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Selected headlines IPCC Working Group 2: 
 
WATER: Water stress is projected to decrease in about 29% of land surface by 2050 
and increase across some 62 to 76% of land surface over the same period. [3.5.1] MC 
 
DROUGHT: Semi-arid and arid regions that are already drought stressed are 
particularly threatened by shifts in declines in precipitation and reduced groundwater 
recharge. [3.4.2]. In some cases, these regions will also be threatened by rapid 
increases in population and water demand. [3.5.1] HC 
 
FLOODS: Up to 20% of the world’s populations live in watershed that will be 
affected by increased flood hazards by 2080. [3.4.3]. VHC 
 
ECOSYSTEMS: Climate shifts will alter the structure, reduce biodiversity and 
perturb functioning of most ecosystems, and compromise the services they currently 
provide [4.2, 4.4.1, 4.4.2-4.4.9, 4.4.10, 4.4.11, Figure 4.4, Table 4.1] HC 
 
SPECIES: Globally about 20% to 30% of species (uncertainty range from 10% to 
40%, but among regional biota from 1% to 80%) will be at increasingly high risk of 
extinction as global mean temperatures exceed 2 to 3°C above pre-industrial levels 
[4.2, 4.4.10, 4.4.11, Figure 4.4, Table 4.1].  
 
OCEANS AND CORALS: Climate change (VHC) and ocean acidification (MC) will 
impair a wide range of planktonic and bottom-dwelling marine organisms that use 
calcium carbonate to make their shells or skeletons, such as corals and marine snails, 
particularly in the Southern Ocean (e.g., the Great Barrier Reef), where cold-water 
corals are likely to show large reductions in geographical range this century [4.4.9, 
Box 4.4].  
 
FARMING: In low-latitude regions, even moderate temperature increases (1–2°C) are 
likely to have negative yield impacts for major cereals. Further warming has 
increasingly negative impacts in all regions (MC to LC) [Figure 5.2]. These results, 
on the whole, project the potential for global food production to increase with 
increases in local average temperature over a range of 1 to 3°C, but above this range 
to decrease [5.4, 5.6] MC 
 
FARMERS: Smallholder and subsistence farmers, pastoralists and artisanal fishers 
will suffer complex, localised impacts of climate change. These groups, whose 
adaptive capacity is constrained, will experience the negative effects on yields of low-
latitude crops, combined with a high vulnerability to extreme events. [5.4.7] HC 
 
SEA LEVEL: The unavoidability of sea-level rise conflicts with present-day human 
development (HC). Coasts are highly vulnerable to extreme events, such as storms 
which impose substantial costs on coastal societies [6.2.1, 6.2.2; 6.5.2]. Global sea 
level rise has already contributed to increased coastal inundation, erosion and 
ecosystem losses. VHC 
 
POPULATION: Populated deltas (especially Asian megadeltas), low-lying coastal 
urban areas and atolls are key societal hotspots of coastal vulnerability, occurring 
where the stresses on natural systems coincide with low human adaptive capacity and 
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high exposure [6.4.3]. Regionally, South, South-east and East Asia, Africa and small 
islands are most vulnerable [6.4.2].  Asian megadeltas such as the Ganges-
Brahmaputra and Zhujiang (or Pearl river in China’s Guangdong province) are likely 
to be especially affected given the confluence of population pressures with sea level 
rise, storm surge, and river flooding [10.9, 10.6]. HC 
 
INFRASTRUCTURE: Climate-change vulnerabilities of industry, settlement and 
society are mainly related to extreme weather events rather than to gradual climate 
change, such as in the capacities of infrastructures. [7.2, 7.4] VHC 
 
HEALTH: Adverse health impacts will be greatest in low-income countries. Those at 
greater risk include, in all countries, the urban poor, the elderly and children, 
traditional societies, subsistence farmers, and coastal populations. [8.1.1, 8.4.2, 
8.6.1.3, 8.7] HC 
 
