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Summary

In Finland there has been substantial researcheomipacts of climate change on the Finnish
environment and society. There have been fewerestuh the implications of climate change
impacts elsewhere in the world for Finland. Howew#imate change impacts on the world
economy and on the development of poorer countoeil have repercussions for the Finnish
economy and for Finland's international relatiaongeéneral. Furthermore, international climate
policy and especially EU regulations will have inoptions for Finnish policy making. Indeed, in
the long run, impacts that are external to Finlamald prove to be more significant for policy
makers than domestic concerns.

The Finnish National Adaptation Strategy identifsmine of the global impacts, but so far the
implications of global climate change impacts farl&nd have not been studied. Special
consideration in this study is accorded those waatglons and countries that Finland has
connections to, either through trade, investmeatsjsm or as development co-operation partners.
The study concentrates on those sectors consitlelemost sensitive to the international impacts
of climate change. Some issues relating to secudatged migration and dangerous levels of
climate change are also discussed.

Climate change impacts will not be evenly distrdzlithroughout the world. Some regions and
countries will be more seriously affected than cdhand many of the countries that will face the
most adverse effects are in the developing wolithéts€ are commonly countries that are currently
vulnerable to climate variability, where climateacige can exacerbate already existing problems,
changing conditions in some areas to the extemtlley become unsuitable for living. Conflicts

and forced migration could follow, though theraiszially more than one single cause for outbreaks
of violent conflicts or people forced to leave thedmes. On the other hand, it should also be noted
that some areas may find themselves exposed tofanwarable climates in the future than at
present, and it is possible that such areas migdritaally attract migrants, maybe in larger
numbers than today.

Agriculture is considered to be one of the sedtof&nland that could be affected by climate
change impacts elsewhere in the world, through ar@sims such as major food production areas
losing some of their production potential, changesemand for agricultural products and
implications of mitigation measures such as in@datemand for bio-energy crops. However, other
factors than climate change have a strong influemcagricultural production in Finland and on its
competitive position, including the changing conipeg position of agriculture in Eastern Europe,
land use and land prices, and agricultural policy.

Climate change can affect the forestry sector tinaaternational climate policies, such as
changing demand for forest bioenergy and the inapoe of forests as carbon sinks. The use of
Finnish forests may be affected by changes in #tiem of nature-based tourism, and Finnish
forest industries can also be affected by globaiate change impacts on their investments abroad.

The Finnish tourism sector could also be affectedlimate change, both due to changes in
conditions at home as well as changes at popuknsedas destinations. If tourists switch their
holiday destinations, there will be implicationghbéor the current destinations (such as the
Mediterranean and the Alps) as well as for Finlaself. How large the distributional impacts will
be depends on the adaptation of tourists, toudsinesses and societies.



For the energy sector, there can be implicatiorautih changing international and EU policies.
Climate change can also have impacts on energwptiod in the countries that Finland imports
energy from. For example, hydropower productioexigected to increase in Fennoscandia. On the
other hand, energy infrastructure, and particulaidpsmission networks and pipelines, are likely to
be vulnerable to climate change, especially to ghamn extreme weather events. Climate change
could affect the reliability of distribution andettefore energy supply in Finland.

The opening of the two major northern sea routdge-Northwest Passage and Northern Sea Route
—would have large implications for commercial @tyiin the Arctic. There could be substantial
savings in transportation costs, as well as sauimgime and energy costs. There is also a military
and strategic dimension to the opening of new sates, which could alter the world's geopolitical
balance. For Finland, the opening of the Arctic fedes could mean increased transportation
through Northern Finland and Lapland and possildyg ahanges in marine transportation in the
Gulf of Bothnia or in the Baltic Sea in general.

In the early stages of global warming, the impa¢tshanges on average climate on the Finnish
economy are not expected to be very large, witleti@al impacts approximately compensating for
detrimental impacts. Moreover, the near-term adaptapacity of Finland appears to be quite high,
especially when compared to poorer countries. Doeesgate economic impacts of climate change
on Finland are estimated to be rather modest islbe term, and could even be slightly positive if
the potential benefits can be successfully explogiied costs attenuated. Climate change-induced
changes in foreign trade are likely to be an imgratrsource of economic impacts for Finland.
Effects can be mixed and benefits could occur mesperiods and negative effects in others.
However, extreme weather events could increass sagtificantly, and have yet been properly
assessed.

It is estimated that climate change mitigation Wwiihg additional challenges to the Finnish
economy as significant mitigation levels would riegguiarge structural changes in Finland.
However, if mitigation measures were gradual rathan abrupt, the impacts to the economy would
be smaller. In addition to costs, there are als@fis as a consequence of climate policies. The
benefits of mitigation policies could include aveitiddamages and ancillary benefits such as better
air quality. Climate change policies can also @esw employment, for example, through energy
efficiency improvements and new technologies. Clemaitigation that reduces dependence on
fossil fuels for energy would also avoid costs agged with transport of fossil fuels about the
globe. For example, oil pollution incidents coukldvoided and significant benefits to energy
security could also be achieved.

Most of the Finnish development co-operation partoeintries are very vulnerable to the impacts
of climate change. Climate change could have sgiioplications for their development and could
endanger the achievement of sustainable developméntlready recognised that development co-
operation policies and practices need to be matitbetake climate change into account. There is a
need to mainstream climate change issues intogtirdevelopment co-operation strategies, plans
and measures, and to take the issue into consmiefat example in planning of foreign
investments.



1. Introduction

The climate of the earth is changing. The Intergoreental Panel on Climate Change (IPCC)
reports that the global average surface air tenyperdas increased 0.74°C (+ 0.18°C) during the
past 100 years (IPCC 2007a) and evidence showsra natural and human systems are already
being affected by climate changes (IPCC 2007b) tik®next two decades, the IPCC projects a
warming of about 0.2°C per decade. Continued gmes#gas emissions at or above current rates
are expected to cause further warming and inducg/iaanges in the global climate system
during this century. Very likely the changes wohéllarger than the ones experienced during the
last century (IPCC, 2007a). Climate change wilkkefffa wide range of natural systems in all world
regions (IPCC 2007b). Impacts are expected to &s&rén magnitude with increases in global
average temperature and while they will vary regillynthey are very likely to impose costs which
will increase over time as global temperature iases.

Climate change is not the only environmental charejeg experienced (Figure 1), and
vulnerability of a system or region to climate chamay be exacerbated by the presence of other
stresses. For instance, the Millennium Ecosystesegsment (MA) projects that, at least during
the first half of this century, land use change pndharily the continuing expansion of agriculture
will continue to be a major direct driver of biodigity change in terrestrial and freshwater
ecosystems, followed by changes in climate andggn deposition (Millennium Ecosystem
Assessment 2005).
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Figure 1 Conceptual framework of interactions between biedity, ecosystem services, human well-being and
drivers of change (Millennium Ecosystem Assessn05).



Vulnerable regions often face multiple stressesdffact their exposure and sensitivity to climate
change as well as their capacity to adapt. Thesssss arise, for example, from current climate
hazards, poverty and unequal access to resouomgsirfsecurity, trends in economic globalisation,
conflict and incidence of disease such as HIV/AIRSn-climate stresses can increase
vulnerability by reducing resilience and can alsduce adaptive capacity because of resource
deployment to competing needs. (IPCC 2007b, 18).

The MA projects that human use of ecosystem seswigk increase substantially during the next
50 years. In many cases this will be accompaniea tbggradation of the quality and sometimes a
reduction in the quantity of the service availablédne combination of growing populations and
growing per capita consumption increases the derf@retosystem services, including water and
food. For example, the demand for food crops ieetqu to grow by 70-85% by 2050 and global
water withdrawals to increase by 20-85%. Ecosystemices that are projected to be further
impaired by ecosystem change include fisherieg] froduction in drylands, quality of fresh
waters and cultural services. (Millennium Ecosysteaessment 2005, 80)

In Finland there has already been substantial relsem the impacts of climate change on the
Finnish environment and society (e.g. Martillale2@05; Carter, 2007). This indicates that in the
near future, and if climate change is not verydatgere could be mixed impacts. Some impacts
could be beneficial, such as increased growth r&fshs, but others negative, for example increased
risks of flooding and droughts. Climate change ggadal phenomenon, however, and impacts
elsewhere in the world will also have implicatidos Finland. For example, climate change can
have impacts on the world economy and on the dpusdnt of poorer countries, which could then
have repercussions for the Finnish economy. Furtbes, international climate policy and
especially EU regulations will have implications fénnish policy making. As well as a need to
limit greenhouse gas emissions through mitigati@asares, adaptation to emerging or prospective
impacts will also be required, and some of thegeaitts will occur outside Finland. The Finnish
National Adaptation Strategy identified some of gfhabal impacts, but so far the implications of
global climate change impacts for Finland havebsa&n studied. Some assessments, such as the
Stern review (Stern, 2005) and OECD (2004) havessesl the global costs and impacts of climate
change, but these do not discuss implications fi@imgle country perspective.

The purpose of this study is to review, in moreadehan was possible for the National Strategy,
the possible implications for Finland of the int&ional impacts of a changing climate. It has two
objectives:

1. To summarise the most likely impacts outside Fid)at global scale and for Europe, of long-
term climate change and related changes in extcimate events;

2. To identify links between impacts occurring outskdeland and their likely consequences for
Finland, both through their indirect impacts onl&imd as well as through their implications for
international policy making.

The focus in this study is on those world regiongd eountries that Finland has connections to,
either through trade, investments, tourism or agld@ment co-operation partners. The study
concentrates on those sectors considered to besewsitive to the international impacts of climate
change: mainly agriculture, forestry, water resegr@nergy and tourism and considers the
implications for development co-operation and in&tional policy making. Some issues relating to
security and dangerous levels of climate changalacediscussed and some further research needs
are identified.



Section 2 first provides background informationsome of the ongoing international policy
processes in which Finland participates that eitjyliaddress climate change. The following
sections then offer a summary of the scientificidealge about climate change, its impacts, risks
and vulnerabilities. Section 3 reports changestibaé already been observed during past decades,
Section 4 describes impacts that are projecteddargylobally and in different regions of the world
under alternative scenarios for the present centumite Section 5 focuses on some key risks and
vulnerabilities associated with climate changeluding their security implications. The possible
impacts of global climate change on the Finnismeouwy, foreign trade and investments is
examined in Section 6, and the vulnerability ofl&ml's development co-operation partners to
climate change is surveyed in Section 7. Finalig,concluding section attempts to identify some of
the key messages for policy that emerge from tugew of the international impacts of climate
change.






2. International climate change policy processes
2.1.The UN Framework Convention on Climate Change

The UN Framework Convention on Climate Change (USETwas signed by most of the world's
governments in 1992, at the Earth Summit in Ridateeiro. Currently more than 175 countries
have ratified the convention, including all largdustrialised countries. UNFCCC set as its long
term objective "the stabilisation of greenhouse@agentrations in the atmosphere at a level that
would prevent dangerous anthropogenic interventiin the climate system. Such a level should
be achieved within a time-frame sufficient to alleaosystems to adapt naturally to climate change,
to ensure that food production is not threatenetitarenable economic development to proceed in
a sustainable manner"

The first legally binding outcome of the UNFCCC wies agreement in 1997 of a supplement to
the climate convention, called the Kyoto Protowdijch came into force in 2005. The Protocol
agreed targets for emissions of six key greenhgases: carbon dioxide, methane, nitrous oxide,
and three groups of fluorinated gases. The tasggily to 35 industrialised countries (Annex |
parties) and refer to the period 2008-2012. Themiment of the industrialised countries as a
whole, is to reduce their emissions of the six gheeise gases to 5.2% below 1990 levels by the
period 2008-2012. Countries should meet their targge cutting domestic emissions but are also
entitled to use the Protocol's so called flexibkchmanisms. These include Joint Implementation (JI)
and the Clean Development Mechanism (CDM). Countire also allowed to use increasing
carbon uptake by forests and other ecosystem sinks.

Article 12 of the Convention requires all partiegéport on the steps they are taking to implement
the Convention. The repottsiclude National Communications, greenhouse geanitories and
National Adaptation Programmes of Action (NAPAS&).the National Communications, all parties
should report on the steps they are taking to implg Articles 4.1 (Commitments) and 12
(Implementation) of the Convention. The requiredteats of National Communications and the
timetable for their submission is different for Amnl and non-Annex | Parties. The first National
Communications by Annex | parties were submittedi984 — 1995. The fourth national
communications were due on 1 January 2006. Anarties should also submit an annual
inventory of their greenhouse gas emissions tG&oeetariat.

National Adaptation Programmes of Action (NAfAs a process in which the Least Developed
Countries (LDCs) identify priority adaptation adties. The LDCs have limited ability to adapt to
the adverse effects of climate change and a nevoapip was needed to address the urgent
adaptation needs of LDCs. NAPAs focus on enhanatiaptive capacity to climate variability,
which itself would help address the adverse effettdimate change. Existing coping strategies at
the grassrootievel are taken into account, and priority actestare identified. In the NAPA
process, prominence is given to community-levelitrgs an important source of information, as
grassroots communities are the main stakeholders.

A recent initiative under the UNFCCC is the Nairwork Programm&on impacts, vulnerability
and adaptation to climate change. This is a fivaryeogramme to assist countries, in particular
developing countries, to improve their understag@nd assessment of impacts, vulnerability and

! http://unfcce.int/national_reports/items/1408.php
2 http://unfccc.int/national_reports/napal/items/2ph9
3 http://unfccc.int/adaptation/sbsta_agenda_itempiadian/items/3633.php



adaptation, and to make informed decisions on jga@adaptation actions and measures to respond
to climate change. The NWP is organised around arieas: methods and tools, data and
observations, climate modelling and scenarios,atimelated risks and extreme events, socio-
economic information, adaptation planning and pcast research, technologies for adaptation and
economic diversification.

2.2.0Other international policy initiatives

The European Union accepted an 8% common greenlgassemissions reduction target at Kyoto
in 1997 and there is a burden sharing agreementkeatthe member countries. As part of the effort
to reach the Kyoto target, the EU has introducedmaissions trading system, which is already
operating.

In January 2007, the European Commission setropibgals and options for keeping climate
change to manageable levels in its Communicatiamitlng Global Climate Change to 2° Celsius:
The way ahead for 2020 and beyond" (Commissiohe@Buropean Communities 2007a). The
Communication is part of a package of measurestablish a new energy policy for Europe, and a
contribution to the discussions at internationakleon a future global agreement to combat climate
change after 2012, when the Kyoto Protocol's eonssiargets expire. The Communication
proposes a set of actions by developed and dewgjagiuntries that would limit global warming to
no more than 2°C above pre-industrial levels. Téyeddements of the Communication were
endorsed by EU Environment Ministers on 20 Febr2&§7 and considered by EU leaders at their
Spring summit in Brussels on 8-9 March 2007.

The European Commission adopted its first policgusheent on adaptation to climate change in
June 2007 (Commission of the European Communiiég1d). The Green PafdAdapting to

climate change in Europe - options for EU actiam}ds upon the work and findings of the
European Climate Change Programme. The paper Hesgossible avenues for action at EU level.
The main objective of the Paper is to start disomsand consultation on the issue at the European
level.

At a G8 summit in Germany June 8, 20fYe G8 countriés Brazil, China, India, Mexico and

South Africa gave a joint statement on fightingnaie change. The countries "remain committed to
contribute their fair share to tackle climate chengorder to stabilise greenhouse gas
concentrations at a level that would prevent damgeanthropogenic interference with the climate
system." The G8 did not agree on a global targetielver, but welcomes a global framework and
concerted international action. The G8 underlihesrble of economic incentives, in particular
carbon markets. Adaptation is considered a majallaige for all countries and in particular for
developing countries, and means for adaptation teebd included in a future agreement along
with enhanced technology co-operation and financing

Climate change will be a central issue in Nordigoperation over the coming years, especially as
the UNFCCC Conference of the Parties is to be ime@@bpenhagen in 2009. The Nordic Council's
climate group has worked with current climate andrgy issues since 1996. In 2007, the Nordic
Council of Ministers published a report on Nordésearch co-operation on climate change and its
impacts in the Arctic and co-organised a seminatelsinki on "Planning for climate change".

* http://ec.europa.eu/environment/climat/adaptaitiaex_en.htm
> http://unfccc.int/meetings/items/4029.php
® Eight of the major industrialised countries: Candetance, Germany, Italy, Japan, Russia, UK and USA



The Baltic Sea Experiment (BALTEX) is a continerdable experiment of the Global Energy and
Water Cycle Experiment (GEWEX), part of the Worlih@ate Research Programme (WCRP).
BALTEX, launched in 1992, is concerned with thetBabea and its catchment area, and during
2007 has carried out the BALTEX Assessment of Cin@2hange (BACC) for the Baltic Sea basin
in co-operation with HELCOM, the Helsinki Commissjdaltic Marine Environment Protection
Commission. BACGassembles, integrates and assesses available kigewdépast, current, and
expected future climate change and its impactscosystems in the Baltic Sea basin. The BACC
assessment will be published as a book and HELCZIMIA) has published a thematic assessment
on climate change in the Baltic Sea area, bas¢édeoBACC work.

Finally, the Arctic Council has launched a projestvulnerability and adaptation in the Arctic
region (2007-2008). Data on adaptation practicelsragasures in the Arctic region will be
collected and an expert workshop organised in 2008.

2.3.Policy processes supported by international and titaderal agencies

Many multilateral agencies and overseas developpragirammes are taking climate change into
account in their work. For example, the African Bieypment Bank, the Asian Development Bank,
the World Bank, UNEP, and the governments of thedo Germany have produced the
Interagency Poverty and Climate Change Report ¢AfriDevelopment Bank et al. 2003).

A recent OECD project had as its main objectivexploration of synergies and trade-offs in
mainstreaming responses to climate change in dewelot assistance policies of donor agencies, as
well as national and sectoral policies of recipemintries (OECD 2005). The OECD has also
analysed the broad trends in progress on adaptaticimate change in developed countries and
linking climate change and development (OECD 2008her OECD studies on responses to
climate change include a report on climate chamgetlae European Alps (2007) and policy
frameworks for adaptation in the water sector avaktal zones (Levine and Adams 2006, Levine
2006, Levine et al. 2006).

The World Bank recognises the threat posed by tdirohange to the development process, and
seeks to support and facilitate the mainstreamirajrmate change concerns in the development
agenda It has published several reports on iniegratiinerability and adaptation to climate change
into the Bank's work (Van Aalst and Burton 1999020World Bank 2006; Mathen et al. 2004).
The World Bank has also produced many reports aptat) to natural hazards and disaster risk
management (e.g. World Bank 2005, 2006a,b,c; KnySpatson et al. 2006).

The United Nations Environment Programme (UNEP)&hksy role in a broad range of activities
related to understanding, mitigating and adaptingimate change UNEP works in several focal
areas related to climate change issues includitigation, carbon sequestration, adaptation and
vulnerability, technology transfer and capacitylding. UNEP has three climate change centres:
GRID ARENDAL (Global Environmental Information oni@ate Change, based in Norway),
UNEP Risge Centre in Denmark, which is respongdsli¢éhe project Capacity Development for the
CDM (CD4CDM), and UNEP-WCMC (World Conservation Maming Centre, based in the UK).

The United Nations Development Programme (UNDRjgporting developing countries in
responding to climate change concerns as pareafaierall sustainable development efffrts

’ http://www.unep.org/themes/climatechange/index.asp
8 http://www.undp.org/climatechange/



UNDP works with developing countries to creategnéted solutions to social, economic and
environmental challenges, with a primary focusraprioving the lives of those living in extreme
poverty. Given UNDP’s focus on poverty alleviatiamd the disproportionate impacts of climate
change on the poorest countries, UNDP's work wethetbping countries on adopting climate
change adaptation and mitigation measures contesioa those measures that reduce the
vulnerability of the poor and expand opportunif@ssustainable livelihoods. In 2005 UNDP
published an adaptation policy framework (APF) ikahtended to help provide a much-needed
roadmap for the rapidly evolving process of adagapolicy-making (UNDP 2008)

The UNDP-Global Environment Facility (GEF) is a futinat supports the development of projects
in the focal areas of biodiversity, climate change&rnational waters, land degradation, persistent
organic pollutants and ozone depletion. GEF prejactlimate change help developing countries
and economies in transition to contribute to therall objective of the UNFCCC. The projects
support measures that minimise climate change dafmageducing risks or the adverse effects of
climate change. GEF supports both mitigation araptation projects.

® http://www.undp.org/gef/adaptation/climate_chaAdd?.htm
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3. Observations of global climate change and its impas
3.1.0bserved changes in climate

The IPCC Fourth Assessment Report provides a cdrepsgve review of observed changes in the
surface climate of the Earth during the instrumiersteord stretching back to the middle of thd'19
century (Trenberth et al., 2007). Their major fingh are summarised by Solomon et al. (2007), and
a subset of these results are reproduced here.

The global average surface air temperature hasased by about 0.74°C during the past 100 years
(Figure 2). The rate of warming averaged over #s¢ 50 years ( about 0.13°C per decade) is nearly
twice that for the last 100 years. Eleven of tls tevelve years (1995 to 2006) rank among the 12
warmest years on record since 1850, the two warbeisg 2005 and 1998. During this period,
surface temperatures over land regions have waamnadaster rate than over the oceans in both
hemispheres. Warming over land has also beenighéicantly faster rate than over oceans in the
past two decades.

Global mean temperature
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Figure 2 Annual global mean temperatures 1850 to 2005 (kbiat&) with linear fits to the data. The left hands
shows temperature anomalies relative to the 196990 average and the right hand axis shows estihzattual
temperatures, both in °C. Linear trends are showthflast 25 (yellow), 50 (orange), 100 (mageata) 150 years
(red). The smooth blue curve shows decadal vanistiwith the decadal 90% error range shown asealjpaé band
about that line. The total temperature increase tiwrperiod 1850 to 1899 to the period 2001 to 46@676°C +
0.19°C (Source: Trenberth et al., 2007).

The warming has been greatest at higher northétadas, where the greatest warming has
occurred during winter and spring. Average Aroéimperatures have been increasing at almost
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twice the rate of the rest of the world in the g3 years. In mid-latitude regions, widespread
reductions have been observed in the number df d@yss, increases in the number of warm
extremes (warmest 10% of days or nights) and actexuin the number of daily cold extremes
(coldest 10% of days or nights).

During the period 1901 — 2005 significantly increégrecipitation has been observed in eastern
parts of North and South America, northern Eurame raorthern and central Asia (Figure 3).
Drying has been observed in the Sahel, the Meditean, southern Africa and parts of southern
Asia. More intense and longer droughts have beserobd over wider areas, particularly in the
tropics and subtropics since the 1970s. Increasgdgddue to higher temperatures and decreased
land precipitation have contributed to these change

There is evidence that the number and proportidropical cyclones reaching the most intense
categories has increased since 1970. There iseao ttend observed in the total number of tropical

cyclones.

Trend in Annual PRCP, 1901 to 2005
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Figure 3 Distribution of linear trends of annual land pp&#@ation amounts over the period 1901 to 2005 €6 p
century). Areas in grey have insufficient datatoduce reliable trends. The percentage is bas¢deoh961 to 1990
period (Source: Trenberth et al., 2007).

3.2.0bserved impacts

The IPCC also reports that there is very high cmrfce, based on observational evidence from all
continents and most oceans, that many naturalrgsidee being affected by regional climate
changes, particularly temperature increases (Resggzt al., 2007). In summarising their
findings, Parry et al. (2007) describe:
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» Strong evidence that climate change is alreadytafig natural and managed systems in the
cryosphere (regions with snow and ice). The physieaence includes: ground instability in
mountain and permafrost regions, ice and rock acalas, increase and enlargement of glacial
lakes and destabilisation of moraines damming thesess, with increased risk of outburst floods.
Changes in Arctic and Antarctic Peninsula flora éauha have been observed, including sea-ice
biomes and species high on the food chain. There &lso been limitations on mountain sports
in lower-elevation alpine areas.

» Evidence of effects on hydrology and water resajrceastal zones, and oceans. For example,
the spring peak discharge is occurring earlieners affected by snow melt, and there is
evidence for enhanced glacial melt in the tropikrades and in the Alps. Lakes and rivers around
the world are warming, with effects on thermal stowe and water quality. Evidence of responses
of terrestrial species in the Northern Hemispheotude changes in the timing of growth stages,
especially the earlier onset of spring events, atign and lengthening of the growing season.
There have been trends in many regions toward®egreening of vegetation in the spring and
increased net primary production linked to long&wgng seasons and increasing £O
concentrations. Warming of lakes and rivers isaiifigg abundance and productivity, community
composition, phenology, and distribution and migrabf freshwater species. Sea-level rise and
human development are together contributing tcelosd coastal wetlands and mangroves and
increasing damage from coastal flooding in mangpsire

Effects of regional warming on managed and humatesys are more difficult to discern than
effects of warming on natural systems (Rosenzwe#d. 2007; Parry et al. 2007). However, effects
have been detected in agricultural and forestriesys. The lengthening of the growing season has
contributed to an observed increase in forest prindty and increased forest fires in North
America and the Mediterranean basin, whilst altgrieehology has resulted in some limited crop
management responses, such as earlier springrmq@gantnorthern higher latitudes. Both agriculture
and forestry have shown vulnerability to recemdsein heat waves, droughts and floods.

It is important to point out that the majority afidies assessed by the IPCC are from mid and high

latitudes in the Northern Hemisphere. Documentadioobserved changes in tropical regions and
the Southern Hemisphere is sparse.
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4. Projected climate change and its impacts on worldegions

This section is divided into two parts. First, gaijons of global climate change are presented.
Second, regional projected climate and some amigacts are depicted for seven world regions
(Europe, North America, Latin America, Africa, Asraustralia and New Zealand, and the Arctic
region). The regions are chosen on the basis ofslymificance to Finland. Therefore two world
regions that the IPCC includes in its analysis r@mibrting are not covered here, namely Small
Islands and the Antarctic. In Section 7, projedtepacts of climate change are described in more
detail for Finland's development co-operation partountries.

4.1.Global climate projections

The likely (probability > 66%) range of projectelblgally-averaged surface warming by the end of
the 2£' century (2090-2099) relative to 1980-1999 acrosSRES marker scenari@s/aries from
1.1 - 2.9°C for the B1 scenario to 2.4 — 6.4°ClierALFI scenario (Meehl et al. 2007 — grey bars
in Figure 4). The temperature change projectedhisrcentury is positive across all regions of the
earth. It increases as one moves away from coadtsto the continental interiors and is at a
maximum in high latitudes and over land in Northieemisphere during winter. Warming is also
typically larger in arid than in moist regions. Wang is projected to be least over the southern
oceans and the North Atlantic (Solomon et al. 20@@e left hand panels of Figure 5).

By the end of the Zicentury the projected probability of extreme waasons rises above 90%

in many tropical areas, and reaches around 40%vke¢se. In a future climate, heat waves are
expected to be more intense, longer-lasting anafmequent. They are projected to increase
globally and over most regions. On the other hamatjels project a decline in the frequency of cold
air outbreaks of 50 to 100% relative to the presettte Northern Hemisphere winter in most areas
(Solomon et al. 2007, 73).

Models simulate that global mean precipitation @ases with global warming. However, there are
substantial spatial and seasonal variations (Metkeal. 2007 — Figure 5). There are fewer areas
stippled in the Figure for precipitation changentifiar temperature change, indicating more
variation in the magnitude of precipitation chaageong the ensemble of models. Increases in
precipitation at high latitudes in both seasonsvarg consistent across models. The increases in
precipitation over the tropical oceans and in sofitbe monsoon regimes (e.g., South Asian
monsoon in JJA, Australian monsoon in D3f@ye notable, and while not as consistent locally,
considerable agreement is found at the broadee stéhe tropics. There are widespread decreases
in mid-latitude summer precipitation, except focreases in eastern Asia. Decreases in
precipitation over many subtropical areas are exidethe multi-model ensemble mean, and
consistency in the sign of change among the maslefien high, particularly in some regions like
the tropical Central American-Caribbean. Theretsralency for models to project an increase in
heavy daily rainfall events in many regions, ineghgdsome in which the mean rainfall is projected
to decrease, as the decrease in rainfall is oftebwtable to a reduction in the number of raiggla
rather than the intensity of rain when it occursl¢&on et al. 2007).

19 SRES refers to the IPCC Special Report on Emissiena&ios (Nakienovi et al. 2000). Approximate carbon
dioxide equivalent concentrations correspondintip¢ocomputed radiative forcing due to anthropoggrnéenhouse
gases and aerosols in 2100 for the SRES B1, A1TABR, A2 and A1Fl illustrative marker scenarios atmut 600,
700, 800, 850, 1250 and 1,550 ppm, respectively.

M Defined as seasons warmer than the 95th percéetileerature simulated for the 20th century

12 3JA = June, July and August; DJF = December, Jgraumal February
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Figure 4 Multi-model global averages of projected surfageming (relative to 1980-1999) for the scenari@s A1B
and B1 (solid lines), shown as continuations ofafith century simulations. Shading denotes thetariidard deviation
range of individual model annual averages. The arding is for the experiment where concentratiorsanheld
constant at year 2000 values. The grey bars atirigitate the best estimate (solid line within ebah) and the likely
range assessed for the six SRES marker scenahiesaseessment of the best estimate and likely sandke grey bars
includes the AOGCMs in the left part of the figuas,well as results from a hierarchy of independerdels and
observational constraints (Source: IPCC, 2007a).

Snow cover in projected to decrease. Widespreadases in thaw depth over most permafrost
regions are projected to occur (Solomon et al. 2007

Under three SRES scenarios (A1B, A2 and B1l), laagés of the Arctic Ocean are expected no
longer to have year-round ice cover by the enthef2f' century, with late summer sea ice cover
reducing substantially. Antarctic sea ice extert$® projected to decrease in thé&' 2éntury
(Solomon et al. 2007).

In a warmer future climate, the numbers of intemseicanes are projected to increase with a
possibility of a decrease in the number of reldyiveeak hurricanes. Tropical cyclones are
projected to have increased peak wind intensitielsiscreased mean and peak precipitation
intensities. However, the total number of tropicatlones globally is projected to decrease
(Solomon et al. 2007).
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Figure 5 Multi-model mean changes in surface air tempeeatiC, left) and precipitation (mm day-1, righay boreal
winter (DJF, top) and summer (JJA, bottom). Charsgegiven for the SRES A1B scenario, for the pe2idd0 to
2099 relative to 1980 to 1999. Stippling denotemamhere the magnitude of the multi-model ensemblen exceeds
the inter-model standard deviation. (Source: Metlal. 2007)

The range of projected globally-averaged sea léselat the end of the 2tentury (2090-2099),
relative to 1980-1999 across the six SRES markanaswos is 0.18 - 0.59 m (Solomon et al. 2007).
Thermal expansion contributes 70 to 75% to the &éstathate for each scenario. In all the SRES
marker scenarios except B1, the average rate dégebrise during the 21st century very likely
exceeds the 1961-2003 average rate (1.8 + 0.5 mm yr

Glaciers, ice caps and the Greenland ice shegtrajected to lose mass in the’2¥entury because
increased melting will exceed increased snowfdlke ice sheets of Greenland and Antarctica have
the potential to make the largest contributionda-evel rise, but they are also the greatest sourc
of uncertainty. However, if the recently observecréases in ice discharge rates from the
Greenland and Antarctic ice sheets were to incrigaesarly with global average temperature
change, sea level would rise 10-25% more thanghmates (Solomon et al. 2007; UNEP 2007).

4.2.Europe

Projected climate change in Europe

Annual mean temperatures in Europe are likely togiase more than the global mean. The
warming in northern Europe is likely to be largestvinter. In the Mediterranean area, warming is
likely to be largest in summer (Figure 6). The Istweinter temperatures are likely to increase
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more than average winter temperatures in northarofe, and the highest summer temperatures
are likely to increase more than average summepdegture in southern and central Europe. In this
century, warming is projected to continue at a sfmewhat greater than its global mean. Under
the A1B scenario, the simulated area and annuah maaming form 1980-1999 to 2080-2099
varies from 2.3° C to 5.3 ° C in North Europe, &odh 2.2° C to 5.1° C in South Europe. Along
with the overall warming and changes in variabijliigat waves are very likely to increase in
frequency, intensity and duration in Europe. THensity of extreme temperatures increases more
rapidly than the intensity of more moderate temiuees over the continental interior. The number
of frost days in very likely to decrease in Eurofghristensen et al. 2007, 872-873; Beniston et al
2007, 92)

Annual precipitation is very likely to increasenmost of northern Europe and decrease in most of
the Mediterranean area. In central Europe, prextipit is likely to increase in winter but decrease
in summer. Extremes of daily precipitation are Viéegly to increase in northern Europe, while the
annual number of precipitation days is very likelydecrease in the Mediterranean area. The risk of
summer drought is likely to increase in centraldpérand in the Mediterranean area. The annual
area mean change in precipitation projected foO1B#9 to 2080-2099 under the A1B scenario
varies from 0 to 16% in northern Europe and frono-427% in southern Europe. The largest
increases in northern and central Europe are geagjeéo occur in winter. In southern Europe, the
largest decrease in precipitation occurs in summérthe area mean precipitation in the other
seasons is projected to decrease too. High extrefi@ecipitation are very likely to increase in
magnitude and frequency in northern and centrabjirin the Mediterranean area and in central
Europe in summer, extreme short-term precipitagiognts may either increase due to increased
water vapour content in a warmer atmosphere ordserdue to a decreased number of
precipitation days. The duration of the snow seaseery likely to shorten in all of Europe, and
snow depth is likely to decrease in most of Eur@ilaristensen et al. 2007, 872-873, Beniston et al.
2007, 92).
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Figure 6 Temperature and precipitation changes over Eurape fnulti-model A1B simulations. Top row: annual
mean, DJF and JJA temperature change between B®80ahd 2090-2099, averaged over 21 models. Bathem
same as top, but for fractional change in predipita

18



Confidence in future changes in windiness in Eungpeains relatively low. Extreme wind speeds
could increase in Europe between latitudes 4558AdN, except over and south of the Alps, and
winds are expected to become more north-westehgsd@ changes are associated with reductions in
mean sea-level pressure, which are projected tergenmore North Sea storms, leading to
increases in storm surges along the North Sea.ctastnorthward shift in cyclone activity tends to
reduce windiness in the Mediterranean area (Chgste et al. 2007, 877-878; Beniston et al. 2007,
92).

Key current climate related vulnerabilities andufetrisks and vulnerabilities in Europe are
presented in Table 1 and Figure 7, below. Moregated impacts of climate change in Europe for
different sectors are presented in Annex 1, Table A
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Figure 7 Key vulnerabilities of European systems and sed¢todimate change during the2@entury for the main
biogeographic regions of Europe — TU: Tundra, palguoise. BO: Boreal, dark blue. AT: Atlantic, lighltie. CE:
Central, green; includes the Pannonian Region. Mdumains, purple. ME: Mediterranean, orange; inciutie Black
Sea region. ST: Steppe, cream. SLR: sea-levelNi&®.: North Atlantic Oscillation. (Source: Alcamo &t 2007)
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Table 1 Risks and vulnerabilities under a changing climatg&urope.

