although vulnerabilities may vary signifitya from one nation, or even one
community, to another. Thus, the decisions madedtipns in the region in the decades ahead,
and their ability to access resources to plan fomanging climate, are likely to be critical issues
affecting their response to climate change oventhé century.

3. Climate Projections for the Asia/Pacific Region

3.1 Global Climate Model Selection

A new set of climate projections was developedtierAsia/Pacific region to provide up-to-date
information regarding the spatial distribution amcttent of future changes in regional
temperature and rainfall. Climate models are thet lavailable tools to simulate climate
processes and their related spatial and temporiticans of temperature and rainfall. However,
climate models divide the world into individual gcells, which may be rather lage (e.g., about
200 400 km across). Therefore, small-scale metegicdl phenomena, such as individual
clouds or thunderstorms, are not adequately sielain addition, it should be noted that
different climate model patterns produce differgmbjections of both global and regional
climate change, and thus multiple models must bised to assess the uncertainty associated
with projections of future climate.

Climate Scenarios

Table 3.1. Models Used for Generating Asia/Pacific

Climate Modelling Group and Nation Model Horizontal
Symbols resolution (km)

Bjerknes Centre for Climate Research, Norway BCCR ~200
Canadian Climate Centre, Canada CCMA T47 ~300
Canadian Climate Centre , Canada CCMA T63 ~200
Meteo-France, France CNRM ~200
CSIRO, Australia CSIRO-MARKS3 ~200
Geophysical Fluid Dynamics Lab, USA GFDL 2.0 ~300
Geophysical Fluid Dynamics Lab, USA GFDL 2.1 ~300
NASA/Goddard Institute for Space Studies, USA GISS-AOM ~300
LASG/Institute of Atmospheric Physics. China IAP ~300
Institute of Numerical Mathematics, Russia INMCM ~400
Centre for Climate Research, Japan MIROC-M ~300
Meteorological Research Institute , Japan MRI ~300
Max Planck Institute for meteorology DKRZ, MPI-ECHAMb5 ~200
Germany
Meteorological Institute of the University of Bonn, MIUB ~400
Meteorological Research Institute of KMA,
Germany/Korea
National Center for Atmospheric Research, USA NCAR-CCSM ~150
Hadley Centre, UK HADGEM1 ~125

Simulations with 23 different climate models haweb undertaken for tHeourth Assessment
Report of the Intergovernmental Panel on Climate Chang&hese model simulations were
acquired from the Program for Climate Model Diagacand Intercomparison and used to
generate climate change projections for the Asifiearegion®” A prerequisite for the
inclusion of a model in climate projections is thtaadequately simulates present-day climate
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conditions. Therefore, statistical methods weredusetest the fidelity with which individual
models simulate observed climate conditions overAkia/Pacific region. Results from these
validation tests are discussed in Section 10. Bapet these tests, a set of 16 climate models
were selected for use in generating climate prigjestfor the Asia/Pacific region (Table 3.1).

3.2  Generation of Climate Change Projections

Climate change projections are often based on $iices within a given climate simulation,
such as a thirty year period centered on 2020,0&020r 2080. A disadvantage with this
approach is that large portions of the simulatioe aot used and the chosen intervals are
strongly affected by decadal variability, partialjafor rainfall. An alternative that avoids this
disadvantage is to calculate the rate at whichlIfiea, individual grid cell) average seasonal
temperature or rainfall changes with increasesvierage global temperature over multiple
decades. The grid cell values can then be mappetttin a spatial pattern of model response
per degree of global warming. These patterns can tie multiplied by estimates of global
warming for any desired year. This ‘pattern scalimgthod has been used by CSIRO since
2001 and is considered rob§%f?

Pattern scaling techniques were therefore used¥eldp annual and seasonal ‘patterns of change’ per
degree of global warming for each of the 16 climatedels listed in Table 3.1 at a common resolution o
4 decimal degrees (approximately 400 km) per gridl cEktimates of global warming in 2030 or 2070
were then applied to these patterns to obtain gtiojes of temperature or rainfall change. Estimates
global warming were based upon climate modellingmfrthe Intergovernmental Panel on Climate
Change’sThird Assessment RepdrtFor both 2030 and 2070, low, central, and highreses of global
warming were applied to climate model patte%sThese global temperature changes were 0.54, 0.85,
and 1.24°C in 2030 and 1.17, 2.28, and 3.77°C 02D It should be noted that additional global
warming is projected beyond 2070.

Combining the various estimates for global meanpenature change with the different per
degree climate model patterns resulted in a sefiesgional maps depicting the spatial patterns
of projected changes in temperature and rainfar ave Asia/Pacific region in 2030 and 2070
that reflect different assumptions about futureegf®use gas emissions, climate sensitivity, and
regional climate responses. These maps formeddbis of the climate projections provided
below. In addition, projections were averaged dkerfour subregions discussed in Section 0 to
generate summary tables highlighting some of tragghic differences in projected climate
changes for the Asia/Pacific region.
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Table 3.2. Projected temperature changes for Asia/P

acific subregions

(¢

2030 ()
Subregion Annual DJF MAM JIA SON

Arid and Semi- 1.2 (0.6-2.3) | 1.3(0.6-2.7) | 1.2 (0.5-2.4) | 1.2 (0.5-2.3) | 1.2 (0.6-2.2)
Arid Asia
Temperate Asia 0.9(0.4-1.9) | 1.0(0.4-2.5) | 0.8 (0.3-1.3) | 0.8 (0.4-1.7) | 0.9 (0.4-1.8)
North Tropical 0.8(0.4-1.3) | 0.8(0.4-1.4) | 0.8(0.4-1.4) | 0.8 (0.4-1.4) | 0.8 (0.4-1.3)
Asia
South Tropical 0.8(0.4-1.3) | 0.8(0.4-1.3) | 0.8(0.4-1.4) | 0.8 (0.4-1.3) | 0.8 (0.4-1.3)
Asia

2070 ()
Arid and Semi- 3.2(1.3-7.1) | 3.4(1.3-8.3) | 3.2(1.0-7.3) | 3.1(2.1-7.1) | 3.1 (1.2-6.8)
Arid Asia
Temperate Asia 2.4 (0.9-5.7) | 2.8 (0.9-7.7) | 2.3 (0.8-5.5) | 2.2(0.8-5.3) | 2.4 (0.9-5.6)
North Tropical 2.1(0.9-4.0) | 2.1(0.8-4.1) | 2.1(0.9-4.2) | 2.0(0.8-4.1) | 2.0 (0.8-4.0)
Asia
South Tropical 2.1(0.9-4.0) | 2.0(0.9-4.1) | 2.1(0.9-4.2) | 2.1(0.8-4.1) | 2.1(0.8-4.1)
Asia

3.3  Projected Asia/Pacific Temperature Changes

Based upon the analysis of results from differdimate models, temperatures throughout the
Asia/Pacific region are projected to increase oter 21" century (Figure 3.1; Table 3.2).
Generally, climate models indicate higher ratesvafming for central Asia, particularly the
Arid and Semi-Arid areas of western China, with entcal estimate of annual temperature
change by 2030 and 2070 of 1.2 and 3.2°C, resmdgtiv However, there is considerable
uncertainty in these changes, with low and highmiag scenarios for 2030 and 2070 ranging
from 0.6-2.3°C and 1.3-7.1°C, respectively. Mowdarate warming is projected for the other
three subregions, with central estimates of warnghgust under 1°C by 2030 and just over
2.0°C by 2070. Meanwhile, low and high scenaribs/arming for the other subregions range
from approximately 0.5°C to 2.0°C by 2030 and ©.6.0°C by 2070.

Projected warming in individual seasons is gengredinsistent with annual averages (Figure
3.1; Table 3.2). However, in Arid and Semi-Arididss well as Temperate Asia, higher rates
of warming are projected in the northern hemispiveirger (DJF) than the other seasons. In
contrast, the tropical subregions, which lie clogethe equator, are projected to have fairly
uniform warming throughout the year.

¢ Annual refers to average annual temperatures. DJF refers to average temperatures over
December, January, and February; while MAM refers to temperatures from March to May; JJA
from June to August, and SON from September to November.
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Figure 3.1. Projections of annual and seasonal temperature increases in the Asia/Pacific region in 2030
and 2070 relative to 1990. A) Minimum temperature changes from the 16 climate models given a low
global warming scenario; B) Central temperature changes given a central global warming scenario; and C)
Maximum temperature changes given a high global warming scenario.

3.4  Projected Asia/Pacific Rainfall Changes

Climate change is also projected to cause sigmficzhanges in rainfall throughout the

Asia/Pacific region over the next century (Figurgk3 Table 3.2). However, as a general rule,
there is more uncertainty regarding the directiod anagnitude of future rainfall changes as
different climate models yield different resultd. central estimate of rainfall changes in 2030
and 2070 from the different climate models suggastsual increases in rainfall of less than

4 Annual refers to average annual temperatures. DJF refers to average temperatures over
December, January, and February; while MAM refers to temperatures from March to May; JJA
from June to August, and SON from September to November.
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10% throughout much of the Asia/Pacific region. isTis generally consistent with the
expectation of a more vigorous hydrologic cycleaassult of atmospheric warmiAgdowever,
reductions in rainfall of less than 10% are pragdcover Pakistan and parts of Indonesia over
the next 30 years.

The projected changes in rainfall vary significanttom one region to another. A central
estimate indicates reductions in winter (DJF) raindf less than 10% by 2030 for southern
Asia, extending from Pakistan across India, Sowthdesia, and southeast China. These
reductions in rainfall increase to approximately3@%6 in southern India and Southeast Asia by
2070, and generally suggest increased winter graisociated with the northeast winter (DJF)
monsoon (Box 3.1). This pattern of rainfall redoics persists through spring (MAM). In
contrast, patterns of rainfall change in summeA)Jdnd fall (SON) resemble the annual
pattern, with increasing rainfall throughout mudtite region, consistent with increased rainfall
from the summer monsoon (Box 3.1). The exceptionthis pattern include west Arid and
Semi-Arid Asia, east Temperate Asia, and Indonesia.

e

Table 3.3. Projected Rainfall Changes for Asia/Paci  fic Subregions

2030 (%)
Subregion Annual DJF MAM JIA SON
Arid and Semi-Arid Asia +2 +5 +2 0 +4
Temperate Asia +1 +2 +1 +2 +1
North Tropical Asia +2 -1 0 +3 +2
South Tropical Asia +1 +2 +2 +1 0
2070 (%)
Temperate Asia +7 +13 +5 +1 +10
North Tropical Asia +4 +6 +4 +6 +2
South Tropical Asia +4 -3 -1 +7 +6
Arid and Semi-Arid Asia +4 +4 +5 +2 0

These central estimates of future rainfall chandesnot necessarily reflect the uncertainty
associated with different climate models or assionptabout greenhouse gases. Future global
warming may be higher or lower than central esttmgdsee Section 3.2), and even for a given
estimate of global warming, projected rainfall pats among different climate models vary
significantly. As a result, two tests were conédcon projected rainfall in an attempt to
identify where different climate models agree abthg direction of rainfall change (i.e.,
positive or negative) in different areas of the aABacific region as well as the likelihood of
‘large’ changes, such as an increase or decreaategthan 10%.

First, model agreement in the direction of rainfdlanges across the Asia/Pacific region was
assessed by calculating the percentage of modellations that yield increases in rainfall in
response to low, central, or high estimates of gl@arming. Values of 0% indicat®neof the
simulations project increasing rainfall for a givarea (or alternatively, all of the models project
decreases in rainfall); while values of 100% meénof the simulations project increases in
rainfall (or alternatively, none of the models g decreases). Values between 40 and 60%
suggest there is little agreement among modelsrdagathe direction of change for a given
area. The results from this analysis indicate thifferent climate models agree regarding
increasing rainfall throughout North and South TeapAsia (Figure 3.2b). There is also high

° Annual refers to average annual temperatures. DJF refers to average temperatures over
December, January, and February; while MAM refers to temperatures from March to May; JJA
from June to August, and SON from September to November.
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model agreement regarding reductions in rainfabulghout the year in the west South Tropical
Asia. Similarly, models agree regarding reductionsginfall in Arid and Semi-Arid Asia and
South and Southeast Asia from December through Mag; high model agreement regarding
reductions in rainfall over parts of Indonesia frdume through November.

A
2030|

2070|

2030|

2070|

90 70 50 50 70 90 %

Decreasing Rainfall Increasing Rainfall

Figure 3.2. Projections of annual and seasonal rainfall changes in the Asia/Pacific region in 2030 and
2070. In all figures, brown colours indicate decreasing rainfall while blue colours indicate increasing
rainfall. A) central rainfall changes (as a percentage change from 1990 rainfall) from the 16 climate models
given a central global warming scenario; B) Percentage of the 16 climate models projecting increases in
rainfall in 2030 and 2070 in response to low, medium, and high global warming scenarios. Values greater
than 60% indicate the majority of models project increases in rainfall while values less than 40% indicate
the majority of models project decreases in rainfall. C) Percentage of the 16 climate models projecting
changes in rainfall in 2030 and 2070 greater than £10% in response to low, central, and high global
warming scenarios. Blue colours indicate the proportion of models that agree regarding rainfall increases
greater than 10%. Brown colours indicate the proportion of models that agree regarding rainfall decreases
greater than 10%. Unshaded areas are those where less than 50% of model simulations indicate rainfall
changes greater than +10%."

" Annual refers to average annual temperatures. DJF refers to average temperatures over
December, January, and February; while MAM refers to temperatures from March to May; JJA
from June to August, and SON from September to November.
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The aforementioned analysis provides informatiogarding where models agree about the
direction of rainfall change, but not necessarily timagnitude Therefore a second test was
conducted by calculating the percentage of modaeullsitions that yield increases or decreases
in rainfall greater than 10% in response to lowt, or high estimates of global warming in
2030 and 2070. Values of 50, 70, or 90% indicate irecreasingly higher proportion,
respectively, of model simulations agree regardaigfall changes greater than £10% in a given
area.

This analysis indicates that there are few areahitwithe Asia/Pacific region where large
changes (i.e., changes of + 10%) in rainfall camptzgected with confidence (i.e., greater than
50/50 chance), particularly by 2030 (Figure 3.2€)n an annual basis, the only areas where
rainfall increases greater than 10% are projecye20830 and 2070 are the Pacific Islands east of
Papua New Guinea (e.g., Solomon Islands, Kiritzatd Tuvalu) and, by 2070, a small area in
central China. However, for individual seasongre¢hare strong signals of large changes in
rainfall, particularly in winter (DJF). By 2070,ast of the models agree regarding winter (DJF)
rainfall increases greater than 10% in northern Jenate Asia and the Pacific Islands, and
rainfall decreases greater than 10% in Arid andiSemd Asia, South Asia, and Southeast Asia.
In spring (MAM), models agree regarding large ralhincreases in northern and central China
and the Pacific Islands, and large rainfall deaeas Arid and Semi-Arid Asia (e.g., Pakistan).
In summer (JJA), models agree regarding large &s&® in rainfall in the Pacific Islands and
large declines in Arid and Semi-Arid Asia. In faflBON), models agree regarding large
increases in rainfall in central China, northwesti&, and the Arabian Sea.

Box 3.1. Climate Change and the Asian Monsoons

The climate, and subsequently agricultural productivity and water resources, of South and
Southeast Asia are strongly influenced by summer and winter monsoons, which are responsible
for bringing significant rainfall to India, Southeast Asia, and east China during the wet seasons
from approximately May through September and December to February. Crop plantings and
yields are closely related to the onset of the summer monsoon and the magnitude of monsoon
rains. Monsoon failures have been associated with drought and food shortages, although
improvements in drought management and technology have been increasingly effective in
preventing widespread famine.”? Runoff from monsoon rains also increases stream and river
flows affecting water availability for environmental and human uses. Yet, during times of
extreme monsoon years, excessive rainfall contributes to flooding and crop damage. Thus,
much of the Asia/Pacific’s food and water security in a changing climate is likely to be influenced
by the effects of global climate change on the monsoon.

The climate scenarios generated for this report generally indicate increasing rainfall during the
summer monsoon. This is consistent with a number of other recent studies where global
climate models have been used to investigate the relationship between climate change and the
Asian monsoons.”*"*"® Nevertheless, other research has shown that the effects of climate
change on the monsoon are not uniformly distributed. For example, Bhaskaran and Mitchell
(1998) found that while monsoon rains increased throughout much of South and East Asia,
northwest India experienced declines in rainfall, which is consistent with the projections
generated for this report.”