 

---***--- 
 
 
 
 
 
 
 
 

Note:  
VHC – Very High Confidence 
HC – High Confidence 
MC – Medium Confidence 
 
 



Freshwater systems 
The negative impacts of climate change on freshwater systems outweigh the benefits. 
[3.4, 3.5] HC 
 
Loss of glacial water inputs to major freshwater regions, increasing flooding 
probabilities over short periods and long-term flow viability and dependability. [3.4.1, 
3.4.3] VHC 
 

 
 
Precipitation and evaporation rates are shifting in intensity and variability, which will 
alter freshwater inflows and outflows and increase the frequency of floods and 
droughts. [3.3.1] VHC 
 
Semi-arid and arid regions that are already drought stressed are particularly threatened 
by shifts in declines in precipitation and reduced groundwater recharge. [3.4.2]. In 
some cases, these regions will also be threatened by rapid increases in population and 
water demand. [3.5.1] HC 
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Sea-level rise will lead to increasing salinization of near-coast groundwater resources, 
flooding of deltaic and estuarine regions, and reducing freshwater resources available 
to wildlife and humans. [3.2, 3.4.2]. VHC Asian megadeltas such as the Ganges-
Brahmaputra and Zhujiang are likely to be especially affected given the confluence of 
population pressures with sea level rise, storm surge, and river flooding [10.9, 10.6]. 
HC 
 
Up to 20% of the world’s populations live in watershed that will be affected by 
increased flood hazards by 2080. [3.4.3]. VHC 
 
Water stress is projected to decrease in about 29% of land surface by 2050 and 
increase across some 62 to 76% of land surface over the same period. [3.5.1] MC 
 
Existing water management infrastructure (facilities as well as management policies) 
is likely to be inadequate or inappropriate for shifts in water availability, flow regime, 
and changing water demand in coming decades. [3.3.2, 3.4, 3.5] Current planning 
must incorporate water variability. [3.6] VHC 
 
Quantitative projections of changes in precipitation, water levels, and flow regimes 
remain uncertain. [3.3.1, 3.4] VHC 
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Ecosystems 
By 2100, ecosystems will be exposed to atmospheric CO2 levels substantially higher 
than in the past 650,000 years, and global temperatures at least among the highest of 
those experienced in the past 740,000 years [4.2, 4.4.10, 4.4.11] VHC 
 
Current conservation practices are generally poorly prepared to adapt to this level of 
change, and effective adaptation responses are likely to be costly to implement. 
Beyond certain levels of climate change, impacts on ecosystems are likely to be costly 
to be severe and largely irreversible. [4.4.11, Table 4.1, 4.6.1] HC  
 
The ecosystems virtually certain to experience the most severe ecological impacts 
include coral reefs, the sea-ice biome and other high-latitude ecosystems (e.g., boreal 
forests, tundra), mountain ecosystems, and mediterranean-type ecosystems, as well as 
along coastal mangrove systems and saltmarshes [Figure 4.4, Table 4.1, 4.4.9, Box 
4.4, 4.4.5, 4.4.6, Box 4.3, 4.4.7, 4.4.4, 4.4.10, 4.4.11] HC 
 
Climate shifts will alter the structure, reduce biodiversity and perturb functioning of 
most ecosystems, and compromise the services they currently provide  [4.2, 4.4.1, 
4.4.2-4.4.9, 4.4.10, 4.4.11, Figure 4.4, Table 4.1] HC 
 
Present and future land-use change and associated landscape fragmentation are very 
likely to impede species’ migration and thus impair natural adaptation via 
geographical range shifts [4.1.2, 4.2.2, 4.4.5, 4.4.10] VHC  
 
Globally about 20% to 30% of species (uncertainty range from 10% to 40%, but 
among regional biota from 1% to 80%) will be at increasingly high risk of extinction 
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as global mean temperatures exceed 2 to 3°C above pre-industrial levels [4.2, 4.4.10, 
4.4.11, Figure 4.4, Table 4.1].  
 