Current climate related vulnerabilities

Europe has seen an increase in floods, heat wadds@@st fires in recent years. Examples includeoéfs in central
Europe; drought of River Po in 2007; forest fire®ortugal and Spain in 2003 and 2005, and in Grige2@07; the
heat wave in 2003. Eight out of nine glaciated regim Europe show significant retreat of glacierthie past century.
In the Arctic north of Europe, warmer air and wdtave caused melting of sea ice, the current ratbrrikage is
estimated at 8% per decade

Future vulnerabilities and risks

The Mediterranean is probably the region in Europstmuolnerable to climate change. Much of the reigion
biodiversity is already close to its climatic limEven small changes in temperature and rainfaldcoave severe
consequences for some species. Increased wilddkés also a serious threat.

The Alps would lose about 80% of their glacier gafsummer air temperatures rise by 3°C. A preatjgn increase
of 25% for each 1°C would be needed to offset theig) loss. Changes in glaciers can lead to acaksand floods,
which would pose danger in the densely populatedntzin areas. The shrinking or vanishing of moundgéciers is
likely to cause meltwater streams to dry duringdmad dry summers. Earlier snowmelt and reduced smasy could
affect river flows negatively, increase water tenaperes, lower ground water levels and decreaséwsoiidity. The
number of naturally snow-reliable ski areas inAlyes would drop to 500 (609 currently) under 1 t€404 under 2
°C, and to 202 under a 4 °C warming. Germany ists@ssitive to climate change of the Alpine cowsriSwitzerland
the least sensitive. Low-lying ski areas are alstsitierably more vulnerable than areas with higtudinal range.

Water stress in Europe is expected to increaseciedlgeover central and southern Europe. The peaggnarea under
high water stress is likely to increase from 19%aipto 35% by the 2070s, and the additional nurabpeople
affected by the 2070s is expected to be betweeanillibns and 44 millions. In the affected regiosammer flows may
be reduced by up to 80%. Hydropower potential ley2070s is expected to decline on average in Ewg86, but by
20-50% around the Mediterranean.

Extreme weather events — heat waves, heavy prampitavents and winter storms - are expected teease. Climate
change is expected to lead to more frequent aedsetnorth westerly winter storms in Europe. Wifiterds are likely
to increase in maritime regions and flash floodsléely to increase throughout Europe. By the einithe century,
coastal flooding related to increasing storminegssea-level rise is likely to threaten up to 1liiom additional
people annually. Warmer, drier conditions will ld¢adnore frequent and prolonged droughts, andooger fire
season and increased wild fire risk, particulamlyhie Mediterranean region and on drained peatlamcksntral Europe.

Europe’s natural ecosystems and biodiversity wilkblestantially affected by climate change. Seatlgse is likely to
cause a loss of up to 20% of coastal wetlands. Nd@nyafrost areas in the Arctic are projected sapipear.
Recruitment and production of marine fisherieshie North Atlantic are likely to increase. A largergentage of the
European flora is likely to become vulnerable, eggaed, or committed to extinction by the end of tentury.

Without adaptive measures, risks to health duederfrequent heat waves, particularly in centra southern Europe
flooding, and greater exposure to vector- and foodke diseases are anticipated to increase. Sopsxisnmay be
positive, as in reduced risk of extreme cold evéetsause of increasing winter temperatures. Howevebalance,
health risks are very likely to increase.

Crop suitability is likely to change throughout Epeg and crop productivity (all other factors remagnunchanged) is
likely to increase in northern Europe, and decredmag the Mediterranean and in south-eastern EuFapests are
projected to expand in the North and retreat inSbeth. Forest productivity and total biomasskislyi to increase in
the North and decrease in central Europe, whilertreeality is likely to accelerate in the SouthffBiences in water
availability between regions are anticipated todpee sharper.

Key (policy) questions

Mitigation policies, EU regulations and implicatiotasFinnish policymaking
Changes in tourism areas (The Alps and Mediterrgreaath seasons
Impacts on agricultural production

Demand for bioenergy

Sources: EEA 2007, 13-15; EEA 2005, 64-65, 198; i¢ogtmal 2004; UNEP 2007, 122, 129; ACIA 2005; Alcasho
al. 2007; OECD 2007; Beniston et al. 2007, 91; Fetthl. 2005, 23; Swiss Re 2006

20



4.3.North America

Projected climate change in North America

All of North America is very likely to warm durinidpis century, and the annual mean warming is
likely to exceed the global mean warming in mosiar(Figure 8). In northern regions, warming is
likely to be largest in winter. In the southwestA)Svarming is likely to be largest in summer. The
lowest winter temperatures are likely to increageanthan the average winter temperatures in
northern North America. The highest summer tempeegatare likely to increase more than the
average summer temperature in the southwest USAst€hsen et al. 2007, 887). The largest
warming is projected to occur in winter over northparts of Alaska and Canada, reaching 10°C in
the northernmost parts by 2100, due to the podiéiedback from a reduced period of snow cover.
On an annual mean basis, projected warming vaioes 2°C to 3°C along the western, southern
and eastern continental edges up to more thanns@inorthern region for 2001 to 2100 (A1B, A2
and B1 scenarios). In summer, mean projected wagrnainges between 3-5°C over most of the
continent with smaller values near the coasts.iites, the northern part of the eastern region is
projected to warm most while coastal areas aresptegl to warm only 2-3°C (Christensen et al.
2007, 887, 889).

Annual mean precipitation is projected to increasie north and decrease in the south of North
America. Annual mean precipitation is very liketyihcrease in Canada and the northeast USA,
and likely to decrease in the southwest USA. Irtlsen Canada, precipitation is likely to increase
in winter and spring, but decrease in summer. Ahmgan precipitation in the north is projected to
increase up to 20%, the projected increase reashesich as +30% in winter. Projected increases
in annual precipitation are partially offset byrieases in evaporation; therefore regions in central
North America may experience net surface drying essult (Christensen et al. 2007, 887, 890).

Snow season length and snow depth are very likefietrease in most of North America, except in
the northernmost part of Canada, where maximum stepth is likely to increase. Studies point to
a decline in winter snowpack and hastening of theebof snowmelt caused by regional warming in
western USA (Christensen et al. 2007, 887, 891).
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Figure 8 Temperature and precipitation changes over Northrisadéom multi-model A1B simulations. Top row:
annual mean, DJF and JJA temperature change beft988r1999 and 2080-2099, averaged over 21 mdaetsom
row: same as top, but for fractional change in ipittion (Christensen et al. 2007, 890).
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Projected impacts in North America

Key current climate related vulnerabilities andufetrisks and vulnerabilities in North America are
presented in Table 2. More projected impacts ofi@le change in North America for different
sectors are presented in Annex 1, Table A 2.

Table 2 Risks and vulnerabilities under a changing cliniatdorth America.

Current climate related vulnerabilities
Extreme weather events have caused locally severagés (hurricanes and other storms, floods, dreugid wild
fires). Economic damages from extreme weather eVews increased dramatically

Many coastal areas are potentially exposed to ssonge flooding, such as the New Orleans and Riclaghnegions.

Warming of the permafrost has been observed irs pdthe Alaskan Arctic and north western Canadhdamages
have occurred in some locations to houses, infrestre and forests. Erosion rates have increased éhe arctic
coasts over the past 30 years.

Future vulnerabilities and risks

Rising temperatures will diminish snowpack and éase evaporation, affecting seasonal availabifityater. Heavily
utilised water systems in western United States@anada will be especially vulnerable to the intpa€ climate
change

Sea level rise will exacerbate the impacts of msgjive inundation, storm surges and coastal arosio
Hurricanes could increase in intensity becausdatfay warming.

In agriculture, crops that are already close tar ttlamatic thresholds, will be most vulnerable ¢buas wine in
California)

Thawing of permafrost will affect foundations, pijpels, road and railway embankments.

Increased risks to human heath in urban areasodtmntbined impacts of urban heat island effectpaiiution and
maladapted urban form and infrastructure. Increaiskmf severe heat waves and adverse healthtefspecially in
cities

Wild fire and insect outbreaks are likely to inceand intensify in a warmer climate with driedisaind longer
growing seasons.

Key (policy) questions
Mitigation and climate policy
Possible changes in major agricultural productieas

Sources: Field et al 2007, 622-623; UNEP 2007, 182-ACIA 2005, 911, 921; EPA 2007
http://www.epa.gov/climatechange/index.htfmanuel 2005, 688; Pielke 2005; Landsea 200%stée et al. 2005,
1846

4.4.Latin America

Projected climate change in Latin America

All of Central and Southern America is very likeétywarm during this century. The annual mean
warming is likely to be similar to the global meaarming in South America but larger than the
global mean warming in the rest of the area (Fi@)r&Varming is projected to be generally largest
in the most continental regions, such as inner Amezand northern Mexico. The annual mean
model simulated warming under the A1B scenario betw1980-1999 and 2080-2099 varies from
1.8° C to 5.0° C in Central America, with a medi3.2 © C. In the Amazonian region, the
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projected warming for the same period is 1.8 t8 & Imedian 3.3° C). and in southern South
America 1.7 to 3.9° C (median 2.5° C) (Christeresteai. 2007, 892, 894).

Annual precipitation is likely to decrease in mosCentral America, with the relatively dry boreal
spring becoming drier. The median annual precipitathange for the region by the end of th& 21
century is projected to be 9% (under the A1B sdehdrowever, there could be increased rainfall
in the hurricane season in the region, because#iogtorms can contribute a significant fractidn o
the rainfall of that season. Annual precipitatistikely to decrease in the southern Andes, with
largest relative changes in summer. Precipitagdikely to increase in Tierra del Fuego during
winter and in south-eastern South America duringreer. It is uncertain how annual and mean
rainfall will change over northern South Ameriaacluding the Amazon. Median changes in model
projections of area mean precipitation in Amazamd southern South America regions are small,
but these averages hide marked regional differefidessannual mean precipitation is projected to
decrease over northern South America near the Kaibcoasts, as well as over large parts of
northern Brazil, Chile, Ecuador and Peru, aroumdefpuator and in south-eastern South America
(Christensen et al 2007, 892, 894-895).

Annual

(*C)

Temp Response

Prec Response (%)

oW 0w 0w S0wW JomW

Figure 9 Temperature and precipitation changes ove€entral and South America from multi-model simulaions
under A1B scenario. Top row: annual mean, DJF and J8 temperature change between 1980 to 1999 and 2080
to 2099, averaged over 21 models. Bottom row; sarae top but for fractional change in precipitation
(Christensen et al. 2007, 895).

Projected impacts in Latin America

Key current climate related vulnerabilities andufetrisks and vulnerabilities in Latin America are
presented iferror! Reference source not found.and Figure 10, below. More projected impacts of
climate change in Latin America for different sestare presented in Annex 1, Table A 3.
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Table 3Risks and vulnerabilities under a changing climateatin America.

Current vulnerabilities

Climate variability and extreme weather eventsofi®, hail storms, hurricanes) have seriously adfbtiatin America
during recent years. Over the same period, landhasehanged; arable land and grassland have secred the
expense of forests and wetlands. The irrigatedamdahe use of agrochemicals have also increased. degradation
is a serious environmental problem in the regiboriginates from processes such as erosion, fosgyanic material,
soil compaction, the loss of nutritive elementsroical pollution and salinisation. It is estimathdt more than 3
million km? of agricultural land in Latin America and the Césélan have suffered a significant loss of produgtivi

Forest cover of Latin America is decreasing andiifent deforestation rates continue, Latin Ameriftaests are
likely to shrink an additional 9% by 2020. In 208@rests covered 48% of total land area. Almost thal total loss of
cover in 1990-2000 was in Brazil (23 million ha,202% of the country’s forests), with Mexico (6.8lion ha) and
Argentina (2 million ha) far behind. Current thieéd biodiversity include physical changes and talpiollution and
direct damage to organisms. Changes in habitatsaarsed by excessive harvesting of renewable resewater and
forests), mining, extraction of petroleum, infrasture construction in coastal zones, forest figgpansion of
agriculture and raising livestock.

In general, Latin America and the Caribbean areiriakiater resources. However, there are markedrdiffces in
water availability throughout the region. Thredtsfprincipal hydrological zones — the Gulf of Megj the South
Brazilian Atlantic and the Parana-Uruguay-La Platt&¥ basins — concentrate 40 % of the region’s latipa in 25 %
of the territory with only 10 % of total water resoes. Many areas in Mesoamerica, the Andes, theilBn northeast
and the Caribbean suffer from recurrent or chrevater shortages. The region's water reserves dueed because of
deforestation, urban expansion and excessive us&dwpulation growth and agricultural and indasttemand.
Water quality is deteriorating because of untreataglage, excessive use of fertilisers and pessicated industrial,
mining and energy pollution. Moreover, medium areh glaciers in central Chile and Argentina hakieugk
considerably in recent decades.

Future vulnerabilities and risks

Glacier recession could severely affect the aviitalof water resources of millions of people metAndean countries
Bolivia, Ecuador and Peru are at risk of water stgwes, as glaciers feed rivers in those countriggaf round.
Changes in glaciers may also lead to hazardoustaomlin the form of avalanches and floods, patédy glacier
outburst floods. The Andes are also affected bytuszposed by the interaction between volcanoegand

Severe water stress could be expected in some pd@Entral America. Water supply and hydroeleageneration
would be seriously affected in these regions. Allse,current vulnerabilities in many regions of hadimerica will be
increased by the joint negative effects of grondegnands for water supplies for domestic use afghtion due to an
increasing population, and the expected drier d¢mrdi in many basins.

There is a high risk of forest loss in Central Aroarand Amazonia. Wild fires are expected to inaed@ke tropical
cloud forests are threatened by increased warmidfih of Amazonian forests could react drasticallgreto a slight
reduction of precipitation and the tropical vegjeta hydrology and climate system in South Amedoald change
very rapidly to another steady state, not necdggaaducing gradual changes between the currethtt@nfuture
situation. Forests could also be replaced by etesyssthat have more resistance to multiple stressesed by
temperature increase, droughts and fires, sudopisél savannas. Under future climate changeettsea risk of
significant species extinctions in many areasagitral Latin America.

Increased heat stress and drier soils can redopey@ilds in tropical and sub-tropical areas ofd¢hstinent.
Salinisation and desertification of agriculturaida is also likely due to climate change. Tropieaticanes could
increase in intensity because of global warminfigctihg Central and South American coastal areas.

Key policy questions

Integrating development and climate policies

Future of forest plantations, currently 9,4% dfddintations in the world are in Latin America
Biodiversity and forest loss

Sources: UNEP 2003, 40, 43, 54, 60; Magrin et@0.72 Velarde 2004; UNEP 2007, 125-126, 141; FAO&0
http://www.fao.org/DOCREP/009/a0470s/a0470s00; Mfabster et al. 2005; Emanuel 2005; Landsea 200telAr
2004, 26; Caceres 2004, 27; UNEP 2003, 27; UNKR 2141; ECLAC 2002, Ramirez et al 2001, 27; UNMSM
2005, 27; Rowell and Moore 2000; Grasses et &8l02Rokot 2004 ; Barros 2005; UCC 2005; FAO 202001,
2002; WWC 2000; ECLAC/UNEP 2001
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North @ Coral reef and mangroves seriously
] threatened with warmer SST
- The Caribbean C Under the worst SLR scenario, mangroves
are very likely to disappear in low-lying
- coastlines
a () @ Amazonia: loss of 43% of 69 tree species
Mesoamerics by the end of 21st century; savannisation of
eastern part.

@ Cerrados: Losses of 24% of 138 tree
O species for a temperature increase of 2°C
@ Reduction of suitable lands for coffee
O Increases in aridity and scarcity of water
resources
@ Sharp increase in extinction of. mammals,
birds, butterflies, frogs, and reptile by 2050.
@ Water availability and hydro-electric
generation seriously reduced due to reduction
in glaciers
@ Ozone depletion and skin cancer
o Severe land degradation and desertification
O Rio de la Plata coasts threatened by

Central O increasing storm surges and sea level
Chile t

South

continents America

O Increased vulnerability to extreme events
Areas in red correspond to sites where

The biological riches biodiversity is yet severely threatened and
of these seven this trend is very likely to continue in the
‘hotspots™ are being . future.

threatened by severe .

habitat destruction.

Figure 10 Key hotspots for Latin America (Magrin et al. 2007)

4.5. Africa

Projected climate change in Africa

All of Africa is very likely to warm this centuryuting all seasons, and the warming is very likely
to be larger than the global annual mean warmimngu¢ge 11). Drier subtropical regions are
expected to warm more than the moister tropics.uahrainfall is likelyto decrease in much of
Mediterranean Africa and the northern Sahara, wigineater likelihood of decreasing rainfall as the
Mediterranean coast is approached. Rainfall inremuatAfrica is likelyto decrease in much of the
winter rainfall region and at the western margifisere is likelyto be an increase in annual mean
rainfall in East Africa. It is unclear how rainfatl the Sahel, the Guinean Coast and the southern
Sahara will evolve (Christensen et al. 2007, 858, 3

The mean annual temperature is projected to ineread/est Africa 3.3° C to the period 2080-2099
(compared to 1980-1999) in A1B scenario (SRES).Mkan annual temperature increases 3.2°C
in East Africa, 3.4 ° C in South Africa and 3.6 hGhe Sahararegion for the same period and
scenario. Warming is projected to be smaller (38&2) in equatorial and coastal areas and larger in
(above 4° C) in the western Sahara. In North Afriba largest temperature changes are projected
to occur in June-August, while in southern Afrittae largest warming would occur in September-
November (Christensen et al. 2007, 854, 867-868).
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Figure 11 Temperature and precipitation changes over Afrieenfmulti-model simulations. Top row: annual mean,
DJF and JJA temperature change between 1980 toak#P2080 to 2099, averaged over 21 models. Batbeymsame
as top, but for fractional change in precipitat{@hristensen et al. 2007, 869).

The Mediterranean region is projected to experiemgisg and increases in rainfall are projected
for east Africa. Projected mean annual precipitatbanges are: West Africa: 2 %, East Africa 7%,
South Africa -4% and Saharan regi@¥. Seasonal variation in precipitation changelmfarge.
Drying is expected in much of the subtropics, espgan the extreme southwest of the continent

in winter. An increase or little change in predyibn is projected in the tropics. More than hdlf o
the annual mean reduction of rainfall occurs ingpeng, which can be seen as a delay in the onset
of the rainy season. In East Africa, extendinghlorn of Africa, an increase in rainfall is
expected. In Sahel, the modelled precipitation gearare variable and more research is needed in
this region (Christensen et al. 2007, 854, 868-870)

A general increase in the intensity of high-rainéslents is expected in Africa. In regions of mean
drying, there is generally a proportionally largecrease in the number of rainy days, indicating
compensation between intensity and frequency of @hanges in frequency and spatial
distribution of tropical cyclones in the southeasastal region of Africa remain uncertain.
Extremely warm, wet and dry seasons are project@tttease by the end of this century, with all
seasons becoming extremely warm and the numbextreineely wet seasons increasing to 20%
(compared to 5% simulated for the"™2€entury). In southern Africa, the frequency ofreriely dry
austral winters and springs increases to rough¥g,26hile the frequency of extremely wet austral
summers doubles (Christensen et al. 2007, 871).

Projected impacts in Africa

Key current climate related vulnerabilities andufetrisks and vulnerabilities in Africa are
presented in Table 4 and Figure 12, below. Morgepted impacts of climate change in Africa for
different sectors are presented in Annex 1, Table A
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Table 4 Risks and vulnerabilities under a changing climatafrica.

Current vulnerabilities

Population growth is rapid in Africa. Governanceften bad, economies are dependent on agricudhaéAfrica's
range of exports is very narrow. The highest prexadeof under-nourishment in the world (33 % of plpulation) is
found in sub-Saharan Africa. Population growthl$® @ounterbalancing efforts to reduce under-nbuarent and
results in a large increase in absolute numbeumndér-nourished people. In 2005, 23 of the 36 amsfacing serious
food shortages throughout the world were in Afrithe causes are varied but civil strife, adversatier and natural
hazards predominate. In many of the countriesHIMEAIDS pandemic is a major contributing factor.

In Africa around 300 million people have no acdesgotable water or adequate sanitation. Much efpidpulation
relies on surface water for supplies, but due ¢oinker-annual variability of rainfall, many arechening reliant on
groundwater. Groundwater currently represents 16%draca’s water resources and is used by 75 %hefgopulation,
mainly in North Africa. Water availability is deasing in Africa, and one third of the people algele in drought-
prone areas, mainly in the Sahel, the Horn of Afaad Southern Africa. Water demand is increasifigeting future
access to water. By 2025, it is projected thataadotB0 million people in Africa will face either e scarcity or stresq
with a subsequent potential increase of water miaflalmost all of the 50 river basins in Africadrans-boundary).

Forest and woodlands occupy an estimated 650 mifior about 22% of the land area in Africa amdrdygion
accounts for 17% of the global forest cover. Ofttital area of forests and woodlands, only 5% dgquted area.
Forests are currently under pressure from demanfiréwvood and charcoal as energy sources, and tihenexport of
forest products such as timber, nuts, fruit, gums Flas led to deforestation and degradation ofcAfriforests.
Biodiversity in Africa is already under threat framumber of natural as well as human induced pressnd climate
change will be an additional stressor. Threatddditersity include: land-use conversion due to@gtural expansion
and subsequent destruction of habitat; pollutiaaghing; civil war; high rates of land use chamgulation growth
and the introduction of exotic species.

Future vulnerabilities and risks

Many vulnerable regions in Africa are likely to ddversely affected by climate change, includingntiteed arid-
semiarid systems in the Sahel, arid-semiarid ramgesystems in parts of eastern Africa, the Grakes region of
eastern Africa, the coastal regions of easterrcAfrand many of the drier zones in southern Af@anate change is
predicted to decrease and/or shift the areas tldaiclimate for 81-97% of Africa’s plant species

Increasing frequency of droughts and floods assattiwith climate variability and change could haveegative
impact on the ecosystems of some areas in Afrizdakes and reservoirs in the African Sahel céabde part of their
storage capacity leading to a complete drying. Gmanrainfall patterns could lead to soil erosithg siltation of
rivers and the deterioration of watersheds. Wetamt wildlife are also under threat from droughBouthern Africa.

Tens of millions of additional people could be akrof malaria by the 2080s, previously unsuitabéaa for malaria
could become suitable for transmission with temipeesand precipitation variations. The populatibrisk of
increased water stress in Africa is projected t@®B€50 million people by the 2020s, and 350-60ioni people by
the 2050s. Furthermore, large coastal cities incAfcould suffer severe damage from sea level rise.

By the 2080s, a significant decrease in suitabfefed land extent and production potential forezds is estimated
under climate change. The area of arid and semhiland in Africa could increase by 5-8% (60-90 il hectares).
Wheat production is likely to disappear from Afrizathe 2080s. In some countries, additional rtkles could be
exacerbated by climate change include greater@rodeficiencies in yields from rain-fed agricuiwof up to 50%
during the 2000-2020 period, and reductions in gnauith period. In South Africa, crop net revenudsbe likely to
fall by as much as 90% by 2100, with small-scatenfas being the most severely affected. Howevergtis the
possibility that adaptation could reduce these tiegeffects.

Key (policy) questions

Integrating development and climate policies
Food security, water issues

Health related issues

Emergency relief

Insurance, disaster management issues

Sources: Boko et al. 2007; Stern 2006, 104-105eA&005; UNESCO 2004, 8; Van Lieshout et al. 20040OF2005,
117; UNEP 1999; De Wit and Jacek 2006; Brooks 2Q0INEECCC 2006; Fischer et al. 2005; Agoumi, 2003
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B Climate change could decrease mixed rain-led and semi-ard systems
particubarly the length of the growing pericd, e.g. the Sahel. (9.4.4)

® Some assesements show possible renoff decreasas in parts of Morth Africa
by 2050 While climate changs should be congiderad in any future
negotiations o share Nile water, the role of water basin managemant i also
kay. (8.4.1)

MNorth Africa

B |mpacts of maize, under a range of scenarios. )
(9.4.4) .. )

® Poasible agricultural GDP loases ranging from —t *-.-f._,,l
2% 10 4% With s0me model estimaions. e
(9.4.4) rﬂ ™

® Populations of Wast Africa living in coastal
setilements could be affected by progected
rises i soa |levels and flooding. (9.4.8)

®» Changes in coastal enviroments (e.g
mangroves and coral reels) could be
negalively impacted. (9.4,8)

J é‘ I_'u:".:-?'::'. II-."-

Southern Africa

® Runct in eastem Alnca and parts of
semi-arid sub-Gaharan Africa is projected ta
possibly increase by 2050, (9.4,1)

B [ncrepses of drasnage are estimated for
East Africa with possible expected
increases in rantall. (9.4.1)

® Previously malaria-free highland areas in
Ethicpia, Kenya, Rwarsda and Burundi coukd
axpanancs modest changes to stable
malara by the 20502, with conditions for
fransmission becoming highly sunabie by
tha 2080, (8.4.3)

® Ecosysiem impacts, including impacts on
mourain blodiversity, could ocour, Declines
in fisharies m some magor East Alrican

| lakes could accar, (8.4.5)

East Africa

Agricubiural changes
|eg. millal, maize)

Changes in

7

! and species lncalion

Changes in waler
b

and with reduced river fiow from 2050 In some river basins, (9.4.3)
® Southward expansion of the ransmission one of malania may Bkely cecur, (9.4.3)

Zamkia (9.4.5)
" Two Biomes, the FynDos and Succulent Keroo In southem Alrica, are lIkely 10 be the most

resdient. (9.4.5)

{9.4.4) (9.6.1)

B Assessmants of water availabilty, including walar stress and water drainaga, show that parts of
southam Africa ara highly vulnerable to dimats vanabifty and change with heightaned vater siress

m By 2099, dune helds may become highly dynamie, from northern South Alrica 1o Angola and
wulnarabla ecasystems to projectad climate changes, whilst the savanna is argued o be mores

® Food securily, already & humanitarian crisis in ihe region, is lkely to be further aggraveted by
climate variability and change. angravated by HIVIAIDS, poor governance and poar adagtation

availabikly coupled
fo climeba changs
‘ﬁ 7 Prashia changes n
"':'-'.;.'ql'-‘n raall and storms
o Desert dune shifts
Bea-layel nse and
.‘* possiblo Aocding in
megacitias
Changes in haallh
possibly Frked to
climte changs

Confiict zones

or
4

Figure 12 Future vulnerabilities in Africa (Boko et al. 2007)
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4.6.Asia

Projected climate change in Asia

All of Asia is very likely to warm during this canty (Figure 13). Warming is likely to be similar to
the global mean in Southeast Asia (projected mesamimg between 1980-1999 and 2080-2099 is
2.5°C). The warming is likely to be well above tiebal mean in central Asia (3.7°C), the Tibetan
Plateau (3.8°C) and northern Asia (4.3°C), and albloe global mean in East (3.3°C) and South
Asia (3.3°C). It is very likely that summer heatwea and hot spells will be more intense, more
frequent and of longer duration. It is also vekgly that there will be fewer cold days in EastaAsi
and South Asia (Christensen et al. 2007, 879, 881).

An increase in annual precipitation is projectedrawnost of Asia during this century. The
percentage increase is expected to be largestrith [dod East Asia. The main exception is central
Asia, particularly its western parts, where redugegtipitation in the summer is projected. Sub-
continental boreal winter precipitation is verydik to increase in northern Asia and the Tibetan
Plateau, and likely to increase in eastern Asiataadouthern parts of Southeast Asia. Summer
precipitation is likely to increase in North, SouBoutheast and East Asia, but decrease in central
Asia. The projected decrease in mean precipitatia@entral Asia is accompanied by an increase in
the frequency of very dry spring, summer and autsgasons. Conversely, in winter, very high
precipitation becomes more common (Christenseh 2087, 879, 884).

In South Asia, annual mean temperature is projactétcrease 3.3°C by the end of this century.
The median warming varies seasonally from 2.7°€ummer (JJA) to 3.6°C in winter (DJF).
Warming is likely to increase northward in thearparticularly in winter, and from sea to land
(Christensen et al. 2007, 881).
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Figure 13 Temperature and precipitation changes over Asia frulti-model simulations under A1B scenario. Top
row: annual mean, DJF and JJA temperature changede 1980-1999 and 2080-2099, averaged over 2&lsod
Bottom row: same as top, but for fractional chaimgerecipitation. (Christensen et al. 2007, 883)
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Summer precipitation is projected to increase 130thb end of the century; winter precipitation is
projected to decrease (-5% median change). Sordestindicate a general increase in the intensity
of heavy rainfall events in the future, with laigereases over the Arabian Sea, the tropical Indian
ocean, in northern Pakistan and India, and Bangtadad Myanmar. An overall decrease in the
annual number of rainy days over a large part eftisésia is also projected by the 2050s, but with
an increase in precipitation intensity (Christenseal. 2007, 881, 884).

In East Asia, a median warming of 3.3°C by the @nithis century is projected. The warming

varies seasonally from 3.0°C in summer (JJA) t8Gi6 winter (DJF). The warming tends to be
largest in winter, especially in the northern imlarea. Daily maximum and minimum temperatures
are very likely to increase in east Asia, resulimgnore severe hot but less severe cold extremes
(Christensen et al. 2007, 882).

An increase in the annual mean precipitation is@disons is projected. The median change at the
end of this century is +9% with little seasonafetiénce. Intense precipitation events are verylike
to increase in East Asia. An increase in the fraquand intensity of heavy precipitation events in
parts of Japan, Korea and China are projectegoitnwest China, the number of rainy days is
estimated to increase, while in South China thebmrms estimated to decrease, though days with
heavy rain are estimated to increase (Christenisain 2007, 882, 884-885).

In Southeast Asia, the projected median warmingiferegion is 2.5°C by the end of this century
with little seasonal variation. The tendency formeng is significantly stronger over the interior
land areas than over the surrounding coastal regfea-mean precipitation is projected to
increase about 7% in all seasons, but projectezbeahchanges vary strongly within the region.
The pattern of change is broadly one of rainfail@ase in the wet season and decrease in the dry
season (Christensen et al. 2007, 883, 885).

A median warming of 3.7°C is projected for Cenkala by the end of this century. Precipitation is
projected to increase for DJF, but decrease irr stt@sons. The median change by the end of this
century is -3% in the annual mean, with a 4% ineeea winter (DJF) and -13% decrease in
summer (JJA) which is the dry season. A median wayrof 3.8°C by the end of the 2&entury is
projected for Tibet. Over the Tibetan Plateau,éased precipitation is projected for all seasons
(Christensen et al. 2007, 883, 887).

Projected impacts in Asia

Key current climate related vulnerabilities andufetrisks and vulnerabilities in Asia are presented
in Error! Reference source not foundTable 5 and Figure 14, below. More projected impaét
climate change in Asia for different sectors amspnted in Annex 1, Table A 5.
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Table 5Risks and vulnerabilities under a changing climatasia.

Current vulnerabilities

The state of the environment in Asia includes pnmisisuch as soil degradation, scarcity of freshwhiss of forest
cover, loss of biodiversity, and declining urbanaaid water quality. The rich biological resouroéthe Asia and
Pacific region have been exploited on a massivie sBg 1985, 70-90 %of the original wildlife halditaf the countries
of Asia had already been lost to agriculture, istinacture development, deforestation, and landadizgion. Forest
cover is declining at a rate of approximately 1%year (1998 estimate).

Pressure on the land in Asia is the most sevetteeimvorld. Particularly affected are the regionisat poor who are
dependent on agriculture and its ancillary acgegitiMany countries in the region already face amesshortage of
productive land resources that can support a gippapulation. According to UNEP, in 1990 more th8@e2of Asia's
land area had some degree of land degradatior®98, hbout 39% of the region’s population livedieas prone to
drought and desertification.

Safe supplies of freshwater are at risk in manyhtrees of the region. The explosive growth in p@pioins and
economies has had the greatest impact on the tedieshwater resources. Freshwater withdrawalseased more in
Asia during the 20th century than in any other pathe world, resulting in supply and water qtyatiroblems. Lack
of an adequate supply of clean water is the magreeenvironmental, human health and economicl@mb many
parts of the region. Water utilization rates arpested to increase further in many parts of therem the next quarte
century as populations and economies grow. The ysbpulation in Asia is growing significantly. Byeatyear 2020,
an additional 1.5 billion people are expected tathded to Asia’s urban centres.

Future vulnerabilities and risks

Substantial decreases in cereal production poténtissia are projected by the end of this cent@asya consequence 0
climate change. However, there are likely to baifitant regional differences in yield responses.approximate 2.5-
10% decrease in crop yield is projected for pafrdsia by the 2020s and a 5 - 30% decrease by@bé2compared
with 1990 levels without C@effects. An additional 49 million, 132 million ar2$6 million people of Asia (for an A2
scenario without carbon fertilization) could beiak of hunger by 2020, 2050 and 2080, respectively

Freshwater availability in Central, South, East &edth-East Asia, particularly in large river basinsh as the
Changjiang, is likely to decrease due to climai@nge in combination with population growth andséng standard of
living, and could adversely affect more than adnillpeople in Asia by the 2050s. It is estimateat #20 million to 1.2
billion people will experience increased water sdrby the 2020s; 185 - 981 million people by the(20

Accelerated glacier melt is likely to cause inceemsthe number and severity of glacial melt-raldteods, slope
destabilisation and a decrease in river flows asigis recede. Some major rivers receive nearly 80%teir total
water discharge from upper mountain catchmentsidtiey glaciers and snow. Millions of people woutddffected.

Projected sea-level rise is very likely to resnlsignificant losses of coastal ecosystems andtafs@umillion people
along the coasts of South and South-East Asiaidly be at risk from flooding. Sea-water intrusidue to sea-level
rise and declining river runoff is likely to inciemthe habitat of brackish water fisheries but basundation is likely
to seriously affect the aquaculture industry arichstructure particularly in heavily-populated metgtas. The
stability of wetlands, mangroves and coral reedgiad Asia is likely to be increasingly threatenBdtween 24% and
30% of the coral reefs in Asia are likely to betldgring the next 10 years and 30 years, respégtiVbe projected
future sea-level rise could also inundate low lyémgas, erode beaches, and increase the salinityedd, bays and
aquifers. Coastal regions would also be at risktafm surges associated with more intense troptoains.