In general, an increase in regional water availability would be beneficial for crop production and
water availability in a region where scarcity is a common problem. However, two issues prevent
one from having confidence in such an optimistic outlook. Although future summer monsoons
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may bring more rainfall to Asia on average in the future, there is also evidence that climate
change will increase the variability of monsoon rains from one year to another.”” This would
increase the likelihood of receiving suboptimal or excessive rainfall in any given year, which
could reduce the benefits associated with an average increase. Monsoon variability is also tied
to the El Nifio Southern Oscillation,”® with drought risk increasing during El Nifio events,” yet
there is little agreement among climate models with respect to how future climate change may
alter the frequency or intensity of El Nifio events.®

In addition, recent work examining the effects of aerosol particles (e.g., black carbon and
organic carbon from incomplete combustion as well as dust) on South Asia climate indicates
such aerosols may significantly reduce regional rainfall.?*®* Declines in monsoon rains in India
in recent decades, for example, may be related to the presence of such aerosols. To date,
these aerosols have generally not been included in global climate model projections of future
climate change. When they are, the models indicate weakening of the monsoon, and hence,
reduced rainfall. Clearly further research is required to understand the implications of such
aerosols on regional climate, as well as future emissions of these aerosols. Given significant
efforts to control pollution and improve regional air quality in the decades ahead, it may be
possible to significantly reduce aerosol loads over Asia. However, some researchers caution
that because black carbon aerosols also have a cooling effect on the regional climate, efforts to
reduce aerosol air pollution without simultaneous efforts to reduce greenhouse gas emissions
could result in more rapid warming.®*

3.5 Sea-level Rise and Variability

Global climate change is anticipated to increasball sea-levels over the 2tentury and
beyond, as a consequence of thermal expansioneaddbans from rising global temperatures
and increased melting of glaciers and ice caps lewvel. Estimates of global sea-level changes
from the Intergovernmental Panel on Climate Chamd&urth Assessment Repamodel
simulations were not available at the time thisoregvas published. As such, estimates of sea-
level rise were derived from model simulations assed with theThird Assessment Repport
and, specifically, the MAGICC simple climate model 4.2)> MAGICC was used to simulate
sea-level rise from seven global climate modelangag a range of climate sensitivities (1.7—
4.2°C) and seven emissions scenarios (the sixriitige scenarios from the Intergovernmental
Panel on Climate Change'Special Report on Emissions Scenaffos Simulations were
conducted assuming low, medium, and high ratecefelt in response to global warming.
There is significant overlap in projected sea-levise among climate models, emissions
scenarios, and ice melt parameterisations. ThdtseSom these simulations are presented in
Figure 3.3. Simulations suggest increases in gleballevel of 3—-16 (central estimate of 7) cm
by 2030 and 7-50 (central estimate of 37) cm by020RMowever, it should be noted that these
estimates are likely to be updated by the Intergawental Panel on Climate Chang€&surth
Assessment Repofto be released in 2007). In addition, thesemestts do not account for
potential contributions from the ice sheets of Wstarctica or Greenland (see Section 3.6),
which, if they were to melt, would contribute taadevel rise of approximately 5 and 7 metres,
respectively, over the coming centuries. A receémtlys suggests that the rate of melting of the
Greenland ice sheet has doubled within the pasto&t
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Figure 3.3. Sea-level rise projections as simulated by the MAGICC simple climate model. Each point
represents one model simulation based upon a range of assumptions about climate sensitivity, the rate of
global ice melt, and greenhouse gas emissions scenarios (see legend).

Table 3.4. Recent Trends in Sea-Level Rise in Pacif ic Island

Nations &
Nation Year of Gauge Trend (mmiyear)
Installation

Cook Islands 1993 +2.5
Fiji 1992 +2.5
Federated States of Micronesia 2001 +21.4
Kiribati 1992 +5.7
Marshall Islands 1993 +5.2
Nauru 1993 +7.1
Papua New Guinea 1994 +8.1
Samoa 1993 +6.9
Solomon Islands 1994 +6.8
Tonga 1993 +8.0
Tuvalu 1993 +6.4
Vanuatu 1993 +3.1

Climate change-induced sea-level rise will exaderimeatural variability in sea level and local

tides to affect coastal communities and ecosysiartise Asia/Pacific region. Sea level at any
given point is a function of local pressure, tenapare, and salinity conditions, as well as local
land subsidence and regimes. For example, a cwiatl sea level monitoring effort has been
under way in the Pacific Islands since the earl90E9(Table 3.4). Data through June 2006
reflect highly variable trends in sea levels thitoogt the Pacific Islands, with rates as low as 2.5
mm/year around the Cook Islands or as high as Binffyear in the Federated States of
Micronesia. Short-term variability in lunar tidegprm activity, as well as the effects of the El

Nifilo Southern Oscillation (e.g., El Nifio and La &liévents) may contribute to anomalously
high or low tides in various regions. For examplating February of 2005, King Tides were
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responsible for damage to Pacific Islands such iaibati. Meanwhile the strong 1997/98 El
Nifio event contributed to anomalously low sea levéiroughout the Pacific Islands.
Furthermore, storm surges associated with stormtevand tropical cyclones clearly contribute
to short-term extreme sea levels that routinelyseasignificant damage and loss of life in the
Asia/Pacific region.

3.6  Climate Extremes and Surprises

The aforementioned climate scenarios do not accéamthanges in climate variability or
extremes. Yet the potential effects of climateng®on the frequency and intensity of extreme
events is a key cross-cutting issue that will dffbe frequency and severity of a wide variety of
climate impacts. Extreme events tend to inflicg&environmental and economic costs, which
is exacerbated by the fact that they can be diffitu adequately manage through adaptive
processes. Globally, the World Meteorological Oigation has reported that extreme events
are on the rise as a result of anthropogenic petion of the climate systeff,and climate
models indicate the potential for increases inemgs of temperature, precipitation, droughts,
storms, and flood¥. For example, modelling for Pohnpei, the FederatdeS of Micronesia
and Rarotonga, Cook Islands suggests a shorteriimgturn periods for extreme winds and
rainfall as the world warm®. Furthermore, modelling studies consistently fihatttropical
cyclone intensities increase in response to higdea surface temperatures, meaning the
potential for long-term increases in average cyelomensities in the Asia/pacific region in the
decades ahedfl. Nevertheless, specific knowledge regarding thgnitade or frequency of
climate extremes remains limited.

In addition to the consequences of climate vatigbiso called ‘large-scale singularities’ —
major and potentially abrupt changes in the clinggttem — could cause a broad range of direct
and indirect consequences to many regions of tiidwiocluding the Asia/Pacific. Although
the likelihoods of such event are uncertain, thesequences would be large and global. As
such, much of the interest in defining ‘dangeroefimate change has emphasised the
importance of mitigating greenhouse gas emissionsnisure such events are avoided. The
climate thresholds for some of these events mayukie low.

For example, historical and paleological data pfevample evidence that singularities and
abrupt changes in the climate system have occuemehtedly in the past. Perhaps the event of
most immediate relevance to the Asia/Pacific regi®nthe collapse of the ice sheets of
Greenland and/or West Antarctica. For a numbere#ry, scientists have expressed concern
about the potential for climate change to destithese ice sheéfs.Hansen (2005) recently
suggested that the threshold for an irreversilde luf the Greenland ice sheet may be as low as
1°C® Vast quantities of water are locked away in the #heets of West Antarctica and
Greenland, collectively equivalent to approximate®/metres of sea-level rise. Destabilisation
or collapse of these ice sheets would lead to cestwf irreversible sea-level rise and coastal
inundation around the world. Global warming aslwaslthe melting of glaciers and ice sheets
(which increases the delivery of freshwater to ¢lseans), could destabilise the global ocean
thermohaline circulation. Climate models indicaiteulation begins to show signs of moderate
weakening for warming of just 1°@2, and beyond °€C, some studies suggest the potential for
ocean circulation to be pushed to the point ofapsE’® Such destabilisation could cause
regional climate shifts with significant environntehand economic consequenée¥.
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Melting of the world’s great ice sheets as welltlas retreat of Arctic sea ice also acts as a
positive feedback on global warming — as ice résrdass solar energy is reflected causing the
Earth to absorb more solar enefgther such feedbacks are also believed to havedteatial

to enhance climate change. For example, carbore ayadelling has suggested that forest
dieback in tropical regions could ultimately treovsfi the terrestrial biosphere from a sink for
carbon to a source — increasing the net concemtrafi CQ in the atmospher¥. Recent work

in the United Kingdom indicates that climate charggeausing carbon to be released from soils
at a rate equivalent to almost 10% of the Unitedgdiom’s annual industrial G@&missions —
potentially offsetting reductions in human emissidhPaleological data indicate that abrupt
climate shifts have occurred in the past as a redulhe catastrophic release of greenhouse
gases, primarily methane, from methane hydratdsemcean’s sediments. There has been some
investigation of the causes of this rele¥sand speculation regarding the potential for
anthropogenic climate change to once again des@lbilis reservoir.

4. Climate change Impacts in the Asia/Pacific Regio n

Over the next century and beyond, climate chandler@gult in a broad range of consequences
for most regions of the world including the Asia¢iia.® Although climate change impact
assessment has been an active area of researcbvdortwo decades, this research has
intensified in recent years as a result of

growing evidence of a human influence on

the climate system, direct observations of

climate impacts, and increasing concern

about the nature of future impacts. Some of

these impacts will be large, others small,

and some surprises will likely occur.

As is clear from the climate scenarios

presented in Section 3, there are significant

uncertainties associated with projecting

future changes in the climate system and,

subsequently, environmental responses to

that change. Often one cannot offer specific

predictions regarding impacts, their rate of

occurrence, magnitude, and likelihood.

Ir?Stead’ wppacts are estlmatgd based uj Figure 4.1. Intergovernmental Panel on Climate

different “if. . . then” scenarios of future Change’s “reasons for concern,” reflecting the

changes in temperature and precipitati differential vulnerability among systems to climate
~ change and the tendency for impacts to increase

and how systems may subsequen ;i temperature.

respond.

Regardless of a system’s vulnerability, impactd witrease with increases in the magnitude or
rate of climate chang®. As suggested by Figure 4.1, the vulnerabilityspétems to climate

change has largely been expressed relative to gevegtmbal temperature. Yet, other climate
changes, and particularly the variability in futwlenate conditions, are often more important.
Impacts to water resources, for example, clearlgedd upon changes in precipitation and
evaporation. Similarly, in the coastal zone, saell rise and storm surge may be more critical
drivers than temperature alone. In some situatiditeate variables may be highly interactive,
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meaning the magnitude of change in one variabkcedithe response of the system to the other.
For example, the impacts associated with a larggpéeature increase may be quite high if

precipitation declines, but more modest if preaiiin keeps pace with temperature. In

communicating the risks of climate change, it igpamant to acknowledge these complex

interactions.

This section summarises a range of climate chamgmdts, divided into five core sectors:
Coastal communities; ecosystems and biodiversifgctious disease and heat-related mortality;
water resources; agriculture and commercial foyesand regional economies. The general
factors that affect the vulnerability of these sestare discussed, and understanding of the
relative vulnerability of individual sectors is orined by reviewing a number of sectoral impact
estimates which appear in the scientific literatufetotal of 186 estimates were considered (81
at regional scales and 105 at national scalesjvithéhl impact estimates appear in Section 11
as a series of tables indicating impacts acrossadient of temperature increases of <2°C, 2—
4°C, and >4°C. Each impact estimate was scoreddbapon whether it suggests losses or
damages to a particular sector, benefits, or spaasge from losses to benefits. A ‘weight-of-
evidence’ approach was then used to assess vuilitgrély examining what the balance of
impact estimates suggest about future impactstlzesk analyses are presented for each sector
in the following subsections. In addition, the imptions of these impacts for regional human
and national security are also discussed.

It should be noted that different impact assessmsardies employ different methodological
approaches and climate scenarios, and may addmsctis at various scales, from regional
aggregations to subnational areas. As a conseguesitmates of climate change consequences
may vary significantly from one study to anothdihe results from any one study should not be
interpreted as specific predictions of future impacather they represent different estimates of
the sensitivity of a particular sector or systenateet of assumptions about a changing climate.
Furthermore, because of such variability in powmgsponses to climate change, no likelihoods
are attached to any of the individual impacts estig® that are discussed. Nevertheless, to the
extent that multiple estimates consistently indicadverse consequences for a particular region
or sector, this can be taken as robust evidensgoificant climate vulnerability.

4.1 Coastal Communities

The coastlines of Asia/Pacific nations are gengraighly vulnerable to the effects of climate
change, particularly sea-level rise caused bygigjilobal temperatures (see Section 3.5). This
vulnerability stems from a number of factors inéhgdthe geology and geography of some of
the region’s coastal areas, the growing densitpagulation and infrastructure in the coastal
zone, and of course the limited adaptive capadityuch of the region’s population. Vast areas
of the Asia/Pacific are low-lying (Figure 4.2)particularly the small-island states as well as th
large river deltas found in India and BangladestytBeast Asia, and Chiffa. Furthermore,
large tidal variations, tropical cyclones, and erte rainfall events are common throughout the
region, resulting in frequent coastal and inlarmbding. The expectation of stronger tropical
cyclones in coming decades, combined with the pistefor significant increases in regional
rainfall, suggest the potential for increased aldsdzard.

Much of the research conducted on the impacts iofaté change on coastal communities is
based upon modelling of shoreline inundation oregdtin response to varying magnitudes of
sea-level rise and the subsequent implications egposed populations and economies.
Scenarios for sea-level rise are often based udutraay estimates such as an increase in sea-
level of 50 or 100 cm. As such, there is a paugitinformation available regarding impacts for
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lower magnitudes of sea-level rise, despite the tiaat the effects of sea-level rise are often
magnified 100-fold due to coastal erosidror this report, a number of such studies were
reviewed and grouped under three different ran§esalevel rise: <30 cm, 30-50 cm, and >50
cm. These ranges generally correspond with estunaea-level rise by 2100 from global
warming of less than 2°C, 2—-4°C, and greater ti&h) d4nd are thus consistent with the impacts
reported to other sectors in this report.

Figure 4.2. Vulnerability of the Asia/Pacific region to sea-level rise. Land areas in red are below 20 metres
in elevation, highlighting the most low-lying areas.”’

Table 4.1. Summary of Impact Estimates to Asia/Paci  fic Coastal

Communities ¢

Regional National
<30cm | 30-50cm |>50cm | Sum | <30cm | 30-50cm (>50cm Sum
Loss 0 5 7 12 4 7 15 26
0 0 0 0 0 0 0 0
Gain 0 0 0 0 0 0 0 0
Total 12 26

The estimates of Asia/Pacific impacts from seaillege are unambiguous in indicating adverse
consequences for the regions (Table 4.1). Fortless 30 cm of sea-level rise, the island states
of Fiji and Kiribati already experience significdonsses of land area and subsequent economic
consequences (Table 11.1). Similarly, a large afezoastal land is affected in the deltas of
Pakistan. However, the modelling conducted fos gtudy indicates that sea-level rise of more
than 30cm is not likely to occur until the latterifhof the 2% century (e.g., ~2070). With 30-50
cm of sea-level rise, the economic costs in thea/Rsicific region rise to the hundreds of

9 Values in table refer to the number of impact estimates for each sea-level rise category that
indicate sectoral losses; losses to gains; or gains in response to climate change. See Section 11
for a list of individual studies and impacts
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millions to billions of dollars per year, and ovi0,000 km of coastline experiences the effects.
Tens of thousands of square kilometres of landandkadesh is lost, displacing tens of millions
of individuals. Additional land area is lost injiFiKiribati, and Indonesia, and China faces
billions of dollars in costs associated with floogliin the Pearl Delta region. As sea-level rise
exceeds half a metre, the area affected in the/Ra@#ic region rises to over half a million
square kilometres, affecting hundreds of milliorfspeople. The total costs for protecting
Southeast Asia alone are on the order of $300billLarge areas of Bangladesh, India, and
Vietnam are inundated, and Kiribati, Fiji, and t#aldives are reduced to just a small fraction
of their current land area. Modelling suggests¢éhmagnitudes of global sea-level rise are not
likely to be realised until the end of the*2%entury (e.g., 2070-2100).