Projected impacts on biodiversity are significant and of key relevance, since global 
losses in biodiversity are irreversible [4.4.10, 4.4.11, Figure 4.4, Table 4.1] VHC 
 
With global average temperature changes of 2°C above pre-industrial levels, many 
terrestrial, freshwater and marine species (particularly endemics across the globe) are 
at a far greater risk of extinction than in the recent geological past [4.4.5, 4.4.11, 
Figure 4.4, Table 4.1] MC 
 
At current anthropogenic emission rates, the ongoing positive trends in the terrestrial 
carbon sink will peak before mid-century, then begin diminishing, even without 
accounting for tropical deforestation trends and biosphere feedback, tending strongly 
towards a net carbon source before 2100, assuming continued greenhouse gas 
emissions and land-use change trends at or above current rates [Figure 4.2, 4.4.1, 
4.4.10, Figure 4.3, 4.4.11], HC, while the buffering capacity of the oceans will begin 
to saturate. [Denman et al., 2007, e.g., Section 7.3.5.4] 
 
While some impacts may include primary productivity gains with low levels of 
climate change (less than around 2°C mean global change above pre-industrial levels), 
synergistic interactions are likely to be detrimental, e.g., increased risk of irreversible 
extinctions [4.4.1, Figure 4.2, 4.4.10, Figure 4.3, 4.4.11] VHC 
 
Between about 25% (IPCC SRES B1 emissions scenario; 3.2°C warming) and about 
40% (SRES A2 scenario; 4.4°C warming) of extant ecosystems will reveal 
appreciable changes by 2100, with some positive impacts especially in Africa and the 
Southern Hemisphere arid regions, but extensive forest and woodland decline in mid- 
to high latitudes and in the tropics, associated particularly with changing disturbance 
regimes (especially through wildfire and insects) [4.4.2, 4.4.3, 4.4.5, 4.4.10, 4.4.11, 
Figure 4.3] 
  
Climate change (VHC) and ocean acidification (MC) will impair a wide range of 
planktonic and bottom-dwelling marine organisms that use calcium carbonate to make 
their shells or skeletons, such as corals and marine snails, particularly in the Southern 
Ocean (e.g., the Great Barrier Reef), where cold-water corals are likely to show large 
reductions in geographical range this century [4.4.9, Box 4.4].  
 
Climate change factors (such as sea-level rise, storm impact and aerosols) and non-
climate factors (such as over-fishing, invasion of non-native species, pollution, 
nutrient and sediment load add multiple impacts on coral reefs (Chapter 16, Box 
16.2), increasing their vulnerability and reducing resilience to climate change. 
 
Substantial loss of sea ice will reduce habitat for dependant species (e.g., polar bears) 
[4.4.9, 4.4.6, Box 4.3, 4.4.10, Figure 4.4, Table 4.1, 15.4.3, 15.4.5] VHC 
 
Terrestrial tropical and sub-tropical aquatic systems are at significant risk under most 
scenarios; negative impacts across about 25% of Africa by 2100 (especially southern 
and western Africa) will cause a decline in both water quality and ecosystem goods 
and services [4.4.8] HC 



Food, Fibre, and Forest Products 
 
In low-latitude regions, even moderate temperature increases (1–2°C) are likely to 
have negative yield impacts for major cereals. Further warming has increasingly 
negative impacts in all regions (MC to LC) [Figure 5.2]. These results, on the whole, 
project the potential for global food production to increase with increases in local 
average temperature over a range of 1 to 3°C, but above this range to decrease [5.4, 
5.6] MC 
 

 
 
Smallholder and subsistence farmers, pastoralists and fishers will suffer complex, 
localised impacts of climate change. These groups, whose adaptive capacity is 
constrained, will experience the negative effects on yields of low-latitude crops, 
combined with a high vulnerability to extreme events. [5.4.7] HC 
 