Up to 50% of the Asia’s total biodiversity is akidue to climate change. For example, boreal foras\North Asia
will be affected; taiga is likely to displace tuadwhile the northward movement of the tundra imiilurn decrease
polar deserts. Permafrost thawing will continueroxaest territories of North Asia under the projectéimate change
scenarios. Changes in rock and soil temperaturésasult in altered strength characteristics, mepcapacity, and
compressibility of the frozen rocks and soils, theeitlement strains, frozen ground exploitabilitthe course of
excavation and mining, and some geo-cryologicatesees.

Key (policy) questions
Integrating development and climate policies
Changes in agricultural production

Sources: UNEP 2007, 130-131; ADB 2001; Cruz e2@D7; Parry et al. 1999; Rosenzweig et al. 200C]AA2005
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Farest groduction in Norh Asia i fikely to bensfit from The Lena delfa located has been rereating at Met primary productivity of grassland in colder regions of Asia = projected to
carbon fertizaton. But the combined effects of cimats an annwal rate of 3645 meters due to decling and ehéft northward due to climats change. The limited herbaceous
15 and human activdies are thermo-srozion processes willlikely io be producton, heat sfress from higher temperature and poor water intake dus fo
fire freguency. [104.4.1] influenced by projectsd rige in temperaturs. declining ranfal could lead 1o reduced milk vields and increased incidencs of
[10.6.1] dizeases m animais. [10.4.1.3]

Carzal yields could decrease
up 1o 30% by 2050 even in
South Asia In West Asia,
cimate change is [sely to
c3uze severe water siress in
21et century. [10.4.1.1]

In East Asia, for 1°C rise in surface air temperature
expecied by 2020z, watsr demand for sgricultural
irigation woud increase by 8% to 10% or more.
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Figure 14 Hotspots of key future climate impacts and vulngiteds in Asia (Cruz et al. 2007)

4.7.Australia and New Zealand

Projected climate change in Australia and New Zeath

All of Australia and New Zealand are very likelyw@arm during this century. Warming is expected
to be smaller in the south, especially in wintarsbuthern and northern Australia, warming is
projected to be larger than over the surroundiregos, but only comparable to the global mean
warming. Warming will be less in coastal regionasimania and the South Island of New Zealand,
and greater in central and northwest Australiardased frequency of extreme high daily
temperatures in the region and a decreased fregquémold extremes is very likely. The average
number of days over 35°C each summer in Melbounnéddncrease from 8 at present to 9-12 by
2030 and 10-20 by 2070. In Perth, the annual tafiadsich hot days could rise from 15 at present to
16-22 by 2030 and to 18-39 by 2070 (Christensexh. @007, 896, 899, 902).

Precipitation is expected to decrease in southestralia in winter and spring and in south-western
Australia in winter. Precipitation is projectedibarease in the west of the South Island of New
Zealand. As extremes in daily temperatures are Niagly to increase, potential evaporation is

likely to increase as well. Risk of drought in dwern areas of Australia is therefore likely to be
enhanced. However, the ENSO (EI Nifio-Southern @sicih) currently influences rainfall, drought
and tropical cyclone behaviour in the region sigatftly, and it is as yet uncertain how ENSO will
behave in the future (Christensen et al. 2007,.898)

Large reductions in precipitation are projectedanthern Australia in all seasons, due to poleward
movement of the westerlies and embedded depres$tedsiction in precipitation also extends over
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land during winter when the storm track is placedhfest equatorward. The strongest effect is
projected to occur in the southwest, when meamdrgould be 15-20% (see Figure 13). In
Australia, potential evaporation is projected toré@ase and the moisture balance deficit to become
larger. There is a strong indication that the Aalgin environment will become drier under
increased warming. Snow cover is expected to dedatithe Australian Alps and the total alpine
area with at least 30 days of snow cover to deer&ds54% by 2020 and 30-93% by 2050
(Christensen et al. 2007, 901).

Annual DJF

| R

Temp Response (°C)

J T T T L] ]
1o°E 130° 150°E 170°E 110°E 130 150°E 170°E

Prec Response (%)

Num of Models > 0

Figure 15 Temperature and precipitation changes over Asia fraulti-model simulations under A1B scenario. Top
row: annual mean, DJF and JJA temperature changede 1980-1999 and 2080-2099, averaged over 2&lsod
Bottom row: same as top, but for fractional chaimgerecipitation (Christensen et al. 2007, 901).

Projected impacts in Australia and New Zealand

Key current climate related vulnerabilities andufetrisks and vulnerabilities in Australia and new
Zealand are presented in TabEr®r! Reference source not found.and Figure 16, below.
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Table 6 Risks and vulnerabilities under a changing climatustralia and New Zealand.

Current vulnerabilities

There is clear recent evidence for increasing stsess water supply and agriculture, changed natwadystems,
reduced seasonal snow cover, and glacier shrinkageme events have severe impacts in both coantriedustralia,
around 87% of economic damage due to natural éisagtorms, floods, cyclones, earthquakes, finedandslides) is
caused by weather-related events. Examples of regéreme weather events in the region include ghtsliin
Australia 1991-1995, 2002-2003, Sydney hail stonrh999, eastern Australian heat wave in 2004, Gaalfiee in
2003, New Zealand floods in 2004.

Eight mass bleaching events of coral reefs in Aliatheve been recorded since 1979.

Future vulnerabilities and risks

With climate change, reduced soil moisture and ffuen@ very likely over most of Australia and eastBlew Zealand.
Up to 20% more droughts (defined as the 1-in-10 ged moisture deficit from 1974 to 2003) are slatad over most
of Australia by 2030 and up to 80% more drought2®y0 in south-western Australia. In New Zealandese
droughts (the current 1-in-20 year soil moisturkcite are likely to occur every 7 to 15 years Ime2030s, and every
to 10 years by the 2080s, in the east of bothdslaand parts of Bay of Plenty and Northland. Ttyengd of pastures in
eastern New Zealand in spring is very likely tcaldganced by one month, with an expansion of drauigitd both
spring and autumn.

An increase in fire danger in Australia is liketylie associated with a reduced interval betwees,fincreased fire
intensity, a decrease in fire extinguishments astef fire spread. In south-east Australia, thgueacy of very high
and extreme fire danger days is likely to rise 4By 2020 and 15-70%by 2050. By the 2080s, 10-50%¢e days with
very high and extreme fire danger are likely inteasareas of New Zealand, the Bay of Plenty, Wgtitin and Nelson
regions, with increases of up to 60% in some wasdezas. In both Australia and New Zealand, tleedgason length i
likely to be extended, with the window of opportyrfior controlled burning shifting toward winter

Floods, landslides, droughts and storm surgeseselikely to become more frequent and intense,sarov and frost
are very likely to become less frequent. Large aoéasainland Australia and eastern New Zealandiketylto have
less soil moisture, although western New Zealatitedy to receive more rain.

As a result of reduced precipitation and increasexporation, water security problems are projetigdtensify by
2030 in southern and eastern Australia and, in Keatand, in Northland and some eastern regions.

Ongoing coastal development and population grointhreas such as Cairns and south-east Queenglastid]ia) and
Northland to Bay of Plenty (New Zealand), are prtgddo exacerbate risks from sea-level rise anctases in the
severity and frequency of storms and coastal flogdhy 2050.

Significant loss of biodiversity is projected tococ by 2020 in some ecologically rich sites, inghgdthe Great Barrier
Reef and Queensland Wet Tropics. Other siteslatntdude Kakadu wetlands, south-west Australid-Antarctic
islands and alpine areas of both countries

Risks to major infrastructure are likely to increaBy 2030, design criteria for extreme eventsvarg likely to be
exceeded more frequently. Risks include failuréamfdplain protection and urban drainage/seweramgecased storm
and fire damage, and more heat waves, causing deaths and more blackouts

Production from agriculture and forestry is progetto decline by 2030 over much of southern anteeagustralia,
and over parts of eastern New Zealand, due to isecedrought and fire. However, in New Zealand,ahliienefits to
agriculture and forestry are projected in westewh southern areas and close to major rivers daddoger growing
season, less frost and increased rainfall.

Key policy questions
Ecosystems and extinction risk
Water security

Coastal communities

Sources: Hennessy et al. 2007; BTE, 2001; Jones R0&=hl et al. 2007; Mpelasoka et al. 2007; Mullaale2005;
Tapper 2000; Williams et al. 2001; Cary 2002; Hesyex al. 2006; Pearce et al. 2005;
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Figure 16 Vulnerability to climate change aggregated for kegtors in the Australia and New Zealand region,
allowing for current coping range and adaptive cépaln the right-hand panel, relative coping rangdaptative
capacity and vulnerability are assessed. In théhbaid panel, global temperature change (IPCC Hasktssment
Report) is shown. The coloured curves in the laftchpanel represent temperature changes assoeistedifferent
CGO, concentration stabilization levels (WRE) at 450np50 ppm, 650 ppm, 750 ppm and 1000 ppm. Theofear
stabilization is shown as black dots. The shaded endicates the range of climate sensitivity acfog stabilization
cases. The narrow bars show uncertainty at thea€dy (Hennessy et al. 2007, 529).

4.8.The Arctic region

Projected climate change in the Arctic region

The Arctic is very likely to warm during this cempun most areas, and the annual mean warming is
very likely to exceed the global mean warming (Fegli7). Warming is projected to be largest in
winter and smallest in summer. Models indicate thaan Arctic warming exceeds the global mean
warming by roughly a factor of two, while the wintgarming in the central Arctic is a factor of

four larger than the global annual mean. By thedrtdlis century, the projected mean warming in
the Arctic ranges from 4.3°C to 11.4°C in winterd &rom 1.2°C to 5.3°C in summer under the A1B
scenario. Over both ocean and land, the largeshingris projected in winter and the smallest in
summer. The seasonal amplitude of temperature ehartgpwever much larger over the ocean due
to the presence of melting sea ice in summer, wkeglps the temperatures close to freezing point
(Christensen et al. 2007, 902, 904-905).

Annual Arctic precipitation is very likely to incase, with the relative increase largest in theavint
and smallest in summer. The spatial pattern ofgetefd change shows the greatest percentage
increase in precipitation over the Arctic Ocean4B800) and smallest over the northern Atlantic
(<5%). By the end of this century, the projectedrde in the annual mean Arctic precipitation
varies from 10 to 28% under the A1B scenario (Génisen et al. 2007, 902, 906).
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Figure 17 Projected mean annual temperature changes in tie Aetween 1980-1999 and 2080-2099 averaged over
21 models for the A1B scenario (Modified from Cleissen et al. 2007, 908).

Projected impacts in the Arctic

Key current climate related vulnerabilities andufetrisks and vulnerabilities in the Arctic region
are presented in Table 7 and Figure 18, below. Movgected impacts of climate change in the
Arctic for different sectors are presented in AndeXable A 6.

Current Arctic Conditions Projected Arctic Conditions, 2090 - 2100

Temperate  Boreal  Grassland Polar desert/ Tundra lee
forest Forest semi desert

Observed ice exlenl ﬂ Northwest passage
|:| September 2002 = ?

Projecied ice extent
2070 - 2090 ﬂ Morthern Sea Roule

Figure 18 Present and projected vegetation and minimum seextent for Arctic and neighbouring
regions.(Anisimov et al. 2007).
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Arctic sea ice is very likely to decrease in exi@md thickness (Figure 18). The most dramatic
projected change is a mainly ice-free Arctic Ocealate summer by 2100. In the winter, the
projected decrease of sea-ice extent is 15%. Ifuthiee, there will be greater differences between
seasons in sea-ice extent. In the transitional between high Arctic and subarctic, and in the
subarctic, ice extent is projected to decline seasons will be shorter and ice thinner. More
frequent winter warm spells may also result in smogiting and refreezing as superimposed ice
(Christensen et al. 2007, 902; UNEP 2007, 72).

The possibility of crossing critical "tipping pogitin the future has been raised, manifested as
periods of abrupt decrease of Arctic sea ice. Thbsapt changes may result when the ice thins and
the rate of retreat becomes more rapid for a gwelt rate. Typically they would occur over a

period of 5-10 years, during which time almosttladl summer ice can disappear. Abrupt reductions
early in the 21 century could result in a largely ice-free Ardtidche summer as early as 2040.
However, there are still large uncertainties sumting these processes. The transition of perennial
ice to seasonal ice, which introduces new regiorseasonal sea ice cover, is another mechanism
for enhanced Arctic sea-ice retreat (UNEP 2007743-

Table 7 Risks and vulnerabilities under a changing climatée Arctic.

Current climate related vulnerabilities

The minimum (autumn) Arctic Sea ice extent has dmee during the past decades from 7.5 k982 to 5.6 kifin
2005, a reduction of 25%. The retreat of the iceecavas particularly pronounced along the Eurastast At the end
of summer 2005, the Northern Sea Route was contypletefree. Snow-cover extent in the Northern Hgphiere has
decreased by 5-10% since 1972. Permafrost tempesatumost of the Arctic and subarctic have inseglasince early
1970s. Permafrost thawing has accompanied the wgrRurthermore, earlier breakup and later freqgzefuivers
and lakes across much of the Arctic region havgtlamed the ice-free season by 1-3 weeks.

Future vulnerabilities and risks

Over the 21 century, permafrost degradation is likely to ocouer 10-20% of the present permafrost area. The
southern limit of permafrost is likely to move rtostard by several hundred km. Snow cover extentdgepted to
decrease by about 13% by 2071-2090 (for a meanadmrarming of 4°C), with a greater decline in sprifihe albedo
reduction due to reduced terrestrial snow covdrhwila major additional feedback on climate.

A continued decline in Arctic Sea ice extent isjpcted (by 25%, on average, by 2100), accompanjgtibning of
the ice. In the transition zone between high Aratid subarctic, where seasonal ice currently daesn@he Barents,
Baltic, Bering and Okholtsk Seas) reduced ice @xtdrorter ice seasons and thinner ice are expddime frequent
winter warm spells could also result in snow meltamd refreezing as superimposed ice.

Warming is very likely to lead to replacement afidua by forests and polar deserts by tundra. Iradegs, forests can
be replaced by tundra-steppe and in areas, whawnért§ permafrost leads to waterlogging, by bogswetiands.
Climate warming is very likely to lead to an incsedn the total number of species in the Arcticecalist species
adapted to the cold climate and their predatorstrisk of population decline or extirpation IdgalThe replacement
of Arctic vegetation over the long-term with mom@guctive vegetation is likely to increase net carstorage in the
ecosystem. However, methane fluxes are also likeilycrease as wetlands become warmer and as pesntifaws.

Serious coastal erosion is already evident in domdying areas in the Arctic and this is projectedaccelerate in the
future leading to relocations of coastal commusiirethe Arctic. Distribution and migration patterof fish stocks are
likely to shift, and in some parts of the ArctitsHeries may become more productive. A slow-dowtihefmeridional
overturning circulation is likely as a result otieased freshwater input from melting glaciers pratipitation.

Key (policy) questions

Role of indigenous people

Biodiversity threats

Possibility of large scale impacts (melting of pafrast, sea ice, diminishing snow cover)
Melting Arctic Sea ice and possibility of new seates

Sources: UNEP 2007, 68-69, 72; ACIA 2005, 996-999
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5. Defining risks and vulnerabilities associated witlclimate change
5.1.Distributional issues of climate change impacts

The source regions that are responsible for thie dfuljreenhouse gas emissions, to date, are the
industrialised countries of North America and Ewophey account for around 70% of £0
emissions from energy production since 1850. Irtresih, the regions that are likely to experience
the greatest impacts of anthropogenic climate chamgmely developing countries (the majority
located in tropical and sub-tropical regions), acddor less than one quarter of cumulative
emissions. (Stern 2006, 169). Moreover, it is therpst and most marginalised members of
societies in both and rich and poor countries dnatcommonly the most vulnerable to the impacts
of climate change(Parry et al. 2007). In this respde climate change issue can be regarded as a
problem of inequity, with the adverse impacts fegldisproportionately on the poor (Tol et al.
2004).

Mendelsohn et al. (2006) estimate that the poonts of the world will bear the brunt of climate
change damages primarily because many of thenoea¢eld in warm low latitude regions. They are
already struggling with current climate variabilignd in some regions temperatures are already
beyond the optimum for many climate sensitive eatinsectors. The rich nations on the other
hand are primarily located in the mid to high ladis, with more temperate climates. Some of them
may well benefit from a modest level of climate ohe.

Moreover, in many developing countries climate g®is only one of a number of stresses that
should be superimposed on current vulnerabilitber contributing factors to their higher
vulnerability to damaging impacts include a largesportion of the economy concentrated in
climate sensitive sectors, especially agricultarel a deficit or absence of capital and technotogy
enhance adaptive capacity (O'Brien et al. 200&nywdeveloping countries are vulnerable because
of current land degradation due to land use changedesertification, declining run-off from water
catchments or depleted groundwater supplies, heglerddence on subsistence agriculture and the
prevalence of HIV/AIDS and other diseases. Inadeggavernance mechanisms and rapid
population growth increase vulnerability as well.

Developing countries are also undergoing rapid midagion. Migrants to the cities frequently live

in poor conditions on marginal land and are paldidy vulnerable to climate change because of
their limited access to clean water, sanitation, fmod security. Many mega-cities in developing
countries are situated in coastal areas and anerallle to sea level rise and flooding. Vulnerapili

is also a dynamic concept and can change overitimesponse to structural and economic changes
and other external shocks (IDS 2006, 6; Sperlir@B2@'Brien et al. 2003, Stern 2006, 92; IPCC
2007h).

Countries, developed or developing, are not unifortimeir vulnerability to climate change impacts
and their capacity to adapt, and there are ald¢ohilitonal effects within countries. Many coungrie
are large enough to experience differential effadtsin their borders. Some individuals, sectors
and systems in a country or region will be lese@#d by climate change, or may even benefit,
while other individuals, sectors and systems mdfgssignificant or even catastrophic losses. Poor
people in general, wherever they live, may be maigerable to climate change and they could be
burdened even more than the aggregate nationalensrsbiggest. In most countries, there is a wide
disparity of agricultural productivity across reg#o In the low latitudes, the rural poor tend e li

in the warmer and drier regions of each countryther warming is likely to damage these regions
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more severely than more temperate zones. The peamdikely to have access to capital and are
therefore likely to suffer larger damages and firfthrder to adapt than other sections of the
population.. The poor may also have more difficattyving away from environmentally degraded
areas, as their assets may be closely tied tofgppigices of property that may be of low value
once climate changes. Finally, the poor cannothmase their way out of reductions in crop
productivity, and they may not have the resourodsuty food (Mendelsohn et al. 2006,, IPCC
2007b).

5.2.Global sectors with high vulnerability to climatéhange

Water resources and agriculture/food security arers those global sectors where the impacts of
climate change will be most evident. Impacts ahelie change globally on these sectors can have
implications for Finland as well, through the ashility of agricultural products and the targeting
of development or climate policies. More genergblications for Finland could result from
conflicts or disasters that happen elsewhere invibrdd and affect human well-being, security and
possibly the world economy.

Water resources

In many regions of the world, there is already wateess. In 2000, of the world’s total population
20% had no appreciable natural water supply, an@®b% shared low-to-moderate supplies
(defined as less than 50% of global runoff) andy % enjoyed relative abundance (>50% of
global runoff). Figure 19 illustrates where humaaiev use (domestic, industrial and agricultural)
exceeds average water supplies annually. Areagbfiater overuse (highlighted in red to brown
tones) tend to occur in regions that are highlyedejent on irrigated agriculture, such as the Indo-
Gangetic Plain in South Asia, the North China P&nd the High Plains in North America. Where
water use exceeds local supplies society is depedenfrastructure that transports water over
long distances (i.e., pipelines and canals) orronmdwater extraction — an unsustainable practice
over the long-term. There are also seasonal stewtaigwater, which are not reflected in Figure 19.
The consequences of overuse include diminished fiwe, depletion of groundwater reserves,
reduction of environmental flows needed to susagjmatic ecosystems, and potential societal
conflict (United Nations 2006, 2).

Climate change will intensify the water cycle améuwege patterns of water availability. Projections
indicate that droughts and floods will become nmemeere in many regions. There will be more
precipitation in high latitudes and less in the simptropics. Climate change increases water
resource stresses in the regions where runoff deese These regions tend to be already relatively
dry. In some water-stressed parts of the worldriiquéarly in southern and eastern Asia — climate
change increases runoff, but this may not be veneficial in practice because increases tend to
come during the wet season and extra water malgenavailable during the dry season. Warming
will be greater over land than over the oceans hagider land surface temperatures are likely to
enhance evapotranspiration leading to drier s8ilerq 2006, 62; Arnell 2004).

In many mountainous regions of the world, undehigemperatures more winter precipitation
would fall as rain rather than snow. This would mé#zat the runoff season may shift from spring
to winter. Effects on summer water resource avditpalzould be very large even though the change
in total annual runoff could be small. About ongtisiof the world's population relies on water
released from snowpacks or glacier melt to maintaiter supplies during the peak water demand
season. Initially, water flows may increase inspeng as glaciers melt more rapidly. This could
increase the risk of glacial lake outburst floddsthe long-run, however, dry season water will
disappear permanently once a glacier has completelied (Arnell 2006, 16; Stern 2006, 63).
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Water use in excess of natural supply (average annual)

- High - Moderate Low |:| Little or no use - Adequate supply

Figure 19 Areas where (current) human water use (domestigsinial and agricultural) exceeds average water
supplies annually (United Nations 2006, 18)

Food security

Food production will be particularly sensitive tov@ate change, because crop yields depend in
large part on prevailing climate conditions (tengtere and rainfall patterns). Agriculture currently
accounts for 24% of world output, employs 22% @f ¢fobal population and occupies 40% of the
land area. 75% of the poorest people in the waridih rural areas and rely on agriculture for thei
livelihoods.

Low levels of warming in mid to high latitudes ¢dumprove the conditions for crop growth by
extending the growing season and/or opening uparewas for agriculture. Further warming will
have increasingly negative impacts though as damgagmperature thresholds are reached more
often and water shortages limit growth in someamrgi In contrast, even modest warming is
expected to reduce crop yields in the tropics andrepics. There crops are already close to clitica
temperature thresholds and many countries haveelingsiapacity to make economy-wide
adjustments to farming patterns. Many of the effeftclimate change on agriculture will depend
on the degree of adaptation, which will be deteadiby income levels, market structure, and
farming type, such as rain-fed or irrigated. Adéptapotential in general is greater in more
developed economies in the north. This, togethdr miore favourable effects of climate change on
yield potential will aggravate inequalities in demment potential in the world (Parry et al. 2005,
2137; Stern 2006, 67-68).

Climate change can increase the risk of hungerrgépand particularly in southern Asia and
Africa. The food supply system is complex, howewagd moderate increases in air temperature do
not necessarily lead to shortfalls in cereals albbajl level. Regional differences in crop production
are likely to grow stronger over time, howevergdieg to significant polarisation effects and
substantial increases in risk of hunger in poooemtries of the world (Parry et al. 2004, 66).
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5.3.Dangerous climate change

The objective of the UNFCCC is the "stabilisatidrgreenhouse gas concentrations in the
atmosphere at a level that would prevent dangeantigopogenic interference with the climate
system. Such a level should be achieved withima frame sufficient to allow ecosystems to adapt
naturally to climate change, to ensure that foadipction is not threatened and to enable economic
development to proceed in a sustainable manneg' cdhcept of "dangerous anthropogenic
interference" leaves a wide scope for interpretateng. Swart and Vellinga 1995, Parry et al. 1996)
and ultimately its determination cannot be basedadentific arguments alone, but involves other
judgements informed by the state of scientific kiemlge (Schneider et al. 2007).

Key vulnerabilities may be linked to systemic tlmalsls where non-linear processes cause a system
to shift from one major state to another. Theseéten referred to as "abrupt chandést
"singularities”. Other key vulnerabilities can lssaciated with "normative thresholds”, defined by
stakeholders or decision-makers, such as a levaiarige where a magnitude of impact is incurred
that is no longer considered acceptable or wherérédguency of impacts of extreme weather

events exceeds tolerable levels. These latter rabiigies can be explored by examining impacts
under incremental levels of climate change. Bo#is¢hand abrupt changes are described in more
detail below.

Impacts of incremental climate change

The IPCC has illustrated some estimated impactirafite change during the 2&entury for
increasing increments of global mean temperatuaa@h by sector (Table 8) and by world region
(Table 9). Numbers of people affected are basealtemative scenarios of gross domestic product
(GDP) and population, and estimates do not acdouidaptation. To provide an impression of the
projected rate of warming across the SRES emissiomsarios, estimates for different time periods
during the century (2020s, 2050s, 2080s and 20&@salso shown, extracted from Figure 4
(above). Temperature changes are relative to 1980-1or estimates relative to 1850-1899 (early
in the industrial era), add 0.5°C.

The impacts of climate change are estimated togifiewith increased amounts of warming. IPCC
(2007b) estimates that for a global mean annugbéeature change of 2°C relative to 1980-1999
there will be adverse impacts to many systems @mefuecosystems and food production. Up 30%
of species will be at risk of extinctions and theit be a tendency for cereal productivity to
decrease in low latitudes. For a warming of ab8QY 4mpacts get more severe. There will be
significant extinctions around the globe, and priihity of all cereals decreases in low latitudes.

13 An abrupt climate change occurs "when the clinsgigem is forced to cross some threshold, triggagitransition to
a new state at a rate determined by the climatemsyiself and faster than the cause" (Alley e2802). In systems
that contain more than one equilibrium state, iteoms to structurally different states are possitBome changes may
be reversible, but others are irreversible (oratifely irreversible, such as the disappearan@nate sheet, which will
not re-appear with the return of historical climataditions). Climate surprises usually refer tougb transitions or
permanent or temporary transitions to a differéauesin parts of the climate system. Possible alwlippate changes,
climate surprises and irreversible changes in lingate system include ocean circulation change#timgeof Arctic sea
ice, glaciers and ice gaps, melting and acceleiateflow of the Greenland and Antarctic ice sheatsl irreversible
and relatively rapid changes in vegetation covee€M et al. 2007, 775-777).
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Table 8 Examples of global impacts projected for changedimate (and sea level and atmospheric, GBere
relevant) associated with different amounts oféase in global average surface temperature inltbiec2ntury. Edges
of boxes and placing of text indicate the rangteofperature change to which the impacts relatewshbetween
boxes indicate increasing levels of impacts betwestimations. Other arrows indicate trends in inga&ll entries for
water stress and flooding represent the additionpécts of climate change relative to the cond#iprojected across
the range of SRES scenarios A1FI, A2, B1 and B2 pfation to climate change is not included in thestimations.
For extinctions, "major" means ~40 to ~70% of assdspecies. The top panel shows global temperetareges
projected for the SRES scenarios for the 2020)2@080s and 2090s relative to 1980-1999. To sgpte
temperature change relative to 1850-1899, add 0B&6! estimates are based on atmosphere-ocearabeneulation
models (coloured dots). Uncertainty ranges for2b@0s are based on models, observational constriiat expert
judgement. Modified from Parry et al. (2007).

Global mean annual temperature change relative to 1980-1999 (°C)
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Table 9 As Table 8Error! Reference source not foundbut for examples of regional impacts. Modified fr&¥arry et
al. (2007).

Global mean annual temperature change relative to 1980-1999 (°C)
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For a warming of > 2°C, millions more people coetgerience coastal flooding each year. The
Stern Review (Stern 2006), measuring global warrtergls relative to pre-industrf] projected

that for a warming of only 1°C, permafrost thawdeagnages buildings and roads in parts of Canada
and Russia and at least 10% of land species waakldxtinction. Climate impacts on the
environment become severe with a warming > 2°Qh Wi-40% of species facing extinction, and a
high risk of extinction of Arctic species. With amning of >3°C, some models predict the onset of
Amazon forest collapse.

With increased warming, the occurrence of extreraather events, such as heat waves, is expected
to increase. For example, regional surface warnsimxpected to cause the frequency, intensity and
duration of heat waves to increase in Europe. Byetid of this century, central Europe is projected
to experience the same number of hot days as arntlyrexperienced in southern Europe. In
addition, the intensity of extreme temperaturgwagected to increase more rapidly than the
intensity of more moderate temperatures over tidirmental interior (Beniston et al. 2007, 92).

Climate change is also expected to intensify thiemaycle, so that severe droughts and floods
occur more often. Climate could hence become miopeadictable. For example, fluctuations in the
strength of the monsoon, both year to year andnvélsingle season, can lead to significant
flooding or drought with significant impacts to treggions that are dependent on monsoon rains
(Stern 2006, 58-59; IPCC 2007b).

Climate change affects also risk factors that atectimate related in a society. By altering averag
climate conditions and climate variability, climatieange also affects underlying risk factors and
the ability to cope with and recover from climateets and other natural hazards. While most
impacts of climate change are exacerbations ofiegithreats, some impacts may be new to a
region and consequently no experience in dealitiy thiese impacts may exist in the region. Many
such events may also be threshold events, or ddlatelimate-induced spatial and temporal
changes in impacts. These events include, for ebarti® spread of climate sensitive diseases to
regions where they have not occurred before (Sypé&i Szekely 2005, 8-10).

Abrupt changes — large-scale singularities

The greater the warming is, the more severe thadatspcould be, particularly because there is an
increased risk of triggering abrupt and large-schnges, such as melting of the Greenland ice
sheet or loss of Amazonian forest (Stern 2006, Bi®%. European Environment Agency identifies
four types of abrupt impacts of climate change tizate potentially large consequences for Europe
(EEA 2005a, 68-69). They are: the potential melohthe Greenland and/or West Antarctic ice
sheets, the collapse or slowing down of the Notlartic Current, release of large amounts of
methane from frozen tundra and continental shebsed,a change in how terrestrial ecosystems
exchange C@with the atmosphere. Table 10 presents an aggregaw of some selected key
vulnerabilities resulting from different types dincate or related changes.

 This means that the warming would be less if meabtelative to recent climate. For example, Pargl.g2007) use
an increment of 0.5°C to convert from 1850-1892980-1999 levels.
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Table 10 Table of selected key vulnerabilities. Most impaaes the result of changes in climate, weather arsd/a
level, not of temperature alone. In many casesatbnechange impacts are marginal or synergistioprot other
existing and possibly increasing stresses. Criferiey vulnerabilities are magnitude, timing, gistence/reversibility,
potential for adaptation, distributional aspedtslihood and "importance" of the impacts. Confidetevels: *** very
high, ** high, * medium, * low. Source: Parry et £007).

Key systems or groups Prime criteria for ‘key

at risk
Global social systems
Food supply

Aggregate market
impacts and distribution

Regional system
Small islands

Indigenous, poor or
isolated communities

Terrestrial ecosystems
and biodiversity

Marine ecosystems and
biodiversity

Geophysical systems

Greenland ice sheet

Meridional Overturning
Circulation

Tropical cyclone
intensity

Drought

vulnerability’

Distribution, magnitude

Magnitude, distribution

Irreversibility, magnitude,

distribution, low
adaptive capacity
Irreversibility,
distribution, timing, low
adaptive capacity

Global biological systems
Irreversibility, magnitude,

low adaptive capacity,
persistence, rate of
change, confidence

Irreversibility, magnitude,

low adaptive capacity,
persistence, rate of
change, confidence

Magnitude, irreversibility,
low adaptive capacity,
confidence

Magnitude, persistence,
distribution, timing,
adaptive capacity,
confidence

Risks from extreme events

Magnitude, timing,
distribution

Magnitude, timing

Global average temperature change above 1990

0°C 1°C

Productivity decreases for
some cereals in low latitudes ™
Preductivity increases for some

cereals

Net benefits in many high

latitudes; net costs in
many low latitudes * b

Increasing coastal inundation and damage to infrastructure due to sea-lavel rise ™

Some communities
already affected *“ ¢

Many ecosystems
already affected ™

Increased coral
bleaching ™

M

Localised deglaciation

(already observed due to

local warming), extent
would increase with
temperature = e

Variations including regional

weakening (already
observed but no trend
identifisd) f

Increase in Cat. 4-5

storms ™, with impacts
exacerbated by sea-level

rise

Drought already increasing ™ g

Increasing frequency /
intensity drought in mid-

latitude continental areas ™" h

bleached **

2°C ac

Cereal productivity decreases

in mid/high latitudes ™ in some mid/high latitude regions *
Global production potential
increases to around 3°C,
decreases above this * a

Benefits decrease, while costs increase. Met global
cost™ b

Climate change and sea-level rise adds to other stresses ™", Communities
in low-lying coastal and arid areas are especially threatened ** d

c. 20-30% species
at increasingly high
risk of extinction

Major extinctions around the globe ™

Terrestrial biosphere tends toward a net carbon source ™

ost corals Widespread coral

mortality ™

Commitment to wide-
spread ** or near-total
* deglaciation, 2-7 m
sea-lavel rise’® over
centuries to millennia * e

Near-total deglaciation ™ e

Considerable weakening ™. Commitment to large-scale and
persistent change including possible cocling in northern
high-latitude areas near Greenland and north-west Europe »,
highly dependent on rate of climate change.

Further increase in tropical cyclone intensity */*

Extreme drought increasing from 1% land area to 30% (A2
scenario) * i

Mid-latitude regions affected by poleward migration of
Annular Modes seriously affected ™ j

It is not yet possible to predict the future of steeets with any confidence. There is still lack of

data of many crucial, controlling conditions at tbe-sheet bed. Therefore larger values of sed leve

rise due to the melting of the Greenland and Wesawkstic ice sheets cannot be excluded, but
likelihoods or upper bounds of sea level rise cabegrovided. However, recent signs point to an
accelerating loss of ice in both Greenland and wtitza, and some changes are exceptional when
one looks over a period of centuries or milleniiiae slowly evolving behaviour associated with
the Greenland Ice Sheet in past decades is bangftrmed to more rapid changes. A zone of
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glacier acceleration is moving northward in Greedl|deaving Greenland's southern ice dome
under threat from both increased summer melting theacoasts and increased ice discharge down
glaciers that extend their influence far inlandhit continues, it is possible that the ice dome i
southern Greenland will reach a tipping point, vatitelerating positive feedback causing it rapid
decline and an associated sea level rise of alfoair8 The continued northward migration of the
zone of glacier acceleration would make the largethern dome also vulnerable with a risk of
greater sea level rise. (UNEP 2007, 107-111; IPQU73)

There have been some studies of the implicatiomspafssible abrupt change in the Atlantic
meridional overturning circulation (MOC), sometinte$erred to as the thermohaline circulation,
which could lead to cooling over the North Atlaraied potentially significant regional impacts
over western parts of Europe. Though regarded suwikely (see below), potential impacts are
summarised by Alcamo et al. (2007) as:

 reduced runoff and water availability in southeurdpe

* major increase in snowmelt flooding in western fparo

* increased sea-level rise on western European aditdvi@nean coasts

» reduced crop production with consequent impact®od prices

» changes in temperature affecting ecosystems ineweBEurope and the Mediterranean (e.g.,
affecting biodiversity, forest products and foodqluiction)

* disruption to winter travel opportunities and irased icing of northern ports and seas

» changes in regional patterns of increases verstrea&es in cold- and heat-related deaths and ill-
health

* movement of populations to southern Europe andfgishhe centre of economic gravity
requirement to refurbish infrastructure towardsreioaavian standards

The IPCC concludes that it is very unlikely thag MOC will undergo a large abrupt transition
during the 21st century (IPCC 2007a); rather, ey likely that the MOC will slow down, with an
average model-estimated reduction by 2100 of 28%his case, temperatures are projected to
warm over the North Atlantic and Europe, despiteplojected MOC slowdown, due to the much
larger influence of the increase of greenhouseggdB€C 2007a).