Box 4.1. Vulnerability of Bangladesh to Sea-Level R  ise

Bangladesh is one of the most commonly-cited examples of a nation with a high degree of
vulnerability to sea-level rise. Although the northern regions of the nation are associated with
steep elevation gradients secure from sea-level rise, extensive areas of the nation along the Bay
of Bengal are comprised of low-lying lands at or below 1 metre above mean sea-level. As a
consequence, much of this land is thought to be susceptible to inundation as a result of future
climate change and the associated sea-level rise. Estimates of the effects of a 1 metre rise in
sea-level on Bangladesh indicate the loss of approximately 30,000 km? of land area to
permanent inundation.® Meanwhile, severe tropical cyclones have the potential to cause a
storm surge of 3-6 metres.’®Subsequent erosion of the remaining coastline from sea-level rise
and extreme events would contribute to further land loss. The resulting consequences would
include:

Displacement of people

Loss of high-value agricultural land

Intrusion of saline waters into surface and groundwater

Increased risk of backwater effects that exacerbate flood ri sk
Loss of coastal vegetation and forests

This vulnerability is exacerbated by the fact that Bangladesh is one of the world’s most densely
populated nations, with much of that population residing in the vulnerable delta regions.
Furthermore, the flood-prone deltas also represent core areas of agricultural production. Sixty-
five percent of Bangladesh’s land is dedicated to agriculture, which also comprises
approximately 23% of the nation’s annual GDP (Table 2.1). This large allocation of both land
and economic activity to climate-sensitive agricultural enterprises highlights the nation’s
vulnerability to climate change. Nevertheless, Bangladesh is still not self-sufficient in food
resources and has high rates of population growth and low-per capita income, suggesting even
more individuals will be vulnerable to climate change in the future. The nation is experiencing
relatively rapid economic growth which may enhance the capacity of Bangladesh to cope and
adapt to climatic variability and change, including sea-level rise, in the decades ahead.'”® The
critical question is whether such resources can be acquired and leveraged on time-scales
relevant to offset the rate at which climate change encroaches on the nation’s coast.
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4.2  Ecosystems and Biodiversity

The ecosystems within the Asia/Pacific region, al as the rich plant and animal diversity of
which they are comprised, represent an invaluab$etaat local, regional, and global scales.
They contribute directly to regional economies byviding food and water that sustain human
life as well as natural resources such as timbéifisheries that support commercial enterprises.
The natural amenities provided by Asia/Pacific gstems are also increasingly drawing
tourism to the region, creating economic opporfurds well as environmental pressures.
However, ecosystems also provide a range of indisstvices that are often not fully
appreciated or valued. Vegetation cover helpsfpwater as it runs off the land into streams
and rivers. Coral reefs and coastal wetlands geo¥iood defence and buffers to coastal
communities as well as nursery area for marine ispec Many communities within the
Asia/Pacific region are dependent upon such ecesystoods and services, particularly in the
region’s least developed countries. Furthermdre, region’s environment may have strong
cultural significance to its people. Thereforegm@elation and loss of species and ecosystems
poses a threat to not only the economic, but &lssotcial and cultural stability of the region.

The natural ecosystems and biodiversity of the /Rsieific region are considered highly
vulnerable to the effects of climate change dua tmmber of factors. First, various locations
within the region, including high altitude ecosysteof the Himalayas and the landscapes of
small islands contain a disproportionately highcpatage of endemic species that are dependent
upon these core habitats. In addition, climatengeas likely to affect Asia/Pacific ecosystems
as one of a number of important drivers that walvé cumulative effects in the decades ahead.
Despite rapid growth in conservation and prote@ezhs within the region over the last few
decaded? land-use change and degradation, overexploitaibnwater resources and
biodiversity, and contamination of inland and cahstaters already threatens many species. For
example, in Indonesia, hundreds of mammal and $peties have been declared threatéfied.
In India, up to 1,256 plant species are threatéffed@he Pacific Islands within Oceania contain
the largest number of documented extinctions aachame to more threatened species than any
other region in the worltf®

Projected changes in climate will have diverse @giohl implications®® Species within
ecosystems have an inherent capacity (behavidrgsiglogical, and genetic) to cope with some
degree of climate variability and change, providteid maintained within a certain range. Yet
this coping range can be relatively narrow for mapgcies and may be exceeded by short-term
changes in climate extremes or long-term changes/émage climate conditions. Habitat for
some species will expand, contract, and/or shifhwhe changing climate, resulting in habitat
losses or gains, which could prove challenging.tipaarly for species that are already
threatened or endangered. Research indicatespbaies exchange among islands is quite high,
and climate change may accelerate this processhbutonsequences are largely unknd%n.
Changes in habitat (e.g., fragmentation) and thgildution of species also creates opportunities
for invasive nuisance species that may be ablapitalise on climate change, disrupting local
ecosystem&’®10

Recent studies indicate that globally, natural gstesns are already responding to climate
change'™® For some species, these responses appear to peopiniy strategies, for others
adverse effects including localised population resttons have been observed Observations
also indicate that the productivity of the Asia/fladandscape has increased over the past 20
years:%except in Arid and Semi-Arid Asia and SoutheastaAsihere significant declines in
productivity have been observed. Increases in mtbdty must also be considered in the
context of trends toward increasing wildfires arduthe globeé™ For example, wildfires
associated with 1997/98 EIl Nifio event releasedagamately 2.1 billion tons of carbon to the

atmosphere, with 60% coming from Southeast A¥ia.
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Despite the well-known biodiversity of the Asia/Riacregion as well as the chronic challenges
associated with environmental management, theaepiucity of specific information regarding
the implications of climate change. There is mawtareness of the mechanisms by which
climate change may affect natural ecosystems aswhirees in the Asia/Pacific regioh,but
there are limited quantitative estimates of potntinpacts under specific climate change
scenarios. This stems from a number of factoduding limited assessment capacity within
Asia/Pacific nations to conduct such work as wallaadisproportionate, but not necessarily
misplaced, emphasis in regional impact assessnoentsatural disasters and issues related to
human security (e.g., impacts to food, water, avabtlines) and infrastructure.

In the context of climate change, impact assessstadtes have focused on four key ecological
aspects of the Asia/Pacific region: coral reef camities, mangrove wetlands, tropical and
temperate forests, and high altitude montane speEigch of these is discussed further below,
but one should note that ecological impacts frommaie change will by no means be limited to
these few examples. Furthermore, the studiesetkiat, though perhaps limited, are generally
consistent in finding that climate change will posdverse consequences to Asia/Pacific
ecosystems (Table 4.2; Table 11.2).

Table 4.2. Summary of Impact Estimates to Asia/Paci  fic Ecosystems and

Biodiversity "

Regional National
2T | 2-4C | >4TC |Sum |<2T 24T 24T  3um
Loss 3 3 3 9 1 2 0 3
0 1 0 1 0 2 0 2
Gain 0 1 0 1 0 0 0 0
Total 11 5

The Pacific Islands of the Asia/Pacific region @ntthe largest collection of coral communities
in the world, which are relied upon for local pogiidns for beach defence, fisheries, and as an
attraction for tourism. The sensitivity of the waid coral reefs to temperature is well-
documented. Estimates of the coping capacity oélsosuggests that prolonged temperature
increases of just 1-2°C above average are suffit@einduce bleaching (Table 11.2§.The
1997/98 EIl Nifio event caused widespread bleachingpial reefs in the Asia/Pacific region
including India, the Maldives, Indonesia, Thaila@mbodia, Malaysia, and India. Modelling
studies from the Great Barrier Reef suggest temynerancreases may become sufficiently
frequent within just a few decades to overwhelmatsorecovery mechanisms. A study from

Fiji suggests that coral reef impacts from warmifigess than 2°C would also cause economic
losses to fisheries. Temperature projections indiggarming in the Asia/Pacific region of 1—
2°C is possible as early as 2030 and virtuallyaderby 2070 (Figure 3.1). In addition, ocean
acidification from higher atmospheric G@oncentrations has been shown to reduce theyabilit
for corals and other organisms to build their catticarbonate skeletoi$,although it remains
unclear how this effect may interact with temperaicthange$*®

" Values in table refer to the number of impact estimates for each temperature category that
indicate sectoral losses; losses to gains; or gains in response to climate change.See Appendix
IV for a list of individual studies and impacts.
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Figure 4.3. Projected changes in mangrove area in various Pacific Island nations by 2100. Horizontal
green bars represent minimum impacts based upon extrapolation of historical sea-level rise. Red
horizontal bars represents uPper limit of mangrove loss based upon Intergovernmental Panel on Climate
Change’s upper range of 21% century sea-level rise.

The Pacific Islands also contain just under 1%hefworld’s mangrove ecosystefi$.A recent
report by the United Nation’s Environment Progranooacluded that sea-level rise is likely to
adversely affect mangroves throughout the redfibnAcross the Pacific Islands, total impacts
range from a loss of 1% of mangrove area, giversemative estimates of future sea-level rise,
to a 13% loss (Table 11.2), assuming the Intergowental Panel on Climate Change’s (2001)
upper range for Zicentury sea-level riseHowever, the impacts to specific locations may be
much more significant, with losses of up to 50%nuwosre projected for some island nations
(Figure 4.3). Mangrove communities are found tigtmut the coastal margins of the
Asia/Pacific region, and thus such impacts fromlsgal rise are likely to be felt quite broadly.
The distribution of mangroves in coastal margins akso be affected by rainfall patterns and
runoff that alters the flow of freshwater to theastal zone, and, subsequently, the distribution
of appropriate saline habitat for mangroves. Lldkeal reefs, mangroves provide critical habitat
for the Asia/Pacific’'s coastal biodiversity, shamel protection, and are valuable resources for
human populations. Furthermore, the loss of maregdo sea-level rise is just one symptom of
a larger pattern of regional coastal wetland lass @ climate change, which could reach into
the tens of thousands of square kilometres givgh fmagnitudes of global warming.

High-altitude and mountain ecosystems represerthand&ey ecosystem of concern within the
Asia/Pacific region. Like small islands, the ecgisyns of mountains possess a high proportion
of endemic species, which tend to be isolated duestéep gradients in temperature and
vegetation along mountain slopes. Snowpack arzagkaare often core characteristics of high-
altitude environments, and rising temperatures ali#tr the timing of snowfall as well as runoff
from melting snow and glaciers. A general estimsitinat the snowline of mountains will rise
150 m for every 1°C increase in temperature. Wagnaf 1°C is likely by 2030, and warming
in the Himalayas of up to 6—8°C by 2070 suggedtstaumtial changes in mountain ecosystems
over the 21 century. Observations from Irian Jaya, West Papsiavell as the Himalayas
suggest rising temperatures have already affedtaiegs in the Asia/Pacific regignDeclining
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snowpacks will have downstream consequences fagrwasources. It is also assumed that as
temperatures increase, cool habitat for plant awirtha species will contract upward, potentially
resulting in the loss of the coolest habitat. $eavill have to migrate to higher altitudes to
accommodate the shift in thermal habitat, but ttterg to which montane species are capable of
such migrations is largely untested. Modellingbadme changes on the arid, high-altitude
Tibetan Plateau indicates steppe and desert bigi@eperate and alpine) as well as ice desert
biomes will contract as temperatures on the plateenease (Table 11.2).

Climate change studies suggest that some Asiai®&miésts and vegetation have the potential
to experience some beneficial effects from climelbeange and enhanced atmospheric, CO
concentrations (Table 11.2). For example, theindecbf steppe and desert biomes on the
Tibetan Plateau may be accompanied by an expan$ioanifer, broad-leaved, and evergreen
forests and shrubland. In addition, studies suggigsiificant shifts in tree species in China in
response to warming of 2—4°C, including the migmatof forest communities into non-forest
areas of east China. Similarly, vegetation grovgttpriojected to increase throughout most of
central China and the Pacific Islands. Howevet, alb studies reflect optimism. It's been
estimated, for example, that climate change wdluee the extent of China’s boreal forests by
70%, and grassland productivity in Arid and SemidA&sia is projected to decline by 40-90%.
Vegetation modelling also indicates significantbdiek of tropical forests in parts of Southeast
Asia. Meanwhile, global studies suggest the pakffor significant extinction of plant and
animal species in temperate and tropical foresth sis those found in the Asia/Pacific region.
In addition, climate change is likely to alter distance regimes within forest communities,
affecting the frequency and intensity of pest oediis and wildfire. For example, fire risk is
project to increase throughout much of central Asia

4.3 Infectious Disease and Heat-Related Mortality

Improving the standard of public health in the AB&xific region is a fundamental development
goal, and one which necessitates consideration @nge of issues from food security and
nutrition, to water resources, to extreme weathents'? Climate change is likely to pose a
number of challenges for the region’s public healthboth direct and indirect ways. In fact,
work by the World Health Organisation suggests thiatate change has already taken a human
toll in the region, largely due to the effects binate change on infectious dised&e.

The direct effects of climate change on human haalthe Asia/Pacific tend to be obvious, as
they are often associated with extreme weatherteveamd natural disasters. As temperatures
increase, for example, the frequency, severity, dundtion of extreme heat events is likely to
increase. Such events can have significant healttserjuences, and even in developed
countries, represent some of the most lethal foohsextreme weather. In May 2002,
temperatures in the Indian state of Andhra Pradesliched 49°C, resulting in over 1,000
deaths®* Tropical cyclones are also a routine danger inAB&/Pacific region. In 1991, a
cyclone struck Bangladesh, killing approximately9,I®0 people. While the extent to which
climate change is currently affecting cyclone isidas remain unclear, modelling studies
consistently project increases in cyclone interisitg warmer world:*#

Over the long-term, the indirect effects of climatenge on human health, though perhaps less
dramatic, may prove just as important and costlyn addition to fundamental health
considerations such as food and water securityngihg climate patterns are projected to alter
the distribution of infectious diseases such asanaldengue, and schistosomiasis; increase the
risk of water-borne disease; and exacerbate alitgud/ith the exception of east central China
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and the highlands of west China, much of the Asieifit¢ region is exposed to (or has the
potential to be exposed to) malaria and dengue.dlind studies suggest the region will
continue to be a hotspot for both of these diseasdbe decades ahead, with some isolated
regions becoming more prone to epidemics and othess (Figure 4.4%%'*" Meanwhile,
changing patterns of rainfall, particularly incregsn intense rain events, may increase the risk
of surface and drinking water contamination andewaorne illnes$?® Work from the United
States suggests increases in temperature will Bbaeeair quality problems in urban areas,
increasing mortality?® Such studies are quite relevant to some of tha/Rakific’'s megacities
where air quality currently poses a significantltreehallenge'®

@ = presently suitable, becoming unsuitable by 2050
[ = presently unsuitable, becoming suitable by 2050

Figure 4.4. Effects of climate change on malaria (left) and dengue (right) risk in the Asia/Pacific
region.”?®*?” For malaria, areas in red represent locations where climate change is projected to reduce
malaria risk, while areas in green represent locations where risk will increase. For dengue, red areas are
those projected to be at high risk, followed by moderate risk (orange to yellow), and low risk (green to
blue).

Table 4.3. Summary of Impact Estimates to Asia/Paci  fic Infectious
|

Disease and Heat-Related Mortality

Regional National
2T | 2-4C | >4C |Sum |<2TC P2-4C »4TC Sum
Loss 5 2 1 8 4 6 0 10
1 2 0 3 0 0 0 0
Gain 2 2 0 4 0 0 0 0
Total 15 10

Climate projections indicate the Asia/Pacific reg@s a whole is likely to become warmer and
wetter in the decades ahead, creating conditions ganducive to heat-related illness and death
as well as disease vectors such as mosquitoesirigpacross estimates of the effects of climate
change on health in the Asia/Pacific, various &tsidndicate that adverse health effects are
likely at relatively low to modest warming of letk&n 2°C (Table 4.3; Table 11.3). Impacts for
this magnitude of warming include additional dedtibsn malaria and dengue and more intense
tropical cyclones, which will increase the riskinfury and death. However, mortality from

''Values in table refer to the number of impact estimates for each temperature category that
indicate sectoral losses; losses to gains; or gains in response to climate change.See Appendix
IV for a list of individual studies and impacts.
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schistosomiasis is projected to decline. For wagrof 2—4°C, the impacts are similar, but
more severe, with larger numbers of individualsaseal to or affected by infectious disease as
well as rising costs associated with their treatmeafrhile tropical cyclone intensities increase,
some high-resolution modelling suggests that thguency of cyclones will decline. There are
few available studies that test the regional oional health response of the Asia/Pacific region
to warming greater than’@, but at least one reflects a continued upwardtatityr toll from
higher levels of regional warming, with deathshie hundreds of thousands.

It is important to note that many of the potentiablth impacts of climate change are closely
tied to socioeconomic conditions. Malaria, for exde, were once widely distributed
throughout North America, Europe, northern Asiad avorthern Australia but was largely
eradicated through prevention efforts and othelioggonomic changes that reduced human
exposuré® Therefore, while climatic conditions may dictate potential range of disease
vectors, socioeconomic conditions often dictatedbwial prevalence and incidence of disease
within human populations. Similarly, water-bornlmdlsses are another symptom of economic
development associated with lack of access to eatnimking water and sanitation while injury
and death during extreme events is a function argency management and the uptake and use
of risk management strategies such as building satting, or air conditioning. This means
that interpreting the future implications of climathange for the health impacts of disease or
extreme events must be conducted within the comtestirrent and future social and economic
change in the Asia/Pacific region that may enhamaeduce vulnerability.

4.4 Water Resources

Water resources are increasingly a core issue &t the developed and, particularly, the
developing world due to limited resources and amjrg global population. Water resources
supply a broad range of goods and services, inufudirinking water, waste management,
hydroelectric generation, irrigation, recreationdatourism opportunities, and habitat for
wildlife. As such, maintaining the security of watesources is a priority for any population,
and climate change impacts to water resources ragg A broad array of subsequent adverse
consequences. Both past and present challengeatés management have demonstrated the
powerful influence of climate variability and changA particular challenge for water resources
management are extreme events, such as prolongadhds which undermine food security, or
extreme rainfall events, which increase the riskawding.

Water resources management is already a presssug ifor a number of areas in the
Asia/Pacific region. Northern China, for exampgias been in a water crisis for a number or
years, as a result of population growth and waser as well as climate change. The main
course of the lower Yellow River often runs dry idgr summer month§? and reduced
reliability of other water resources due to landyrdeation and use is problematic as well.
Glacier retreat in the Himalayas as raised concabwut long-term impacts to catchments
dependent upon glacier run-off as well as shorttteonsequences from glacier flood outburst
events, which can cause downstream flooding, injang deat®®* Meanwhile, water security
is also problematic in small-island states, whiod @ften dependent upon limited groundwater,
rainfall collection, and to some extent, desalmat{e.g. Nauru§’ Such limited resources and
infrastructure must meet all demands — domestdystrial, and agricultural — making water
management and sanitation during periods of wadicitd or surplus particularly challenging.
For example, El Nifio events tend to bring warm dndconditions to South and Southeast Asia
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and much of the Pacific Islands, with the exceptbrKiribati, Tuvalu, Christmas Island, and
the northern Cook Islands, where rainfall increddkes Challenges to water resources
management may be exacerbated by sea-level risghwhbntributes to salt-water intrusion into
available freshwater resources.

Table 4.4. Summary of Impact Estimates to Asia/Paci  fic Water Resources '

Regional National
2T | 2-4C | >4TC |Sum |<2T 24T 24T  3um
Loss 1 6 2 9 1 3 0 4
0 0 0 0 1 3 0 4
Gain 0 1 0 1 1 4 0 5
Total 10 13

Impacts assessments examining water resources stugftggnging patterns of runoff and river
flows in the Asia/Pacific region in the decadesaah@long with increases in water management
costs and increases in the number of people exyéng water stress. Temperature projections
indicate warming of ~1-2°C across the Asia/Padifigion by 2030 and 1-7°C by 2070. In
response to such changes, the regional-scale stadés on balance, pessimistic, with the
majority indicating adverse consequences to wasources (Table 4.4; Table 11.4). Studies
looking at temperature increases of less than #3Cgexample, suggest economic losses in
South and Southeast Asia. For 2—-4°C of warmingliong more individuals are exposed to
water stress throughout the Asia/Pacific region.eaMwhile, the costs of water resources
management may be positive or negative in Asia,dcdania experiences economic losses.
The two regional studies that explore temperatoemarios beyond 4°C both suggest economic
damages in Asia and Oceania. Rainfall projectiamgyest increasing rainfall throughout much
of the Asia/Pacific region, which may amelioratensoof these projected impacts. However,
rising temperatures may offset increases in rdinffabugh evaporative processes, and thus
greater rainfall is not necessarily an indicatorgoéater water security, particularly in the
context of growing populations and demands on wassurces.

Studies from select nations suggest the potertiabbth gains and losses (Table 4.4; Table
11.4), largely due to projections of increased fino some river basins in response to
increasing rainfall. For warming of less than 2mM&lting and runoff from Himalayan glaciers
increase while costs for water resources manageametite small island state of Kiribati rise to
address salt-water intrusion and desalination @dtd.4). China experiences increases or
decreases in runoff among different river systefsr warming of 2—-4°C, runoff from
Himalayan glaciers continues to rise, although bseauch runoff occurs at the cost of waning
glaciers, such increases in availability are likett sustainable over the long-term and declines
are inevitable. Runoff also increases in Bangladmst so does the risk of flooding. China
experiences increases or decreases in runoff aditfegent river systems, although the nation’s
interior generally experiences reductions. Wategss in the Mekong Delta rises, and water
storages in the Philippines may rise or fall.

I'Values in table refer to the number of impact estimates for each temperature category that
indicate sectoral losses; losses to gains; or gains in response to climate change.See Appendix
IV for a list of individual studies and impacts.
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4.5  Agriculture and Commercial Forestry

Global agricultural production has been growingaatte of 2—-3% per year for the past four
decades, fuelled in particular by growth in develgpnations®® Nevertheless, there are a
number of countries that continue to have highsraik under-nourishment. For example,
Bangladesh has low levels of food consumption aal hade little progress in reversing this
situation over the past several decadg®akistan and India, though slightly better offyda
also experienced sluggish growth in per capita wonqdion. The Food and Agricultural
Organisation projects that growth in global productwill slow to just 1% per year over the
next several decades, although above-average grewphojected to continue in developing
nations.

Despite slowing growth, the net increase in prodacthat is projected is quite substantial. For
example, by 2050 global cereal production is ptejedo increase by 50% relative to 2065
realised, such growth would significantly reducee tprevalence of under-nourishment in
developing nations. For example, the percentagethe population experiencing under-
nourishment in East Asia and South Asia are prefecto decline from 12 and 22%,
respectively, at present to just 3% and 4% by 20BBe composition of food consumption is
likely to change as well, particularly as develapirations acquire wealth and access to greater
food diversity™®®> Meanwhile, agliscussed in Section 4.2, climate change is likeljhave
important implications for forest ecosystems, ahdreéfore, commercial forestry. Studies
indicate that globally, climate change will contrib to increased global timber production,
despite (and in many instances because of) shifipecies distributions and forest dieback.

These projections of future global food and timpeyduction and availability remain uncertain
and are dependent upon assumptions about socicamricends such as economic and
population growth, particularly in developing naiso To what extent might this relatively
optimistic outlook be altered by climate changetipalarly given current constraints on global
water resources and quality crop land? The prodtctof crop agriculture, livestock, and
commercial forestry is directly influenced by cliticaconditions, particularly seasonal patterns
of temperature, rainfall, and evaporation.. Theagables affect the length of the growing
season, the availability of soil moisture for vegiein growth, and under extreme conditions,
contribute to heat waves, droughts, and floods tlsahage crops and livestock and reduce
productivity.

In addition, extensive research has identified a-fe@ilisation effect, which improves water
use efficiency in vegetation, enhancing productiVif The magnitude of this effect varies
considerably among plant species, and it remaicgrtain to what extent experimental results
from one region of the world hold up in other rego Furthermore, recent research suggests
the effects of C@fertilisation may not be as beneficial as origipahought, as other factors
such as nutrients and soil quality may also limivgth*’ Yet consideration of this effect in
assessing the potential consequences of climategehto agriculture is essential. Where
climate change is likely to benefit crop productidhis benefit may be enhanced by £0
fertilisation. Meanwhile, where climate change nalois harmful to production, in some
instances the effects of G@ertilisation may be sufficient to offset adveisgacts.

It is also important to note that climate change rathect the agricultural sector in a number of
ways (Table 4.5). For example, irrigation systemils be affected by changes in rainfall and
runoff, and subsequently, water quality and suplbt water resources in many nations of the
Asia/Pacific region are already stretched thin leallenged in a number of ways, and future
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climatic change effects on regional rainfall wilerefore have both direct and indirect effects on
agriculture. In addition, the most productive agliural areas for a number of Asia/Pacific
nations, particularly Bangladesh, Vietnam, and srisénd states, lie in low-lying coastal
margins and river deltas that are prone to floodingea-level rise and storm activity will
inundate prime agricultural land and potentiallgrease periodic crop damage.

Although highly exposed to the weather and climaigriculture and forestry are managed
enterprises, and operations can be potentiallyagsgt and optimised to reduce vulnerability to
climate change. The greater the investments madagiicultural production, however, the
greater the consequence of crop failures duringeméd years. Nevertheless, agricultural
practices throughout the Asia/Pacific region hameeged through generations of experience
with climate variability, and coping capacities amgilience of these systems has expanded as
technology and knowledge have been built-up andettawith other nations. In addition,
agricultural practices such as irrigation and pesttrol further expand the resilience of these
sectors to climate conditions. The extent to whiabh management tools can be deployed to
reduce future vulnerability, however, is argualhel avill be closely tied to regional economic
development.

Table 4.5. Vulnerability of Asian Sectors Relatedt o Agriculture to

Climate Change **

Regions Food and Fibre Water Coastal

Resources Ecosystems

Arid and semi-arid Asia

Central Asia Highly vulnerable Highly Moderately
vulnerable vulnerable

Tibetan Plateau Slightly or not Moderately Not applicable

vulnerable vulnerable

Temperate Asia Highly vulnerable Highly Highly vulnerable
vulnerable

Tropical Asia and Small Island States

South Asia Highly vulnerable Highly Highly vulnerable
vulnerable

Southeast Asia Highly vulnerable Highly Highly vulnerable
vulnerable

Climate change will likely pose a broad and com@eay of consequences for agriculture and
commercial forestry in the Asia/Pacific region, lwitegional winners and losers (even within
individual nations), and differential responses agdifferent types of crops (Table 4.7; Table
11.5). Agriculture in China is perhaps a useful dastration of this complexity and diversity of
responses, as climate change will interact wittstayg land degradation and water scarcity to
adversely affect agriculture in some areas, bubges enhance agriculture in others (Box 4.2).
Both regional and national-scale studies suggestide range of potential outcomes to
Asia/Pacific agriculture, including both declingsyiields as well as increases. Such apparent
ambiguity is largely a function of different assurops within agricultural studies regarding
future changes in temperature and, in particulamfall, but also the benefits of GO
fertilisation and trends in land degradation.
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Box 4.2. Climate Change and Agriculture in China

China represents one of the most-well studied nations in the Asia/Pacific region with respect to
the impacts of climate change on agriculture. This stems from the size of the country (both in
area and population) and its rapidly changing economy and environment. As with other studies
of Asia/Pacific agriculture, uncertainty in future climate change makes identifying clear
responses difficult (Table 4.6; Table 11.6). Up to approximately 2C, studies suggest benefits
for rice, maize, and wheat, although one study finds modest reductions in agricultural revenue.
For 2-4C of warming, some studies suggest rice, maize, and wheat yields will increase,
although the gains tend to be larger for dryland cropping due to a greater benefit from the CO,-
fertilisation effect relative to irrigated crops. Yet, results for maize and rice are not consistent
across studies, as the majority of studies suggest sizeable reductions in yields are possible.
Similarly, some studies also suggest reductions in net agricultural production and the potential
for declines in agricultural revenue. Beyond 4T, studies are generally negative, indicating
declining rice yields and revenue, and the sustainability of certain crops under more extreme
scenarios of climate change is questionable. This is particularly problematic for China, which is
projected to experience some of the most significant warming in the Asia/Pacific region, with
central estimates of 2-3C by 2070 in central and northeast China, and the potential for
approximately twice this magnitude under a worst-case warming scenario (Figure 3.1).

Table 4.6. Summary of Impact Estimates to Agricultu  re in China

<2T 2-4C >4C Sum
Loss 1 1 1 3
0 10 1 11
Gain 3 2 0 5
Total 19

Crop modelling studies also indicate a high degree of spatial variability with respect to climate
change impacts in China. Crop yields in northeast China appear to be more vulnerable, with
studies suggesting declines in yield in response to climate change, while the southeast appears
to be a region of relatively lower vulnerability and the potential to realise some benefits. 28139140
Two of the critical factors affecting agriculture in China are the fate of the nation’s water
resources in response to climate change, which is dependent upon seasonal rainfall patterns,
and CO,-fertilisation. Northeast China is currently in the midst of a water crisis, and planning is
underway for large-scale diversion projects to bring water from more southern areas to the
troubled northeast."** Modelling of China’s water cycle in response to climate change has
suggested increased rainfall and soil water in southeast China, but decreases in the northeast,
consistent with modelling of agricultural yields.139 However, the projections generated for this
report, which draw upon a wider range of models, reflect a different picture — one of increasing
rainfall in northeast China throughout much of the year, but declining winter rainfall in southeast
China (Figure 3.2). Therefore, water stress in northern China may be alleviated by climate
change, though human water demands will continue to drain resources. Meanwhile, studies
also suggest that the fate of China’s agriculture is highly dependent upon the strength of the
CO-fertilisation effect. When excluded, impacts are negative across all major crops, while

K Values in table refer to the number of impact estimates for each temperature category that
indicate sectoral losses; losses to gains; or gains in response to climate change.See Appendix
IV for a list of individual studies and impacts.
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inclusion of the effect offsets losses and generally yields benefits.*® It is clear that much of the
estimates of China’s agriculture under a changing climate hinge heavily upon assumed CO,-
fertilisation effects, and uncertainty persists as the extent of the benefits that can be realised.
Therefore, should current estimates of the benefits of CO,-fertilisation prove overly optimistic,
the effects of climate change on China’s agriculture may shift more decisively toward more
pessimistic outcomes.

Studies which take a regional view generally leamard damages to agricultural production for
warming of less than 2°C, although one study sugghat rice yields across Asia will increase.
For warming of 2—-4°C, the majority of studies sugjghe potential for both gains and losses,
depending on the region under consideration anghgsions about climate change. Yet studies
of cereal and rice production in South Asia indicaeclining yields while crop quantities
increase in Southeast Asia and East Asia. Asidieaommercial forestry is also projected to
benefit.  Above 4°C, the majority of studies agaidicate the potential for both gains and
losses. Those studies that are less ambiguouscptognefits in Southeast Asia and East Asia,
but a number of studies project net economic daméméhe agriculture and forestry sectors in
Asia as whole, and Southeast Asia and Oceaniaifispdy.

Table 4.7. Summary of Impact Estimates to Asia/Paci  fic Agriculture and J

' Commercial Forestry '

Regional National
2T | 2-4C | >4C |Sum |<2TC P2-4C »4C Sum
Loss 1 2 3 7 3 5 5 13
2 6 2 9 0 21 2 23
Gain 1 5 2 8 3 4 2 9
Total 23 45

At the national level, studies suggest that somems will gain from climate change while
others will lose. For less than 2°C, for exampieg yields in one state of India increase, but
agricultural losses are experienced in the Phitippiand Fiji. The outlook for 2—4°C of
warming is mixed — rice and wheat yields in Bangkid tend to decline, and some studies
suggest declining yields in cultivable land as vealinet economic losses in India. Meanwhile,
rice yields in Indonesia and Malaysia are projectedncrease. The majority of studies,
however, indicate that the fate of agriculture imuanber of nations is tied to assumptions about
climate change. For warming greater than 4°C, natistudies suggest declining rice yields in
Bangladesh, India, the Philippines and Thailand jtzreases in Indonesia and Malaysia.

Looking across the various regional and nationadiss, it remains difficult to develop a robust

picture of the effects of climate change on regdi@ugiculture and forestry. There do appear to
be some clear regional losers, such as Bangladekhraall island states within Oceania. These
represent nations within highly vulnerable agriotdt systems that are exposed not only to the
effects of temperature and rainfall changes, bad aka-level rise. The reliance of these nations
upon subsistence agriculture suggests the potdotiadignificant adverse consequences from
climate change-induced reductions in crop yieldiltiple studies indicate that climate change

'Values in table refer to the number of impact estimates for each temperature category that
indicate sectoral losses; losses to gains; or gains in response to climate change.See Appendix
IV for a list of individual studies and impacts.
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has the potential to inflict similar damages thrhoagt the rest of the region, depending upon
how regional climate changes manifest.

The climate projections generated for this repoenegally indicate increasing rainfall
throughout much of the region, including during tiréical summer monsoon season, which
may bode well for agricultural production. Nevettss, changing monsoon variability and the
dynamics of extremes may offset the benefits. faHims projected to decline in Arid Asia,
India, and Southeast Asia during the winter monsodime implications of this for regional
agriculture merit closer examination. Any beneditclimate change to regional agriculture may
prove transient and be reversed as the magnitudienudte change grows. For example, recent
work by Mendelsohn (2005) indicates agriculture diés throughout Southeast Asia nations
given moderate magnitudes of warming and increasimgall, but significant adverse impacts
from larger magnitudes of warming and/or significaeductions in rainfaf® Even with
rainfall increases, rising temperatures may posbadlenge to agriculture, stressing crops and
reducing yields. Central estimates of climate ¢eaisuggest relatively large increases in
temperatures of 2—-3°C by 2070, with the potentialfarming in excess of 5°C for continental
Asia.

Unfortunately, specific studies of climate effeaig agriculture in a number of nations,
particularly small island states, in the Asia/Piaciégion are lacking. Those that do exist often
generate highly uncertain results that are not ydweonsistent, in part due to dissimilar
assumptions about future climate changes (e.gngasain rainfall). It is also important to note
that the fate of food security in the Asia/Pacifiegion will likely be driven largely by
socioeconomic trends that affect production, supgity demand. To the extent that nations are
able to develop high-yield, sustainable agricultanel mature their economies, their ability to
cope with climate change is likely to grow as wellhere persistent or emergent problems lie
with food security, economic growth, and governancewever, is where climate change
impacts may be more critical.

4.6  Regional Economic Impacts

Several attempts have been made at estimatingetreconomic costs that climate change might
inflict upon the world or specific regions. Suchabyses are potentially quite relevant, given the
close connection between the status of Asia/Paeifionomies and their vulnerability and
capacity to cope with the effects of climate changwever, a number of limitations of such
studies leave them vulnerable to underestimatieghét economic impacts as well as the human
and ecological toll of climate change. Studiesdtém focus on direct market costs of a few
sectors (e.g., agriculture, tourism, water, fosgstisheries, and energy), but overlook non-
market costs that are difficult to quantify in eoaric terms such as health and ecosystem goods
and services.