The world's terrestrial ecosystems are projectasbiinue as a net carbon sink for a number of
decades. However, it is likely that the terrestialsphere will become a net source of carbon
during this century. Methane emissions from tunfiezen loess and permafrost have accelerated
in the past two decades and are likely to acceldwather. With the current levels of greenhouse
gas emissions, the positive trends in terrestadb@n sink will peak before mid-century, then begin
diminishing, tending strongly towards a net carbouarce before 2100 while the buffering capacity
of the oceans begins to saturate. Dieback of mbithecAmazon rainforest, a major carbon sink,
due to desiccation is a major vulnerability, buthwa high degree of uncertainty. (IPCC 2007 b,
4/3)

Accelerated climate change would exaggerate coraitiethe impacts of gradual climate change
and the changes would very likely exceed the gholitooth human and natural systems to adapt.
For example, accelerated climate change wouldtieadvere water stress in many regions of the
world, substantial reductions in crop productiatyd would threaten many natural ecosystems. The
faster the rate of climate change, the less tiraeetls to adapt, the more dangerous climate impacts
are likely to be and the higher the potential impsises. There exists an inverse relationship
between the interval of time available for adaptitiange and the likelihood for and intensity of
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violent conflict, trauma and coercion accompanyting process of adaptation (Barnett 2001, 3; Falk
1971, 353; Arnell 2006, 3 — see section 5.6, below)

5.4.Economic impacts of climate change

Economic impacts of climate change at the globdlragional level have been estimated using a
range of methods. Some studies estimate the costparcentage share of GDP, others as a welfare
loss. One type of estimate is the social cost ddaa(SCC), which is an estimate of the economic
value of the extra or marginal impact caused byethession of one more tonne of carbon in the

form of CQ, at any point in time. SCC can also be interpretethe marginal benefit of reducing
carbon emissions by one tonne (IPCC 2007, 20/14).

In the Stern review, the potential costs of climaiange have been estimated using a welfare
economics framework. In this approach, the objeatif/policy is to maximise the sum across
individuals of social utilities of consumption. Gamption involves a broad range of goods and
services including education, health and the enwirent. The relationship between the measure of
social well being and the goods and services coadumg each household, on which it depends, is
called the social welfare function (Stern 2006, 8).

Climate change is projected to have large consemseior the global economy. The IPCC reports
estimates of global mean losses of between 1-5% 8D4#°C of warming (IPCC 2007b).

Aggregate estimates of costs mask significant @iffees in impacts across sectors, regions,
countries, and populations. In some locations, @afpe in developing countries, and amongst some
groups of people with high exposure, high sensgjthand/or low adaptive capacity, net costs will

be significantly larger than the global aggregate.

The Stern Review estimates that the total costusirgss-as-Usual climate change over the next
two centuries equates to an average welfare lagsagnt to at least 5% of the value of global per
capita consumption. If factors such as a possilgldr-than-expected responsiveness of the climate
system to greenhouse gases, direct impacts omtti®@ement and human health, and the
disproportionate burden of climate change impantthe poor regions of the world, are taken into
account, the cost could increase to the equivatieat20% cut in per capita consumption. However,
there are large uncertainties in the calculatidh®re is sparse or non-existent information on the
impacts of high temperature increases, especialiy fleveloping regions. There is also little
information on abrupt and large-scale changesdrclimate system. Putting monetary values on
health and environment can be problematic, butatknchange is expected to reduce welfare even
more if non-market impacts are included in the ysig] if feedbacks are taken into account in
climatic response to rising greenhouse gas emissand if implications of risks are considered
(Stern 2006, 144; 163).

Effects of climate change are global, inter-tempara can be highly inequitable. Climate change
has the potential to have significant effects arsperity and human development, because it has
profound implications for the environment in wh&bcial and economic activity takes place. The
impacts of climate change can have macroeconomisezpiences through (Stern 2006):

1. its direct effect on output, for example when agjtioral productivity is reduced because of a
deteriorating environment.

2. increased depreciation of capital, because of dinétt impacts from climate change and
accelerated economic obsolescence due to the o@badnge technologies at intervals to suit
the changing climate.
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3. adverse impacts on people's skills and health cesyein poor communities, so that a given
rate of population growth is associated with lo@&P growth. A severe climate change could
also affect economy-wide productivity if its abjlito assimilate new techniques, contribute to
innovative research and import and adapt new tdogies were impaired. This could be the
case especially in countries already suffering ¢mawth and with lesser technological
capabilities. Over the longer term, the consequefaregrowth rates will depend on how saving
rates, investment rates in different types of skkhowledge and physical capital, rates of
capital depreciation and population growth rateetdt seems likely that economic growth
would be adversely affected, the more so as tleesfof climate change accumulate.

It is estimated that the largest damages and alsts of climate change will likely be borne by
poorer countries. For some regions in high andlatitudes, initially and for increases of global
mean temperature < 1-3°C above 1990 levels, sop&cits of climate change are projected to
produce benefits. However, as warming gets latgeniery likely that all regions will experience
either declines in net benefits or increases ircasts. Richer countries bear larger damages
because their climate sensitive economic sectertaege. However, as a fraction of GDP, poor
countries still have larger impacts. This is duér lower capital stocks, and poorer technolalic
and adaptation capacity. It should be noted tretatigregate costs of impacts mask significant
differences in impacts across sectors, regiongjtcdes and populations, and rich countries also
have regions, sectors and groups of people withgp@aaptive capacity (Mendelsohn et al. 2006,
173-174; IPCC 2007b, 16; O'Brien et al. 2006).

At the global level, estimates of the costs of aeimg different long-term stabilisation levels have
been summarised by the IPCC and are shovirrior! Reference source not found. The
Commission of the European Communities (2007ajnegéis that costs of investments in carbon
low technologies and emissions reduction to reaerEtJ 2°C target would not be very high
measured as a share of GDP. The requirement ®istkinat there is a broad participation through
international agreement. All countries, includireydloping countries, would have to take
reasonable measures to improve their energy effigiand implement additional measures to
reduce emissions in sectors such as transportesigential. The energy intensive sectors would
need to be integrated into a global carbon matkensure cost efficient emissions reductions on a
global scale. Developed countries would need te takindividual reduction targets of around 30%
in 2020 compared to 1990 levels and have full acteshe global carbon market. By 2030,
developed countries would need to adopt indivigumaission reduction targets between 40 to 55%
compared to 1990 levels. By then all countriesgpkéow income developing countries, would
have fully integrated their energy intensive sextoto the global carbon market.

Table 11 Estimated global macro-economic costs in 2030 fastleost trajectories towards different long-term
stabilisation levels (IPCC 2007c, 18).

Stabilisation levelg Median GDP reduction | Range of GDP reduction Reduction of average
(ppm CQ-eq) (%) (%) annual GDP growth rateg
(percentage points)
590 - 710 0.2 -0.6-1.2 <0.06
535 - 590 0.6 0.2-25 <0.1
445 - 535 Not available <3 <0.12

15 For a given stabilisation level, GDP reductiorr@&ses over time in most models after 2030. Long-t&sts also
become more uncertain. Studies vary in terms ofithieg of stabilisation; generally this is in ZL6r later. GDP

reduction is expressed as market exchange rateiaMeand the #band 98 percentile range of the analyzed data are
presented. The number of studies that report GBHteeis relatively small and they generally use haselines.
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If a global agreement on carbon emissions redugi®not reached and the EU carries out
emissions reductions alone, benefits for energyrégand air pollution in the EU would still
accrue. Moreover, new economic development andteelnologies would be stimulated and the
long-term competitiveness of EU industry increagdédte impact of autonomous EU action on its
GDP would be limited, particularly if full access project-based mechanisms were be granted.
Without access to the Clean Development Mecharganion prices would be 8-11 times higher
(Commission of the European Communities 2007a, A6-4

5.5.The EU 2°C target and stabilisation of greenhousasgconcentrations

The European Union has set an objective of limigiapal mean temperature change relative to
pre-industrial times to 2°C warming (Commissioritef European Communities 2007a). To
achieve this, the EU estimates that concentrabbgseenhouse gases in the atmosphere should be
maintained below 550 ppm G@quivalent, requiring considerable global emissimductions
(Commission of the European Communities 2007a). éd@w Working Group 11l of the IPCC

Fourth Assessment (IPCC 2007c) suggests thatwhbegyim warming of 2°C relative to pre-
industrial is at the lowest bound of estimatesaf@lower) stabilisation target of 445-490 £0
equivalent, which equates to a £€@ncentration of about 350-400 ppm (Table 12).

Table 12Characteristics of stabilisation scenarios reparidtie literature since the IPCC Third Assessmeagdrt
(IPCC, 20078.

Category Radiative CcO, ) COreq Global mean Peaking vear Change in No. of
Forcing Concentration” | Concentration” | temperature increase for CO, ‘ global CO, assessed
above pre-industrial at | emissions” cmissions in | scenarios
equilibrium, using 2050 (% of
“best estimate™ 2000
. climate sensitivity”, © emissions)?
(W/m” (ppm) (ppm) (°C) (vear) (%)
I 25-3.0 350-400 445 - 490 20-24 2000 - 2015 -85 to0 -50 6
o 3.0-35 400 — 440 490 — 535 24-28 2000 - 2020 -60 10 -30 18
11 35-40 440 — 485 535-590 28-32 2010 - 2030 -30to +5 21
I\Y 4.0-5.0 485 -570 590-710 3.2-40 2020 - 2060 +10 to +60 118
\% 50-6.0 570 — 660 710 — 855 4.0-49 2050 - 2080 +25 to +85 9
VI 6.0-75 660 —790 855-1130 49-6.1 2060 - 2090 +90 to +140 5
Total 177

a) The understanding of the climate system response to radiative forcing as well as feedbacks is assessed in detail in the AR4 WGI Report. Feedbacks between
the carbon cyele and climate change affect the required mitigation for a particular stabilization level of atmospheric carbon dioxide concentration. These
feedbacks are expected to increase the fraction of anthropogenic emissions that remains in the atmosphere as the climate system warms. Therefore, the
emission reductions to meet a particular stabilization level reported in the mitigation studies assessed here might be underestimated.

h‘] The best estimate of climate sensitivity is 3°C [WG 1 SPM].

' Note that global mean temperature at equilibrium is different from expected global mean temperature at the time of stabilization of GHG concentrations due to
the inertia of the climate system. For the majority of scenarios assessed, stabilisation of GHG concentrations occurs between 2100 and 2150.

9 Ranges correspond to the 15% to 85% percentile of the post-TAR scenario distribution. CO, emissions are shown so multi-gas scenarios can be compared with
COs-only scenarios.

The lower the target stabilisation level, the mgueckly the peak in emissions and thereafter the
decline of emissions would have to occur. For hissation level of 445-490 ppm, the period of
peak CQ emissions would need to be 2000-2015, which iespinat a period of overshoot would
have to be tolerated before the level could belsat. The IPCC estimates that the global mean
temperature increase for this stabilisation rangaldvbe 2.0 — 2.4°¢° Other conceivable
stabilisation targets are depicted in Table 12eNbat as global population growth is estimated to

16 Equilibrium climate sensitivity refers to the edjoiiilum change in the annual mean global surfaceézaiure
following a doubling of the atmospheric equivaleatbon dioxide concentration. The effective clingdasitivity is a
measure of the strengths of the climate feedbackgarticular time and may vary with forcing histand climate
state. The climate sensitivity parameter (°C/{ymefers to the equilibrium change in the annuaameglobal surface
temperature following a unit change in radiativecfiog. (IPCC 2007a, 943)
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remain positive until at least 2050, it will be raddifficult to reduce emissions, as total emissions
are likely to increase more rapidly than emissipeiscapita (Stern 2006).

The temperature changes shown in Table 12 areilegunh responses, which would be realised
only decades or centuries after stabilisation wfcspheric greenhouse gas concentrations, due to
time lags in the response of the climate systemmgaily the oceans) to changes in radiative
forcing. There is no information provided in theCl® Fourth Assessment Report on the transient
(time dependent) climate response to,@0CQ-equivalent stabilisation during the2dentury.
However, some information is provided in the ThAssessment Report on the global warming
projected for different C@only stabilisation levels (IPCC, 2001) and thegmtial impacts avoided
or reduced by different levels of mitigation alestrated in Figure 20 from that report.

Risks of climate change damages would be reduced by stabilizing CO, concentrations

Ranges of global mean temperature

Global mean change in 2100 estimated
temperature change Reasons for Concern for different scenarios (°C)
. § SRES
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l. Unique and Threatened Systems

Extinction of species.
Loss of unigue habitats, coastal wettands
Bleaching and death of coral,

|I. Extreme Climate Events

Health, property, and enviranmental impacts from increased frequency and intensity of some climate extremes.

|1l Distribution of Impacts

Careal crop yield changes that vary from increases lo decreases across regions but which are estimated to decrsase in most tropical
and subtropical regions.

Decrease in water availability in some water-stressed countries, increase in others.
Greater risks to health in developing countries than in developed countries.

Met market sector losses estimated for many developing countries; mixed effects estimated for developed countries up to a few degrees warming
and negative effects for greater warming.

IV. Global Aggregate Impacts
Estimates of globally aggregated net market sector impacts are positive and negative up to a few degrees warming and negative for greater warming.
More people adversely affected than beneficially affected even for warming less than a few degrees,

. Large Scale, High Impact Events

Significant slowing of thermohaline circulation possible by 2100,
Melting and collapse of ke sheets adding substantially to sea-level rise {(very low likelihiood before 2100; likelihood higher on mutlti-century time scale).

Figure 20 Risks of climate change damages and stabilisaBonrce: IPCC, 2001)
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5.6.Climate change and security

Security can be defined as the condition of benuggeted from or not exposed to danger (Barnett
2001, 2) and "the assurance people have that thlegontinue to enjoy those things that are most
important to their survival and well-being" (Sordi897, 236). Climate change can be seen as a
security issue for some countries, communitiesaiidires. Small island states, Arctic
communities and people living in low-lying deltastloe world are examples of groups of people
that are threatened by climate change. To thematéirchange poses cultural, health and life-
threatening risks comparable to the impacts of avarfHowever, security impacts of climate
change will take less direct and more multifariomstes than conflicts do. Security is also socially
constructed and therefore closely related to valniéity (Barnett 2001).

Environmental issues including climate change cabaaonsidered as isolated problems but are
integrally connected to problems such as povesglth and war. Global environmental change is
fundamentally a human security issue. Human segcigrihe condition when and where individuals
and communities have the options necessary tomaitigate, or adapt to risks to their human,
environmental, and social rights; have the capaity freedom to exercise these options; and
actively participate in attaining these optionsndun security is a people-oriented concept that
focuses on enabling individuals and communitie®gpond to change, whether by reducing
vulnerability or by challenging the drivers of eronmental change (O'Brien 2006,1-2).

Climate policy could increase security (OECD 2088-96). This could happen through several
channels. For example, climate policy is incredgiegnphasising the diversification of energy
sources, which would reduce societal and econoemsiBvity to disruptions of oil and gas supply.
Also, by reducing climate change damages, climalieyphas the potential to avert possible
security problems they might induce. Potential hoita@ian crises could be reduced, such as food
supply issues and other security risks, that wotherwise be likely to develop because of climate
change impacts.

Climate change and security issues have receiwedadrsed attention in recent months. For the first
time in its history, the United Nations Securityuaeil held a debate on the impact of climate
change on peace and security on April 17, 200he day-long meeting was called by the United
Kingdom and aimed to examine the relationship betwenergy, security and climate. In addition,
a group of United States generals recently puldisheeport on climate change and security issues
(CNA Corporation 2007). In presenting the awardhef Nobel Peace Prize jointly to the IPCC and
Al Gore on 10 December 2007, the chairman of thewdgian Nobel Committee, Professor Ole
Danbolt Mjgs, stated: "Those who attach importaocéuman security" argue that the main thing
is to protect individuals. The chief threats maydivect violence, but deaths may also have less
direct sources in starvation, disease, or natusakters. A goal in our modern world must be to
maintain "human security” in the broadest sefise”

Three issues related to climate change and huntamitseare discussed in this section. Firstly,
conflicts that could be triggered by climate or ieowmental change, secondly disasters related to
climate change, and thirdly forced migration asasequence of climate change. Finally, a possible
approach for evaluating environmental securityrespnted.

7 http:/iwww.un.org/News/Press/docs/2007/sc9000tdor.
18 http://nobelprize.org/nobel_prizes/peace/lauré208y/presentation-speech.html
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Possibility of conflicts

A relatively stable climate has been the preretpifsir the development of human societies.
Changes in climate can induce changes in natusé s that bring instability among nations. If
climate changes significantly, the environmentaldibons can deteriorate to the point that
necessary resources are not available and soaetielsecome stressed, sometimes to the point of
collapse. Climate change can exacerbate many soaf¢ension and conflict that include impaired
access to food and water and extreme or violenthgeaonditions (Diamond 2004, can
Corporation 2007).

In countries, where the material well-being of pe®ple is highly sensitive to external forces, such
as changing terms of trade, or where material ilhg is in decline, the governments tend to be
relatively more unstable, and consequently the t@msrelatively more prone to internal violent
conflict. This could hold true for exogenous enaimeental shocks as well. The increasingly
frequent and severe hazardous events that areteggeca result of climate change mean more
exogenous shocks to all countries and thereforsilpigdess security. Climate change can also
undermine individual and community economic livelill, affect human health, reduce availability
of freshwater and food, undermine state wealthraititary capability, and exacerbate inequalities
between people (Barnett 2001, 4).

However, it is generally difficult to find meanindfevidence of the determinants of violent conflict
and war and therefore it is necessary to be caufibout the links between climate change and
conflict. There is some evidence, however, for gaifindings that include: poverty and inequality
are prevalent in many cases of sub-national canfecent violence is a good predictor of future
violence; the most important disputed issue in padént conflicts has been territory; strong state
with an ability to monopolise the use of force amahage collective actor problems, and
democracies tend to be less prone to internal ictirdind violence is more likely between
neighbouring groups and countries. The relationbkigveen ecology and conflict is also complex.
For example, in conflicts in sub-Saharan Africaltiple actors are involved with divergent and
often conflicting interests. The access to androbof valuable natural resources, including
minerals, oil, timber, productive pastures and fagriand, have been crucial factors in the
occurrence of violent conflicts across the continentheir widest sense, the use and control of
ecological resources as causes of conflicts has feévated by both grievance and greed.
Moreover, grievance related to the unjust and irtable distribution of land and natural resources
in many regions of Africa, and greed for valualielegical resources have in many instances been
the underlying causes of armed conflicts (Barne@t1l2 5, Porto 2002, 3).

Climate change impacts could become one factdrariuture in both national and cross-border
conflicts, particularly when coupled with rapid pigtion growth, and economic, political, ethnic
or religious tensions. Long term environmental detation due to climate change will exacerbate
the competition for resources and could contribotidrced migration, which in turn could generate
destabilising pressures and tensions in neighbgatieas. Because of adverse effects of climate
change, work opportunities can be reduced, malkdnguitment into rebel groups much easier. For
example, the crisis in Darfur is thought parthba consequence of long periods of drought in the
1970s and 1980s which resulted in deep and widadgreverty. The risk of climate change
sparkling a conflict in a country or area is lardether factors such as poor governance and
political instability, ethnic tensions and high dedency on environmental resources are already
present. In light of this, west Africa, the Nile $@ and central Asia could be regions potentiaily a
risk of future tension and conflict (Stern 2006).12
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Disasters

Current climate already influences economic opputites and prospects for development in many
regions. Between 1970 and 1999 about 3.76 billewpte were affected by natural disasters
(primarily weather-related) in Asia. There is higbpulation density in hazard prone areas in Asia,
which explains the large number of people affecéddca has the second highest number of people
affected by natural disasters, largely due to feeqq@ccurrence and long-term impacts of droughts
and the importance of the agricultural sector en¢bntinent. In Latin America, floods caused the
highest cumulative costs, followed by wind storeesthquakes and droughts (Sperling 2003, 6).

A disaster can be defined as an extreme eventagitbrse consequences that are beyond the scope
of typical coping mechanisms. These adverse coesegs may be loss of life, loss of property,
loss of resources.Disasters are also primarily the result of humetivas. While hazards are
natural, disasters are not. Social systems genenaigual exposure to risk by making some people
more prone to disaster than others. These inetpsadite largely the function of power relations
(factors such as class, age, gender and ethnioibyng@ others) operating in every society.
Vulnerability is highly differentiated and some péand some regions are more vulnerable than
others. Therefore, whether a natural event isastks or not depends ultimately on its location
(Smith 2006, Bankoff 2006). Moreover, disasteras aefined in terms of the event itself, but in
terms of both the processes that set it in motiahthe post-event processes of adaptation and
adjustment in recovery and reconstruction. Disasiez determined by a range of factors of
different orders: cultural, social, environmen&dpnomic, institutional and political, and their
relations (Oliver-Smith 2006) .

Disasters have lately increased in impact and sttopegh the combined effects of economic,
social, demographic, ideological and technolodiaelors. Greater numbers of people are now
more vulnerable to natural and other hazards tkankeefore, due in part to increases in population,
but more so to their location in dangerous arehs.iificreasing complexity of disasters is rooted in
the interplay of social and economic factors inghgironment, exacerbating the vulnerability of
people and environments and intensifying their iotpahen they occur. Hurricane Katrina's
impact on New Orleans was compounded by an exaedsipendence on technology and half a
century's assault on the natural defences of thiecerment of southern Louisiana, leaving the city
tragically vulnerable. Also, like with most climatazards, hurricane Katrina did not affect
everybody equally. Issues of race, age, gendereamdomic class influenced who was able to
respond, both in anticipation and reaction to thens (Oliver-Smith 2006, O'Brien 2006, 2).

Forced migration

There is currently no category for "environmenédligees” in the United Nations Refugee Agency
UNHCR classification of refugees. However, the UNRI€stimates that there are millions of
people displaced directly or indirectly by envircemtal degradation and natural or man-made
disasters in the world (UNHCR 2006). Migration, wier permanent or temporary, has always
been a traditional response or survival strateqyeoiple confronting the prospect, impact or
aftermath of disasters (Oliver-Smith 2006). Pedyalee also historically left locations with harsh or
deteriorating conditions. Examples in the past ithdicate that there is a relationship between
human population movements and climate includelingate of the US Great Plains in the 1930s,
drought migrations in East Africa, and consequentdéarricane Mitch in 1998. However, in a
multidimensional world, people's decisions to migrar stay are influenced by a huge range of

Workshop Report, Udall Center, University of Arizonhttp://udallcenter.arizona.edu/publicationslswate/ch17-
disaster.html
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factors, and environmental change is seldom thg explanatory factor (Black 2001, 14;
McLeman and Smit 2004, 6-7).

Several definitions of environmental refugees hasen presented in the literature. El-Hinnawi
(1985) and Jacobson (1988) divide environmentaigeds into three categories, namely persons
experiencing temporary displacement due to tempaavironmental stress, permanent
displacement due to permanent environmental chamgketemporary or permanent displacement
due to progressive degradation of the resource kdber definitions of environmental refugees
have been based on distinctions between emergerstgve-onset movements, temporary, extended
and permanent movements, and internal and intematmovements. Environmental migration has
also been divided into migration stimulated by destation, rising sea levels, desertification and
drought, land degradation, and water and air degi@ud (Barnett 2001, Suhrke 1993).

There is little question that some disasters, buafl, force people to migrate. Most migration is
not international but occurs within individual cades, and most international migration occurs
between developing countries. Much migration isseeal and cyclical rather than permanent. The
best predictor of migration patterns in the futisreecent migration patterns. People rarely migrate
for environmental reasons alone, but migrationtmaattributed to a complex pattern of factors
including political, social, economic as well avieonmental forces (Figure 21). Natural disasters
can cause temporary displacement, but if perman@ration occurs as the result of a disaster, the
reason for it could be more the deficient respon$&gak or corrupt states than the environmental
conditions. The role of the state is importanttrargy, efficient state can deal with environmental
problems much better than a weak state. Therdtoeesey problem is perhaps not environmental
change itself but the ability of different commust and countries to cope with it. Also, the
combination of increasing population, populationsity, increasing poverty, and occupation of
hazardous sites has accentuated vulnerability o fetural and technological hazards and
increases the probability of forced migrations (B4897; Oliver-Smith 2006; Barnett 2001, 8;
Castels 2002, 4-5).
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Figure 21 Interconnections between the major factors thatiriurence or reinforce environmental degradation,
resulting in an increased risk of environmentalnatign (after D66s 1997)
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Climate related migration could function in diffatevays. These include: a formation of repetitive
migration patterns as part of an ongoing adapggponse to variations and changes in climate;
short term shocks of migrants with a particulameliic stimulus; large scale movements of people
that build slowly but gain momentum as adverse alérconditions coincide with other adverse
socio-economic conditions or processes. Howevagration is not always the adaptive response
taken by the population in communities with advergaate impacts. Also, those that migrate, do
not necessarily share the same demographic chastickeas the population at risk. Migrants are
often young males as in the case of drought s & Aftica. These were not, however, the typical
demographic characteristics of those most adveestdgted: landless people, rural poor, the sick
or elderly, those with little family support. Theost vulnerable are not necessarily the most likely
potential climate change migrants. Altogether,tttal number of people at risk of displacement or
migration in developing countries is very largegiag from the millions of people at risk of
malnutrition and lack of clean water to those ik currently living in flood plains. However, the
exact number of people who will actually be displhor forced to migrate will depend on the level
of investment, planning and resources at a goventisngisposal to defend these areas or provide
access to public services and food aid (McLemanSanid 2004, 9; Stern 2006, 111).

Measuring environmental security

In an attempt to quantify the actual or predictedusrence of “crisis events”, Alcamo et al. (2001)
suggest the construction of security diagrams {€i@2). The data points in these diagrams depict
the level of environmental stress and corresponsiiatg susceptibility of a particular country or
geographical unit at a particular point in timegTdata points shaded red in Figure 22 indicate that
a crisis of environmental origin occurred at tlriset and in this country. Other points show
instances (e.g. years) with no crisis. The typerisis matches the type of environmental stress
depicted in the diagram.

Crisis Occurence

Boundary of
high probability
of crisis

Environmental Stress

Boundary of
low prob ability
of crisis

] No Crisis [

Occurence

State Susceptibility

Figure 22 Example of a security diagram (Alcamo et al. 2001)

Alcamo et al. (2001) use the concept of transiemirenmental stress, defined as the intensity of an
environmental change that: (i) involves an undésraeparture from long-term or "normal”
conditions, (ii ) is of short duration, (iii ) igréctly or indirectly influenced by society, andtramly
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the result of natural geological factors (as ind¢ase of volcanoes and most earthquakes). They use
two examples: deviations from "normal” in water igadality and in potential crop productivity in a
particular year, both computed over a gridded dldatabase.

"State susceptibility” is defined as the capabihtya state to resist and/or recover from crises
brought about by environmental stress. This cduld be regarded as a measure of adaptive
capacity, and Alcamo et al. use GDP/capita as @ecmeasure of state susceptibility in the case
studies they present. The higher the stress, the frequent the occurrence of crisis events.
Likewise, the higher the state susceptibility, tigre frequent the crises. Also, if state suscdityibi
increases, then a lower stress is required to Gauasgsis. Hence, crisis events are concentrated in
the upper right part of the diagram, as shown gufé 22. However, since the selection of a
boundary demarcating a crisis from no crisis basethese crude criteria is necessarily uncertain,
Alcamo et al. (2001) depicted this in terms of ghhor low probability of crisis. They also discuss
how social learning in the face of crises (i.e.ithplementation of adaptive strategies) may reduce
state susceptibility, which would shift the cuntsmlindary outwards towards the top right.

In case studies focusing on African vulnerabilayfdod crises, Alcamo et al. (2001) attempted to
guantify the risk of annual yield shortfalls usiag integrated assessment model, GLASS (Global
Assessment of Security). Figure 23 illustrates kash an assessment can make use either of
historical data (in this case, observed climate tve 20" century) or scenarios (here scenarios of
future GDP per capita and climate).

Environmental stress is defined as the crop areaevpotential productivity is 50% or below its
climate-normal value. For the reference period 19895, six countries have a high potential for
food crisis during 50% or more of these years (F@giBa). In a future period 2001-2050, many
countries become less susceptible to crisis beaausssumed increases in GDP per capita, and the
number of countries in the highest risk categoppdrto three (Figure 23b). However, including a
scenario of climate change in the calculations ra¢laat many countries experience higher levels
of environmental stress, and the number of couniniéhe highest risk category increases back to
six (Figure 23c).
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Figure 23 Frequency at which countries in Africa are computeldave a high potential for food crisis. (a) Betw
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climate change (Source: Alcamo et al. 2001).
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6. Implications of climate change impacts for Finland

It is estimated that, at least in the near future &@ith moderate rates of climate change, the ingpac
of climate change will be mixed in Finland (Mastet al. 2005; Carter, 2007). There will be some
costs, but also some benefits. The more severecis\pathe near future are expected elsewhere: in
developing countries, and at lower latitudes (IPZDO7b). However, vulnerability to climate

change is a dynamic concept and changes over ltintiege long run, it is also possible that potential
"winners" under climate change — such as some groupectors in Finland — may in fact become
losers. This could be due to political and econamstability stemming from climate related

Impacts in other countries or regions of the woAdrthermore, the magnitude of climate change in
the long run may surpass critical thresholds adrenice or trigger catastrophic events, thereby
transforming benefits to losses (O'Brien et al.2 D).

6.1.Implications for some Finnish sectors

The Finnish national climate change adaptationesiya(Marttila et al. 2005, 238-239) identified
some sectors in Finland that could be affectedlblyaj climate change impacts. These sectors were
agriculture and food production, forestry, watesogrces, tourism, transport, energy and insurance.
Development co-operation issues and adaptationtigation measures were also discussed.
Climate change is expected to have direct impatthe climate sensitive sectors in Finland, such
as agriculture, but the sectors could also expeei@mdirect impacts that are consequences of
climate impacts happening elsewhere in the world.

Agriculture

Climate change is expected to affect agriculturatipctivity worldwide. Production conditions are
expected to deteriorate severely in Africa, and ald_atin America, whereas they are likely to
improve under moderate warming in higher and miitlde areas. This trend may be reversed with
higher levels of climate change. However, evenlewels of climate change are expected to be
detrimental to agriculture in Southern Europe. @lleif the major food production areas of the
world are affected negatively, this could improkie telative competitive position of northern
European and Finnish agricultural production indfaearkets, which could mean that agricultural
production in Finland might have the potential xp&nd. However, agricultural production in
Finland and its competitive position are also delee on other factors than climate (e.g. the
changing competitive position of agriculture in as Europe, land use and land prices, and
agricultural policy) and these are likely to havdoaninant influence on future developments in the
sector (Hildén et al. 2005, 19).

For instance, Berry et al. (2006) report a recemd@hbased study of future agricultural land use in
Europe under a changing climate. The land use numebines two sub-models that simulate crop
growth and farm level decision processes. Usingaues of future climate and assumptions about
future adaptation policies (based on an interpietaf alternative socio-economic scenarios and
narrative storylines closely related to SREShey estimated that agriculture in southerndtidl
would intensify under most scenarios (primarily doiémproved growing conditions and enhanced
technology). However, intensification was not estiea in a future regionally-focused and
environmentally-orientated world in which crop yigjains due to technology are assumed to be
limited, climate changes are small and extensifioadf agriculture is encouraged through policy
measures (Figure 24).
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Figure 24 Change in area of intensive agricultural land us2@50 for the HadCM3 climate and socio-economic,
technological and policy assumptions assumed densiwith the four SRES storylines: (a) ALFI (labdl'world
markets"), (b) A2 ("regional enterprise"), (c) Bflpbal sustainability") and (d) B2 ("local stewahip"). Source:
Berry et al. (2006).

Mitigation measures, such as increased demanddegriergy crops or restrictions in use of fossil
fuels, can also have impacts on Finnish agriculthe European Community's objectives for 2010
concerning renewable energies are: a 12% shaotalheinergy consumption, a 21% share in gross
electricity consumption and a 5.75% share in vehficél consumptiofl. These policies, together
with the increase of energy prices, would enhaheecompetitiveness of bio-energy crops. Part of
agricultural production could shift into bio-energywps which would affect markets and prices of
agricultural products. Increased bio-energy crdpvation would also require more agricultural
land. Competition for land for different purposefght then become stronger and prices of land

20 http://ec.europa.eu/energy/res/sectors/bioenergitra
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increase. However, currently there is an abundahegricultural land in Finland relative to current
production volume, so there is potential for expam®f crop and bio-energy production (Hildén et
al 2005, 19). Moreover, restrictions in the uséossil fuels could affect the productivity of
agriculture, which might also require increasedajiural areas to be taken into production.

Forestry and forest industries

The forestry sector in Finland has undergone maayges during recent decades. The export value
of the forest industry has decreased from 42 %®@B01o 20% (2004). The share of the forest sector
in GDP has also decreased; in 1980 forest indsstine forestry together constituted about 11% of
GDP while in 2004 this had fallen to about 5%. ktweents of Finnish forest industries abroad

have increased substantially during the past de¢ad®80, almost 90% of the capacity of Finnish
forest companies was in Finland, but currently @iput 40% of the production is in Finland even
though the capacity has increased. Other changkesemds predicted to continue in the future are
increased consideration of environmental issuegetaand more global forest companies,
industries situating globally close to raw mateyiahd markets, globalisation of the sector, new
products, and changes in consumption of foreststmgyroducts around the world. In the OECD
countries, consumption of forest industry produgigrowing slowly or not at all, but it is growing
fast in, for example, many Asian countries and Ru$srowth prospects of forest industries in
Finland are in highly refined products or totalgwiones; traditional products appear to have
reached an upper limit. It is likely that the usevood in Finnish forest industries for current
products will decrease in the future. It is alsaclaar whether the reduction will be allocated to
Finnish wood or to imported wood (Seppéala 2000&ptkonen 2000; Hetemaki et al. 2006; Kalela
2005; Hanninen 2005).

Forest bio-energy use in Finland has increasedistea/er time. Use of bio-energy is promoted by
issues such as increasing prices of energy antrbgte mitigation policies and EU targets. Bio-
energy will create new business opportunitiestierfinnish forestry sector but it also likely to
have negative effects, such as impacts on thevsoglty and ecology of forests (Hetemaki et al.
2006).