Furthermore, economic assessments often aggregateric impacts across broad geographic
areas. This invariably masks significant consegesrio local economies. An assessment of
economic impacts on the entire economy of the Rsiaific region would, for example,
aggregate the large economies of China and Indiative much smaller economies of some of
the Pacific Islands, precluding the examination tieé geographic diversity in economic
consequences. An example from the Intergovernrhdtdael on Climate Change'&hird
Assessment Reporemonstrates some of the potential pitfalls in hsuguantifications.
Assuming climate change causes environmental armhoetic damage in Bangladesh
equivalent to 80% of its GDP, this loss would anmtawnonly 0.1% of global GDP and would
slow the rate of global economic growth by lesstttaree week& Thus catastrophes at the
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local scale may be relatively innocuous at the glokcale when viewed through a strict
economic lens, thereby neglecting the real humaneawironmental toll. Therefore, the results
from economic studies should be cautiously integate Nevertheless, the fate of Asia/Pacific
economies in response to climate change is likelyet of interest to regional decision-makers.

The few estimates of impacts to Asia/Pacific ecoms from climate change that are available
generally indicate climate change will pose netnetoic damages to the region (Table 4.8;
Table 11.7). The majority of regional scale studiedicate economic losses to South and
Southeast Asia as well as Oceania, although only $tdlicates the potential for net economic
gains for Asia as a whole. Similarly, the majoritf national scale studies also indicate
economic damages are likely. For example, ondysindicates the potential for annual GDP
impacts of 2.4% on Sri Lanka for less than 2°C afming. In comparison, the Indian Ocean
Tsunami in 2004 caused direct damages equivalert.5% of Sri Lanka's GDP, with an
additional 7.5% of GDP required in financing relafd reconstruction effort§? For 2-4°C of
warming, studies indicate economic losses in InBangladesh, Indonesia, and Thailand, while
one study suggests the potential for modest ecanbariefits in China. Given central estimates
of temperature increases in the Asia/Pacific redigri2070 are on the order of 2-3°C, these
economic impacts are, unfortunately, well withiagk. It should be noted that the distribution
of economic damages and benefits may be highlyabkej even within individual nations. For
example, rural areas dependent upon subsistendeulgne are likely more vulnerable to
potential climate consequences than urbanised avighsmore diverse economies including
manufacturing and service sectors.

' Table 4.8. Summary of Impact Estimates to Asia/Paci  fic Economies

Regional National
<2C | 2.4C | >4C |Sum (2T [R-4C P4T Sum
Loss 1 3 2 6 1 4 0 5
1 1 0 2 0 0 0 0
Gain 0 1 0 1 0 1 0 1
Total 9 6

Although these studies indicate that climate chamglé have real consequences for the
economies of the Asia/Pacific region, the impactssinbe viewed in the context of continued
regional economic growth. On one hand, in the fafceontinued economic development, the
annual damages from climate change may represdatlaing fraction of the economy. As
such, the average long-term economic impacts ingavgn year may have little influence on
national to regional prosperity. On the other haawl,analysis by the reinsurance company
Munich Re highlights the fact that economic damages natural disasters have grown over
time in conjunction with economic growtff Therefore, the relevant economic implications of
climate change may be the potential for increadietate variability and extreme events (e.g.,
cyclones, droughts, and floods) that cause sigmifidoss of life and economic damage, often
shattering local economies and requiring significkoreign assistance to aid in relief and
reconstruction efforts.

™ Values in table refer to the number of impact estimates for each temperature category that
indicate sectoral losses; losses to gains; or gains in response to climate change.See Appendix
IV for a list of individual studies and impacts.
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4.7  Cross-Sectoral Synthesis

The review of climate change impact assessmentestitbm the Asia/Pacific region enables
one to draw some general conclusions regardinguitserability. Of the 186 impact estimates
reviewed for this report, the majority providedleas indication of adverse impacts. Sixty-two
percent of regional and 58% of national estimatecated adverse impacts, while only 19%
and 14%, respectively, indicated benefits FiguB.4However, 20-28% of estimates suggested
the potential for either adverse or beneficial eouences from climate change, depending on
assumptions.
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Figure 4.5. Indicators of the vulnerability of several Asia/Pacific sectors to climate change. Individual
estimates (n=186) of climate change impacts are presented as a percentage of sectoral estimates that
reflect losses from climate change, gains from climate change, or the potential for both gains and losses,
depending upon study assumptions.
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The vulnerability of different sectors varied sigrantly. One hundred percent of the regional
and national estimates of the impacts to coastainmonities indicate adverse physical and
economic consequences in the region, which growrpssively worse with higher magnitudes
of sea-level rise. Results for the regions’ ectsys and water resources are similarly
pessimistic, although national-scale ecosystem @tspaay prove beneficial for some species
and biomes while negative for others. Despite spotential for reductions in schistosomiasis
and localised reductions in malaria risk in theafBacific region, the majority of studies also
indicate the implications of climate change will laggely adverse for infectious disease and
other health threats. At the regional scale, irtgpéa@ water resources are decisively negative,
although at smaller geographic scales, individuatioms or subregions may experience
increased water availability due to higher raintthounts and subsequent runoff. Uncertainty
in future regional rainfall regimes means that cagpiculture and commercial forestry at both
regional and national scales could experience isr@flosses, although some nations appear to
be clear losers, such as Bangladesh and the Pésldicds. Finally, the majority of studies
indicate climate change will damage Asia/Pacifiorammies, although the potential for
economic benefits in some subregions does appéhe iliterature.

It is important to note, however, that the impaxftlimate change will not be isolated within
individual sectors. In reality, the individual s identified above function as inter-connected
units. Agriculture, water resources, and econognavth cannot truly be separated from the
health of human populations and communities, asidgisea-levels and coastal erosion degrade
coastal wetland ecosystems and habitat as reaslithey undermine human settlements and
enterprises. While is it possible to identify ghimars of hope for individual sectors in individual
regions, when viewed collectively, the body of iropastimates reviewed for this report indicate
a high degree of vulnerability and potential fogréficant adverse consequences. While
communities may have the capacity to cope withviiddial sources of stress, managing multiple
risks is a substantially more challenging undertgkiYet it is quite likely that some nations and
communities will indeed face climate challengesnfranultiple directions, and it is such
cumulative effects that may prove most threatetingggional prosperity and sustainability.

One must also be mindful of the fact that such remvnental challenges will manifest within the
context of Asia/Pacific’s ongoing social, economaaid environmental changes. Many areas
within the region are already marginal for wateaitability and agricultural productivity. The
water crisis and growing desertification in Chirsaa case in point. Ecosystem degradation
through resource exploitation and land-use chasgepervasive problem. Malaria and dengue
are endemic in some areas. Variable economic ipeaiace suggests the potential for growing
opportunity and capacity to manage future climétk in some nations while others continue to
struggle to simply cope with current climate vailigh As a consequence, seemingly small
changes in climate and marginally more challengngronmental conditions may be sufficient
to exceed the coping ability of some communitieseopsystems. Alternatively, rapidly
changing economies and dynamics of global trade sigyificantly reduce the sensitivity of
human populations to climate change. For exantbéetourism trade is currently transforming
the economies of some small island nations, suchWasuatu and Fiji. If pursued in a
sustainable and equitable manner, such developntaats help insulate some areas and
populations from the adverse effects of climatengea Such competing assumptions about
future socioeconomic change and adaptive capacity a@ten excluded from impact
assessments, but will certainly have important ioapions for the fate of the Asia/Pacific
region in a changing climate.
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4.8 Climate Impacts and Human and Regional Security

The potential implications of climate change areréasingly being viewed within the larger
context of human security. A recent report ondtadus and trends of conflict around the world
“red-flagged” six nations in the Asia/Pacific regiand “yellow-flagged” twelve due to security
concerns stemming from a range of issues includimmed conflict, human security,
effectiveness of governments, and social capatityGenerally, the Asia/Pacific region
experiences a relatively high number of ethnopmltiand armed conflicts compared to other
regions of the world?> How might future climate change interact with hexisting regional
security challenges?

Failures in food and water security, natural des@stand progressive degradation of ecosystem
goods and services are all factors that can adnttermine human security and threaten the
health and sustainability of communities and entirvations. As a consequence, the

aforementioned impacts of climate change on tha/Rsicific region pose a challenge to human
security across a range of geopolitical scalescoAding to Dupont and Pearman (2006),

“The reality is that climate change on the order of time frames
predicted by climate scientists poses fundamental g uestions of
human security, survival and the stability of natio n states which
necessitates judgments about political and strategi c risk as well as
economic cost.”

Dupont and Pearman (2006), go on to identify a eanfj potential mechanisms by which
climate change may jeopardise human security:

Adverse effects on food, water and energy
Unregulated migrations within the Asia/Pacific regi on
Natural disasters

Enduring health issues associated with poverty, foo d and water-borne
illness and infectious disease

Reductions in local and national carrying capacitie s, undermining
legitimacy and confidence in government

Climate surprises such as collapse of the global oc eanic thermohaline
circulation system or a collapse of ice sheets of G reenland and/or West
Antarctica

The greater the extent to which societies are digrgnon climate-sensitive enterprises, the
greater the risk of threats to human security. , Yétate change will not threaten human
security in isolation. Undoubtedly, current socimeomic conditions, environmental status, and
geopolitical relationships within the region arstical factors affecting human vulnerability.
Although climate change is quite likely to interagth such factors, the implications remain
speculative and are likely to vary considerablynfrone location to another. Nevertheless,
uncertainty regarding the rate and magnitude afr&utlimate change as well as the potential for
large-scale consequences suggests the need fecaugpnary approach to the issue and careful
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consideration of how interactions among climatengigaand human and national security may
play out in the futuré?®

One of the central issues with respect to climatange and security is that of human
displacement and migration. Archaeological evigemuicates that human populations have
been migrating within Pakistan and India for thestpd0,000 years in response to changing
dynamics of the summer monsodh. Some may view such migrations as voluntary, adapt
processes. Yet, it has been hypothesised that wiated migration in response to climate
change-induced displacement may contribute to ggdssues as migrants move to new regions
without social support mechanisms or sufficientoteses to assimilate or establish stable
communities. This may be particularly problemafianigration causes conflicts between
migrant and native groups as a result of ethnikku@l, or economic grievances.

Environmental displacements of human populationg raault from three basic causes a) short-
term events such as natural disasters; b) long-tenwironmental change that induces
individuals to move away from degraded environmetitat can no longer sustain the
population; and c) development of new infrastruetfior environmental management (e.g.
dams). Nicholls (1995) estimated approximately tilion individuals would be affected in
various countries in the Asia/Pacific region by &tra of sea-level risé?® and Myers (1993)
estimated 75 million individuals would be displadegd climate change in Bangladesh, China,
and India by 2056%° More recently, Tol (2002) estimated approximat2l§ million migrants
from South and Southeast Asia as a result of lemdtsea-level ris€® Meanwhile, damming
of waterways in India and China has historicallycéal the displacement of millions of
individuals — a consequence of environmental mamageé efforts to provide drinking water,
irrigation, and flood control. It is estimated thhe recently completed Three Gorges Dam in
China, for example, will ultimately displace 1.2llion people’! Attempts to engineer the
environment to compensate for future climate impaculd also drive future displacement of
communities.

Although it is likely that climate change will uttiately force the displacement of some
populations within the Asia/Pacific region, consal®e uncertainty persists regarding the
number of individuals that will be displaced, whaththose displacements will drive internal or
external migration, the extent to which human aaligmh can reduce displacement, and the
extent to which migration will jeopardise human w#ty. Furthermore, very little is known
regarding how climate change will interact with stig migration pressures and incentives
emerging from economic globalisation and other ®rmf environmental degradation.
Experience with prior natural disasters in différeagions of the world demonstrates that
various factors including access to informatiorsisiance, and transport as well as social and
cultural ties to land affect mobility and the caipato migrate. Compare and contrast the natural
disasters of hurricane Katrina which made landfalNew Orleans, USA in August, 2005 with
the Indian Ocean Tsunami which devastated Indon&hiland, and Sri Lanka in December of
2004. Whereas the survivors in Aceh, Indonesiaaieed in place, rebuilding and recovering
with foreign assistance to the best of their ahiliens of thousands of displaced residents of
New Orleans have relocated to other cities withanWnited States.

One likely outcome over the next few decades wdllabgrowing build-up in the number of
individuals within the Asia/Pacific region seekimggulated migration opportunities. For
example, citizens of Samoa, Fiji, Tonga, KiribatidaTuvalu are eligible to apply for New
Zealand residence under the Samoa Quota and PAcifiess Category immigration policies.
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During 2005 and 2006, approximately 17,000 appbcet were filed for residency under these
programs, compared with just 4,000 in 26873 Although such interest in migration stems from
a range of issues, not the least of which is ecanampportunity, it is rather easy to see how
climate change could contribute to similar interastl demand for migration options within
nations where climate change exacerbates otheesstu limit economic development and
human security.

Growth in demand for migration, however, does netassarily mean that opportunities for
migration will be available or expand accordingljhis raises a number of challenging
guestions, particularly for small-island states wehihe long-term sustainability of some islands
and communities is in doubt. At present, theredslagal or logistical framework within the
region for addressing migration under these circarmees. Furthermore, given one-way flow of
migrants out of trouble areas, it is difficult twrésee how conditions and opportunities for those
that remain behind may be affected, particularlyegithat migration opportunities will likely
fall preferentially to those with economic resowwceducation, and skills. Hence, increasing
globalisation, mobility, and pressures includingnelte change within the Asia/Pacific region
will likely require careful management to ensureuitaple development continues despite
shifting preferences and opportunities among tg@res residents.

It has also been postulated that climate changedtspon human security could potentially
become sufficiently severe as to induce, or attleastribute to, violence that threatens to
elevate human security concerns to national anibmalj security issues® Some of the
commonly cited causes of violence and armed cdnfliclude chronic poverty, sudden
contraction of livelihoods, failed states, and ilwxary relocation. Nevertheless, states with
high rates of poverty and underperforming governsiato not necessarily deteriorate into
violence. Recent indicators suggest a generalmdest armed conflict around the world over
the past two decades, including developing natigfested by chronic poverfy? Barnett and
Adger (2005) emphasise the importance of human@genthe development of violence, or,
put simply, people choose to engage in violent bieha'>* Put in this light, the question
becomes one of how might climate change increas@tbpensity for individuals to engage in
violence. Unfortunately, there is currently litdealysis that can aid in answering this question.
Studies of violent conflict, however, suggest thimtlence emerges as a means of obtaining
resources that are perceived to be otherwise uimalbi@’>* This economic rationality
argument agrees well with the correlation betweewvepy and violent conflict in developing
nations, although it does overlook other importonsiderations such as leadership, grievances,
and group identities.

Barnett and Adger (2005) also emphasise the rolthef state in security, noting that the
existence of a strong, effective liberal-democratate reduces the risk of violent conffitt.
Weak or failed states that are poor performerga@tiging security, equity, and opportunity for
their citizenry are more likely to be rejected allenged by the populace, contributing to an
erosion of authority. Therefore,

“understanding the way climate change may increase the risk of
violent conflict therefore also requires understand ing the way it may
weaken (or strengthen) the capacity of States to pr  ovide or deny
opportunities for people, and manage globalisation. " **

Many of the impacts of climate change affect systemd sectors that are traditionally public
goods or state sponsored (or at least state reglilahterprises: ecosystem goods and services,
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water resources, public health, infrastructure dadd-use planning, and emergency
managementAs such, adverse climate impacts may be perceiyethd public as failures in
governance, lowering confidence in state instingioparticularly if climate change impacts
occur in a larger context of weak statehood whberet are existing grievances among the
public. Although much of current thinking aboutinthte change and security remains
speculative, this points to a general p&thward for the management of climate change —
namely, continued economic development in conjonctivith the maturation of strong,
democratic governments that have the capacitydweige for basic human security and equality
while managing the risks of climate change.

5. Regional Adaptation and Capacity-Building

5.1 Climate Adaptation: Terms and Definitions

Adaptation is a risk-reduction strategy for ameliorg the adverse effects of climate change on
human and ecological communities and for capitalisiupon potential opportunities.
Specifically, adaptation refers to actions, pokci@nd measures that increase the coping
capacity and resilience of systems to climate Wéiig and climate change (see Box 5.
Whereas greenhouse gas mitigation amelioratesbiyskeducing the magnitude and rate of
climate change (see Section 1.2), adaptation radileeresidual risk between what is achieved
via mitigation and that degree of climate changehah the Earth is already committed.

Box 5.1. Coping Capacity, Resilience and Adaptation to Climate Change

To better understand the benefits of adaptation for reducing adverse consequences of climate
change, it is useful to consider the concepts of coping range and resilience range . Coping
ranges represent the magnitude or rate of disturbance communities, enterprises, or ecosystems
can tolerate without significant adverse impacts or the crossing of critical thresholds.™® For
example, flood defences are designed to cope with water levels up to a certain magnitude, often
those estimated to be of an infrequent return period (e.g., 1 in 50 or 1 in 100 year flood levels).
When water levels exceed this coping range, the network of flood protections fail as a viable
means of defence and damages occur.