The Finnish forestry sector can contribute to ctemarotection by increasing the forest area and
growth. Both of these are happening currently withextra effort. There are also so called win-win
solutions for carbon sinks. For example, the usgaid as a building material could be increased
at the expense of materials such as concrete atadsméinnish plantations in other countries serve
as a store of carbon without any additional caktee costs of plantations can be covered by the
raw materials being produced. It is also possitée the sole reason for growing forests in the
future could be as carbon sinks. The costs of awsthategy are currently approximately the same
as those of emissions reductions in industry argggnproduction, and this is not yet regarded as a
feasible option. There is also competition betwaiierent land uses and it could be difficult to
demarcate forest areas as carbon sinks (Kauppi Z2@sholm 2005).

Nature-based tourism is projected to increasedrfuture and the number of foreign tourists is
expected to grow. This could lead to changes iruieeof Finnish forests, at least in some regions,
and perhaps requiring that larger forest areaalkentout of commercial use. The enhancement of
biodiversity and nature conservation may also megaichange of use out of commercial forestry
(Hetemaki et al. 2006).

During recent years, the Finnish forest industry b@en investing in large pulp mills and
plantations in Latin American countries. The inwesit period for pulp mills is long, 30-50 years,
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and the mills are dependent on plantations for tla@v materials; climate change could have
adverse effects on these in the future.

International mitigation policies could also hawgacts on the Finnish forestry sector. An
increased share of renewable energy, by increasngnd for wood as an energy source, could
affect prices of wood and availability of wood fadustry, building and other uses. Increased
renewable energy demand and other mitigation @alisuch as the use of forests as carbon sinks
are likely to require alterations in forestry prees and management.

Tourism

The tourist flow of northern Europeans to the Meddnean countries is the single largest flow of
tourists across the globe. In 2000, this accoufaedne-sixth of all tourist trips, or around 100
million tourists per year (Commission of the Eurap&Communities 2007a, 23). Summer tourism
in the Mediterranean (along with winter tourisnthie Alps) is expected to be adversely affected by
climate change, and there are already early inditabf this (IPCC 2007b) The pattern of summer
conditions could change dramatically in the cowfsthis century as a result of climate change. The
zone with conditions judged to be excellent fordietourism, which is currently located in the
Mediterranean region, could shift northwards, ppshas far as the North Sea or Baltic Sea.
Moreover, limitations on water availability coultsa affect tourism negatively in the

Mediterranean as climate change proceeds. On llee b&and, conditions for tourism could improve
in that region in autumn and spring.

The outcome of these changes for the tourist imgusill be determined by the tourists' responses
to the changes. Some tourists may stay at homehwiould also increase domestic tourism in
Finland. Others will switch their holiday destirmats, which will have implications both for tourism
and distributional impacts in Europe in general eméinland. How large the distributional impacts
will be depends on the adaptation of tourists,igblnusinesses and societies (Commission of the
European Communities 2007a, 23-24, Sievanen €0H)2

Mean monthly snow cover extent in the northern lspimere declined at a rate of 1.3% per decade
during 1966-2005. Mountain regions are particuladgwpsitive to climate change and increases in
mean minimum temperatures are more pronouncedjaghelevations than in valleys. It is
estimated that the snow line of the Alps will redmut 150 m for every 1.0° C increase in winter
temperatures. The Alps and Pyrenees are projectexberience warmer winters with possible
increases in precipitation, which will raise snamek and reduce overall snow cover. The Alps are
currently warming at roughly three times the gladarage. The rise of snow line with rising
temperatures will result in a decline in snow ctinds which means that more and more of the
current ski operations will not be viable any madkdaptation measures, such as artificial snow
making and building ski resorts at higher elevatjomill make it possible for winter tourism to
continue. However, with increased warming, many-&evation ski resorts will no longer be able
to adapt and will have to switch to other typesoofrism or close (UNEP 2007, 42; 44; 56). As the
skiing conditions in the Alps deteriorate, it isspible that the number of tourists visiting Finlaad
ski will increase. It is also possible, that totgisould change their behaviour and switch to other
sports and recreation types.

Insurance

Insurance can play a substantial role in managmigspreading risks associated with increasing
extreme weather events across time, over largergpbigal areas, and among communities and
businesses, both because of its financial capantyits ability to encourage loss-reducing
behaviours more effectively than public sector éoBy pooling risks among those insured,
insurers reduce the potential economic exposuampindividual or firm to a manageable level.
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Insurers can also serve as proactive risk mandayeeadorsing or requiring loss-prevention
behaviours or technologies. The availability arfdrafability of insurance are prerequisites for
economic development, financial cohesion of socety security (Mills 2005, 1040; 2007, 810).

The costs of weather-related natural events glplal/e been rising during the past decades
(Figure 25) and there is evidence that changintgpet of extreme events are drivers for these
losses. The insured share of total economic Idssesweather-related catastrophes is rising as
well. Global weather-related losses have also breging upwards much faster than population,
inflation, or insurance penetration, and fastenthan-weather-related events. The cited magnitude
of losses also systematically underestimates actst$ to insurers and the economy as a whole, as
small events that are however large in aggregegeseddom captured in the statistics. Analyses of
long-term records of disaster losses indicategbaietal change and economic development are the
principal factors responsible for the documentedldasing losses to date (Mills 2005, 1041,

Munich Re 2006).
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Figure 25 Global trend in losses due to great weather disagtéunich Re 2006).

Climate risks are not only related to a possibteaase in extreme climate events. Also "normal”
weather conditions are changing. Climatic anomaléesbe understood as atypical, unusual, out-of
the ordinary weather conditions, of which theraasprevious experience and which could not be
expected in that form, in that location or at ttiaie of year. Climatic anomalies, even if they are
not catastrophic weather conditions, can cause lagses. Examples include losses and damages
of past warm summers of 1992, 1995 and 2003 ing&urionpacts of climatic anomalies can vary
substantially, depending on the system concernmdeXample, warm summers are not necessarily
a negative issue for everyone. Also, many of thgatiee effects of climatic anomalies are difficult
to notice as they usually materialise in privatéhere is a time lapse between the anomaly and the
impact (Swiss Re 2002, 12-14).
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Most forms of insurance are affected by the likelpacts of climate change, including damages to
property, crops and livestock, pollution relateabllities, business interruptions, supply-chain
disruptions or loss of utility service, equipmeng¢dk-down and health and life consequences (Mills
2005, 1040). The role of the insurance industmelation to climate change is to identify risks,

make sure that the risks are perceived by thosetefl, analyse the risks, assist in reducing cémat
risks by supporting climate protection, and tolftate insurance to weather risks despite climate
change and to continue providing cover which idladtordable and adequate. Carrying of risks for
the insurers involves correct pricing of risksergtons to promote loss prevention, setting lirtots
compensation, surveillance of risk accumulation @aiglsurance arrangements, loss prevention, and
exclusion of certain risks and geographical ar8asqs Re 2002, 24; Kivisaari 2005, 10; 2007, 28).

In a stationary climate, the sum of all weatheatesdl losses and damages would be calculable over
long periods. The more variable the climate, theewariable the extent of the damage per time
unit and the more difficult to estimate weatheksigeliably. For the insurer, this means an
increased risk of a very high loss burden. Theitadoility of the insurance industry is threatengd i
the trends of the recent decades continue and seméhreats arise. The combined effect of
increased losses, pressure on reserves, inflatioonstruction costs following natural disasters,
and rising costs of risk capital result in a grddoerease in the number of years in which the
industry is not profitable. The insurance industay in this case only react by increasing the
burden on the individual insured parties, eithetitojting the compensation paid in the event of
loss, by raising premiums or by demanding gredferts to limit or mitigate the extent and
probability of the damage or losses to be insufée.idea of insurance is not to bear losses, but to
spread them throughout the insured community om#sés of solidarity (Mills 2005, 1042; Swiss
Re 2002, 23).

The challenge to the insurers is to analyse thd fa@eadditional capital in relation to the risks.

the past, increase of capacity has been chanribtbedugh reinsurance. So far it has been possible
to pool large and rare risk in an efficient manfddris might not be possible in the future though, a
risk becomes larger. Insurance terms could be @thimya way that part of the risks will be
transferred to primary insurers. Primary insureitslvave to start reconsidering their insurance
terms: costs, insurance takers own risk, mitigatibrisks, etc. Therefore, the roles of private
insurers and governments in risk bearing have t@haluated and alternative risk transfer
instruments need to be developed (Kivisaari 20051 2).

Governments may also need to have a role in caytyia risks if the risks of very large numbers of
people being affected become too large, as thelplidgsfor insuring risks is related to the
magnitude of catastrophes. Some risks can be tge far the capacity of insurers to bear them.
Also, if risks are not distributed evenly, insurithggm will be more difficult. The government may
have a role in offering emergency help or in cavgthe costs and repairing the damage.
Traditionally the role of government has been emecy relief, but increasingly governments are
being called on to repair damage (e.g. in the Bft8r hurricane Katrina). One solution could be
enforcement of obligatory insurance, for exampde fiood damages (Kivisaari 2005, 11, 13).

Adaptation to climate change, which means prevgritases and ensuring that loss occurrences are
the exception rather than the rule, is crucial ftbminsurer's point of view as well. Lives of pkop
and systems need to be shaped in a way that aweesgber conditions only rarely trigger damage
or loss. Also, solidarity in this situation no la@rgnakes sense. If individuals suffer regular lssse
because they have failed or have been too slowdptdo the changed climate, the other members
should not be expected to share the burden anyifnitvey themselves have made great efforts to
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adapt to the new conditions. If damage becomesutbdor all members, because they have not
been able to adapt in time or at all, everyone élle to pay for his own loss or damages and
insurance would be unnecessary. So the aim hastio frevent an increase in weather-related
damage and losses, if possible. The total lossamundll be determined by how a society is able to
cope with the risks of climate variation and cha(§eiss Re 2002, 23).

Energy

The development of renewable energy is a centnalodithe European Commission's energy
policy. The Commission's White Paper for Commugitsategy (European Commission 1997) sets
out a strategy to double the share of renewableyasein gross domestic energy consumption in
the European Union by 2010. The objective of theopean directive on renewable origin
electricity production is 21% of gross renewabligiorconsumption in 2010, which does not take
into consideration hydroelectric production. The Bdupporting biofuels with the objectives of
reducing greenhouse gas emissions, boosting tfelatedsation of transport fuels, diversifying
fuel supply sources and developing long-term repteents for fossil oil. The development of
biofuel production is also expected to offer neywanunities to diversify income and employment
in rural areas. The Directive (2003/30/EC) on thenmotion of the use of biofuels or other
renewable fuels for transport sets the target @%. share of biofuels in transport fuels by the end
of 2010. The EU Strategy for Biofuels has threesaifinst, to further promote biofuels in the EU
and developing countries, ensure that their proadoend use is globally positive for the
environment and that they contribute to the obyestiof the Lisbon Strategy taking into account
competitiveness considerations; second, to prdpatie large-scale use of biofuels by improving
their cost-competitiveness through the optimisdtivaiion of dedicated feedstocks, research into
“second generation” biofuels, and support for mapemetration by scaling up demonstration
projects and removing non-technical barriers; &irdtto explore the opportunities for developing
countries — including those affected by the refofrthe EU sugar regime — for the production of
biofuel feedstocks and biofuels, and to set outttethe EU could play in supporting the
development of sustainable biofuel production (Cassion of the European Communities 2006).

The changing regulations concerning the sharer@wable energies and biofuels will also affect
Finland, changing renewable energy production, sisctield energy and wood. This could have
implications for agricultural production and demamdi price of agricultural land. If large amounts
of wood from Finnish forests were used in energydpction, there would be more competition for
wood as a raw material, and this could affect suppl prices of wood as well. If most of the
residuals after harvesting were collected for epetrgere could be impacts to the nutrient budget of
forests and possibly also nutrient leaching fronegolands.

Energy infrastructure, particularly electric poveed oil production systems, are vulnerable to
climate change impacts such as storms, increaseipfiation, variable temperature and increased
erosion. Climate change could increase combinedndewind loads to power lines. Permafrost
thawing in northern Russia can have impacts oragdil pipelines in the region and could cause
breaks and disturbances in the supply. The reiiglof energy supply is crucial for Finland and
breaks in the supply can have serious and costigempiences nationally (Kirkinen et al. 2005;
Mills 2007).

Hydropower production in Fennoscandia can be ingubby climate change, which is expected to
change the seasonal distribution of annual pretipit, snowmelt and inflow to hydro reservoirs.
Reservoir regulation guidelines may have to be frexiiDam safety is also crucial if the seasonal
distribution of inflow to the reservoirs changegydrbpower production potential is expected to
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increase in Sweden and Norway due to climate chdnd®&veden, studies project increases in
production of between 15 and 40% (Bergstrom €2@03; Lundahl 1995).

Transport

Arctic sea ice has been declining in both thickrees$ extent. The thawing is expected to continue
in the future (IPCC 2007b; UNEP 2007) and couldmoie Northwest Passage and Northern Sea
Route for marine transport (cf. Figure £8'he Northern Sea Route can reduce marine transit
distances between Europe and Japan and northeiashyA50%. It also provides access to the
Russian Arctic for oil, gas and other natural reses. Present day navigability varies inter-
annually from less than a few weeks to more tharoath.

The Northwest Passage is a sea route that corthecéglantic and Pacific Oceans through the
Canadian Arctic Archipelago. In the past the NogktwPassage has been virtually impassable
because it is covered by thick, year-round sedlibe.potential benefits of a clear Northwest
Passage are significant. Ship routes from Eurodapan, China and other eastern destinations
would be 4000 kilometres shorter. Oil produced laska could move quickly by ship to eastern
North American and European markets. The vast mimesources of the Canadian North will be
much easier and economical to develop.

Both the Northwest Passage and Northern Sea Rautelarge implications for commercial

activity. Substantial savings in transportationts@san be expected each year, as well as savings in
time and energy costs.. There is also a military strategic dimension to the opening of new sea
routes, which could alter the world's strategi@abak.

For Finland, the opening of the Arctic Sea routasld mean increased transportation through
Northern Finland and Lapland and possibly also ghann marine transportation in the Bothnian
Bay or in the Baltic Sea in general.

6.2.Finland's foreign trade and investments

Finnish imports and exports from major world reg@md groupings are shown in Table 13. Most
of Finland's imports are from the OECD countrie.266 of value of all imports in 2005, and
67.7% in 2006), and the EU accounted for 58.7%0id62and 55.6% in 2006. The share of
developing countries in Finnish imports was 14.292005 and 16.6% in 2006. For exports, the EU
share was also largest (56.8% in 2005 and 57%06)2Finland's exports to developing countries
were 16 % in 2005 and 15.7% in 2006. Imports anmbes of metal industry grew faster than total
foreign trade in Finland. The share of metal induptoducts in total exports was 13.9% in 2006
(12.2% in 2005). Its share in total imports wa2¥%4in 2006 (11.4% in 2005). The value of
exports has risen more than the amount; the vdlagpmrts of copper, nickel, iron and steel, in
particular, has increased. Almost half of metalistdy imports were ore, ore concentrate and scrap
metal. The most important export countries for mietdustry products were Sweden, the
Netherlands and Germany in 2006. The most impomanbrt countries in 2006 were Russia,
Sweden, Germany, the Netherlands and Australiadh&tBoard of Customs 2007b).

%! hitp://geology.com/articles/northwest-passage.shtml
http://maps.grida.no/go/graphic/arctic_sea_routeghern_sea route_and_northwest passage
http://acsys.npolar.no/meetings/final/abstractdfrssSession_4/poster_s4 170;pdf
http://www.telegraph.co.uk/news/main.jhtml?xml=%2/r$%2F2004%2F03%2F04%2Fwarct04.xml
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Table 13 Finnish trade with selected regions in 2006 by &adh International Trade Classification (NationabhBbof

Customs).
2006 Total EU Euro zone Rest of Europ
January-December Imporf Expart Impont Expprt ImporfExport | Import | Export]
Me Me Me Me Me Me Me Me
Total import/export 55253 | 61 489| 30699| 35035| 17 413| 18 326| 10518| 10 057
Food and live animals 2 096 952 1526 525 888 180 154 267
Beverages and tobacco 441 112 371 68 279 5 3 25
Crude materials, inedible,
except fuels 5317 3703 2235 2312 1406| 1488 1213 240
Cork and wood 834 1611 214 970 14 551 586 45
Pulp and waste paper 1601 253 42 926 10 715 13 93
Crude fertilizers and
crude minerals 283 105 145 73 52 45 16 10
Metalliferous ores and
metal scrap 3537 196 1464 125| 1112 53 557 11
Mineral fuels etc 8473 3192 1755| 2288 232 751 6 051 220
Coal, coke and
briquettes 496 11 90 7 5 5 193 1
Petroleum and
products 6436 3029 1524| 2135 221 740 4 475 217
Gas, natural and
manufactured 841 14 12 9 6 6 811 -
Electric current 70( 139 129 137 - - 571 2
Animal, vegetable oil, fat 49 73 39 53 17 20 5 15
Chemicals and related
products, nes 5978 4569 4561| 2541| 3106| 1365 973| 1253
Basic manufactures 6581 19 228 4575| 13228| 2513| 7517 1139| 2113
Wood and cork
manufactures 230 1061 166 741 63 416 44 140
Paper, paperboard and
articles 566 8375 496| 5196 206| 1396 50 945
Non-metallic mineral
manufactures 501 675 413 473 241 220 29 127
Iron and steel 1898 4679 1400| 3817 756| 2088 293 400
Non-ferrous metals 1211 2734 483| 1023 255| 1048 571 66
Machinery, transport
equipment 20 226| 25826| 11680| 11562 7036| 6154 685| 5281
Miscellaneous
manufactured articles 4 845| 3046 2799 1707| 1363 635 284 622
Goods not classified
elsewhere 1248 788 1159 751 573 210 12 20

67



Table 13 continued

2006 Total OECD External trade Developing
countries
January-December Imporf Expart Import Expart ImpofExport| Import | Export
Me Me Me Me Me Me Me Me
Total import/export 55 253 | 61 489| 37 399| 41 841| 24 554| 26 454 9147 9632
Food and live animals 2 096 952 1660 536 571 426 341 87
Beverages and tobacco 441 112 394 57 71 44 33 5
Crude materials, inedible,
except fuels 5317 3703| 3090| 2795 3083| 1392 948 749
Cork and wood 834 1611 79 1271 620 641 26 290
Pulp and waste paper 1601 253 48| 1065 118 327 99 170
Crude fertilizers and
crude minerals 283 105 214 73 137 32 62 20
Metalliferous ores and
metal scrap 353F 196 2 369 140 2072 71 688 56
Mineral fuels etc 8473 3192| 2908| 2923| 6718 904 381 40
Coal, coke and
briquettes 496 11 232 10 406 3 50 1
Petroleum and
products 6436 3029, 2299| 2767 4912 894 313 34
Gas, natural and
manufactured 841 14 53 8 829 5 18 5
Electric current 70( 139 324 139 571 2 - -
Animal, vegetable oil, fat 49 73 42 64 10 20 5 4
Chemicals and related
products, nes 5975| 4569| 5242 3073] 1414 2029 119 379
Basic manufactures 6581 19228 4922| 15582 2006| 5999 653| 1888
Wood and cork
manufactures 230| 1061 122 969 64 320 18 48
Paper, paperboard and
articles 566| 8 375 509| 6678 69| 3178 12| 1019
Non-metallic mineral
manufactures 501 675 424 490 89 202 40 28
Iron and steel 1898 4679 1487| 4077 498 863 175 306
Non-ferrous metals 1211 2734 621| 2254 728 710 101 362
Machinery, transport
equipmt 20 226| 25826| 14810| 14 177| 8546| 14 264 5324| 6188
Miscellaneous
manufactured articles 4845/ 3046| 3199 2110| 2046| 1340 1298 275
Goods not classified
elsewhere 1 248§ 788 1132 526 90 37 45 17

The share of forest industry products in total eigpbas decreased during the past years. In 2000,
the share of forest products in total exports wg# 2but in 2005 about 20%. The value of forest
industry exports has also decreased from 13 bidiaro in 2000 to 10.6 billion euro in 2005. In
2005 Finland was the world's fifth largest expodgeforest industry products, accounting for 5.3%
of global exports of forest industry products aftl @f paper and board.

Finnish imports and exports in 2005 and 2006 byhtees, and by countries and activities, and
goods in 2006 are presented in Table 14 and Td&blel'vo thirds of exports were to EU countries,
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the most important being Germany and the Unitedyam in 2005. The value of paper and board
and wood exports has decreased since 2000 (NaBaaatl of Customs 2006).

Table 14 Finnish imports/exports year 2005 by country (seulMational Board of Customs)
http://www.tulli.fi/fi/05_Ulkomaankauppatilastot/O@ilastoja/03_Maatilastoja/index.jsp

Country Import value Import | Country Export Export
billion €  share value share

% billion € %

Germany 7.03 14.9] Russia 5.74 11.0
Russia 6.56 13.9] Sweden 566 10.8
Sweden 497 10.6|] Germany 557 10.6
China 2.82 6.0 United Kingdom 3.52 6.7
United Kingdom 2.10 45| USA 3.06 5.8
USA 1.97 4.2 | Netherlands 2.53 4.8
Netherlands 1.88 4.0| France 1.80 3.4
France 1.70 3.6 Italy 1.62 3.1
Italy 1.67 3.6] China 1.56 3.0
Japan 1.54 3.3| Estonia 1.36 2.6
Denmark 1.49 3.2 | Norway 1.32 2.5
Estonia 1.48 3.1] Spain 1.29 2.5
Norway 1.05 2.2 | Denmark 1.24 2.4
Belgium 1.03 2.2| Belgium 1.23 2.3
Hungary 0.75 1.6 | Arab Emirates 1.12 2.1
Spain 0.70 1.5| Poland 1.03 2.0
South Korea 0.69 1.5] Japan 0.88 1.7
Poland 0.60 1.3 | Saudi Arabia 0.65 1.2
Austria 0.46 1.0| Turkey 0.62 1.2
Switzerland 0.46 1.0| Canada 0.55 1.0
Ireland 0.44 0.9] Switzerland 0.48 0.9
Taiwan 0.42 0.9] Australia 0.44 0.8
Brazil 0.41 0.9] Latvia 0.42 0.8
Czech Republic 0.37 0.8 ] South Korea 0.41 0.8
Australia 0.33 0.7] Austria 0.39 0.7
Turkey 0.31 0.7] South Africa 0.38 0.7
Malaysia 0.30 0.6 | Hungary 0.35 0.7
Slovakia 0.27 0.6] Ireland 0.33 0.6
Canada 0.23 0.5] Hong Kong 0.33 0.6
Portugal 0.22 0.5] Chile 0.31 0,6
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Table 15 Imports and exports in 2006 by countries accortlingiagnitude: imports by countries of origin, expdry
countries of destination (National Board of Custpms

Country Import value Import | Country Export value Export

billion €  share billion € share %

%

Russia 7.77 14.1] Germany 6.95 11.3
Germany 7.67 13.9] Sweden 6.46 10.5
Sweden 5.42 9.8 | Russia 6.22 10.1
China 4.11 7.4 USA 4.01 6.5
United Kingdom 2.65 4.8 ] United Kingdom 4.00 6.5
The Netherlands 2.44  4.4] Netherlands 3.16 5.1
USA 2.08 3.8] France 2.06 3.4
Italy 1.87 3.4] China 1.97 3.2
France 1.81 3.3] Italy 1.96 3.2
Denmark 1.74 3.1| Estonia 1.77 2.9
Norway 1.71 3.1| Norway 1.60 2.6
Japan 1.59 2.9| Spain 1.53 2.5
Estonia 1.27 2.3| Belgium 1.41 2.3
Belgium 1.20 2.2 | Denmark 1.31 2.1
South Korea 0.88 1.6 | Poland 1.25 2.0
Spain 0.80 1.5| Japan 1.01 1.6
Australia 0.71 1.3 | Saudi Arabia 0.83 1.4
Poland 0.69 1.2 | Arab Emirates 0.83 1.3
Ireland 0.66 1.2| Turkey 0.72 1.2
Brazil 0.58 1.1| Switzerland 0.67 1.1
Taiwan 0.57 1.0| South Africa 0.54 0.9
Austria 0.49 0.9] Canada 0.53 0.9
Switzerland 0.47 0.9] Austria 0.47 0.8
Hungary 0.43 0.8] Latvia 0.47 0.8
Czech Republic 0.39 0.7 ] Ukraine 0.46 0.8
Malaysia 0.37 0.7] Australia 0.43 0.7
Turkey 0.33 0.6 | Brazil 0.43 0.7
Slovakia 0.33 0.6 | Hungary 0.42 0.7
Canada 0.31 0.6 | South Korea 0.39 0.6
Kazakhstan 0.30 0.5] Lithuania 0.37 0.6

Finland's trade with developing countries has grawrng the past years and in 2006, both imports
and exports were the largest ever Figure 26. Tduetsurplus also continued its diminishing trend.
The reason for this was China's emergence as ahe ofain suppliers of goods to the Finnish
market (National Board of Customs 2007a).
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Figure 26 Trade between Finland and developing countries.liRed= imports, Blue line= exports. (National Bda
of Customs 2006)

Information of the foreign investments by Finnighrpanies is available from the Confederation of
Finnish Industries EK, which carries out regulaiveys on the subject (Table 16). The main

Finnish foreign investments are by the forest, tetbgy and chemical industries. The paper
industry is responsible for most of the forestryaistments, mainly to the EU and North America,
but also to Asia and Latin America. Investmentseghnology industries have been more evenly
distributed globally, however, the main part ofestments have gone to the EU and Asia. Chemical
industries have invested mainly in the EU but atshorth America and Asia (EK 2007, 12).

Table 16 Investments of Finnish industry companies abroddd 22006, million euros. Source: Confederation of
Finnish Industries (EK 2007).

2001 2002 2003| 2004 2005 2006
REGION Me Me Me Me Me Me
EU (excluding Finland) 4616 2330 1765| 1779 1796 1490
North America 544 385 380 320 341 632
South and Central America 58 36 28 65 127 496
Russia 151 151 101 45 176 118
Asia 259 225 208 391 398 610
Others 209 66 23 33 15 3
Investments to foreign countries total 5839 3192 2505| 2633| 2854 3349

6.3.Economic impacts on Finland

Initially the impacts of climate change might net\ery large in Finland due to the country's
geographical location. At least in the near futtine,adaptive capacity of Finland is also good,
especially when compared to poorer countries. Reetaal (2005) estimate that the economic
aggregate impacts of climate change on Finlanghigably rather modest and could even be
slightly positive. Policies determine the extentuich benefits can actually be exploited and costs
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attenuated. Climate change-induced ups and dowlesdign trade are likely to be an important
source of economic impacts for Finland. Effects lsamixed and benefits could occur in some
periods and negative effects in others. Howevdreme weather events could increase costs
significantly.

In the Strategy for Economic Policy (2007, 63-64% Ministry of Finance estimates that climate
change mitigation will bring additional challengeshe Finnish economy. Significant mitigation
levels would require large structural changes mdfid. Mitigation of greenhouse gas emissions
would have larger impacts on the Finnish econoray th the EU on average. The Ministry of
Finance also estimates that mitigation measuresdNead to reduced production in Finland. If
mitigation measures were gradual rather than aptiwpimpacts to the economy would be less.
However, even with gradual measures the impactngeioyment could be large. It would be
important to enhance innovations, new technologreseducation with government support.

However, there are also benefits as a consequémntienate policies. The benefits of mitigation
policies could include avoided damages and angil@ivantages. Climate change policies can also
create new employment, for example, through eneffigiency improvements and new
technologies. Ancillary benefits include a reduatio the concentration of other harmful air
pollutants in the atmosphere. This could lead tmdmu health and ecosystem benefits. Climate
mitigation that reduces dependence on fossil fisglenergy would also avoid costs associated with
transport of fossil fuels about the globe. For epkenoil pollution incidents and marine ecological
disasters could be avoided. Significant benefitsrtergy security could also be achieved (OECD
2003, 85, 96-97; Commission of the European Comtiasn2007a, 29).

6.4.Migration and security issues

The rise in the number of victims of natural disastover the past decade and the great levels of
displacement caused by development projects hadedadtillions to the number of forcibly
displaced people in the world. According to theetntitional Federation of the Red Cross and Red
Crescent Societies, the total number of peopletdteby natural disasters has tripled over the past
decade to 2 billion people, with the accumulatepant of natural disasters resulting in an average
of 211 million people directly affected each yeHhis is approximately five times the number of
people thought to have been affected by conflietr alie past decade (UNHCR 2006).

The recent escalation in the numbers of those taffday disasters is understood to be due more to
rising vulnerability to hazards than to an increiasthe frequency of hazards per se. However,
climate change could be playing a part in intemsgythe number and severity of natural hazards.
Displaced populations and other migrants are aftsproportionately vulnerable to disasters
because their normal livelihoods have already loiksmipted or destroyed, or because their
presence has contributed to environmental deg@datitheir areas of refuge. Where disasters
occur in conflict zones, the destruction of infrasture and lack of state services can seriously
hamper the provision of relief and recovery aseista"Self-settled" refugees and internally
displaced persons living in urban areas are oftginiyrvulnerable to the impact of natural disasters
as many live in informal and unsafe settlementsrevtigey have no legal entitlement to their homes
and are not served by any risk-reduction measuB$ICR 2006).

All those displaced by disasters have specific sg@dluding access to assistance, protection from
violence, and the restoration of their livelihoodlee UN's Guiding Principles on Internal
Displacement suggest that those uprooted by naturabn-made disasters are entitled to
protection and assistance. However, this doespply o those displaced by development policies
and projects (UNHCR 2006, 27-28). It should alsmbtd that some areas may find themselves
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exposed to more favourable climates in the futie@ tat present. It is conceivable that such areas
might eventually attract migrants, maybe more tioaiay.

There are also moral and legal questions concefonegd migrants. What are our responsibilities
to environmental migrants, i.e. people who havenlmBgplaced by an environmental hazard? If
climate change affects the distribution of benefitd damages among individuals or countries,
potential and actual environmental migrants mayetaelaim on those who are better placed to
deal with its actual or potential effects. It is@lnjust to treat people as if they were merely
citizens of an undifferentiated world and were abhched to particular environments. Therefore,
the loss of homes and degradation or destructi@mafonments cannot be treated as nothing more
than the loss of some substitutable natural ressutostead, the development goals must be
concerned with the protection of people's homeghAtvery least, the substantive rights of people
to have their homes protected should be suppostguidcedural rights to effective participation in
global and national decisions that may significaaffect the conditions of their homes. Potential
and actual environmental migrants should be edtilat only to equal rights to natural resources
and wealth as citizens of the world but also atiqdar persons in a particular place they shodd b
entitled to some control over what happens to themes (Bell 2004, 138,152).
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7. Finnish development co-operation
7.1.Goals of development co-operation

Finland currently has bilateral co-operation whk following countries: Ethiopia, Kenya,
Mozambique, Tanzania and Zambia in East Africa;dllepd Vietnam in Asia; and Nicaragua in
Central America. Its bilateral policy is based ba partner countries’ own development plans, and
operates within the general goal of contributinghi® eradication of extreme poverty (Ministry of
Foreign Affairs 2004). Activities that help to aete the goal include prevention of environmental
threats and promotion of equality, human rightsnderacy and good governance. Finland is
committed to the principles of sustainable develepnin its development policy and to the values
and goals of the UN Millennium Declaration. Finntwvelopment policy is based on the principle
of respect for the integrity and responsibilitydefveloping countries. The states themselves bear
responsibility for their own development and Fird&supports each country's own efforts.

7.2 Vulnerability of development co-operation partneirs Africa

Finland's development co-operation partners incafare situated in East Africa, which is one of
the regions that is likely to be adversely affedtgalimate change. The regions in Africa that are
likely to face negative impacts include the mixeidd-aemiarid systems in the Sahel, arid-semiarid
rangeland systems in parts of eastern Africa, yeeems in the Great Lakes region and the coastal
regions of eastern Africa. Adverse impacts inclumeeased water resources stress and impacts on
agriculture and food security (e.g. see FigureT2igrnton et al. 2006; IPCC 2007b).
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Figure 27 The probability of man season crop failure for eatrconditions (left) and under the HadCM3 clim@#
emissions scenario) for 2050 (right). This is atreddy conservative assessment for crops, and doemclude
pastures (Thornton et al. 2006).

The following sub-sections provide descriptionsha major vulnerabilities to climate change
characterising Finland's bilateral partners in &dri

75



Ethiopia

About 75% of the population of Ethiopia is depertdanagriculture, which is almost entirely
rainfed and small scale. Coffee and flowers areotilg major commercial crops. A further 10% of
the population earn their living entirely from Isteck. Both farmers and pastoralists are highly
dependent on climate for their livelihoods and thigeflected in the way the GDP of the country
fluctuates with rainfall (IRl 2007, 31).

Table 17 Ethiopia: key statistics and vulnerabilitiés

Land area (t ki) 1 104 000
Population (2006) 79 289 000
Men/100 women 99

Annual population growth| 2.44
rate (2005 — 2006)

GDP per capita $ PPP | 794
valuation (2005/06)

Life expectancy (2006) 48.3

llliteracy rate (2006) 53.7

Key vulnerabilities and = Possible increase in water resources stress

impacts of climate change = Reduction in length of growing period in arid arafrs-arid
agriculture areas

= In highlands, growing season may lengthen

Ethiopia is located in the tropics, and topograplays a significant role in moderating temperature,
with higher elevations experiencing weather typafalemperate zon&s Areas of lower elevation

on the other hand experience climatic conditiopscl of tropical savanna or desert. Average
annual temperature in the highlands is about 18t@e the lowlands average temperature is about
28°C. There are three seasons in Ethiopia. Frorte8dger to February is the long dry season
known as the bega; this is followed by a shortya@ason, the belg, in March and April. May is a
hot and dry month preceding the long rainy seakman{t) in June, July, and August. The lowest
temperatures generally occur in December or Jaribaga) and the highest in March, April, or
May (belg). However, in many localities July has ttoolest temperatures because of the
moderating influence of rainfall.

Ethiopia can be divided into four rainfall regim#&githin the main agricultural crop-producing
areas, annual rains are expected in two seasoasshint rains usually fall in February — May and
the main rains usually are in June-September. Rioggand planting of short-cycle crops are
dependent on the short rains. Short-cycle cropsuetdor 7-10% of national crop production. If
the short rains last long enough, it is also amaiktime for sowing the main food crops millet,
maize and sorghum, which will be harvested in Oetdbecember. More often though the main
food crops are sown at the outset of the long r&@hsrt rains are also important for regeneration o
pastures for livestock. The failure of short razas have serious impacts for food security and the
consequences get even more serious when the lorsgfad or are greatly reduced (IRI 2007, 32).

The eastern and northern parts of the countryterenbst vulnerable to droughts while the west
usually receives more reliable rains. When rairfi@lures occur, Ethiopia is unable to meet itsdfoo

%2 Sources: OECD 2007; United Nations 2007; IPCC 2pCHapter 9; Arnell 2004; Thornton et al. 2006; Nagil
communication of Ethiopia (2001); World Bank Devetmmnt Index
23 http:/lwww.britannica.com/eb/article-37682/Ethiopia
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needs and is dependent on food aid. There argafadation groups in Ethiopia that are

chronically food insecure, the very poor who hawetéd livelihood options even in good climatic
conditions (IRl 2007, 32-33). Figure 28 summarisegected changes in seasonal temperature and
precipitation in Ethiopia during the 2tentury from global climate models.
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Figure 28 Ethiopia: projected changes in mean seasonal tetope@C) and precipitation (percent) between the e
of the 20" (1961-90) and the 21(2070-99) centuries from four climate models (spiah ¢ CGCM2 (Canada)\
CSIROmMK2 (Australia);m DOE PCM (USA);x HadCM3 (UK), for four emissions scenarios (coR)uA1lFI — dark
brown, A2 — light brown, B2 — light blue, B1 — daslue. Seasons: DJF=December-February, MAM=Marcl;Ma
JJA=June-August; SON=September-November. Sourciéshdll et al. 2002;
http://www.cru.uea.ac.uk/%7Etimm/climate/ateam/TYN_Q@GYO0.html

The main environmental problems in Ethiopia aréemsion, deforestation, recurring droughts,
desertification, loss of biodiversity, and land detation as a result of over cultivation and over
grazing. Climate change is expected to have saamifiimplications for Ethiopia, exacerbating
existing environmental problems. The economy ofdtwentry depends largely on agriculture,

which is very sensitive to climate variations. Age part of the country is arid and semiarid and is
highly prone to desertification and drought. Etligoplso has a fragile highland ecosystem, which is
currently under stress due to population presdlméonal forest, water and biodiversity resources
are climate sensitive, and Ethiopia is also affeétig vector-born diseases, such as malaria, teat ar
associated with climatic variations (Initial NatedrCommunication of Ethiopia 2001).

Under a range of SRES scenarios, many parts eSatlran Africa are likely to experience a
decrease in the length of the growing season, whif be severe in some areas. This is due to
projected increases in temperature and changednifalt patterns and amount. There are also a few
areas in the highlands where the combination okamed temperatures and rainfall changes may
lead to an extension of the growing season (Tharatal 2006).

77



Model estimates indicate a shortening of the peieociop maturity in wheat of 10.6% to 18.5%
under climate change scenarios. A decrease in itygb@riod by about 14-16% at Debrezeit and
17-19% at Kulumsa and Addis Ababa is estimated) agisociated declines in yield. For sorghum,
models predict consistent increases in potentaihgrield, above ground biomass and nitrogen
uptake. The average sorghum grain yield (1.58)haredicted was similar to the long-term
average (1.4 t ha-1) reported for the Nazareth @né#l National Communication of Ethiopia
2001).

The lowlands in the northeast, southeast, easth so southwestern parts of the country also
referred to as rangelands (below 1500 metres ghgta) cover about 61-65 % of the total land
area of the country. About 12% of the populatimedi there, and about 26% of the livestock
population. About 93% of the people in these aseagastoralists and agro-pastoralists. The
lowlands are rich in natural resources, includirdivarsity of flora and fauna, and national parks
and wildlife sanctuaries are situated there, as agetultural heritage sites. The highlands are an
important grazing area. From the estimated feedireaent, 15-50% comes from the highlands in
the form of crop residues and fallow grazing (Woondsen and Abay 1996; Initial National
Communication of Ethiopia 2001 ).

Livestock in the lowlands depends on extensiveiggaands. In addition to the socio-economic
constraints and inadequate attention to traditiocesdurce management, recurrent drought over the
area has become an important issue. The lowlaedsaamally low-rainfall areas and droughts
frequently occur there. Depletion of pasture antewavailability has been a key limiting factor for
livestock production. Other factors include declmper capita livestock holdings and reduced
production and productivity of the livestock (laitiNational Communication of Ethiopia 2001)

Climate change could affect the grassland andtte&ssector in many ways. Pasture productivity
can change in quantity and quality, livestock paitiity can change as well as distribution and
incidence of animal and plant disease. Currentatnvariability and drought are already major
challenges for this sector, and biodiversity indinea is in jeopardy. The impacts of climate cleang
and compounded effects would combine to exacetheteulnerability (Initial National
Communication of Ethiopia 2001).

Under climate scenarios, changes of forests froentgpe to another, shifting of forests from old to
new habitat, reduction of area of forest coveraggmentation of forest zones, disappearance of
mountain and lower mountain wet forest and subitadglesert scrub are expected (Negash 2000 in
Initial National Communication 2001). Also appearamf tropical moist forest and expansion of
tropical dry and very dry forests are projecteddélna scenario of 2.4 - 3°C mean annual warming
and a rainfall decline of about 5%, an expansiotnagical desert scrub and tropical dry and very
dry forests and a shrinkage of lower mountain mioisst in the northern parts of the country are
expected (Initial National Communication of Ethia@001).

The Awash river originates in the central highlaadd ends in Lake Abe on the Ethiopia - Djibouti
border. The river is 1200km long and its catchnaeat is 113700km2. The river is highly
vulnerable to climate change. Due to populatiorsguee, there is already water stress in the area.
Climate change could cause a considerable watmitd@inging from 10 to 33%. The Abay River
starts in northwestern Ethiopia, joins the WhitéeNit Khartoum and drains into the Mediterranean.
The basin of the river is highly sensitive to climahange. Runoff is projected to decrease, but
models give a large range for the change (3-3386jemental scenarios were also employed in the
study of the two basins. The results from the ¢fféthe prescribed climate change scenarios
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indicate that runoff decreases significantly in mwar and drier scenarios over the two basins. Even
a temperature increase of 2°C alone, without pitatipn change, would result in a significant
decrease in runoff. An increase in precipitationldphowever, offset the effects of temperature
increase (Initial National Communication of Ethiaf@001).

Kenya

Kenya has a great diversity of landforms rangignfthe central highlands (with its highest point,
Mt. Kenya, at 5199m) to low plains, bisected by @reat Rift Valley, with fertile plateaux to the
west. The country has seven major agro-ecologmagg, of which 80% is arid and semi-arid land.
However, the Kenyan highlands comprise a very ssfakagricultural production system Three
guarters of the population is sustained on 17 %&goicultural land that has high quality soils and
receives enough rainfall (Osbahr and Viner 200@riiton et al. 2006).

Table 18 Kenya: key statistics and vulnerabilitiés

Land area (krf) 570 000
Population (2006) 35 106 000
Men/100 women 100

Annual population growth| 2.20
rate (2005 — 2006)

GDP per capita $ PPP | 1835
valuation (2005/06)

Life expectancy (2006) 49.6

llliteracy rate (2006) 26.4

Key vulnerabilities and Increased risk of water resources stress

impacts of climate change Increased risks of droughts and floods

Possibility of increase of malaria in the highlands

Close to 50% of glaciers on Mount Kenya have alyead
disappeared — continued loss of glaciers will haygacts on
mountain ecosystems and tourism

» Increased risk of wild fires

Kenya has limited natural resources, especiallewatinerals and agricultural land. Weather
related hazards also present a serious threag ottio-economic development of the country.
Vulnerabilities in the country include inequitalplatterns of land ownership, high population
growth rate, rural-urban migration of the populatipoorly planned urbanisation, deforestation,
and high levels of unemployment. Increasing povarg high food prices greatly reduces the
resilience of Kenyans to disasters. There are leigkls of both rural-urban and rural-rural
migration, especially in the arid and semi-aridoag, which under drought can become vulnerable
to environmental degradation. While agriculturéhis main sector of the Kenyan economy,
livestock production is central to livelihoods &ondd security of the people in the arid and semi-
arid regions. A large number of the poor dependubsistence agriculture, pastoralism or
employment in the urban informal sector. Food ins&cis a major problem, with high
malnutrition rates especially in the arid and san-regions. In addition, up to 2-5 million people
can quickly become dependent on aid relief durimgomdroughts. Traditionally, the eastern
plateau and pastoral areas in the north and saven lbeen worst affected by drought. These
problems have been exacerbated by refugees reétatethed conflict in neighbouring countries in
the Horn of Africa region. Increased population aedentary lifestyles have made pastoralists

4 Sources: OECD 2007; United Nations 2007; IPCC 20TRbrnton et al. 2006; Watson et al. 1998; UNEP 2007
World Bank Development Index
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more vulnerable to climate variability because grgfands are settled or remain classified as
protected areas. The most affected groups of pdoyptatural hazards are the poorer sectors of the
population living in slums and squatting along flgarone and landslide areas (Wakabi, 2006)
(Barrett et al., 2001; Ellis and Freeman, 2004n(iié et al., 2005) (Osbahr and Viner 2006, 3-4).

Kenya’s climate varies from a humid tropical climaiong the coast to arid areas inland. Mean
annual temperature varies considerably with elena27°C at the coast and decreasing with
altitude). Seasonal differences are characteriseording to rainfall rather than temperature.
Kenya's rainfall is bi-modal, with two rainy persdong rains from March to May and short rains
from October to December. Rainfall is correlatetbjpography (the highest elevation regions
receive 1800mm per year whilst the low plateauiveseonly 320 mm). Over two-thirds of the
country receives less than 500 mm of rainfall pEaryand 79% has less than 700 mm per year.
Over the last 50 years rainfall means have beeredsing inland and increasing on the coast
(Oshbar and Viner 2006, 4; OECD 2003, Thorntorl.e2G06).

Natural disasters are an integral part of Kenyanatk, with significant variability from year to
year. Dry seasons can experience significant ridinfalst wet seasons can often fail completely.
Rainy seasons in Kenya can be extremely wet amed ¢dte or sudden, bringing floods and
inundation. Major floods periodically afflict the Wwam Gulf of Lake Victoria, the Lower Tana
basin and the coastal regions. It is commonly peedein Kenya that a large proportion of rainfall
variability is attributable to El Nifio. However dte is currently no clear relationship between
either El Nifio or La Nifia events and prolonged dfdwor particularly wet periods (Usher, 2000).
(Osbahr and Viner 2006, 4-5).

Kenya is heavily dependent on agriculture and ahtesources, and it is on these that Kenya’s
unpredictable rainfall patterns have the most detnital impact. The long droughts that occur when
wet seasons fail, sometimes for consecutive yearscause drying of water sources, famine and
hardship, and widespread disease as the poorionitrétduces resistance to illness (Osbahr and
Viner 2006, 6).

Figure 29 summarises projected changes in seanpérature and precipitation in Kenya during
the 2£' century from global climate models. For East Adriclimate model simulations under a
range of possible emissions scenarios suggest tatnpeincreases of around 2.5- 3°C by the end
of the century, but with the possibility that tihigy be as high as 5°C. Rainfall projections arg les
certain, with a range of models and scenarios siggeboth increases and decreases in total
precipitation. For September-May, most models mtdjecreases in total rainfall of up to 30 %.
Changes in rainfall during the rest of the yearl@ss clear and rainfall may increase or decregse b
as much as 20 % between June and August. The rizgimriLake Victoria to the central highlands
east of the Rift Valley are likely to experiencergases in annual rainfall, and regions in the arid
east and north experience decreases.

The IPCC (2001) projects that in the*2Entury, increases in temperatures would sigmiflga

impact on water availability, and thus exacerbagedrought conditions already regularly
experienced and predicted to continue. The unpiagallity of Kenya's rainfall and the tendency for
it to fall heavily during short periods are aldeelly to cause problems by increasing the occursence
of heavy rainfall periods and flooding. Other trepgluch as changes in lake levels and the melting
of the Lewis glacier on Mount Kenya, are also §k&l accelerate (Osbahr and Viner 2006, 8-9).
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Figure 29 Kenya: projected changes in mean seasonal tempefa€) and precipitation (percent) between the @hd
the 20" (1961-90) and the 2(2070-99) centuries from four climate models (spigp ¢ CGCM2 (Canadaj
CSIROmMK2 (Australia);o DOE PCM (USA);x HadCM3 (UK), for four emissions scenarios (coR)uAlFIl — dark
brown, A2 — light brown, B2 — light blue, B1 — daslue. Seasons: DJF=December-February, MAM=Marcl;Ma
JJA=June-August; SON=September-November. Sourcish®ll et al. 2002;
http://www.cru.uea.ac.uk/%7Etimm/climate/ateam/TYN_QGYO0.html

Under Kenya'’s current (2002-2005) population grovate of around 2.2 percent (UN 2006),
pressure on land and water is likely to be graatére future, and may lead to an escalation in
conflict between different users. More variable artdnse drought spells may bring widespread
famine, food insecurity and soil erosion to areagne inappropriate farming techniques and
deforestation have been practiced (Marcoux, 1988k has the potential to make pastoral
livelihoods in the arid and semi-arid regions ublea as well as significantly damage the
production of export crops. Vulnerability to diseasn be expected with malnutrition. Increases in
flooding, landslides and water pollution are likédycause loss of life, property and infrastructure
and repeat outbreaks of diseases such as RiftyMadleer, malaria and cholera, with children
especially vulnerable. Increases in intensity,alality and frequency of flooding and drought
events will reduce the country’s long-term abitityrecover between events and endanger the
development progress unless adaptation strateggemplemented. For example, the efficiency of
hydroelectric energy supply, economic developmedtraservoirs and roads will be vulnerable
(Osbahr and Viner 2006, 9).

Kenya is not well-endowed with water resourcesaftsual surface-water and ground-water
potential is less than 600°mer capita and well below the value of 108Ger capita, which
demarcates a situation of water scarcity. Factoesatening the water sources include: frequent
droughts and floods, rapid population growth, wHesdds to the destruction of water-catchment
areas through land conversion and fragmentatidfytpm from chemical pesticides and fertilizers
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on agricultural land, as well as industrial wasted raw sewage leaching into surface and ground
water (OECD 2003, 310).

Rangelands in Kenya are already experiencing Higtatic variability and frequent drought
events. They are very susceptible to rapid enviemtal degeneration due to climatic factors and
human land use. In dry parts of eastern Africaj\ation of rangelands is uncommon and occurs
mainly where irrigation is possible or where watan otherwise be sequestered and stored for
cropping. Rainfall is bimodal in most east Africaamgelands, resulting in two plant growing
seasons. In northern Kenya, the best years fastlves production are those in which moderate
rainfall extends over several months, resulting lang period of foliage production and livestock
milk production. The distribution and timing areiagportant as total annual amounts of rainfall for
rangelands (Watson et al. 1998, 43).

Mozambique

Mozambique is one of the poorest countries in thddywith over 50% of its population living in
extreme poverty. Development has been heavily comiged in recent years by civil war, border
conflicts, HIV/AIDS and extreme climate events.ribg 1980-2007 there were seven major floods
and seven major droughts in the country. About 8% ozambique's population works in
agriculture and fisheries that are highly vulneeatol climate variability and extremes. Most of the
people also live at subsistence level. Mozambiqueimarily a low-lying coastal country with an
arid or semi-arid climate, which makes it vulneeatd climate change (IRl 2007, 15-16,
Mozambique Initial National Communication 2003).

Table 19 Mozambique: key statistics and vulnerabilitfes

Land area (krf) 802 000
Population (2006) 20 158 000
Men/100 women 94

Annual population growth| 2.00
rate (2005 — 2006)

GDP per capita $ PPP | 1 957
valuation (2005/06)

Life expectancy (2006) 41.8

llliteracy rate (2006) 48.3

Key vulnerabilities and » Coastal areas vulnerable to sea level rise anéctopyclones

impacts of climate changg = Increased risks of droughts and floods

= Agriculture and forestry negatively affected

= Possible advantages to pastures as foliage areatexito
increase

Mozambique lies largely within the tropics, and imwé the coastline is subject to the regular
seasonal influence of the Indian Ocean monsoos?faifthe monsoon influence is strongest in the
northeast but is modified somewhat in the soutthkyisland barriers of Madagascddre Comoros,
and the Seychelles. With the exception of highlarehs on the northern and western borders and
around Gurue (east of the Malawi protrusion intazislmbique), where elevation modifies both

%5 Sources: OECD 2007; United Nations 2007; IPCC BpGhapter 9; Arnell 2004; Thornton et al. 2006tidtzal
communication of Mozambique (2003);
http://www.climatecentre.org/downloads/File/prepgfio20for%20climate%20change%20and%20disaster% 2028k
reduction%20in%20mozambiqe%20july%202006.pdf

28 http:/lwww.britannica.com/eb/article-43965/Mozann
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temperature and humidity, the climate is seasamélti@pical. Daily temperatures throughout the
country average in the lower to mid-20s °C, wita Highest temperatures occurring in October -
February and the lowest in June and July. Uncombtytwarm average daily temperatures in the
30s °C are normal only in the upper Zambezi vadlegt along the northeastern coast, while cool
temperatures below 20°C occur year-round only énntfountainous areas on the western borders.

The sharpest contrast in humidity and precipitaisopetween north and south. The entire region
north of the Zambezi and east of the Shire Rivleyas humid and warm, as is the coastal plain in
the south, while the southern interior and moshefZambezi valley west of the Shire are quite
dry; the south-central area is even considered-aeihi Precipitation is greatest throughout the
north and in the central region east of the ShiveiRwhere it ranges between 1010 and 1780 mm;
the highest precipitation is in the highlands andadastal pockets around Beira and Quelimane. In
the Zambezi valley west of the Shire, however, agemprecipitation declines to between 610 and
810 mm, whereas in the south, to the west of tlastabplain, average annual precipitation is only
about 610mm. The semiarid southern regions reailyeabout 75 mm of precipitation per month
in the wet season from November to February andstimone in the dry season between April and
October. West-central and southern Mozambique st to periodic drought.

Mozambique's high incidence of flooding is explairy two factors. First, every year three to four
of the tropical cyclones that form in the southsteen Indian Ocean cause high winds and heavy
rain in the coastal areas, leading to flooding.oc&d¢c Mozambique is situated downstream of nine
major river systems that drain vast areas of sastieen Africa. Mozambique thus has to manage
the downstream effects of rain that falls beyosdiwvn catchment areas. Drought, floods and
tropical cyclones happen all over the country, drdaus more common in the southern areas, and
floods happen more frequently in the central andrsern regions. Tropical cyclones occur in the
coastal zone (IRl 2007, 16; Mozambique Initial Nail Communication...2003).

Figure 30 summarises projected changes in seanpérature and precipitation in Mozambique
during the 21 century from global climate models. Changes inrage climate and increased
occurrence of extreme events — tropical cycloriesdé and droughts — are projected to have
significant implications for Mozambique. Droughtsuse several adverse impacts such as loss of
human and animal lives, loss of cultures, dryingvafer bodies, reduction of pastures, increase of
prices of agricultural products, increased neefad import and international aid, appearance of
diseases, and loss of biodiversity (MozambiquedinMational Communication, 2003).

Tropical cyclones bring high winds, torrential misind storms that can cause floods, landslides,
and erosion in the coastal area as well as imtlegior of the country. Tropical cyclones can cause
social and economic recession, losses of lives amusaffering, destruction of properties,
degradation of the environment and severe dismmtfaormal activities (Mozambique Initial
National Communication, 2003).
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Figure 30 Mozambique: projected changes in mean seasonaktatpe (°C) and precipitation (percent) between th
end of the 28 (1961-90) and the 24(2070-99) centuries from four climate models (sptap 0 CGCM2 (Canadaj
CSIROmMK2 (Australia);o0 DOE PCM (USA);x HadCMS3 (UK), for four emissions scenarios (co®)uAlF| — dark
brown, A2 — light brown, B2 — light blue, B1 — daslue. Seasons: DJF= December-February, MAM=MareyM
JJA=June-August; SON=September-November. Sourcitshéll et al. 2002;
http://www.cru.uea.ac.uk/%7Etimm/climate/ateam/TYN_@GYO0.html

With climate change, the mean temperature is estita increase 1.8 - 3.1 ° C and the
precipitation to decrease 2-11% according to dsffiescenarios. The impact of climate change on
water resources of Mozambique will be manifestedubh irregularities in temporal and spatial
distribution of rainfall and by increases of tengiare and solar radiation, which in turn will
increase evaporation levels. The city of Beiragéntral Mozambique, is estimated to be the most
vulnerable site to the effects of sea level risgrais the second largest city in Mozambique and a
low-lying harbour town of strategic importanceislialso the nearest natural port for Malawi,
Zambia, Zimbabwe and other land locked countrie€Saathern Africa (Mozambique Initial

National Communication, 2003).

Agriculture is the most important sector for theadmbican economy. North of the Save River,
along the coastal areas, the climate is favourablagriculture through most of the year, but the
soil in certain areas is deficient. Most fertileads can be found along river valleys. In the South,
the soil is relatively fertile, but climatic condihs are a major hindrance due to the large annual
variability of rainfall. Climate change can affegjricultural production in Mozambique through the
resulting changes in temperature, rainfall, atmesphhumidity and radiation. Pastures seem to be
the only sector with positive impacts, as an inseeaf the foliage area is projected. Conversely,
reduction of the nutritional capacity due to theawabsorption of nitrogen would negatively
counterbalance the predicted increase in pastiesambique Initial National Communication,
2003).

84



Tanzania

Tanzania’s climate ranges from tropical to tempenathe highlands. Average annual precipitation
over the entire nation is 1042 mm. Average tempegatrange is between 17°C and 27°C,
depending on location. Natural hazards include Botiding and drought. Within the country,
altitude plays a large role in determining rainfakterns, with higher elevations receiving more
precipitation. The total amount of rainfall in tbeuntry is not very large. Only about half the
country receives more than 762 mm annually. Ta@esprecipitation is governed by two rainfall
regimes. Bi-modal rainfall, comprised of the loagns between March-May and short rains
between October-December, is the pattern for m@itheonortheastern, northwestern (Lake
Victoria basin) and the northern parts of the caldslt, similar to neighbouring Kenya (see above).
A unimodal rainfall pattern, with most of the raatifduring December-April, is more typical of
most of the southern, central, western, and sostbeaparts of the country (Agrawala et al. 2003,
11-12).

Table 20 Tanzania: key statistics and vulnerabilities

Land area (krf) 945 000

Population (2006) 39 025 000

Men/100 women

Annual population growth| 1.8 (World Bank) / 2.9 (1988-2002)
rate

GDP per capita $ PPP | 594
valuation (2005/06)

Life expectancy (2006) 46.5

llliteracy rate (2006) 30.6

Key vulnerabilities and » Possible increase in water resources stress

impacts of climate changeg = Possibility of droughts increases in some areas

» Maize yields are projected to decrease; largestdses in
central regions of Dodoma and Tabora

Yields of cash crops (coffee) projected to increase

Most of forests projected to shift to drier regimes
Dar-es-Salaam region vulnerable to sea level rise

Mt Kilimanjaro's ice gap could disappear by 2020pacts on
biodiversity, tourism and increased wild fire risk

Figure 31 summarises projected changes in seasnpérature and precipitation in Tanzania
during the 21 century from global climate models. Mean annualgieratures in Tanzania are
projected to rise by between about 1 - 4.5° C byetiid of the century, with somewhat higher
increases over June-August and lower values foeéer-February. Precipitation over the whole
country is projected by most models to increastoufil00, although seasonal declines are more
prevalent in model projections for June-August. ldger, country averaged values are of limited
utility as the precipitation regimes across Tanaairy considerably.

" Sources: OECD 2007; Argawal et al 2003; IPCC 20T Hoynton et al 2006;
http://www.tanzania.go.tz/ppu/demografic_situatitml
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Figure 31 Tanzania: projected changes in mean seasonal tatape(°C) and precipitation (percent) betweeneting
of the 20" (1961-90) and the 81(2070-99) centuries from four climate models (spish ¢ CGCM2 (Canada)
CSIROmMK2 (Australia);o DOE PCM (USA);x HadCM3 (UK), for four emissions scenarios (cog)uAlFIl — dark
brown, A2 — light brown, B2 — light blue, B1 — ddrkue. Seasons: DJF=December-February, MAM=Marcly;Ma
JJA=June-August; SON=September-November. Sourcigshdll et al. 2002;
http://www.cru.uea.ac.uk/%7Etimm/climate/ateam/TYN_QGYO0.html

The Tanzania Initial National Communication (2008grs greater regional specificity, but the
results should be interpreted with caution as tieyon projections from one or two earlier climate
model simulations. Under a scenario of doublingarbon dioxide, some parts of Tanzania are
projected to experience increases in annual rajipiacipitation is projected to decline in other
areas. However, the timing of these changes migiyt from location to location. Northern and
southeastern sectors of the country could expegiandncrease in rainfall ranging between 5% and
45%. The central, western, southwestern, soutla@cheastern parts of the country might
experience a decrease in rainfall of 10% to 15%. §duthern highlands might similarly experience
a decrease of 10%, which could alter the suitgtalitthis area for maize cultivation. However,
seasonal patterns in possible changes in rairdaldde complex. In the rainfall unimodal region,
rainfall is projected to decrease by 0- 25% in @@megions during October, November, and
December, but increase by 15% in March, April, Bf&. The southeastern sector could geta 5 -
45% increase in rainfall during the first three iienof the season and an increase of 10-15%
during the last three months (Agrawala et al. 20@314).

Agriculture is the most important sector of the Zaman economy. It comprised 45 % of GDP in
2000 (World Bank, 2002). Upwards of 80% of the dapan of the country relies directly on
agriculture for their livelihood. Only 3.3% of tleeopland was irrigated in 1999 (World Bank,
2002). The three most important crops are: maiziéee and cotton. Maize is a major food staple,
coffee is a major cash crop grown in large plaatetj and cotton is another cash crop grown
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largely by smallholder farmers. Model results sigdleat climate change may significantly
influence future maize yields in Tanzania. The ageryield decrease for projected climate under
doubled carbon dioxide over the entire country 88&, but simulations produced decreases as
high as 84% in the central regions of Dodoma arabiia Yields in the north eastern highlands
decreased by 22% and in the Lake Victoria regioa . The southern highland areas of Mbeya
and Songea were estimated to have decreases &P40These reductions are due mainly to
increases in temperature that shorten the lengtieojrowing season and to decreases in rainfall.
Consequently, the continued reliance on maizests@e crop over wide areas of the country could
be at risk. The two cash crops on the other hamgmanjected to experience increases in yield
(Tanzania Initial National Communication 2003). Egamunugu, located within an area of
bimodal rainfall, coffee yields are expected ta@ase by 18%, and for Mbozi, where rainfall is
unimodal, the coffee yield is expected to incrdas&6%. However, the yield estimates depend
critically on estimates of change in precipitatidhe potential impacts of climate change on cotton
production in Tanzania parallel those for coffelee Bigriculture sector thus may have both negative
and positive impacts that could partially offsetieather. However, maize is a critical food crop
and could require adaptation measures (Agrawadh 2003, 15).

Tanzania has about 338,000%umder forest cover, which represents about 44thefotal land
area. Forests are an important source of fuel vemaidother products for large numbers of
Tanzanians. Furthermore, many of Tanzania’s 4&athreed mammal species, 33 threatened bird
species, and prodigious biodiversity depend orstsr@Norld Bank 2002). Under climate change,
most of the forests across Tanzania are projeotsHitt towards drier regimes: from subtropical
dry forest, subtropical wet forest, and subtropibaln woodland to tropical very dry forest,
tropical dry forest, and small areas of tropicaishforest respectively (Tanzania Initial National
Communication 2003). Much of this projected chammgaistribution is attributed to an increase in
ambient temperatures and a decline in precipitatidarested regions of the country. In the
Kilimanjaro region in addition to the glacier redteand eventual disappearance of the ice cap, there
might be major changes in the extent, distributaord species composition of the forests on the
mountain as a consequence of changes in fire rsgifiere is indication that intensification of fire
risk as a result of warmer and drier conditionshhagready be underway. Continued loss of the
mountain forest belt (which collects a significantount of water from fog entrapment) from fire
intensification would lead to a significant redoctiof water yields with serious regional
implications, affecting sectors such as agriculamd livestock as well (Agrawala et al. 2003, 15-
16).

Climate change is projected to have mixed consempsefor Tanzania’s water-resources,
specifically for the three major river basins: Ruangani, and Rufiji. The Ruvu basin, of
particular importance because it is upstream ok&ai@’s major population centre, Dar es Salaam,
could experience a 10% decrease in runoff accorditige Initial National Communication (2003).
The Pangani basin supplies water to the Tanganiijaro, and Arusha regions, supporting a
number of economically important activities (sugkntations, irrigation scheme, water supply,

and power stations). For the Pagani River, theseiise seasonal variation, and annual basin runoff
is projected to decrease by an estimated 6% unBler @Q scenario. However, runoff in the
Kikuletwa River, also within the Pagani Basin, isjpcted to decrease in all months, with annual
reductions of 9%. The Rufiji basin is a large catehnt in the south, focused on the Great Ruaha
River, which is economically important in part besa of the hydropower it generates at Mtera
Dam and Kidatu Dam. The national assessment okvahility and adaptation (Mwandosaya et al.
1998) projects increases in annual runoff of 5% Rt at Mtera and Kidatu, respectively, most
coming in the period from November to March. Aledle estimates however are based on scenarios
from a single climate model, and should be intégatevith some caution. Real uncertainties exist
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concerning present and future withdrawals for atign, changed land use, and urbanization.
Nevertheless, decreases in runoff could potentiele serious affects on the regions of Dar es
Salaam, Morogoro, Tanga, Coast, and Kilimanjara. &3aSalaam might be particularly vulnerable
because it is the largest industrial, commerciad, administrative city in Tanzania (Agrawala et al.
2003, 16).

There is a possibility of future water shortage$amzania. The population is projected to reach
59.8 million by 2025, which implies that the amoohtvater available per person will decline by
about 45 per cent to 1 50C @ head, below the 1 700 hreshold. Climate change has meant that
Tanzania has been receiving inadequate rainfales2®01, which in turn has led to reductions of
water levels in various catchments. Inadequacwiofall also means that not enough water can be
harnessed in the major water reservoirs for el@ttrjeneration thus creating the twin problems of
water and energy shortages in the country (OECIYR00

The coastline of Tanzania is about 800 km longtarccoastal zone varies in width from 20 km to
70 km gradually rising to a plateau. Tanzania lkteively limited coastal lowlands, but there are
extensive coastal wetlands, some important cibdes €s Salaam), a number of important islands
(such as Zanzibar), and a delta — the Rufigi R{lMawvaipopo 2001). The main coastal features
include mangrove forests and swamps, coral reafs] and mudflats, tidal marshes, woodland, and
sisal and cashew nut estates. Mangrove forestarticplar represent an important economic
resource for coastal people, supplying firewood @mber for the construction of fishing boats, and
providing feeding, breeding, and nursery groundsafoumber of fish species and a variety of
insects, birds, and small animals. The highestiies®f population that might be threatened are
found near Dar es Salaam and the islands of ZanaiithPemba. The Initial National
Communication of Tanzania (2003) considers scesafit®oth 0.5 m and 1 m sea level rise over
the next century. Total land-loss is estimatedet@47 kni and 494 krhfor 0.5 and 1 meters of sea
level rise respectively. According to this analy#iee Dar es Salaam region would be vulnerable
with values of structures at risk estimated toltota$ 48 million for a 0.5 m sea level rise and
US$82 million for a 1 m rise (Tanzania Initial Natel Communication 2003; Agrawala et al. 2003.
17).

Climate plays an important role in the geographistribution and seasonal abundance of vector
species that are responsible for the transmisdiamamber of human diseases. Changes in
temperature, precipitation, humidity, and wind eats will directly affect vector species’
reproduction, development, and longevity. The thation of vector borne diseases in the human
population is also limited by temperature in maagions where the climate is too cold for parasite
survival (Martens et al. 1999). Of the various wediorne diseases malaria in particular is a major
public health concern in Tanzania and is endemér awst of the country. It accounts for 16.7% of
all reported deaths in Tanzania and is one ofdhdihg causes of morbidity in all regions, ranging
from 24.4% in Rukwa regions to 48.9% in Dar es &al@Tanzania Initial National

Communication 2003). The problem of malaria isiggtivorse because of growing parasite
resistance to first line anti-malarial drugs andsmoto resistance to insecticides. Currently, many
population centres are located in areas where ragtansmission is currently only epidemic or
nonexistent, such as the central highlands (e.geyd, Njombe, Iringa, and Arusha) In a warmer
climate, new areas might be open to seasonal orayeand transmission. The vulnerability of
highland populations to an increase in the endayniditransmission of malaria, or of any of
Tanzania’s population to climate change inducedtihesks, will depend strongly on the evolution
of control methods and the ability of Tanzaniafforal such measures (Tol and Dowlatabadi, 2002;
Agrawala et al. 2003, 17).
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A study of Tanzania's vulnerability to climate cgarwas carried out by the OECD (Agrawal et al.
2003) and many of the projections described aboxéaken from this study. Tanzania regularly
suffers from various climate-related hazards, iditig droughts that have substantial effects on
economic performance and on poverty. Many developmians and projects have recognized this
climate sensitivity, but few of the developmentrdand projects that were reviewed in the study
had taken climate risks into account. Given thatent climate risks are already being neglected, it
comes as no surprise that climate change is aftesréd even more. In the few cases where climate
change received attention, the focus was on mitigatather than adaptation.

Several donor strategies recognize Tanzania’'s digpee on favourable weather, and the linkages
between poverty, drought, and food security. Tlgofs identified as underlying the drought
problem included weak institutional capacity in geetor, poor water resource management, and
the dilapidated condition of the water schemesdisidibution networks in the rural and urban
areas resulting from the under-funding of maintereaand rehabilitation.

Tanzania’s vulnerability to climate-related disastelue to natural and human factors was also
highlighted in the study findings. Natural and nraade disasters have eroded the coping capacity
of the vulnerable populations especially in droygitine areas. Traditional coping strategies are
breaking down as land pressure increases. Floatldranghts, epidemics and crop pests,
environmental damage and economic instabilitiege tzdl had their effects on people’s capacity to
meet their basic needs and subsequently theityatmlsurvive and pursue their development
ambitions and potential. Despite these strong tiskebetween climate and economic performance,
as well as the relationships between droughtsyemviental degradation and poverty, none of the
donor strategies even mentions climate change.