The resilience range is the magnitude of damage a system can tolerate and still autonomously
return to its original state."> Qualities that convey resilience include the ability to mobilise
equipment, personnel, and financial resources; the availability and effectiveness of emergency
management efforts; and the ability to rebuild, recover, and restore affected systems to their
original level of production or service delivery. Returning to the example of flood, once the
coping capacity is exceeded, societal and environmental damage will occur, and the resilience
range represents the magnitude of the flood from which systems can recover. To the extent that
flood damages are minor and/or covered by insurance, individual property owners may be able
to recover relatively quickly and resume prior activities. Once that resilience range is exceeded,
however, a community may not be able to recover independently, and external intervention is
required.

The goal of adaptation is to expand both the coping and resilience ranges of systems that are
vulnerable to climate change. Expansion of the coping capacity increases the ability of systems
to tolerate variability in the climate system without adverse effects, while expanding the
resilience range enhances the capacity of systems to recover in the event that coping ranges
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are exceeded and damages occur. Bolstering coping and resilience ranges is particularly
important for developing nations such as those common within the Asia/Pacific region. Climate
events of relatively moderate magnitude or frequency are sufficient to exceed coping ranges
and cause damage, and when damages occur, the ability of nations to recover is also limited,
slowing the rate of return and increasing the chance of persistent social, environmental, and
economic harm. Recent experiences with natural disasters in the Asia/Pacific region including
the 2004 Indian Ocean Tsunami and the 2005 Kashmir earthquake in Pakistan, though not
related to climate change, demonstrate that developing nations have limited capacities to
independently marshal aid to recover from disaster and significant external assistance was
required to augment national resilience to put affected nations on the, sometimes lengthy, path
to recovery.

Resilience
Range

ADAPTATION

Resilience
Range

Figure 5.1. Relationship between adaptation, coping ranges, and resilience.

Adaptation is implemented along two fundamentalhpatys**® Autonomousadaptation

represents those actions that are taken as individstitutions, enterprises, and communities
independently adjust to their perceptions abounmate risk. Such autonomous actions may be
short-term adjustments achieved via internal dexisnaking and are often considered to be
reactive processes that occur from the bottomiomgontrastanticipatoryadaptation represents
more proactive decision-making, where expectatiohdong-term changes in the climate
system are incorporated into present decision-ngatonprepare systems to cope with climate
change well in advance of the those changes. @mticipatory adaptation would likely
progress form the top-down, through regulationandards, and investment schemes. Such
anticipatory thinking is particularly critical fatecisions that have long-term implications, such
as the design and citing of long-lived infrastruetu

The extent to which adaptation actions can be implged to increase coping capacity and
resilience is referred to aglaptive capacity One of the central issues at play in adaptaton
the fact that adaptive capacity varies considerioiyn one nation, or even one community, to
another. Such variability in adaptive capacityaisunction of differential capabilities within
nations and communities with respect to financiesources, technology, expertise, and
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economic diversification that are often called uponimplement adaptation actions. For
example, low literacy rates, corruption, and stégreconomic growth are all recognised as
indicators of low adaptive capacity that limit thbility of nations to recognise and prioritise
climate change impacts, as well as plan, designiraptement adaptation actions. As such, the
issue of adaptive capacity is perhaps one of thst ingportant considerations in preparing the
Asia/Pacific region for climate change (see Sechi@®).

5.2  Summary of Adaptation Strategies

There are a wide-variety of specific adaptatioatsgies that may be effective in increasing the
coping capacity and resilience of communities, oretj and ecosystems of the Asia/Pacific
region (Table 5.1). The appropriateness of a @adr strategy is likely to be highly place and
time-dependent, as climate vulnerability variessiderably from one location to another, and
climate risk may change over time. In additiorffedlent communities and cultures may place
greater or lesser value on different consequenndstlaus may have strong preferences for
different types of adaptation measures.

The costs and benefits of a particular strategy many considerably and be difficult to
quantify. Large-scale infrastructure such as newsl or coastal defences can be quite costly
and require significant lead-up times for desigl @onstruction. In contrast, educating the
public about climate change or the establishmergaofy warning systems may be relatively
low-cost options that can be implemented rapidixamples of potential adaptation costs from
Samoa sum to approximately 1.4 million US$ per yeent including fixed investments in
infrastructure update8® While costing individual projects may be a ratlseraightforward
process, estimating project benefits is a moreiaditf challenge. Over the near-term,
distinguishing climate variability from anthropogerclimate change will continue to be quite
difficult, and thus determining the return on arapidtion investment is likely to be somewhat
speculative. Nevertheless, assessments of the micsof ‘climate proofing’ communities in
the Cook Islands and the Federated States of Mésianndicate that the benefits of investments
in adaptation outweigh the costs, as they reduagadas from both current climate variability
and extremes as well as future climate chdhge.

Box 5.2. Six Reasons to Adapt Now **

1) Climate change cannot be totally avoided.

2) Anticipatory and precautionary adaptation is more effective and less costly than forced,
last-minute, emergency adaptation or retrofitting.

3) Climate change may be more rapid and more pronounced than current estimates
suggest. Unexpected events are possible.

4) Immediate benefits can be gained from better adaptation to climate variability and
extreme atmospheric events.

5) Immediate benefits also can be gained by removing maladaptive policies and practices.

6) Climate change brings opportunities as well as threats. Future benefits can result from
climate change.

In light of such uncertainties, one potential plattward for adaptation is to identify ‘no regrets’
actions that reduce vulnerability to climate chabgeare low-risk in themselves in that they are
not sensitive to future assumptions about theaatemagnitude of future climate change. Two
types of approaches to ‘no regrets’ adaptatioruhe
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Actions that reduce existing vulnerability — The most straightforward
example of a ‘no-regrets’ adaptation strategy is thrat reduces an existing climate
vulnerability and therefore is likely to yield bdite regardless of future climate
change. For example, early warning systems fot Wweaes will reduce current
heat-related illness and death and continue tadpagtends as temperatures rise in
the future. Such activities have a high probabibtyenerating a positive return on
the investment.

Mainstreaming climate change into existing activiti es — Many decisions
that will affect future vulnerability to climate ahge are currently being made
without necessarily explicit consideration of climachange. This is perhaps
particularly true for some of the more rapidly gmw economies in the
Asia/Pacific region where major infrastructure dadd-use decisions are being
made at an ever-faster pace, and where interna@ssestance routinely supports
development projects. In many instances, it maypbssible to reduce the
vulnerability of a planning decision or project ¢mate change through small
adjustments that are low-cost relative to the di/@raject, particularly if climate
change may increase the risk of failure or preneatenovation and/or retirement
of assets.

The ability of adaptation to offset adverse impastsclimate change will depend upon the
efficiency of implementation, the region and sectmder consideration, and the rate and
magnitude of future climate change. For exampieicaltural and plantation forestry systems
can be directly manipulated through managementtipesc(nutrients, irrigation, planting times

and distributions) that can increase their capawitycope with climate change. However,
natural ecosystems often lack such managementsldgeincrease coping capacity, and thus
human attempts to adapt such systems must relyelyargpon increasing resilience of

ecosystems so that they can recover from climasdeck stress and disturbance.

Table 5.1. Adaptation Strategies for Climate Change

Coastal Communities

Identify vulnerable areas, communities, and infrastructure

Channel future development around “high” “moderate” and “low growth” areas

Develop coastal zone management plans

Construct new, or modify existing, coastal defences

Design infrastructure to accommodate sea-level rise

Manage progressive retreat from the coastline

Pubhc Health

Develop early warning systems for extreme weather events (e.g., flood, cyclones, heat
waves)

Establishment or bolstering of public health institutions

Research and development regarding disease transmission and prevention

Improving access of individuals and communities to medical and public health agencies

Education in disease prevention

Ecosystems and Biodiversity
- Establish conservation areas and networks

Invest in natural resource management plans

Manage land-use to reduce environmental harm

Identify at-risk ecosystems and species

Development of aquaculture and plantation forestry over exploitation of native resources
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Water Resources

Develop new water resources and storages (where possible)

Invest in climate and catchment monitoring and research

Rehabilitate existing water supply and transport systems

Implement demand management measures

Increase recycling and reuse of waste water

Invest in water saving technologies/methods

Agriculture
- Change farming practices

Change timing of farm operations

Use different crop varieties

Review governmental and institutional policies and programs

Research new practices and technologies (e.g., land-use planning, biotechnology)

Development drought management and relief protocols

Disasters and Emergency Management

Diversify economic activity to reduce reliance upon climate sensitive sectors

Develop emergency management plans for climate hazards

Develop early warning systems for extreme weather events (e.g., flood, cyclones, heat
waves)

Expand availability and use of risk-spreading institutions (e.g., insurance, government
assistance)

Identify critical activities and infrastructure for protection (e.g., health services, energy,
transport, communication)

Public Awareness and Education

Facilitate public awareness about climate change and its potential impacts

Communicate with public and stakeholders regarding risk management decisions and
programs

Identify pathways for individuals to be active participants in the sustainable
management of the environment and its natural resources

The faster the rate at which the climate changebagreater the change in climate extremes,
the more difficult and costly it will be for botruiman and natural systems to adapt. Invariably
there are limits to the ability of some systemsdiapt. For example, major species extinction
events are anticipated as climate-induced changepeécies habitat occur more quickly than
species can adapf Similarly, natural disasters are by definitioreets that overwhelm the
coping capacity of communities and nations, ang idifficult to imagine adaptation actions
expanding the capacity of communities to simply eeyth a major cyclone or flood event.
Hence, adaptation actions which also expand rasdi@re an important second line-of-defence
necessary for preparing communities and nationthefAsia/Pacific for the coming era of
enhanced variability and extremes associated witlate change.

5.3  Adaptation in the Context of Sustainable Develo  pment

Perhaps the most significant challenge for impleingnadaptation strategies in developing
nations such as those of the Asia/Pacific regiovoisso much identifying vulnerable systems or
potential adaptation actions and measures. Ratieefimiting step is establishing and growing
the capacity for nations to undertake adaptationjnoother words, focusing attention on the
adaptive capacity component of vulnerability (seet®n 5.1). As stated by Ribot et al. (1996),

"It is not that the risk is unknown, not that the m ethods for coping do
not exist...rather inability to cope is due to lack o f—or systematic
alienation from—resources needed to guard against t hese events.” !
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When presented in such a manner, the issue ofa&dapbecomes closely aligned with that of
sustainable development. In fact, in the absericggaificant gains in sustainable economic
development it is difficult to envision many of thdeveloping nations within the region
successfully managing the risks future climate geawill bring. Quite clearly, many nations
require assistance and resources simply to cope aitd bolster resilience to, existing climate
challenges. Without significant boosts in theipaeity, these nations will be struggling to
manage greater threats with potentially diministessburces.

What determines a nation’s capacity to adapt? &tsein fact no fixed set of characteristics that
dictate adaptive capacity. A number of broad iattics have been developed that suggest a
greater or lesser capacity to adapt, although mtyanf more proximal measures may be used
in the actual quantification of adaptive capaciflfle 5.2)"** Clearly, improving adaptive
capacity involves much more than simply executingagticular adaptation project, such as
flood defences, designed to reduce climate risksteld, it is fundamentally a process of
building working institutions that have knowledgedaability to manage the process of climate
adaptation as well as generating the resourcesahutachnical, and financial) to implement
adaptation actions. Hence improving the adaptapacity of Asia/Pacific nations requires
continued economic development that leads to thabkshment of robust institutions,
infrastructure, and the growth of human and finahcapital. Rather than adaptation to climate
change being a separate venture pursued in isojadieally it should one that is ‘mainstreamed’
into existing development activities and decisioaking.

Table 5.2. Indicators of Adaptive Capacity

Ultimate Indicator Proximal Indicator
A stable and prosperous economy National and per capita GDP
GDP growth rates
Degree of economic diversification
Internet access and usage
Level of technology education among the
public
Investments in technology research and
development
Efficiency of deployed technologies

Access to technology

Clearly define institutional
responsibilities with respect to
adaptation decision-making and
implementation

Institutional authorities on climate change
Extent of political corruption

Checks and balances on political
decision-making

Access to information on climate
change impacts and mechanisms for
adaptation

Investments in impacts and adaptation
research

Number of scientific institutions
Number of publications

Equitable distribution of resources
and decision-making powers

Democratic institutions
Gender equity in economic and political
affairs

Maintenance of existing adaptive
capacity within systems

Robustness of emergency management
protocols

Presence of disaster relief and risk-
spreading mechanisms

Robustness of public health services
Experience managing climate variability

In fact, because failure to consider cllmate risloither decision-making activities, such as the
design of infrastructure, can increase vulnerabititclimate change, climate change adaptation
is increasingly recognised as a fundamental issuglay in the pursuit of sustainable
development. The World Bank, for example, receptlyduced a report regarding pathways for
enhancing climate risk management in its econoraie@bpment investment®® However, as
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with any other decision-making event, care mustalken to ensure successful outcomes — poor
implementation of adaptation projects at best Idadémited reduction in climate risk and at
worst may waste considerable resources and timgthérmore, some adaptation actions may
actually be maladaptive in that they reduce vulbiéita over the short-term but increase
vulnerability over the long-term, or, alternativeigduce vulnerability in one area or sector only
to increase the vulnerability of others. For exBEmlarge-scale structural engineering to climate
change that alters the natural landscape may reth&ceesilience of natural ecosystems to
climate change or threaten the livelihoods of theke live on the land.

5.4  Balancing Mitigation and Adaptation

Multiple studies of future greenhouse gas emissams the resulting climate change indicate
that global emissions reductions on the order 665506 below 1990 levels are needed over the
next century to avoid ‘dangerous’ climate chaffgé.Yet another set of literature emphasises
the importance of adaptation in the assessmentimfte impacts and its role in reducing

vulnerability and future climate risk. Where dolkages between adaptation and mitigation lie?

While originally presented as ‘either-or’ optiore faddressing climate change (with advocates
aligning on either side), recent years have seechmueater acknowledgement of the need for
both mitigation and adaptation in the portfoliopmiicy responses. The existing commitment to
climate change, and the adverse impacts that wedllt, necessitates adaptation actions to
reduce vulnerability and risk. Nevertheless, gheeise gas mitigation is necessary if the rate
and magnitude of climate change is to be reduced,far systems, such as coral reefs, with
critical climate thresholds than cannot be reaeédpanded via adaptation, mitigation may be the
only option for preventing system collapse.

Table 5.3. Historical Responsibility for Global CO  , Emissions (1850-

2000)**
Top-10 Bottom-10
Nation Responsibility (%) Nation Responsibility (%)

United States 29.64 Seychelles <0.01
European Union" 27.06 Bhutan <0.01
Russian Federation 8.23 Solomon Islands <0.01
China 7.24 Maldives <0.01
Canada 2.14 Nauru <0.01
India 2.07 Samoa <0.01
Australia 1.05 Vanuatu <0.01
Indonesia 0.48 Tonga <0.01
Thailand 0.24 Kiribati <0.01
Pakistan 0.18 Cook Islands <0.01

Recent work indicates that there are trade-offsveen adaptation and mitigation. Some
adaptation actions, such as desalination to augmatar supplies or increased air conditioning
to reduce heat-related risks, are energy-intenaivé thus may be at odds with mitigation
efforts. On the other hand, afforestation, ref@#sh and forest conservation initiatives may
help mitigate emissions while improving the resitie of ecological systems to climate change.
There is growing interest within the internatiocammunity in the facilitation of adaptation in
the developing world. This creates the potent@ ¢ompetition between investments in
mitigation (e.g., through the United Nations FrarngwConvention on Climate Change’s Clean
Development Mechanism) and adaptation in the fofrdewelopment assistant®. Whereas
both strategies are designed to fundamentally eedoe risks associated with climate change,
mitigation and adaptation have different costs laaaefits in different regions of the world. For

" Individual nations within the European Union also carry a relatively high responsibility for
historical emissions, but are represented here as a collective unit.
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example, assuming a finite supply of financial tgses for international efforts to address
climate change, Tol (2006) has recently suggestatithe balance of costs and benefits to the
world’s least developed nations may favour inteomatl investments in adaptation via
development assistance. This assumes that the twstged by the developed world for
achieving emissions reductions will reduce publid grivate investment in the least developed
nations, constricting economic growth. These ingaat least in economic terms, may be
greater than those realised from the impacts ofatke change. Of course, the legitimacy of this
argument is dependent upon assumptions regardingotsts of mitigation as well as the market
consequences of climate impacts in different glabglons. It also overlooks the potential for
local critical thresholds that, if exceeded, couleivastate local economies independent of
external market drivers. Nevertheless, it idegsifthe need for clear articulation of goals and
careful planning in the pursuit of mitigation ardbatation.

The picture becomes somewhat clearer when onedmmasinvestments by individual nations.
At present, most of the nations within the Asialfacegion, with the exception of China and
India, are relatively minor contributors to glolggeenhouse gas emissions due to low per capita
emissions (Section 8), and historically, all of theia/Pacific nations bear a relatively minor
responsibility for climate change (Table 5.3). \@hihe United States, the European Union, and
the Russian Federation collectively account forrapimately 65% of historical C£emissions;
India and China account for just over 9%; Austrétin 1%; and the remaining nations in the
Asia/Pacific region for much less than 1% each.sish, particularly for small greenhouse gas
emitters, investing in mitigation yields little the way of direct benefits, as the effect on global
emissions and climate change will be small to mggke. Meanwhile, investments in economic
development and adaptation which target capacitiding and expansion of coping capacity
and resilience are more likely to generate diradtismmediate returns.