Zambia

Zambia is a landlocked country occupying a neatraéposition on the southern African
subcontinent. Although Zambia is tropical, the tigkgly high altitude of most parts of the country
permits the production of temperate crops. Zamhgthree main seasons: cool-dry (April-August),
hot dry (August-November) and hot wet (NovemberihpRainfall is concentrated over the five
month period from November to March and varies fi@@® mm in the south to 1500 mm in the
north. Zambia's vegetation is mainly savanna dotathhy small areas of miombo woodlands. The
country has ample water resources comprising skewge lakes and four major rivers. Groundwater
resources are also abundant in the Congo/Zair&amdbesi river basins. Even though there is large
irrigation potential, the majority of agricultunatoduction is rainfed and based on small-scale,
subsistence farming systems (about 80% of all fesjneombined with extensive livestock
production, with farm holdings of less than ninetaees (Perret 2006, 1; Chigwada 2004, 13-17).

Zambia is divided into three main agro-ecologiegjions, which are defined on the basis of
climatic characteristics of which rainfall is therdinant factor. The region of the Zambezi and
Luangwa Valleys covering the southern part of thentry, receives less than 800 mm of rain
annually and temperature in this region varies f@ffhto 25° C. It is the driest region in the
country and is most prone to drought. The regian tovers the central part of Zambia, extending
from the east through to the west, receives bet888mm to 1000 mm of rainfall. Temperatures
range during the rainy season from 23° to 25°C.tfine region receives more than 1000 mm of
rainfall in a season and covers the northern gareocountry (Hewitson 2006, 4).
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Table 21 Zambia: key statistics and vulnerabilities

Land area (kr}) 752 620
Population (2006) 11 861 000
Men/100 women 100

Annual population growth| 1.73
rate (2005 — 2006)

GDP per capita $ PPP | 1167
valuation (2005/06)

Life expectancy (2006) 38.8

llliteracy rate (2006) 32

Possible increase in water resources stress
Possibility of increased droughts

Key vulnerabilities and .
= Decline in maize production

impacts of climate change

Decrease in food security

Increased risk of wild fires

Adverse impacts to human health due to deterigyatiater
quality during floods and droughts, increase inteeborne
diseases

Zambia's rainfall is highly variable. Most rainyasens in Zambia in the past twenty years have
shown a tendency of drought. For a country thatnhaiee than 70% of its population relying on
agriculture directly or indirectly, the impact ofteeme weather events is critical. Annual total
precipitation has generally decreased across nidiseé @ountry for the period 1961 - 1990 except
for the extreme south-eastern areas and somegbdhts central watershed where there has been a
slight increase. The most marked decrease of ptattgqm has occurred over the northern areas. For
the monthly maximum consecutive 5-day precipitatibere has been a negative trend over the
northern and southern areas and a positive treedtbe central parts of the country (Hewitson
2004).

The number of days with maximum temperature ab®9€ has increased in most areas of Zambia,
except for the northernmost areas and Kadoma where is a decrease. The number of cold nights
(percentage of days when daily minimum temperatibelow the 10th percentile) has decreased in
most areas. Cool days (percentage of days wheypmakimum temperature is below the 10th
percentile) have also significantly declined at tretations. Warm nights (percentage of days when
daily minimum temperatures exceeded the 90th p&leghave increased across most of the
country, and hot days (percentage of days whey dakimum temperature exceeds the 90th
percentile) have increased in frequency at alistat The diurnal temperature range has increased
over most of the stations, but reduced over tiséeea Highlands (Hewitson 2006, 4-5).

Figure 32 summarises projected changes in seagnpérature and precipitation in Zambia during
the 2% century from global climate models. Key climateee vulnerabilities in Zambia include
increased water stress, reduced agricultural ptodgilycand livestock, and adverse effects to health
A study on the risks related to climate changdatidcal level revealed a rise in the frequency and
severity of extreme events, including droughtspdi® and high temperatures, and a decrease in the
length of the rainy season. Droughts and extreraé dneents are widespread and are considered
major climate hazards throughout the country. Hegaegipitation events are also widespread and
increasing in frequency. They cause greatest damaieer valleys and floodplains (e.g. along the

8 Sources: OECD 2007; United Nations 2007; IPCC 20TRbrnton et al. 2006; Chigwada 2004
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Zambezi river). The rise in extreme climatic evasteading to increased food insecurity and
health issues. When facing climate hazards, srmoalégarmers (who are negatively affected by
disruption of their normal farming cycles) rely ki on access to alternative natural resources
from forests and wetlands (Riché 2007).
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Figure 32 Zambia: projected changes in mean seasonal tempe a€C) and precipitation (percent) between trak @
the 20" (1961-90) and the 21(2070-99) centuries from four climate models (sptap ¢ CGCM2 (Canadaj
CSIROmMK2 (Australia);oc DOE PCM (USA);x HadCM3 (UK), for four emissions scenarios (co®)uAlF| — dark
brown, A2 — light brown, B2 — light blue, B1 — daslue. Seasons: DJF=December-February, MAM=Marcl;Ma
JJA=June-August; SON=September-November. Sourciéshéll et al. 2002;
http://www.cru.uea.ac.uk/%7Etimm/climate/ateam/TYN_QGYO0.html

The greatest reduction in runoff by 2050 in Afrisa&xpected to be in the southern African region
(Arnell 1999), thereby suggesting that changeb@wtater use to resource ratio will put countries
in the "high water stress" category. Combiningghertfall in rainfall and the effect of increases i
potential evaporation, the resultant reductioruim-off in the major river basins of the region,
including Zambia, will be up to 40%. The precipgibatin Zambia is uneven across the country and
varies from year to year. Low soil moisture andhhggapotranspiration will promote desertification
because of a reduction in vegetation cover. Thilsledd to soil erosion and sediment discharge
that could cause siltation of reservoirs. In théue€eBasin there are already conflicts on watertsagh
due to water demand for various uses includingcatitire, hydro-power generation, industry and
domestic demand, which will intensify with climatkange (Chigwada 2004, 28).

Drought threatens the energy security as it disrapergy supplies from hydro-power systems. This
will, in turn, have effects on the social and eqoimdevelopment of the society. The basic
infrastructure for development, namely roads, legjdransport, houses and services will be
damaged by the effects of floods, cyclones, etcidseconomic impacts arising from climate
change impacts on water and wetlands are likelydiode shortages of potable water, food
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insecurity, poor health, extreme events and dart@gégrastructure. Human health will be affected
by the rise in temperature, which will extend tlaitats of vectors of diseases such as malaria.
Access to potable water and sanitation is verydawng droughts while floods increase the
frequency of epidemics and enteric diseases. Grtlaange will also have impacts on biodiversity
(for example, altering the distribution range ofedope species). In mountain ecosystems,
biodiversity is threatened by increases in tempeeabecause many ecosystems are isolated
populations with no possibility of vertical or hoontal migration. Biodiversity forms an important
source of livelihood with both consumptive uses, food, fibre, fuel, shelter, medicinal and
wildlife trade, and non-consumptive uses, hamebgsgstem services and the economically
important tourism industry (Chigwada 2004, 32-33).

7.3.Vulnerability of development co-operation partners Asia and Latin America

Nepal

The climate in Nepal varies from the tropical te thgh Himalayan within a 200 km span from
south to north. Much of Nepal falls within the moaa region, with regional climate variations
largely being a function of elevation. Mean tempanmis about 15°C, temperature increases from
north to south with the exception of mountain waleAverage rainfall is 1500 mm, with rainfall
increasing from west to east. The northwest cdnasrthe least rainfall, being situated in the rain
shadow of the Himalayas. Rainfall also varies iyuale; areas over 3000 m experience a lot of
drizzle, while heavy downpours are common below02®0 Annual distribution of rainfall is
uneven: flooding is frequent in the monsoon seakoimg the summer, while droughts are not
uncommon in certain regions in other parts of tharyArgawal et al. 2003).

Table 22 Nepal: key statistics and vulnerabilifiés

Land area (krf) 147 181
Population (2006) 27 678 000
Men/100 women 98
Annual population growth| 2.10
rate (2005 — 2006)
GDP per capita $ PPP | 1490
valuation (2004)
Life expectancy (2004) 62.1
llliteracy rate (2004) 51.4
Key vulnerabilities and = Glacier lake outburst flooding risk increases; magie of
impacts of climate change damages increases
» Rice yields are estimated to decline with risingperatures

A warming trend has already been observed in Ndpe.temperature differences are most
pronounced during the dry winter season, and thashg the monsoon. There is also significantly
greater warming at higher elevations in the northgart of the country than at lower elevations in
the south. Significant glacier retreat as welligaificant areal expansion of several glacial lakes
has been documented in recent decades, with aanediy high likelihood that such impacts are
linked to rising temperatures.

29 Sources: Agrawal et al. 2003; United Nations 200T,C 2007b; UNDP
http://hdr.undp.org/hdr2006/statistics/countriesdaheets/cty_ds_NPL.html
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In Nepal, Himalayan glaciers in Shorang and Khurnéwse been retreating on average 8-10m per
year and since 1990 the retreat rate has beeresatbe). The fastest retreating glacier has been th
Imra glacier in Dudh Koshi with a rate of 74 m gear for the past half decade. Glacial lakes have
grown at the same time as the glaciers have retteatd melted. The glacial lakes are moraine-
dammed, and with large amounts of meltwater theeerisk of the dams being breached in outburst
floods These can inflict considerable damage dowam (Bajracharya et al. 2007).

Figure 33 summarises projected changes in seasonpérature and precipitation in Nepal during
the 2£' century from global climate models. A general @se in precipitation for the whole of
Nepal is projected, with a gradient from south wesiorth east in the magnitude of 150 to 1050
mm at 2 x CQlevel. The rainy season in Nepal including pre past monsoon seasons will
become more intense. Intensity would increase épeduring June and July, while slightly lower
than observed precipitation amounts are estimatedudgust. It is also estimated that winter and
spring will be drier than today. Most of the Tebbait and western Nepal is expected to observe a
mostly negative trend in precipitation (with a nmanim decrease of <300 mm per decade in the
Terai belt). Positive trends are expected in tlie Ahd mountains of western and northeastern
Nepal (up to 1100 mm per decade), and a negagwe f up to 700 mm per decade in the eastern
and central part of the country (Nepal National Gmmication 2004).
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Figure 33 Nepal: projected changes in mean seasonal tempe(@€) and precipitation (percent) between theand
the 20" (1961-90) and the 21(2070-99) centuries from four climate models (spip ¢ CGCM2 (Canadaj
CSIROmMK2 (Australia);o0 DOE PCM (USA);x HadCM3 (UK), for four emissions scenarios (cog)uAlFIl — dark
brown, A2 — light brown, B2 — light blue, B1 — ddrkue. Seasons: DJF=December-February, MAM=Marcly;Ma
JJA=June-August; SON=September-November. Sourcigshdll et al. 2002;
http://www.cru.uea.ac.uk/%7Etimm/climate/ateam/TYN_QGYO0.html
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The potential rice yields in Terai can be estimdteishcrease by about 18 - 21 % when2@0
doubled to 580 ppm. However, with an increase mipierature beyond £, the yield is projected
to decrease. An increase of temperature up toattdCainfall to 20 % led to modelled yield
increases of between about 1 - 7.5 %, and beyaidth yield level would continue to decline. In
the hills, the condition is slightly different. Tleéfect of temperature here is more severe thamen
Terai. At 4° C rise, the yield potential declingsnearly 7 %. The situation in the mountain region
is somewhat better than in the hills, but therenily a negligibly amount of rice grown there.

Glacial coverage is projected to be greatly dinfiadin the Himalayas. The extent and amount of
snow will also decrease as temperatures increastharsnow line will rise to higher elevations.
Water flow in the rivers (for example Indus), thrateive most of their total water discharge from
upper mountain catchments including glaciers amsvseould decline perhaps as much as 70% if
the glaciers disappear. In some cases, the rigeld become seasonal. Reduced water flow in the
dry season will lead to more and longer periods wittical shortages of water for transportation,
drinking water and irrigation.

The impacts are not evenly distributed geograplyicalsocially. High proportions of impoverished
people in the region are mountain and foothill darsl In some mountain areas in Nepal, 94% of
the energy supply comes from traditional fuel searsuch as fuel wood and animal dung. Because
of this dependence on fuel wood and livestock, magersheds in the mountains have experienced
deforestation and overgrazing, making the hillsie&y vulnerable to landslides. High in the
mountains, a rise in elevation of the snowline \ei#ld to drying out of village grazing areas. Even
slight increases in severity and frequency of Islidkes and flash floods may significantly reduce
the ability of herders to move and transport theastock between grazing areas and to town for
sale (UNEP 2007, 131).

Glacier lake outburst floods represent the largagtmost extensive glacial hazard, with the highest
potential for disaster and damage, with up to 1@om m* break-out volume and up to 10 008 m
per second runoff. The Himalayans are among thegiems most severely affected by this type of
hazard. Glacier floods are of particular concemi@w of the rapidly retreating glaciers and the
corresponding formation and growth of numerousigldakes (UNEP 2007, 124).

Vietnam

Vietnam has a tropical monsoon type of climate &iingle rainy season during the southern
monsoon (May-Sep) and infrequent and light rairdaliing the remainder of the y&arAnnual
rainfall exceeds 1000mm almost everywhere in thenty and is highest in the hills, especially
those facing the sea (2000-2500mm). Temperatueekigh all year round for southern and central
Vietnam, but northern Vietnam has a definite cosason as the northern monsoon occasionally
advects cold air in from China. Frost and some smay occur on the highest mountains in the
north for a few days a year. In southern Vietntma,lowlands are sheltered from outbreaks of
colder northerly air and the dry season is wartmatowith much sunshine. In northern Vietnam, the
annual average temperature is 23°C, and in Janihargpldest month of the year, the mean
temperature is 17°C. In southern Vietnam, the ayesmnual temperature ranges from 21°C (Da
Lat, in the highlands) to 27°C (Ho Chi Minh City).

From north to south, the uplands of northern Vietrzan be divided into two distinct regions—the
area north of the Red River and the massif thatrelg south of the Red River into neighbouring
Laos. The country is mountainous in the northwastia the central highlands facing the South
China Sea, with peaks reaching up to 2450m. Imtnth around Hanoi and in the south around Ho

%0 http://www.viethamembassy.org.uk/climate. htirtp://www.britannica.com/eb/article-52693/Vietna

94



Chi Minh City, there are extensive low-lying regsoin the Red River delta and the Mekong delta,
respectively.

Table 23 Vietnam: key statistics and vulnerabilities

Land area (t ki) 329 315
Population (2006) 85 344 000
Men/100 women 100

Annual population growth| 1.37
rate (2005 — 2006)

GDP per capita $ PPP | 2 745
valuation (2004)

Life expectancy (2004) 70.8

llliteracy rate (2004) 9.7

Key vulnerabilities and = Coastal zone greatly affected: inundation, lossahgrove

impacts of climate change forests, weakening of living conditions of peopléng in the
coastal zone

» Sea and fresh water ecosystems affected with negati
consequences for biodiversity, fishing

= Possibility of droughts increase

» Increased risk of flooding at the Mekong and Re¢eRdeltas
due to changes in runoff

Figure 34 summarises projected changes in seasnpérature and precipitation in Vietnam
during the 21 century from global climate models. In responssitaulated climate change, the
length of period with air temperature lower thad@®ould decrease 10-20 days by 2010, 20-30
days by 2050 and 30-50 days by 2070. In contriastiength of period with air temperatar@5°C
would increase 10-15 days by 2010, 15-45 days By 20id 30-80 days by 2070 (Vietnam Initial
National Communication 2003).

Climate change, with increasing temperature, chahgainfall amount and sea level rise, is
expected to have various effects on forest coverfarest ecology. The planting boundary of
tropical trees/crops would move towards higher @&iens and northwards. On the other hand, the
adaptation area of subtropical plants would becoareower. By the 2070s, mountainous tropical
trees would be able to grow 100-550 meters highdmaove 100-200 km northwards in
comparison with present.

Sea level rise would lead to a decline in mangfovest. Warmer winters, on the other hand, would
create favourable conditions for development of gnaves in the coastal zone of North Vietnam,
but in the coastal zone of Central Vietham thegasmgly dry and hot weather would adversely
affect the growth and development of mangrovess@barosion and larger waves would also
adversely affect mangrove forests. Indigo forestsfarests planted on the sulphated land of
provinces in the south of Vietham would be adveraffiected. Drought resistant deciduous forest
could be expected to develop, due to reduced smgtare and high plant evapotranspiration.. Risk
of extinction of animal and plant species would@ase; some important plants such as aloe wood,
boswood, textured wood and siadora Viethamese dmikkhausted. The increase of temperature
and drought would also lead to increasing dangéorekt fires, and to the development and spread

31 Sources: UNDRittp://hdr.undp.org/hdr2006/statistics/countriesddaheets/cty ds VNM.htmUnited Nations
2007, Initial National Communication of Vietham Z)0ttps://www.cia.gov/library/publications/the-world-
factbook/geos/vm.htmhttp://www.britannica.com/nations/Vietnam
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of plant pests and diseases. Sea level rise by dumdveause inundation, particularly in the Mekong
Delta. Sea level rise would affect the wet landanethe coastal zone of Vietnam, most seriously in
the forest area of Ca Mau province, Ho Chi MinhyCitung Tau and Xuan Thuy sea areas (in Nam
Dinh Province). Sea level rise might submerge gelamumber of existing forests (Vietham Initial
National Communication 2003, 69).
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Figure 34 Vietnam: projected changes in mean seasonal tetaper@C) and precipitation (percent) between the e
of the 20" (1961-90) and the 21(2070-99) centuries from four climate models (spigh ¢ CGCM2 (Canada)\
CSIROmMK2 (Australia);m DOE PCM (USA);x HadCM3 (UK), for four emissions scenarios (coR)uA1lFI — dark
brown, A2 — light brown, B2 — light blue, B1 — daslue. Seasons: DJF=December-February, MAM=Marcl;Ma
JJA=June-August; SON=September-November. Sourciéshdll et al. 2002;
http://www.cru.uea.ac.uk/%7Etimm/climate/ateam/TYN_Q@GYO0.html

Vietnam is located downstream of two large rivéinse: Mekong and Red Rivers. The total runoff
from both rivers reaches 835 billiorfriThe spatial and temporal distribution of runsfi/ery
uneven. More than 80% of runoff concentrates inmmem(5-6 months), the rest during the dry
season (6-7 months). In some areas, such as thetanwaus areas of Thua Thien and Bac Quang
provinces, runoff is high, but in other areas rdimtmall, such as in the rivers of Binh Thuan
province. By 2070, for medium and small rivers, ltigggest decreases of annual runoff are
projected in the east of South Vietnam (29-33%ht@é Vietham from Quang Binh to Quang Ngai
province (23-40.5%), North Vietnam and north of €ainVietnam (2-11.5%). The largest increase
in extreme runoff is projected in the south of CanVietnam (49%), and the Central Highlands (6-
16%) (Vietnam Initial National Communication 2003).

Due to changes of rainfall intensity, flood inundatand drought would occur more frequently.
Significant cultivation areas in the Mekong and Rder deltas would be inundated by salt water
due to sea level rise. The Red River Delta in NarilVietnam is a low-lying area with a dense
population and intensive agriculture. The montbsifiAugust to November are the flooding period

96



in the Mekong Delta, when a further increment inewdevels is especially critical. No other crop
than rice can be grown under these adverse consliitbunstable flooding and — in many locations
— moderate salinity in the dry season. Most farnrefod-prone rice areas are very poor, with
limited options to divert to other sources of in@rBea level rise will lead to increased tidal flow
and possibly also to changes in the distributiodistharge over the various Delta branches, thus
influencing the mean water levels. Climate changgdeforestation in the catchment areas will
change the river discharge and sediment regimeeoimhbly change the flood risk. In the
Vietnamese part of the Mekong Delta, rice productionstitutes almost 80% of the land use.
Although 60% of the soils are acid sulphate ansheaoils, rice production has markedly increased
in recent years allowing Vietnam to become thalthargest rice exporter in the world (Sanh et al.,
1998). The bulk of the land in the Mekong deltan$y slightly (<2 m) above mean sea level. The
Mekong Delta has experienced devastating riverdio®.g., in September/October 2000, leading to
huge economic losses in the agricultural sectoes€hosses could be substantially exacerbated
under sea level rise (Wassmann et al. 2004; Vrenlgdet al. 2000; Vietnam Initial National
Communication 2003).

Due to sea level rise, saline intrusion would redgbitats of fresh water species. Seaweed
production could be altered and have consequencdist and other aquatic species both in sea-
and in river-beds. An increase of water temperatueuld lead to clearer thermal vertical
stratification which would affect the habitats cégh water species. With increasing temperature,
some species would migrate northwards or to dedgyeths and the vertical distribution structure of
aquatic species would change. Warming would alerafproductivity and commercial quality of
aquacultural and sea products and it is estimattdetonomic production capacity of the sea
would be reduced at least one third relative toptfesent. A number of sub-tropical fish with high
commercial value would decline or even disappeaamivhile, the number of tropical fish species
with low commercial value, except tuna, would irage. Most fish in coral reef ecosystems would
vanish. Due to large rainfall intensity, salt camication of seawater could reduce by 10 - 20%
during periods of some days to some weeks. Asudtyésackish water and coastal species,
especially, dual crust molluscs (like arca, oystér,) would experience mass mortality because
they cannot tolerate changes in salt concentr@tic@tnam Initial National Communication 2003,
70-71).

In the Mekong and Red River deltas and the Ceotrastal zone, sea level rise would reduce land
area, unless coastal dyke systems are constriBitmtn surges are also projected to become
stronger, threatening structures in the coastat zonl low lands. Increased inundation would
negatively affect the foundations of structuresl amprojected increase of tropical typhoons would
require strengthening the resistance of structin&sce escalating construction costs (Vietnam
Initial National Communication 2003, 71).

Warmer climate would have adverse impacts on humeaith. Extreme weather would threaten
especially elderly people; people suffering fromdeac disease and mental disorders. Warming
climate would also change seasonal structure amld edfect biological rhythms in the human
population. An increase of natural disasters sgdy@hoons, storm surges, strong winds, and
heavy rain would threaten the life of people in sneggions, particularly in coastal and
mountainous areas (Vietnam Initial National Comngation 2003, 74).
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Nicaragua

Temperature varies little with the seasons in Nigaa and is largely a function of elevafforThe
tierra caliente, or the "hot land," is characterist the foothills and lowlands to about 750 metre

of elevation. The daytime temperatures average 3933°C in the region, and night temperatures
21°C - 24°C for most of the year. The tierra terdpleor the "temperate land," is characteristic of
most of the central highlands, where elevationgedretween 750 and 1600 metres. Daytime
temperatures are mild (24 - 27°C), and nights aa @5 - 21°C). Tierra fria, the "cold land," at
elevations above 1600 meters, is found only onread the highest peaks of the central highlands.
Daytime averages in this region are 22° - 24°Chwighttime lows below 15°C.

Table 24 Nicaragua: key statistics and vulnerabilitfes

Land area (krf) 129 494

Population (2006) 5 600 000

Men/100 women 100

Annual population growth| 2.02

rate (2005 — 2006)

GDP per capita $ PPP | 3634

valuation (2004)

Life expectancy (2006) 70.9

llliteracy rate (2004) 23.3

Key vulnerabilities and » Increased risk of flooding

impacts of climate changeg = Increased risk of bush fires
» Increase in intensity of tropical cyclones

The Pacific side of the country is characterizg@lbainy season from May to November and a dry
season from December to April. The annual averaggpérature is 27 °C, and precipitation
averages 1910 mm yearly. On the Caribbean sideeatduntry, the rainy season lasts for about
nine months of the year, and a dry season exteagsMarch through May. The annual average
temperature is 26 °C, and annual precipitationayes almost 3810 mm. In the northern mountains
temperatures are cooler and average about 18 &Zaikng winds are from the northeast and are
cool on the high plateau, warm and humid in thelaow.

During the rainy season, eastern Nicaragua is sutgjeheavy flooding along the upper and middle
reaches of all major rivers. Near the coast, whiesex courses widen and river banks and natural
levees are low, floodwaters spill over onto theélplains until large sections of the lowlands
become continuous sheets of water. River bankagsral plots are often heavily damaged, and
considerable numbers of savanna animals die dtigge floods. The coast is also subject to
destructive tropical storms and hurricanes, paertyfrom July through October. The high winds
and floods accompanying these storms often causgdarable destruction of property. In addition,
heavy rains accompanying the passage of a coldl dram low-pressure area may sweep from the
north through both eastern and western Nicaraguma Movember through March. Hurricanes or
heavy rains in the central highlands, where agncelhas destroyed much of the natural vegetation,
also cause considerable crop damage and soil ardsi@988, Hurricane Joan forced hundreds of

32 http://countrystudies.us/nicaragua/21.htm; hiymalv.britannica.com/eb/article-40972/Nicaragua

33 United Nations 2007; CIA World Factbook 200ps://www.cia.gov/library/publications/the-world-
factbook/geos/nu.html#PeopldNISEF http://www.unicef.org/infobycountry/nicaragua_sséitis.htmj Human
Development Report UNEP 2006 http://hdr.undp.onf2B@6/statistics/countries/country_fact _sheetsfstyNIC.html
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thousands of Nicaraguans to flee their homes ansechmore than US$1 billion in damage, most
of it along the Caribbean coast.

Figure 35 summarises projected changes in seasnpérature and precipitation in Nicaragua
during the 21 century from global climate models. Annual meagcjpitation is expected to
decrease by 8% by 2010 to 37% by 2100, relatii®&1-1990. Mean annual temperature is
projected to rise by 0.8°C up to 2010 and by XC-I&¢ 2100 for different scenarios. The most
significant changes in precipitation are expectedreas that are already dry, such as the northern
part of the country, and the area north of Chingadend Ledn. The annual precipitation in these
areas is expected to fall below 500 mm, which wdwde important adverse effects on agriculture
and animal husbandry (Primera Comunicacion, 2008.frequency and occurrence of extreme
weather events such as windstorms, tornados,Heait,waves and heavy precipitation are expected
to increase in the future with climate change. émttal America, projected mean precipitation
decrease is accompanied by more frequent dry eggémall seasons (IPCC 2007b, 13/20).
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Figure 35 Nicaragua: projected changes in mean seasonal tatape (°C) and precipitation (percent) betweeneine
of the 20" (1961-90) and the 21(2070-99) centuries from four climate models (spigh ¢ CGCM2 (Canada)\
CSIROmMK2 (Australia);s DOE PCM (USA);x HadCM3 (UK), for four emissions scenarios (coR)uA1lFI — dark
brown, A2 — light brown, B2 — light blue, B1 — daslue. Seasons: DJF=December-February, MAM=Marcl;Ma
JJA=June-August; SON=September-November. Sourciéshdll et al. 2002;
http://www.cru.uea.ac.uk/%7Etimm/climate/ateam/TYN_Q@GYO0.html

Changes in runoff will affect hydropower productiand create situations where different users

compete for scarce resources. The watersheds aktre El Tamarindo, Rio Viejo and Guanas are
very vulnerable to climate change. Groundwateruesss will also be affected, with decreases
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expected by 2050. The cities of Nicaragua are\alswerable to the impacts of climate change due
to water stress and water quality problems (PrinGaunicacion 2001).

7.4.General issues of development in relation to climathange

Climate change will affect the potential for dey@izent in many developing countries by reducing
the production potential of the economy. The maglgtof this impact depends on vulnerability and
the country's institutional capacity to adapt. Wertitutions in developing countries may hamper
the capacity to adapt or to mitigate climate chahgsitutions can be understood as the core
allocation mechanisms and the structure of sothetyyorganises markets and other interactions.
Their role is critical in an economy's capacityuse resources optimally. Therefore policies should
enhance institutions such as the financial settfayrmation and risk sharing, as well as general
market development. Most economic sectors thaa #oeus for development efforts are climate
sensitive, including agriculture, water resourdesestry, health, energy and infrastructure. Clenat
change adaptation as well as mitigation can inchaleies like financial and technology transfer,
institutional strengthening and market improvemeinds enhance the productive capacity of the
country. Incorporating climate knowledge into therkwcould also enhance the effectiveness of
development efforts (Hellmuth et al. 2007; Halsnaed Verhagen 2007, 667- 678).

Many developing countries deviate from optimal tgse allocation. However, climate policy
measures often aim for optimal resource allocatypmternalising environmental externalities like
climate change into the market mechanism. Instrasm&urch as taxes, emission trading and
insurance markets are used. Therefore, these peloammmendations need to be considered
cautiously when implemented in a context, whereenirmarket structures and resource allocation
are far from optimal (Halsnaes and Verhagen 2067,6%8).

According to UNDP (2002), strengthening national &tal capacities to manage climate-related
risks and addressing short-term vulnerabilitiethésbest strategy to be able to manage more
complex climate risks in the future. Medium andgdarm adaptation should begin today with
efforts to improve current risk management and &deam. It is also more feasible to mobilize
national and international resources to manageiatirgg risk than to address a hypothetical future
scenario. Adaptation and disaster risk reductiéoresf need to be integrated into climate risk
management (World Bank 2006, 23; Halsnaes and gerhda007, 678).

There exist synergies between climate change psland the sustainable development agenda in
developing countries. These include energy effiyenenewable energy, transport and sustainable
land-use policies. For example, promotion of rert@e/@nergy is a mitigation measure with
positive climate effects, but it also helps toiatf@overty alleviation, clean development and
sustainable development goals. Adaptation stragegfia also improve the efficiency of economies
by strengthening local institutions and introduciveyv technologies. There could be synergies
between climate change and other policies suchas®tdesigned to combat desertification and
preserve biodiversity. There are also many linkdgseen the Millennium Development Goals
and climate change policies — for example, betwkergoal of poverty alleviation and climate
policy objectives such as improved energy accedsrameased food and water supply ( Hellmuth
et al. 2007, 3; Beg et al. 2002; Halsnaes and \geh@007, 672, 678; UNDP/GEF 2004).

Climate change will also affect insurance optionthe developing world. This arises from a
combination of inferior disaster preparedness aadvery, more vulnerable infrastructure due to
lack or non-enforcement of building codes, highatejency on coastal and agricultural economic
activities, and lack of funds to invest in disagtsilient adaptation projects. As insurability
declines because of larger risks associated witiatd change, private insurers face increasing
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difficulties in handling the risks. As commerciakurability declines, demands emerge to expand
existing government-provided insurance for flood arop, and to assume new risks such as
wildfires and storms. Ultimate costs will most likée shifted back to individuals and businesses
affected by climate change. In developing countaek of insurance is compounded because in
general international aid for natural disastersdedined as a percentage of donor country GDP in
recent years (Mills 2005, 1042).

Climate science and climate considerations neée iategrated into multidisciplinary
development planning and projects. The approactuldhoe participatory, involving all primary
stakeholders to ensure that the real needs aréHaknuth et al. 2007, 3). Climate sensitive
projects are those that are at risk themselves, @si@n investment that could be destroyed by
flooding. But projects that affect the vulneralyildf other natural or human systems can also be
regarded as climate sensitive. For instance, nadsraight be fully weatherproof from an
engineering standpoint, but they may also triggev settlements in high-risk areas, or they may
have a negative effect on the resilience of tharahenvironment, thus exposing the area to
increased climate risks. These considerations dimitaken into account in development project
design and implementation (Argawal et al. 2003, 22)

Within climate sensitive sectors there can be awigectrum of exposure to climate risks. For
example, rain-fed agriculture projects may be mmoine vulnerable than projects in areas with
reliable irrigation. At the same time, the irrigatisystems themselves may also be at risk, further
complicating the picture. Similarly, most educatmmojects would hardly be affected by climatic
circumstances, but school buildings in flood-praneas may well be at risk. Without an in-depth
examination of risks to individual projects, itiispossible to capture such differences (Argawal et
al. 2003, 22).

It should also be remembered that climate is only factor affecting development. For example,
strengthening livelihoods and off-farm activitieswd reduce poor farmers’ vulnerability to
climate variability and extremes. Incorporatingr@ite information into development work also has
the potential for synergistic results. In the fa€an uncertain climate, farmers play safe and adop
conservative management strategies, which coulddseprofitable in the longer run. Reducing
climate uncertainty could help farmers to inveshéw technologies and more innovative
approaches.
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8. Conclusions: potential impacts and policy considet#ons
8.1.International impacts of climate change and theiofential effects on Finland

Research on the impacts of climate change in Fihilladicates that in the near future, and if climate
change is not very rapid or strong, there couldhbeed impacts for Finland, some beneficial such
as increased growth of forests and some negatoreasiincreased risk of floods and periods of
droughts. In these circumstances, the largest aapdins of climate change for Finland could come
from impacts outside Finland, which in many regians expected to be severe even under
moderate amounts of global warming. Climate charagehave impacts on the world economy and
development and have repercussions for the Firmuishomy and society. Moreover, international
climate policy to address the global problems dbedrin this report will have direct implications
for Finnish policy making and society.

On the other hand, if regional climate change psdieor if there are abrupt changes brought about
by the climate system crossing some critical tho&klhen impacts in Finland could be more
negative and severe. For example, high rates ahwgrand a northward shifts in vegetation zones
may exceed the natural capacity of forest ecosysteradapt. This, combined with rapid invasions
of exotic pests and diseases, stronger wind stdreasy precipitation events and prolonged periods
of drought, could lead to acute problems of focesturbance through fire, pest attack and wind
throw. Events such as a rapid melting of the Geeshiand west Antarctic ice sheets could increase
sea level substantially, which would affect Finldath directly but also indirectly though the
damaging impacts of sea level rise felt worldwille.abrupt transition of the North Atlantic

Current, though regarded as very unlikely durirg2f' century (IPCC 2007a), would cause
cooling across much of Fennoscandia, with sevepaats in many sectors.

Under either of the above scenarios, climate changacts in other parts of the world are likely to
have implications for Finnish society. In Finlanskif, and with the exception of abrupt
discontinuities in the climate system, climate a®is unlikely to be the major factor or driving
force of change during the coming century. Othetdis, of a political, economic, and institutional
nature, will determine the rate and direction cdrogpe and the outcome. Agriculture, forestry,
energy, transport and tourism are among the seittarsre likely to be affected by climate change
impacts in Finland and elsewhere in the world. Haevethe manner in which these effects are
manifested is likely to be strongly influenced lolipy.

Agricultural production worldwide will be affectdwy climate change. Production conditions are
expected to deteriorate in some parts of the wortduding parts of Africa, Latin America and the
Mediterranean region. Changes in agricultural pctida could affect prices, and Finland's
competitive position with the rest of the world tahange. However, the eventual outcomes will
be dependent on other factors than climate alogacitural policies dominate the agricultural
sector in Europe, and issues such as the allocatilamd to meet demand for bioenergy as well as
food could have large impacts on Finnish agriceltliris possible, however, that improved
production potential under a changing climate nager Finland's competitive position and the
demand for agricultural land area may increasaerfuture, with possible intensification of
agriculture in southern Finland (Hilden et al. 2D05

The OECD estimates that international market priceagricultural commodities will increase due

to increased demand for biofuel production (OECD7)0Prices of feedstock, in particular , are
expected to increase, as there will be more cotmpefor its use as animal feed or as biofuel.
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Higher commodity prices will affect most of the fiebd importing developing countries and poor
urban populations everywhere. Costs are likelytoaase for livestock farmers , affecting the
profitability of production. In Finland too, cropipes and, indirectly through higher feed costs, th
prices for livestock products are expected to iasee In the next 10 years, substantial amounts of
maize in the US, wheat and rapeseed in the EU agat $n Brazil will be used for ethanol and bio-
diesel production (OECD 2007). In most temperateezoountries ethanol and bio-diesel
production are currently not economically viableheut support. However, new production
technologies, changes in biofuel policies and/arude oil prices could affect the production costs
and prices of biofuels.