The above generalisations do not necessarily haldtife Asia/Pacific’s largest economies,
China and India. Despite modest historical respmlityi these nations are currently among the
world’s largest greenhouse gas emitters (accouritingpproximately 20% of 2002 emissions)
and are projected to exceed the United Statesenngar futuré®®® The relatively large
contribution of such nations to global emissionggasts that the benefits (both local and
global) of national investments in mitigation asdatively larger for these compared to other
Asia/Pacific nations. Nevertheless, despite laggenomies and associated emissions, the
vulnerability of these nations remains high, asestéd in their low per capita GDPs, and thus
there are still significant benefits to be realideain adaptation and capacity building in these
nations.

Rather than such analyses forcing a decision betadaptation and mitigation, they highlight
the importance of having either a) clearly deliedadnd separate responsibilities for greenhouse
gas mitigation and adaptation among financing tstins; or b) strategic coordination between
mitigation and adaptation efforts to maximise béaefin addition, efforts should be taken to
ensure that actions to reduce greenhouse gas enssBi either developed or developing
nations are not paid for by reducing developmesistence. The latest report on the United
Nation’s Millennium Development Goals indicatesnifigant progress must still be realised
within the Asia/Pacific region in areas of reducipgverty and hunger, infant mortality,
combating disease, and environmental sustainaBility some instances, progress has stagnated
or is even deteriorating. Development assistahe¢ lbuilds adaptive capacity will therefore
continue to be an important tool for reducing clienask in the region.

6. Knowledge Gaps

This review of potential climate change and envinental impacts in the Asia/Pacific region
highlights a number of knowledge gaps that shoudd térgeted by future research and
assessment work.
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1)

2)

3)

4)

Climate Change, Monsoons, and ENSO — While existing climate models enable
one to predict with confidence that average tentpeza in the Asia/Pacific region will
increase over the Zicentury, the implications of climate change fonfall are less
certain. Some consistent patterns of potentiafallichange emerged from the current
study, particularly reductions in winter rainfath iSouth and Southeast Asia, with
general increases in rainfall in other areas arab@ts. These rainfall patterns are
consistent with changes in the dynamics of the /Rsieific monsoons. However, basic
research and applied climate modelling of the ¢ffef climate change on monsoons
and the potential effects of regional atmosphertosols continues to develop.
Furthermore, climate model simulations do not agegarding important modes of
climate variability, such as the El Nifio-Southerscillation (ENSQO) and the frequency
and/or intensity of El Nifio events, which will inBnce the occurrence of extreme heat,
droughts, rainfall, and sea-levels in the Asia/facegion.

Risk of Ice Sheet Loss — Sea-level rise emerges from the current studg &ey
concern throughout much of the Asia/Pacific regiowhile sea-level rise estimates
span a wide range, like temperature, climate maddisate that increases in global sea
level are certain. Yet to date, most projectioffissea-level rise (including those
included in this study) do not account for the ptitd irreversible loss of the large ice
sheets of Greenland or West Antarctica. Recemteende from Greenland suggests an
acceleration of the melt rate, which, if sustainedhuld have implications for
Asia/Pacific nations and coastlines, raising exaéms of 21 century sea level rise. In
addition, such concerns highlight the fact thamelie change impacts in other parts of
the world may nevertheless have significant conseges for the Asia/Pacific region.

Impact Assessment — Knowledge of climate change impacts throughdug t
Asia/Pacific region is not evenly distributed. lied information is available for a
number of nations, assessments are not routinelgitad, and estimates of impacts may
be available for a relatively small number of sextor ecosystems. Such gaps in
information regarding regional impacts of climatenge are a symptom of the limited
capacity that exists with the region for simply argtanding climate risk, much less
coping with climate variability and climate change implementing strategies to
effectively reduce risk. Greater investment in ictpassessment, and particularly, risk
analysis that can elucidate the likelihoods ofatéht regional climate impacts would be
of great benefit.

Socioeconomic Change — The Asia/Pacific region is currently experiencing
significant change in a range of areas: sociatucail economic, and political. Some of
these changes have been beneficial, increasingoptoropportunity, education, and
standards of living for many individuals. Otherave been more problematic,
degrading environmental assets and natural resgustdéling economic growth, and
undermining human security. The effects of climaibel environmental change, both
now and in the future, are inextricably linked hes$e processes of economic and social
change. There is much uncertainty regarding howeatirtrends will progress in the
decades ahead. Yet, success or failure in thelafmwent of prosperous, democratic,
sustainable communities and nations within thearegnay be one of the most critical
determinants of future vulnerability to climate nga.
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7.

Conclusions

Undoubtedly, there are many considerations indigéonal implications of climate change that
merit more detailed analysis. Nevertheless, a murabkey conclusions can be drawn from the
preceding discussion. These conclusions are disdusirther below and are organised around
five central themes:

1)

2)

3)

The Asia/Pacific region has a high degree of vulner ability to climate
change, resulting from pre-existing socioeconomic ¢ onditions, exposure

to a range of climate hazards, and potentially sign ificant changes in future
climate conditions over the next century. Climate modelling indicates
temperature increases in the Asia/Pacific regiotherorder of 0.5-2°C by 2030 and 1-
7°C by 2070. In addition, models generally indécécreasing rainfall throughout
much of the region in the decades ahead, inclugiegter rainfall during the important
summer monsoon season. However, winter rainfgtagected to decline in South and
Southeast Asia, suggesting increased aridity asgacwith the winter monsoon. The
region will be affected by a rise in global seaeleaf approximately 3—16 cm by 2030
and 7-50 cm by 2070 in conjunction with regionah devel variability.  Other
modelling studies have also indicated the poteritielmore intense tropical cyclones
and changes in important modes of climate varigbduch as the El Nifio-Southern
Oscillation.

A review of studies estimating how various environm ental and economic
sectors of the Asia/Pacific region respond to clima te change indicates

that adverse impacts will dominate. Perhaps the region’s greatest vulnerability is
to sea-level rise, which all studies indicate vallode and inundate coastlines and
wetlands and displace communitieShe natural ecosystems of the Asia/Pacific region
will face increasing pressure from human activitesl land use change, reducing the
resilience of mangroves, coral reefs, tropical $tsgand montane communities to rising
temperatures and sea levels and changes in raiighlfts in the vectors for dengue and
malaria may expose millions of additional indivitkiao disease, while increased
climate variability and intensification of tropicalyclones may increase the risk of
injury and death. Changes in the availability @fter resources are anticipated, driven
by regional population growth and winter reducti@amgunoff in South and Southeast
Asia and increases in runoff in other seasons asalsaparticularly the Pacific Islands.
Impacts on agricultural yields will be highly vasla from one location to another, but
reductions are likely in Bangladesh and the Paddfiands. The net effect of climate
change on regional and national economies is peageto be largely negative as
agricultural revenue declines and other funds aengelled to address water resource
and coastal management issues.

Existing challenges to human security in the Asia/P acific region may be
significantly exacerbated by the broad range of imp acts that climate
change may bring.  Chronic food and water insecurity and epidemigedse may
impede economic development in some nations, wtégraded landscapes and
inundation of populated areas by rising seas masately displace communities and
millions of individuals forcing intra and inter-s¢amigration. The implications of such
challenges to human security are difficult to aptate, but there is currently little
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4)

5)

awareness of the implications and regional manageritameworks for addressing
climate change-induced security and migration isswe lacking.

Climate risk in the Asia/Pacific region may be amel iorated through two
complementary strategies: greenhouse gas mitigation and adaptation.
Mitigation will reduce the magnitude of climate dg to which the region is exposed
over the long-term, but will do little to addresBnate risk over the near-term,
particularly in the least developed nations whdirate vulnerability is substantial yet
historical responsibility for global greenhouse gasissions is quite small. Therefore,
while global mitigation efforts progress, investrteemust be made in increasing the
capacity of Asia/Pacific nations to adapt to cliemaariability and climate change. This
may be most effectively achieved by mainstreamilignate change adaptation into
development assistance that addresses developimd weeds with respect to
governance, education, health, technology, secumitgt disaster management.

Effective implementation of adaptation and capacity building projects is

key to reducing future vulnerability of Asia/Pacifi C nations to climate
change. This necessitates the development and mainteranostitutions and human
capital that are knowledgeable regarding climatange and capable of effective
decision-making, resource allocation, and risk rgenzent. At present, there are
numerous examples of decision-making that will éase, rather than decrease, the
future vulnerability of Asia/Pacific ecosystems aooimmunities to climate change.
Reigning in such behaviours and devising sustagnabivironmental management
practices that harmonise economic development asalthv generation with natural
resource management and vulnerability reductiorcare regional challenges.
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8. Appendix I. Vital Statistics for Asia/Pacific Na  tions
Table 8.1. Vital Statistics for Nations in the Asia  /Pacific Region

167

Nation Population in % Urban GDP in GDP Per | Agriculture % Access % Adult % Land P/Capita
thousands (% | Population millions US$ | Capita in as a % of to Safe Literacy Area as Emissions
Growth Rate) (% Growth US$ (% GDP Water Crops COq;, (tons)
Rate) Growth
Rate)
Australia 20,155 (1.1) 92.7 443,397 (3.9) 23,249 35 100 - 6.6 17.3
(2.7%)
Bangladesh 141,822(1.9) 25 51,380 (5.1) 399 22.7 75 40.6% 65.2 0.2
(3.1%)
Bhutan 2,163(2.2) 9.1 511 (6.4) 264 33.9 62 - 35 0.6
(4.2%)
Brunei 374 (2.3) 77.6 4,453 (2.6) 13,352 - - 91.6% 1.3 -
Darussalam (0.2%)
Cambodia 14,071 (2.0) 19.7 3,024 (5.0) 237 35.6 34 68.7% 21.6 0.0
(2.7%)
China 1,315,844 (0.6) 40.5 1,308,310 (7.9) 799 154 77 82.8% 16.6 2.7
(7.0%)
Fiji 848 (0.9) 53.2 1,717(2.3) 2,118 16.2 - 93.2% 15.6 1.5
(1.2%)
French 257 (1.7) 51.9 3,932 (1.5) 16,653 (- - - - 6.3 -
Polynesia 0.3%)
India 1,103,371 (1.6) 28.7 554,475 (5.7) 543 22.7 86 58.0% 57.1 1.0
(3.9%)
Indonesia 222,781 (1.3) 47.9 172,180 (0.6) 823 (- 17.5 78 87.3% 185 14
0.7%)
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Nation Population in % Urban GDP in GDP Per | Agriculture % Access % Adult % Land P/Capita
thousands (% | Population | millions US$ | Capitain as a % of to Safe Literacy Area as Emissions
Growth Rate) (% Growth US$ (% GDP Water Crops COq;, (tons)
Rate) Growth
Rate)
Laos 5,924 (2.3) 21.6 1,594 (6.0) 302 (3.6%) 52.8 43 65.6 4.2 0.2
Malaysia 25,347 (1.9) 65.1 84,944 (4.0) | 3,694 (1.6) 9.0 95 87.9 23.1 5.2
Maldives 329 (2.5) 29.7 394 (5.4) 1,359 (2.5) - 84 97.0 30.2 1.8
Mauritius 1,245 (1.0) 43.8 4,307 (5.4) 3,633 (4.4) 7.0 100 84.8 52.2 2.4
Micronesia 110 (0.6) 30.0 175 (-1.0) 1,633 (-0.9) - 94 - - -
Myanmar 50,519 (1.1) 30.6 23,947 (5.5) 690 (4.1) 57.2 80 85.0 16.2 0.2
New 237 (1.9) 61.6 2,941(0.5) 13,661 (- 3.5 - - 0.7 -
Caledonia 1.6)
Papua New 5,887 (2.1) 13.2 5,145 (0.4) 971 (-2.1) 26.9 39 64.6 1.9 0.5
Guinea
Philippines 83,054 (1.8) 62.6 58,735 (3.4) 775 (1.4) 14.7 85 95.1 35.7 1.0
Samoa 185 (0.8) 225 245 (3.9) 1,382 (2.8) - 88 98.7 45.6 0.8
Singapore 4,326 (1.5) 100.0 75,154 (5.6) 18,707 0.1 100 92.5 1.6 13.1
(2.7)
Solomon 478 (2.6) 17.1 271 (-1.9) 648 (-4.7%) - 70 - 2.6 0.4
Islands
Sri Lanka 20,743 (0.9) 21.0 13,018 (4.5) 656 (3.5) 20.1 78 91.9 29.6 0.5
Thailand 64,233 (0.9) 325 130,715 (0.4) | 2,128 (-0.6) 9.4 85 95.7 35.8 2.9
Vanuatu 211 (2.0) 23.7 220 (1.0) 1,151 (-1.1) 15.1 60 - 9.8 0.4
Vietnam 84,238 (1.4) 26.7 13,452 (6.7) 171 (5.3) 23.0 73 92.7 25.9 0.7
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9. APPENDIX Il. 2004/2005 AUSTRALIAN DEVELOPMENT AS SISTANCE TO ASIA/PACIFIC
NATIONS
Table 9.1. Development Assistance Provided by Austr  alia to Asia/Pacific Nations (2004/2005) #’

Nation Assistance Nation Assistance Nation Assistance
(millions AUS$) (millions AUS$) (millions AUS$)

Bangladesh 32.9 Mongolia 3.0 Thailand 13.4
Burma 11.3 Nauru 18.2 Tonga 12.8
Cambodia 38.2 Nepal 4.8 Tuvalu 4.5
China 49.8 Other Pacific Islands? 4.0 Vanuatu 28.7
East Timor 64.2 Pakistan 5.2 Vietham 74.4
Fiji 28.0 Papua New Guinea 366.6

India 17.2 Philippines 62.5

Indonesia 270.3 Samoa 18.6

Kiribati 10.9 Solomon Islands 171.5

Laos 194 Sri Lanka 39.8

#Includes Federated States of Micronesia, Marshall Islands, Palau, Niue, Tokelau and the Cook Islands.
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10. APPENDIX Ill. MODEL SELECTION CRITERIA

Twenty-three different climate model simulationsreveindertaken for thEBourth Assessment
Report of the Intergovernmental Panel on Climate Chang&hese model simulations were
acquired from the Program for Climate Model Diagacand Intercomparison and used to
generate climate change projections for the Asifieaegion®’ These model simulations were
individually evaluated with respect to their aldé to faithfully reproduce observed seasonal
patterns of mean sea-level pressure, temperatnderainfall over the Asia/Pacific (60—180°E,
55°N-25°S) region for a 30-year period (1961-1990).

Table 10.1.Twenty-Three Climate Models Available fo
Change Projections for the Asia/Pacific Region. Th

r Generating Climate
e Sixteen Models

Selected After Applying Reliability Criteria are Sh own in Bold.
Climate Modelling Group & Country Model Horizontal
Symbols resolution
(km)
Beijing Climate Center, China BCC ~200-
Bjerknes Centre for Climate Research, Norway BCCR ~200
Canadian Climate Centre, Canada CCMA T47 ~300
Canadian Climate Centre , Canada CCMA T63 ~200
Meteo-France, France CNRM ~200
CSIRO, Australia CSIRO-MARK3 ~200
Geophysical Fluid Dynamics Lab, USA GFDL 2.0 ~300
Geophysical Fluid Dynamics Lab, USA GFDL 2.1 ~300
NASA/Goddard Institute for Space Studies, USA GISS-AOM ~300
NASA/Goddard Institute for Space Studies, USA GISS-E-H ~400
NASA/Goddard Institute for Space Studies, USA GISS-E-R ~400
LASG/Institute of Atmospheric Physics. China IAP ~300
Institute of Numerical Mathematics, Russia INMCM ~400
Institut Pierre Simon Laplace, France IPSL ~300
Centre for Climate Research, Japan MIROC-H ~125
Centre for Climate Research, Japan MIROC-M ~300
Meteorological Research Institute, Japan MRI ~300
Max Planck Institute for meteorology DKRZ, MPI-ECHAM5 ~200
Germany
Meteorological Institute of the University of Bonn, MIUB ~400
Meteorological Research Institute of KMA,
Germany/Korea
National Center for Atmospheric Research, USA NCAR-CCSM ~150
National Center for Atmospheric Research, USA NCAR-PCM ~300
Hadley Centre, UK HADCM3 ~300
Hadley Centre, UK HADGEM1 ~125

Two statistical metrics, pattern correlation andtrmean square error, were used to measure
model performance. A pattern correlation coefficief 1.0 indicates a perfect match between
the observed and simulated spatial pattern, andoa mean square error of 0.0 indicates a
perfect match between the observed and simulatgmitodes. Since the selected area is large
with strong spatial variations, root mean squarersrfor temperature and rainfall among the
different models were relatively large. Similartgy rainfall, pattern correlations for most of the
climate models were less than 0.8. Therefore, thdypattern correlations were used to select a
set of models. Models corresponding with pattesrredations greater than 0.8 for mean sea
level pressure and temperature, and greater tiGafoOrainfall were selected, resulting in a set
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of 16 models (Table 10.1). Simulations of theselet®were used to construct temperature and
rainfall projections for the Asia/Pacific regioning pattern scaling techniques (Section 3).