Climate change impacts in other parts of the woald affect the Finnish forest sector in several
ways. Demand for Finnish wood is expected to chahgeto increased global demand for wood
bioenergy. An increase in demand for wood for ep@rduction could change the price of wood,
but also its availability as a raw material fordst industries. In Finland, forest growth is expdct
to increase due to climate change, but other regiothe world could be negatively affected. In
some parts of Latin America there is a high riskooést loss and conditions for forests are
projected to deteriorate in some regions. If fopghtations in a region are also negatively
affected, this could have consequences for thelgabppvood as a raw material and for forest
industries in the region. The importance of forast€arbon sinks can increase in the future,
possibly changing the primary management goalsmwiesforests from wood production to carbon
sequestration and recreational use. Nature basedrois projected to increase in the future as
well, and if conditions at destinations that arerently popular for tourism deteriorate due to
climate change, the attractiveness of Finland astamative destination for foreign tourists could
increase, and the recreational importance of Hinfugests and nature reserves will be enhanced.

Climate change is expected to affect the skiingsne the Alps — the number of naturally snow-
reliable areas is projected to drop to about twia$hof the current areas under a warming of 2C. |
is possible that the number of ski tourists to @rand northern Finland — where reliable seasonal
snow cover is anticipated for at least the nextdewades — will increase in the future. However, it
is also possible that there will be behaviourainges, with people switching to other types of
sports and recreation. The Mediterranean regicanently the most popular tourist destination in
the world. Climate change is projected to changesttmmer conditions there and increase heat
waves and droughts in the region. The Mediterrameard therefore lose its attractiveness as a
summer tourism destination. Tourism could shiftihards in the summer, and Baltic Sea
locations, including Finland, have been toutedtiactive alternatives as summer tourist
destinations. Finns themselves may also changeli@baviour and travel more in Finland during
the summer. The outcome of these impacts on thestoundustry in Finland will be determined by
the tourists' responses to the changes. It isylikkbugh, that at least in the near future thexdda:

be some benefits to summer tourism in Finland arshow-based tourism in northern Finland.

Reliable energy supply is crucial for Finland. Glite change could affect energy supply and
transmission in Scandinavia and Russia. Stormeeased windiness and changed ice and snow
conditions could affect the electricity transmissimes and cause power outages. Thawing
permafrost can damage oil and gas pipes and caeakshn supply. On the other hand, hydro-
electric power potential is estimated to increagh &warmer and wetter climate in Fennoscandia.

Climate warming is already affecting the Arctic ssacover. In the future, if the trend of sea ice
melting continues, the northern sea routes coutdiine navigable for seasonal transport, and
natural resource exploitation in the Arctic Seagegould increase. Together, these developments
could have important geopolitical implications,lumting consequences for Finland and for the
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regional development in the Arctic. For exampl&grger proportion of transport to and from
Russia could go through northern Finland. The irtgrare of the Baltic Sea for marine transport
could change with enhanced seasonal access thtibe@bulf of Bothnia. Enhanced exploitation of
natural resources in the Arctic Ocean could alse haplications for regional development and
planning in northern Finland.

The impacts of climate change on the Finnish econam not expected to be very large in the near
future. Economic aggregate impacts are probablyestodut climate change induced changes in
foreign trade could be an important source of esnoampacts for Finland. However, so far the
magnitude of these impacts has not been assedsediifistry of Finance has estimated that
mitigation measures would bring challenges to tim@ish economy and could lead to reduced
production and employment level in Finland (Minystf Finance 2007). Gradual mitigation
measures would have smaller impacts than abrupigesain policies. However, climate policies
could also bring benefits, through damages avoid#édmitigation and adaptation policies and
through ancillary benefits. If climate policies veg the dependency on fossil fuels, other benefits
than climate protection include possible reductionair pollution, benefits to energy security and
less marine pollution from oil spills (Perrels €t2005; Ministry of Finance 2007).

Climate change has many potential environmentaseguences and will have profound
implications for the quality of life and livelihosdf hundreds of millions of people. The impacts of
climate change on water resources and agriculpuoaluction in the world could be one factor in
emergence of conflicts and forced migration. Thesehchains and links between climate change
and conflicts are complex, though, and it is diffidco show how much climate related impacts
affect the emergence of conflicts and migratiorr. &@ample, part of the likely climate-related
reduction in agricultural and resource-based empéoyt can be absorbed by processes of economic
change. Also, large migration is already on-gomghie world. The urban population is growing
worldwide and it could be difficult to distinguishis population movement from environmental
forced migration. Urban populations, and partidyléne urban poor, are already vulnerable to
climate change. There are large mega cities inldpig countries in low elevation coastal zones
that are vulnerable to sea level rise. Increasepation to these cities could exacerbate the
problems and the migrants themselves are likebetbighly vulnerable (Nordas and Gleditsch
2007, UNFPA 2007). However, forced migration isssue that needs to be taken into
consideration in development co-operation, inteomai policies and possibly also in national
refugee policies. Currently there is no categorhanUNFCR classification of refugees for
environmental refugees, but it is possible that gnoup of refugees will increase in the future and
their needs and rights will need to be taken imtostderation.

8.2.Policy implications of international climate changenpacts

Climate change impacts elsewhere in the world atetnational climate policy will have
implications for Finnish policymaking. Internatidr@mmmitments and EU regulations need to be
taken into account in national strategies, lawsragdlations. There is also a need to mainstream
change issues into development co-operation stestgglans and measures in Finland, which has
already been recognised in Finnish developmentpawadion.

Finland ratified the UNFCCC in 1994 and the KyototBcol in 2002, together with the other EU
countries. In the international climate negotiasioRinland acts as part of the EU. The European
Union underlines the importance of achieving thgctive of limiting the global average
temperature increase to not more than 2°C abovmgustrial levels. An integrated approach to
climate and energy policy is needed to realisedhjsctive. The EU endorses, inter alia, the
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strengthening and extension of global carbon markieé development, deployment and transfer of
necessary technology to reduce emissions, appte@uaptation measures, action on deforestation
and addressing emissions from aviation and maritraresportation, as essential parts of an
effective and appropriate framework beyond 2012(Tlouncil of the European Union 2007).
Finland will have to take these objectives and messsinto account when making national policies
and strategies. Also, questions of justice and @sation for those suffering most of climate
change should be considered in international cérpaticymaking. It is necessary to involve all
countries in climate negotiations and decision mgki especially those that are most severely
affected.

The Arctic Council in its Inari Declaration (200&cognises that global climate change will have
large consequences in the Arctic and that the &azth act as an early warning of global climate
changes. The Arctic Council emphasized the impodari continued dialogue on consequences
and policy measures among national governmentsl tmenmunities, regional administrations,
business community and researches and early ¢tajpadiding for mitigation and adaptation.

Many international and multinational agencies aressing the need to mainstream climate change
issues into development co-operation strategiepbans and sectoral strategies. Some central
issues include disaster management and risk maregeimproving security, technology transfer,
capacity building for adaptation, education andrawass building, creating insurance options, and
including stakeholders. Development co-operatidoref should be targeted to ensure protection of
individuals from climate related disasters andptevention of loss of housing and means of
livelihood due to climate induced hazards, so thatnumbers of people forced to migrate due to
environmental changes can be reduced. Also, imnat®nal policy making, the rights and opinions
of potential forced migrants should be heard.

The objective of the Nairobi Work Programme is ¢gist parties to the UNFCCC, in particular
developing countries, to improve their understagdind assessment of impacts. vulnerability and
adaptation, and to assist the countries to makernréd decisions on practical adaptation actions
and measures to respond to climate change on a soientific, technical and socio-economic
basis. Responses to climate change should be catediwith social and economic development in
an integrated manner and with a view of avoidingease impacts to economic development.
Experiences and lessons should also be taken fdaptation activities already undertaken in
different countries and at national, sectoral amall levels.

The Finnish development co-operation partners alevable to many impacts of climate change.
In Africa, the partner countries face increasekisrisf water stress, droughts and floods and adverse
impacts to agricultural production. In Asia, rigksthe partner countries include declining yields,
biodiversity loss and risks of flooding. Climateacige could increase food insecurity in some
regions in the world, Africa and parts of Asia wabble most at risk. In central America, risks of
climate change include increased floods and intge$itropical cyclones. Under the UNFCCC,
facilitating comprehensive national adaptationtstyees and committing reliable funding for high-
priority implementation projects are supportedgoyactive adaptation. Also mandatory climate
risk assessments similar to environmental assessraieould be part of development co-operation
projects. Climate insurance measures would comunids to support climate relief or insurance-
type approaches in vulnerable countries for lossgslting from both climate change and current
climate variability (Burton et al. 2006).
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Annex 1: Projected impacts of climate change in dérent world regions

Table A 1 Projected climate change impacts in Eufdpe

Sector

Impacts

Hot spots/ vulnerabilities

Water
resources,
aquatic
ecosystems

Higher risks of oxygen depletion, eutrophicatiolgah
blooms and increased growth of toxic syanobacteria
lakes and rivers and brackish water due to longerigg
seasons, warming of inland waters. In southern Eyrop
salinisation of inland waters can increase dueweet
volume.

Increased frequency of high rainfall events conldéase
nutrient discharge

Increased water stress in C af
S Europe by the end of the
century

nd

Agriculture

In northern Europe, increases in crop yields apeeted.
Yield is expected to increase for autumn-sown cr§gasne
southern crops (maize, soybean, sunflower) wilbbae
more suitable further north or higher altitudes

Largest reductions in crop yields are expectedén th
Mediterranean, southwest Balkans and in the sduth o
European Russia. For spring- and autumn sown crops
decreases in yield are expected in S Europe asawell
increased water demand for spring sown crops

In the Mediterranean, extreme climate events &edylito
reduce the yield of summer crops (heat stressghigh
rainfall intensity, longer dry spells)

In the Mediterranean increase
risk of droughts, water stress,
crop yield reduction

Forests

In N Europe, net primary productivity and biomass of
forests are expected to increase substantiallestarea is
expands in the north, and current tundra area dsese In
N Europe, snow cover will decrease, frost freequiriand
winter rainfall increase => increased soil watgglimg and
winter floods. Frost damage is expected to be rediirc
winter, remain unchanged in spring and become more
severe in autumn due to late hardening

Native conifers are likely to be replaced by deoigkitrees
in W and Central Europe. By 2071-2100 in continental
Central Europe and S Europe NPP of conifers igylitee
decrease due to water limitations and higher teatpegs.
Fire danger, length of fire season and fire freqyeand
severity likely to increase in the Mediterranean

The range of important forest insect pests may ekpan
northward

Increased risk of wild fire
Increased risk of droughts
Water stress increases in S a
Central Europe

nd

Biodiversity

Range of plants is likely to expand northward aomtiact
in southern mountains and the Mediterranean basin.
Species would generally shift form SW to NE.

Sea level rise will have major impacts for biodaigy:
flooding of the haul-out sites of seals, increasskl of
diseases for dolphins, loss of habitat of sealgiglon ice
for breeding, deterioration of wetlands

A 1°C warming in the Alps could result in the 1a$10%
of local endemic plants, a 5°C warming would pradac
97% loss

Under a 2-3°C warming, loss >50% of coastal wetland
habitat likely

More than half of modelled
European flora species (10%
all) could become vulnerable,
endangered, critically
endangered or committed to
extinction by 2080 if they werg
unable to disperse.

34 Sources: Alcamo et al. 2007; EEA 2005; Stern 2006
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Energy Demand for heating decreases and demand for goolin Hydropower potential
increases decreases
By 2070s, hydropower potential for the whole of &he is Area of biofuels estimated to
expected to decline by 6%: to decrease 20-50% droun increase
Mediterranean and increase 15-30% in N and E Europe Distribution of energy is
Land area devoted to biofuels may increase by arfaft vulnerable to climate change
two to three in all parts of Europe.
More solar energy will be available in the Meditarean
region

Settlements High winds may affect safety of air, sea and laadgport Increased risk of erosion and

and,transport

Reduced incidences of frost and snow will reduce
maintenance and treatment cost. Reduced groundafiibs
decrease carrying capacity of some roads. Thawfing o
ground permafrost will disrupt access through srade
road seasons and can cause damage to infrastructure
Droughts and reduced runoff may affect river natitga
on major thoroughfares such as the Rhine, shrinkadge
subsidence may damage infrastructure

Reduced sea ice and thawing around the Arctic will
increase marine access and navigable periodsdor th
Northern Sea Route

landslides

Health Increased risk of heat waves
Tourism Higher summer temperatures may lead to a gradual Summer tourism in the
decrease in summer tourism in the Mediterraneararu Mediterranean at risk
increase in tourism in spring and autumn Winter tourism at the Alps at
Ski industry in central Europe is likely to be digted by risk
significant reductions in natural snow cover —@ fi%e
leads to 4 fewer weeks of skiing days in winter &ridwer
weeks in spring in the Austrian Alps (600 m in veinand
1400 m in spring)
Mountain Duration of snow cover expected to decrease byrakve Glacier retreat and decrease i
ecosystems weeks for each °C of temperature increase in ths Al spring and summer discharge

region and in middle elevations

An upward shift of the glacier equilibrium line &0
m/°C. Glaciers will experience a substantial rdétdesing
this century; small glaciers will disappear, largkaciers
will suffer a volume reduction of 30-70% by 2058pring
and summer discharge of water to rivers fed bywraér
will decrease.

Lower elevation of permafrost is likely to rise taveral
100 meters

Mountain walls will be destabilised, frequency o€k falls
increase

Treeline in predicted to move upward by several head
meters

Risk of avalanches and erosid
increases

Large changes in mountain
flora and fauna

Permafrost is
thawing/disappearing

>

Coastal areag
and lowlands

Some further increase in wind speeds and stormsittein
the north-eastern Atlantic (2010-2030), with a tsbif
storm centre maxima closer to European coasts =g-win
driven waves and storm surges => erosion and fiapiti
estuaries, deltas and embayments

Sea level rise: flooding, land loss, salinisatién o
groundwater, destruction of built property and
infrastructure

Coastal flooding could affect
large populations

Risks associated with increas
storms
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Table A 2 Projected climate change impacts in North América

Sector

Impacts

Hot spots/ vulnerabilities

Water
resources,
aquatic
ecosystems

Earlier melting and significant reductions in snoalpa
the western mountains by mid century are expedtted.
mountain snowmelt-dominated watersheds, snowmeit r
off advances and winter and early spring flowsease,
summer flows decrease substantially

Heavily-utilised ground water systems in the sowgsiw
U.S. are likely to experience additional stress lsads to
decreased recharge

Warming of lakes is likely to extend and intensfynmmer
thermal stratification, contributing to oxygen defmn

Heavily utilised water systems
in western U.S. and Canada
will be especially vulnerable
Increased risk of heavy
precipitation events but also
droughts

Agriculture

With moderate climate change, yields will likelyciease
in rain fed agriculture (5-20%, first half of therttury), but
spatial variability is large

For corn, rice, sorghum, soybean, wheat, commaagks,
cotton positive effects are expected

Crops that are currently near climate thresholdegun
California) will suffer decreases in yields andatlity even
with modest warming

Risks for early season frost and damaging wintaswhfor
fruit production in Great Lakes and Canada
Possibility for late season heat stress for soybean
There is potential for increased drought in the G&at
Plains/Canadian Prairies and opportunities fomédid
northward shift of production areas in Canada.

Decreasing precipitation a
challenge

Forests

Overall forest growth will increase 10-20% ovessthi
century. Mixed to positive effects for commerciatdstry
Greater water limitations in western forests expect
Increased NPP at higher latitudes, result of exparc
forests into tundra and longer growing seasons
Climate change is likely to cause changes in thieraand
extent fire and insect outbreaks. Possibility lzdrnges in
fire regimes, including an earlier start to the fieason,
and significant increases in the area experiengiglg to
extreme fire danger.

Disturbances from pests and
wild fires

Biodiversity

Warming will lengthen growing seasons
Drought limited ecosystems projected to increasé pér
degree of warming in the continental U.S.

Energy

A significant increase in demand for electricity §pace
cooling expected

Settlements
and transport

Infrastructure in Alaska and northern Canada vialblerto
warming, thawing of permafrost creates problems
Urban flood risks increase

Warmer and less snowy winters will likely reducdags,
improve ground and air transportation reliabiligcrease
the need for winter road maintenance

More intense storms could increase risks for tiavel
safety and require increased snow removal

Coastal and riverine floods and landslides affect
transportation negatively

Increased heat spells will damage railway tracks

Thawing of permafrost will
affect foundations, pipelines,
road and railway embankmen

Less reliable supplies of water

for urban water systems
Coastal areas and erosion an
flooding

IS

% Boko et al. 2007; EPA 2007 http://www.epa.gov/cliewange/index.html
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Health

Severe heat waves will intensify in magnitude andation
over the portions of U.S. and Canada where theadir
occur

Surface ozone concentration will increase in a vearm
climate => risks to people with asthma and lungakies
Increased pollen in air

The northern range for the tick carrying Lyme disease
could shift north by 200 km by the 202s, 1000 kn?B@0s

Increased risk of severe heat
waves and adverse health
effects especially in cities

Tourism

Coastal tourism areas vulnerable to sea level rise
Climate induced environmental changes would affect
nature-based tourism

Risks for ski industry — without snowmaking the skason
in western North America will likely shorten substially
(3-6- weeks 2050s; 7-15 weeks 2080s)

Snowmobiling industry most vulnerable

Coastal areag

and lowlands

Rapid coastal development reduces the effectiveafess
natural protective features in the coastal zone.
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Table A 3 Projected climate change impacts in Latin Améfica

Sector Impacts Hot spots/ vulnerabilities
Water = Number of people to experience increased watessise | = Severe water stresses could be
resources, estimated to range from 12 to 81 million in 20208178 expected in east Central
aquatic million in the 2050s. America, in the plains,
ecosystems | = Current vulnerabilities will be increased by grogin Montagua valley and Pacific
water demands due to an increasing population aate, slopes of Guatemala, east and
the future drier conditions in many basins. western regions of El Salvador,
= On going rapid glacier recession is projected ttiooe the Central Valley ad Pacific
and cause enhanced discharge at the expense of region of Costa Rica, in the
catchment storage northern, central and western
= Reduction of glaciers will effect water availahjlin intermountain regions of
Colombia (2015-2025) and could impact availabitify Honduras and in the peninsula of
water supply for 60% of the population of Peru. Azuero in Panama
= In Ecuador, 7 of the 11 principal basins would Heciéd | = Increasing risk of landslides and
by a decrease in annual runoffs mudflows
= Under severe dry conditions, combined with = Reduction of glaciers could
deforestation, soil erosion and abusive use of severely affect the availability of
agrochemicals, surface and groundwater quality will water resources for mlllions of
deteriorate in Nicaragua, Costa Rica, Central Yalle people, particularly during dry
rivers in Central America, Magdalena river in Cohia) periods. Among the Andean
Rapel river in Chile, and Uruguay river. countries, at risk are Bolivia,
Ecuador, and Peru
= More run-off in north-western
South America and less runoff [n
Central America
Agriculture = All over the region, rice yields are projected &xkase | = Reduction in yields in parts of

after 2010. For smallholders, a reduction of 10%naize
yields is expected by 2055. Venezuelan piedmorndyie
are predicted to decline almost to zero by 2055

In Mexico grain yield could be reduced by 30% ; in
Argentina grain yield could be increased by 5% (®08
(CO, effects considered)

An increase of heat stress and more dry soils mdyae
yields to 1/3 in tropic and subtropic areas

In drier areas of L America, salinisation and
desertification of agricultural lands is likely Witlimate
change. By 2050, 50% of agricultural lands in L Aice
will be affected

Reduction of suitable lands for coffee in Braziidaa
reduction in coffee production in Mexico expected
Soybean yields are expected to increase whene@férts
are considered (after 2010)

In temperate areas as Argentinean and Uruguayan
pampas, pastures productivity could increase 182 (
2020)

Risks of pests and diseases increases

the continent. More heat stress
and drier soils

Salinisation and desertification
of agricultural lands

3¢ Sources: Arnell 2004, 26; Caceres 2004, 27; UNEIB2 27; UNEP 2007, 141; ECLAC 2002, Ramirez e0al2
27;: UNMSM 2005, 27
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Forests By 2050 (increase of 2°C of surface temperaturg, A2 High risk of forest loss shown
potentially 24% of 138 tree species of the Cergrakzil for Central America, Amazonia
savannas (Cerrados) could become extinct. By thetn More frequent wild fires
the century, 43% of 69 studied tree species coedthime projected for Amazonia and
extinct in Amazonia. much of South America (for
A tendency of savannisation indicated for eastern temperature increase of over 3¢C
Amazonia and the tropical forests of central ardsthuth over 60% increase in wild fires).
of Mexico.

Biodiversity In terms of species and biome distributions, larger 40% of Amazonian forests could
impacts would occur over northeast Amazonia thaar ov react drastically even to a sligh
western Amazonia. reduction of precipitation
In Northeast Brazil and central and northern Mexico The risks of forest loss in some|
semi-arid vegetation would be replaced by vegetatio parts of Amazonia exceed 40%
arid regions (by end of century) for increases of temperature over
Mountain cloudy forests will be threatened if temgtere 3°C
increases 1-2°C during the next 50 years Forests can be replaced by
In Mexico, species extinction could sharply inceeas ecosystems that have more

resistance to multiple stresses
caused by temperature increasg,
droughts and fires, such as
tropical savannas

Energy Hydropower production will be affected by the retiore

of glaciers, especially in Peru (UNMSM 2005, p. 27)

Coastal areag
and lowlands

Significant impacts of projected climate change seat
level rise are expected for 2050-2080 on the Latin
American coastal areas. Coastal areas will be hiazly
to suffer floods, erosion and salinisation of lomda, with
high impacts on people, resources and economic
activities.
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Table A 4Projected climate change impacts in Afffca

Sector Impacts Hot spots/ vulnerabilities
Water = Population at increased risk of water stress inicAfrby | = Water stress increases in
resources, 2020s 75-250 million; by 2050s 350-600 million. Like Northern and Southern Africa
aquatic increase in water stress in northern and southé&icad a (2055).
ecosystems reduction in water stress in eastern and westerigaAf
= In southern Africa, almost all countries excepttBou
Africa, will likely experience significant reductian
stream flow
Agriculture = Mixed rain-fed semi-arid systems in the Sahel, mhixe = Parts of Sahara will likely
rain-fed and highland perennial systems in the Grea emerge as the most vulnerable
Lakes region and in other parts of East Africa negéiti West Africa and central Africa
affected (A1, B1). 2000-2020 in Southern Africa, are also vulnerable
deficiencies in yields from rain-based agricultoogild be| = (2080) significant decrease in
up to 50%. By 2080, a significant decrease in bléta rain-fed land extent
rain-fed land extent and production potential obeds = In Egypt, climate change could
are projected decrease national production o
= Marginal agricultural areas become more marginal, many crops (-11% for rice, -289
moderate impacts on coastal systems (B1) for soybeans) by year 2050
= Arid and semi-arid land in Africa could increase38%
(60-90 million ha) by 2080
= Growing seasons may lengthen in some areas (Ethiopia
highlands)
= Reduction in frost on the alpine zones of Mt. Keaya
Mt. Kilimanjaro => possibility to grow more tempéga
crops
Biodiversity | = Estimated 5000 plants impacted, for 81-97% of which = For Fynbos and succulent Karg
substantial reductions in areas of suitable climate biomes, 51-61% losses
= Mountain ecosystems are already undergoing sigmific estimated by 2050
changes, by 2020 ice cap on Mt. Kilimanjaro could = Losses of nyala and zebra
disappear (Malawi), losses of greater thary
= Species range shifts expected, changes in tree 50% of some species in Kruger
productivity park, South Africa projected
= Notable changes for grasslands = Projected losses of over 50%
= Disappearance of low-lying corals and losses in for some bird species by 2050
biodiversity expected (A2)
= Mangroves and coral reefs
negatively affected by climate
change
Settlements, | = Storm surges, flash floods and tropical cyclonegted = Negative impacts of climate
Transport with localized population concentrations could ire@o change could create a new set
threats refugees => migration into new
= Coastal settelements affected settlements and change into ng
livelihoods, repetitive migration
short-term migration
= Coastal megacities affected
Health = For countries that currently have a limited capaimt = Tens of millions of additional
control malaria, additional populations could beisi of people could be at risk of
the disease. Previously unsuitable areas couldhbeco malaria by the 2080s
suitable for transmission due to changing climate
conditions and create possibilities for malariadepiics
Tourism = Very few assessments available
= |tis likely that flood risks and water pollutioelated
diseases in low lying regions, coral bleaching doul
negatively affect tourism
Mountain = Mountain ecosystems affected, already significant
ecosystems changes observed

37 Sources: IRI 2007;, Stern 2006; IPCC 2007; vashdet et al. 2004;
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Coastal areag
and lowlands

Highly productive ecosystems (mangroves, estuaries,
deltas, coral reefs) are located in the coastat zon
40% of population of West Africa live in coastdies, by
2015 3 coastal mega cities of at least 8 millioopbe will
be located in Africa

Potential flood risk areas by 2080 in coastal agithit
areas: North Africa, West Africa, southern Africa

Mangroves and coral reefs
negatively affected

It is expected that 500 km
coastline between Accra and th
Niger delta will become a
continuous megalopolis of mor
than 500 million people by 202
=> concentration of poor peoplé
in potentially hazardous areas
=> increased vulnerability
Cities like Lagos and Alexandri
will likely be impacted

Flood risks increase

o
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Table A 5Projected climate change impacts in ASia

[

)

Sector Impacts Hot spots/ vulnerabilities
Water = The Himalayas-Hindu Kush, Kunlun Shan, Pamirand| = the Mekong: increased risk of
resources, Tien Shan mountain ranges provide water to people flooding during the wet season
aquatic through much of Asia — the glaciers and snow caver and increased possibility of
ecosystems projected to diminish greatly affecting water syppl water shortage during dry seaspn
= Variability of river runoff is projected to changesome (2010-38, 2070-2099)
parts of Russia; extremely low runoff may occur muc | = Melting of glaciers could
more frequently in south-western crop growing raegio seriously affect 0.5 billion
= In Lebanon, net usable water resources will likely people in the Himalaya-Hindu-
decrease by 15% for a temperature rise of 1.29C (2 Kush region and 0.25 billion
CGO,), while the flows of rivers are expected to ing@a people in China who depend on
winter and decrease in spring. glacial melt for their water
= In the Mekong basin, increased flood risks durireg w = Increased risk of glacial lake
season and increased possibility of water shodageg outburst floods in the Himalaya
dry season are projected
= Permafrost thawing on well-drained portions of st®p
and highlands in Russia and Mongolia will improke t
drainage conditions and lead to a decrease inrthend
water content.
Agriculture = By the end of this century: crop yields could imseup | = Substantial decreases in cerea
to 20% in E and SE Asia, rise production could ehechy production potential likely by
3.8%. Grain and fodder productions could decregse b the end of 2% century but
26% and 9% in N Asia. regional differences in response
= Substantial losses are likely in rain-fed whedb iand SE of wheat, maize, rice yields are
Asia. A 2°C increase in mean air temperature could great
decrease rain-fed rice yields by 5-12% in Chin&S In = Decrease in crop yields up to
Asia, drop in yields for non-irrigated wheat anserivill 30% in C. and S Asia. Net ceregl
be significant for a temperature increase beyobe. production in S Asian countries
= Agricultural irrigation demand in arid and semiehri in projected to decline at least 4
regions of Asia is estimated to increase at |e@%4 for 10% by the end of 2icentury
increase in temperature of 1°C. = In Bangladesh, decline in
= A northward shift of agricultural zones is likely= production of rise (8%) and
shrinking of the high mountainous and forest stepp wheat (32%) by 2050
zones and expansion of the steppe and desert stéppke| = A reduction of primary
temperate grassland is projected to shift northvaati production in the tropical ocean
the net primary productivity will decline. => potentially large changes in
= Limited fodder production, heat stress, limited wate production of fish. Also Arctic
intake=> reduced milk yields and increased incigenfc marine fishery could be greatly
some diseases. influenced
= Arctic marine fishery would be greatly influenced. = Grasslands, livestock and water
Moderate warming is likely to improve conditions fo resources in marginal areas of
some fisheries (cod, herring). Higher temperatares central and SE Asia are likely to
reduced ice cover would increase productivity sfifi be vulnerable. Food insecurity
prey. Northern shrimp will likely decrease witkeaiin and loss of livelihood likely to
sea surface temperatures. be further exacerbated by the
loss of cultivated land and
nursery areas for fisheries by
inundation and coastal erosion fin
low-lying areas of tropical Asia.
Forests = About 90% of the suitable habitat for dominant &tre = Increased risk of wild fires

species in Japan, becch tree, could disappearebgnith of
the 2% century

Possibility of increased risk of intensity and sutef
forest fires in N and SE Asia. For an average teatpee
increase of 1°C the duration of wild fire seasoN iAsia
could increase by 30%

% Sources: IPCC 2007; UNDP 2007, 130-131; Bajrachatyal. 2007
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Settlements, Cities are vulnerable to higher temperatures duglian | = Megacities and flooding
Transport heat island effect
Vulnerabilities of megacities of Asia need to bsessed
in terms of energy, communication, transport, waier
off, water quality, interrelatedness of these systand
implications for public health
Mountain For a rise in surface temperature of 3 °C and ao@d in
ecosystems precipitation, most Tibetan Plateau glaciers of whor

than 4 km in length are projected to disappearthad
glacier areas in the Changjiang Rivers will likdigcrease
by more than 60%.

Coastal areag
and lowlands

In some coastal areas of Asia, a 30 cm rise ifeseh
can result in 45 m of landward erosion. Climatengjea
and sea level rise will tend to worsen the curyentl
eroding coasts.

In Boreal Asia, rising sea level and declining meawill
allow higher wave and storm surge to hit the shore
enhanced coastal erosion

Many mega cities in Asia are located on deltasaard
subject to threats sea level rise and extreme t@ima
events.

Between 24 and 30% of coral reefs in Asia are ptepe
to be lost during the 2-10 years and 10-30 years
respectively. The loss could be as high as 88%hwit
conservation measures)

Projected sea level rise could
flood the residence of millions
of people living in the low lying
areas of S, SE, and E Asia
(Vietham, Bangladesh, India,
China). A 40 cm rise in sea levg
by the end of the Zicentury is
projected to increase the annud
number of people flooded in
coastal population from 13
million to 94 million. Almost
60% of this increase will occur
in S Asia (Pakistan, India, Sri
Lanka, Bangladesh to Burma),
while about 20% occur in SE
Asia (From Thailand to

nY

1

Vietham)
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Table A 6 Projected climate change impacts in the Afgtic

Sector

Impacts

Hot spots/ vulnerabilities

Snow and ice

A shortened snow season in the Arctic for the 24fe
century predicted, the largest actual decreasedw gover
in spring

A substantial retreat of Arctic sea ice in summmejgrted
throughout the Arctic Ocean and sea ice covekylito
be thinner

Thawing of permafrost (=> increase nutrient, sedinagal
carbon loadings to water systems, enhancing privilyct
in nutrient-limited systems; increased surface vgatieain
to groundwater systems leading to losses of frewa
habitat)

Thawing permafrost causes instability of landscape,
leading to surface settlement and slope collapssevere
risks to infrastructure, offshore engineering afeicas well
as containment structures

Changes in reflectivity of snov
and ice and vegetation;
changes of albedo may lead t
further climate change
Thawing of permafrost
Possible release of methane
from methane hydrates
Melting of Arctic Sea Ice

Water = Increases in flow for the major arctic river systemvith = Increased river inflow to Arctig
resources, largest increases in winter; flows could decreasgimmer Ocean could affect the
aquatic = Total annual inflow to the Arctic Ocean expected to thermohaline circulation
ecosystems increase 10-30% by late 2&entury
= Reductions in river and lake ice-covers due to viagns>
thermal structures affected
= |ce-jamming and related floods could increase
= Drying of ponds and wetlands
= Destabilisation of banks and slopes and consequentl
increased erosion and sediment supply to rivers
Agriculture = The northern limit of agriculture may shift to nokify mid-
century by few hundreds of km in Siberia
Forests = Treeline advance about 2 km/year estimated = Climate warming will decrease
= Forestreplaces tundra, 10-50% replacement by 2100 the reflectivity of the land
= With 1-3° C warming plant communities respond rbpid surface due to expansion of
shrub growth increases, species diversity decraasiadly shrubs and trees into tundra
= Arctic could become either a
sink or a source of carbon
Biodiversity | = Migrating species rely on the existence of spegiéitar = Large mammals affected

habitats => communities and foodwebs throughout the
Arctic affected

Dispersal and geographical distribution patternacfatic
species will be altered, particularly for fish kdatrout and
other cold water species)

Enhanced sediment loadings will negatively affecitbie
and fish-spawning habitats, and contribute to laahitss
by filling

New parasites/diseases may appear

Southerly species will likely colonize Arctic are@sulting
in new assemblages

Tundra is projected to replace about 15-25% o thar po
desert, net primary production will increase bywth%
Arctic animals are likely to be most vulnerablextarming
induced drying, changes in snow cover and freeaerth
cycles, influx of new competitors, predators, paeasand
diseases

Commercial fish stocks in the Arctic seas benedibf
increase in open water and higher production obtse

negatively (polar bear, seals,
walrus)

Distribution and abundance of
crustaceans and fish at the se
ice edge affected => negative

impacts to other predators suc

as seals, sea birds and polar
bears.

Cold water fish species may
lose habitat

Changes in snow affects
ecosystems through changes
growth season, snow
insulation, runoff pulses,
structure of snow cover and ig
layeers

3% Sources: IPCC 2007; UNEP 2007; ACIA 2005
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Energy = Reduction in the demand for heating energy = Risks of pipeline failures
= Thawing permafrost affects pipelines increase

Transport = Thawing permafrost affects roads and structures

= By 2041-2060, most of the alternative routes in the
Northwest Passage and Northern Sea Route are fawjed
to be nearly ice-free. By the end of the centuagt\areas
of the Arctic Ocean are projected to be ice-freseummer.

Coastal areas = Increased erosion in coastal areas (thawing peostafr = Coastal erosion will introduce
and lowlands greater sediment loads to the
coastal system and increase
emissions of C@and CH
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