Additional information regarding model performaneéh respect to each of these criteria is

provided below.
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Figure 10.1. Pattern correlation and root mean square errors for observed versus model seasonal mean
sea level pressure, temperature, and rainfall for the Asia/Pacific region. Details of models are given in
Table 1. In these diagrams, values in the top-left indicate better performance, while values in the bottom-
right indicate poorer performance.

Realistic simulations of mean sea level pressuttepe are important as they are implicitly
linked to atmospheric circulation (i.e. wind, mais, etc) patterns. Figure 10.1 shows pattern
correlations and root mean square errors for tHa/Racific region for December to February
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(DJF), March to May (MAM), June to August (JJA) aBdptember to November (SON). The

closer a model result lies to the top left corrike better its performance, with strong pattern
correlations and small root mean square errorslewhnodels in the bottom right corner are

poorer performers. Strong correlations, greatantB.8, between observed and simulated
patterns suggest that most of the models captuge-kcale circulation features of this region.

However, models such as BCC, GISS E-R and IPSL gluaw performance in most cases.

Pattern correlations and root mean square errorsefasonal temperature are shown in Figure
10.1. This figure shows that most of the modelstu@pthe observed spatial pattern of

temperature over the Asia Pacific region very wgk]ding a pattern correlation of at least 0.9

for all seasons. However, the root mean squae exceeds 3°C for some models in DJF. In
JJA, there is a considerable spread in the patiemelation among different models that could

be related to the influence of the summer monsowhthe topography of this region. Other

seasons show small variations.

Rainfall simulations are more complex than the $athons of mean sea level pressure and
temperature as rainfall is strongly influenced lyypamical and topographical characteristics of
the region. Temporal and spatial patterns of alifuring JJA are influenced by the summer
monsoon, and rainfall patterns during DJF are erfked by the winter monsoon. Rainfall
associated with convective systems dominate MAM] an SON, rainfall is received from
thunderstorms and tropical cyclones. Figure l@gdials the pattern correlations and root mean
square errors for observed and simulated rairfattern correlations are relatively high in all
seasons, greater than 0.6 for most of the models.
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11. APPENDIX IV. SECTORAL IMPACTS OF CLIMATE
CHANGE

The following tables present individual estimatéslonate change impacts to a range of sectors
in the Asia/Pacific region. A separate table issgnted for each sector, and each table is
organised around three categories of increasingdesture or sea-level rise, with subdivisions

indicating whether an estimate applies to an imllial nation or a regional aggregation of

nations. Each estimate is also accompanied byl@urcooded circle which represents the

following:

— Climate change impact is adverse, causing dan@gesses to the indicated sector.

— Climate change impact may be beneficial or adyedepending upon assumptions about
climatic change and system responses.

— Climate change impact is beneficial, causing gamopportunities to the indicated sector.

11.1 Coastal Communities

Table 11.1. Estimated Impacts of Sea-Level Rise on  Asia/Pacific Coastal

Communities

<30 cm . o -
370 ha of land inundated in Viti Levu, Fiji worth 0.3 million

US$lyear™®®

18% of land area affected on Buariki, Kiribati and 0% of land affected
on Bikenibeu'®®

1,700 km? of land area in Pakistan affected®’

National Studies

69 — 91% of land area in Mekong Delta, Vietnam affected by sea-
level rise during flood season*®

30-50 cm - . . ] . 206,217
0.2 — 4.0 billion US$/year in economic losses in Asia“™

27,768 km of shoreline affected in East Asia with direct costs of 781
million US$/year™®

29,808 km of shoreline affected in Southeast Asia with direct costs
of 226 million US$/year™®

Regional Studies

77,018 km of shoreline affected in Oceania with direct costs of 1,419
million US$/year®

Less than 1 billion US$/year in economic losses in Oceania *°**’

15,568 km? of land area lost in Bangladesh affecting 12.1 million
people’”®

13.6 — 19.0 billion US$ in total costs from sea-level rise in Pearl Delta
region, China*"*

National Studies

3,530 ha of land area inundated in Viti Levu, Fiji worth 0.5 million
US$/year'®
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34,000 km? of land area lost in Indonesia affecting 3.1 million
people’”®

30% of land area affected on Buariki, Kiribati and 3% of land area
affected on Bikenibeu*®®

6.6 — 12.4 million US$/year in losses in Tarawa, Kiribati (158 — 374.6
million US$ during 1:14 year storm)*®®

86 — 100% of land area in Mekong Delta, Vietnam affected by sea-
level rise during flood season™®®
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10.3 — 37.3 km” of land area inundated in Tongatapu island, Tonga'"

40,000 km? of land area lost in Vietnam affecting 26.9 million
people®”®

15% of dry land lost in Vietnam and 8% of GDP*"

11.2 Ecosystems and Biodiversity

Table 11.2. Impacts to Asia/Pacific Ecosystems and Biodiversity

+<2C Threshold for large-scale damages to coral reef ecosystems in the
Asia/Pacific region exceeded"*®

Risk of local extinction of coral reefs between 10°-15< in the
Indian Ocean "’

Mangrove area in Pacific Island nations declines by 1%

Regional
Studies

121

15 — 40% of forest and wetland area lost to sea-level rise in
Sundarbans, Bangladesh *”’

National
Studies

+2-4C Grassland productivity declines by 40 — 90% in Arid and Semi-
Arid Asia'™®

High probability of increase in wildfire risk in Central Asia®"

Vegetation biomass in Central Asia and the Pacific Islands
increases, but decreases in northeast India and southern Southeast
Asia '®°

4 — 8% of species extinct in tropical woodlands and forests (global
estimate); 19 — 24% of species extinct in temperate forests™*

40% increase in net coral calcification rate (global estimate)

Regional Studies

182

75 — 100% of forest and wetland area lost to sea-level rise in
Sundarbans, Bangladesh *”*

Broad-leaved forests in East China may shift northward by
approximately 3°of latitude (~300+ km) *#

Significant expansion of forest and shrubland biomes and
contraction of temperate and alpine steppe and desert biomes in the
Tibetan Plateau ***

0.6 — 1.0 million US$/year in damages to subsistence and

commercial fisheries in Viti Levu, Fiji *%

National Studies

+>4C 15,600 km? of wetland area lost in Central Asia **°

Mangrove area in Pacific Island nations declines by 13%"**

Studies

150

Regional

54,900 km? of wetland area lost in South and Southeast Asia
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11.3 Infectious Disease and Heat-Related Mortality

Table 11.3. Impacts to Asia/Pacific Health

- +<2C

8,218 additional deaths from malaria in South and Southeast
Asia'®

116 fewer deaths due to schistosomiasis in South and Southeast
Asia '®

6,745 additional deaths from Dengue fever in South and
Southeast Asia **°

0 — 219,000 additional net deaths from all climate-change related
causes in South and Southeast Asia **°

Eastern India, parts of northeastern and central China become
unsuitable for malaria transmission’?®

Regional Studies

Coastal southeastern Asia becomes suitable for malaria
transmission*?®

Epidemic potential for malaria, schistosomiasis, and dengue in

Southeast Asia changes by +7 — +45%, -10 — -11%, and +24 —
+47%, respectively.'®®

Tropical cyclone intensities in the NW Pacific increase by 12 —15%
and average rainfall increases by 12 — 28%"%’

Risk of dengue epidemic in Kiribati increases by 11 — 33%'®

Incidence of Ciguatera poisoning in Kiribati increases from 35 —
70 per 1000 individuals to 160 — 430 per 1000

Number of annual cases of dengue in Viti Levu, Fiji increases by
10 — 30%"®

National Studies

Economic impacts to the public health sector of Viti Levu, Fiji of
0.5 — 6.1 million US$/year™®®

+2-4C
219,000 — 438,000 additional net deaths from all climate-change

related causes in South and Southeast Asia **°

Population at risk for malaria in Southeast Asia declines by 1
million*®®

Population at risk for malaria in South Asia changes by -104 —
+102 million*®

Population at risk for malaria in East Asia increases by 7 — 143
million*®®

Regional Studies

Tropical cyclone intensities increase by 8 — 17% in the south
Indian Ocean , but decline in other basins®®

Tropical cyclone frequencies in the Asia/Pacific region decline by
approximately 30%>
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$64.5 billion US$ in cumulative health costs associated with
treatment of infectious disease in Indonesia **°

Increased risk of malaria in southwest and northeast India ***

0

0}

S Risk of dengue epidemic in Kiribati increases by 37 — 100%"%

n

T Incidence of ciguatera poisoning in Kiribati increases from 35 — 70

5 per 1000 individuals to 245 — 1,010 per 1000'%®

|5

pa Number of annual cases of dengue in Viti Levu, Fiji increases by
40 — 100%"*®

Economic impacts to the public health sector of Viti Levu, Fiji of
1.3 — 18.1 million US$lyear'®
+>4TC | _ » :

S 9 >438,000 additional net deaths from all climate-change related

25 | causes in South and Southeast Asia 150

o 2

x 9

11.4 Water Resources

Regional

Loss of 1.7 billion US$ in total costs in the water resources

sector of South and Southeast Asia **

National Studies

-12 — +10 % change in runoff for China **?

14 — 18% increase in runoff from Bhagirathi River basin,
Himalayas '*°

0.7 — 2.7 million US$/year in additional costs in Tarawa, Kiribati
due to salt-water intrusion and desalination'®®

+2-4C

Regional Studies

7.9 — 15.9 billion US$/year in damages to water resources in
Asia "

18 billion US$ in benefits to water resources in Asia >°®

Number of people experiencing increase in water stress in
Central Asia increases by 0 — 137 million™**

0.3 — 0.5 billion US$ in damages to water resources in
Oceania *’

1 billion US$ in damages to water resources in Oceania *®°

Number of people experiencing increase in water stress in South
Asia increases by 7 — 924 million™**

Number of people experiencing increase in water stress in
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Southeast Asia increases by 0 — 10 million***

2 — 42% increase in discharge of the Ganges River,
Bangladesh **

Rapid shift in the extent and depth of flooding in Bangladesh **°

0 — 13% increase in discharge of the Brahamaputra River,
Bangladesh '

Runoff changes of -16 — +17 across seven river basins in
China ™’

Reductions in runoff likely for the interior of China*"®

Number of people experiencing increase in water stress in
Greater Mekong increases by 0 — 105 million***

National Studies

Increase in snowmelt runoff and stream flow in the Spiti River,
Himalayas of 4 — 18% and 6 — 12%, respectively™®

25 — 46% increase in runoff from Bhagirathi River basin,
Himalayas %

Change in runoff of -12 — +7 in Lake Lanao Reservoir and -12 —
+32 in Angat Reservoir, Philippines *%°

Little change in annual river flows in Mekong Delta, Vietnam **°

+>4C 11.0 — 21.9 billion US$/year in damages to water resources in
Asia "’

Studies

0.4 — 0.8 billion US$/year in damages to water resources in
Oceania?"’

Regional

11.5 Agriculture

Table 11.5. Impacts to Agriculture and Commercial F  orestry in

Asia/Pacific for Different Magnitudes of Temperatur e Change *°

+<2<C

Change in rice yields in Asia of -7 — +26%°%*

Limited impacts to commercial forestry in Central Asia **°

Wheat yields in South Asia decline by 0.45 ton/ha*®

Regional Results

140 million US$/year in benefits to commercial forestry in Southeast
Asia'*°

15 See Box 4.2 for China-specific impacts
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National Results

Agricultural damages to Viti Levu, Fiji of approximately 14 million
US$/year (70 million US$ during an extreme event)*®

Average rice yields in Kerala State, India increase by 12%°%

Reduction in rice yields of 20 — 40% in the Philippines *

+2-4C

Regional Results

Change in rice yields in Asia of -31 — +7%°%*

3 — 4 billion US$/year increase in economic benefits from
commercial forestry in Asia **®

Present value of climate benefits to commercial forestry in
developing nations of Asia/Pacific of 15.1 — 18.7 billion US$***

Rice yields in South Asia decline by 0.75 tons/ha'*®

Wheat yields in South Asia change by -34 — +5%"%

Economic impacts to agriculture sector in Southeast Asia of -61.6 —
+35.8 billion US$lyear”®

Increase in agricultural welfare of 37 — 80 billion US$/year in
Asia/Mid East **°

Change in production of cereals in Central Asia of -0.8 — +4.3% (all
crops -5.8 — +5.7)°%

Limited impacts to commercial forestry in Oceania >’

Change in production of cereals in South Asia of -13.5 —-7.4% (all
crops -10.7 — +0.2%)*”’

Crop quantities in Southeast Asia increase by 0 — 1.1% (prices
increase by 0.6 — 2.0%)>*

Crop quantities in East Asia increase by 1.9 — 2.3% (prices decline
by 2.1 — 2.7%)**®

Change in agricultural welfare of -8 — +4 billion US$/year in
Oceania **®

National

Results

10 — 17% reduction in rice yields in Bangladesh *%°

20 — 61% reduction in wheat yields in Bangladesh **°

Changes in rice yields in Bangladesh of -10.2 — +14.2%°
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Rice and wheat production in Bangladesh changes by -28 — +32%
and -68 — +9%, respectively*

Rice yields in Indonesia increase by 9.0 — 23.3%*°

Rice yields in India increase by 6.0 — 33.8% among different

areas™?

Rice yields among different areas of India change by -36.9 —
+10.5°%°

Net income in India changes by -20 — +19%*"

Net income in India changes by -6 — +8%*"

Reduction in total net agricultural revenue of India of 8.4%"°

Most cultivated land in India experiences decreased cereal
productivity>”’

Rice yields in Malaysia increase by 12.0 — 24.6%"°

Rice yields in Myanmar change by -13.8 — +21.5%"*°

Rice yields in the Philippines change by -13 — +9'°

Wheat yields in the Philippines change by -14 — +8**°

Rice yields in the Philippines change by -13.7 — +14.1%*°

Rice yields in Thailand change by -11.6 — +9.3%'°
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Temperature Change

Table 11.6. Impacts to Agriculture in China for Dif  ferent Magnitudes of L

+<2C Changes in rice yields (Irrigated -0.4 — +3.8%; Dryland +0.2 — +2.1%)>*®
Changes in maize yields (Irrigated -0.6 — -0.1%:; Dryland +1.1 — +9.8%)**®
Changes in wheat yields (Irrigated +11 — +13.3%; Dryland +4.5 — +15.4%)*'®
Agricultural revenue declines by 11.95%*°
+2-4C Changes in rice yields (Irrigated -4.9 — +7.8%:; Dryland -2.5 — +4.3)**®

Changes in maize yields (Irrigated -2.8 — +1.3%; Dryland +18.5 — +20.3)**

Changes in wheat yields (Irrigated+14.2 — +40.3%; Dryland +6.6 — +23.6)*®

Agricultural revenue changes by -68.09 — +28.31%°*°

Changes in rice yields of -21 — +7%"""

Changes in rice yields of -20 — +20%'%°

Changes in maize yields of -9 — +5%"%’

Changes in maize yields of -19 — +5%°%°

Changes in wheat yields of -6 — +42% **

Increase in cotton yields of 21 — 53%"%’

Agriculture production declines by 3 — 6%2%°
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Most cultivated land experiences increased cereal productivity®®’

Changes in rice yields of -30.7 — +9.7%%**

+>4C Agricultural revenue declines by 69%*°

Changes in rice yields among different sites of -27.6 — +3.1%°'°

11.6 Regional Economies

Table 11.7. Impacts to the Asia/Pacific Economy

+<2C Limited economic impacts in South and Southeast Asia %

Loss of $14 billion annually in South and Southeast Asia **°

Regional
Studies

Economic damages equivalent to 2.4% of GDP in Sri Lanka **°

National
Studies

+2-4C Economic impacts of -12 — +4 billion US$/year in Oceania *®°
” Economic benefits of 20 — 90 billion US$/year in Asia **®
0}
'-g Economic losses equivalent to 0.5% of GDP in South and
3 Southeast Asia **°
© X : X :
S Economic losses equivalent to 8.6% of regional GDP in South
> and Southeast Asia **
@ - . - .
Total climate change losses equivalent to 70 billion US$ in
Asia ?*®
0.2 — 0.4% increase in China’'s GDP***
" 0.9 — 5.5% decline in India’s GDP#*
Q
S Economic losses equivalent to a 5% reduction in GDP in
n Bangladesh **°
©
_5 Total climate change losses equivalent to 766 billion US$ in
g Indonesia **°
1.1 — 3.5% decline in Thailand's GDP**
+>4C Economic losses of 0.53 — 0.6 billion US$/year in Asia >’

Economic impacts of -0.89 — +0.09 billion US$/year in Oceania **’

Regional
Studies
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