Climate and socio-economic changes regional distribution of hunger, with large 
negative effects on sub-Saharan Africa [Table 5.6]. L–MC  
 

 
 

Adaptive capacity in low latitudes is exceeded at 3°C local temperature increase 
[Figure 5.2, Section 5.5.1] LC 
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Changes in policies and institutions will be needed to facilitate adaptation to climate 
change. Pressure to cultivate marginal land or to adopt unsustainable cultivation 
practices as yields drop may increase land degradation and resource use, inducing 
biodiversity losses [5.4.7]. Adaptation must be integrated with development. [5.7] 
 

 
 

Local extinctions of particular fish species are expected at edges of ranges. Regional 
changes in the distribution and productivity of particular fish species are expected due 
to continued warming and local extinctions will occur at the edges of ranges, 
particularly in freshwater and diadromous species (e.g., salmon, sturgeon). [5.4.6] HC 
 
Large-scale thermohaline ocean currents such as the Atlantic Gulf Stream (also 
referred to as the meridional overturning circulation) are slowing, with serious 
potential consequences for fisheries [5.4.6] MC 
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Food and forestry trade is projected to increase in response to climate change, with 
increased dependence on food imports for most developing countries. [5.6.2] M- LC 

Coastal Systems and Low-lying Areas 
The unavoidability of sea-level rise conflicts with present-day human development 
(HC). Coasts are highly vulnerable to extreme events, such as storms which impose 
substantial costs on coastal societies [6.2.1, 6.2.2; 6.5.2]. Global sea level rise has 
already contributed to increased coastal inundation, erosion and ecosystem losses. 
VHC 
 
Global sea level has been rising at a rate of about 1.7–1.8 mm/yr over the last century, 
with an increased rate of about 3 mm/yr since 1997.  
 
Coasts will be exposed to increasing and compounded climate-change factors, 
including an accelerated rise in sea level of 0.6 m or more by 2100, further rise in sea 
surface temperatures by up to 3°C, an intensification of tropical and extra-tropical 
cyclones, large extreme waves and storm surges, altered precipitation/run-off patterns, 
and ocean acidification [6.3.2] Although regional variation will exist, impacts are 
virtually certain to be overwhelmingly negative [6.4; 6.5.3]. VHC 

 
 

Populated deltas (especially Asian megadeltas), low-lying coastal urban areas and 
atolls are key societal hotspots of coastal vulnerability, occurring where the stresses 
on natural systems coincide with low human adaptive capacity and high exposure 
[6.4.3]. Regionally, South, South-east and East Asia, Africa and small islands are 
most vulnerable [6.4.2]. 
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Sea-level rise has substantial inertia and will continue for many centuries. Irreversible 
breakdown of the West Antarctica and/or Greenland ice sheets, if triggered by rising 
temperatures, would make this long-term rise significantly larger, threatening the 
viability of coastal settlements globally. 

 

Industry, Settlement, and Society 
Climate-change vulnerabilities of industry, settlement and society are mainly related 
to extreme weather events rather than to gradual climate change, such as in the 
capacities of infrastructures. [7.2, 7.4] VHC 

 

 

Human Health 
Climate change already contributes to the global burden of disease and premature 
deaths. [8.4.1] VHC  
 
Emerging evidence of climate change effects on human health shows that climate 
change has: altered the distribution of some infectious disease vectors [8.2.8] MC; 
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altered the seasonal distribution of some allergenic pollen species [8.2.7] HC; 
increased heatwave-related deaths [8.2.1] HC 
 
Adverse health impacts will be greatest in low-income countries. Those at greater risk 
include, in all countries, the urban poor, the elderly and children, traditional societies, 
subsistence farmers, and coastal populations. [8.1.1, 8.4.2, 8.6.1.3, 8.7] HC 
 
Economic development is an important component of adaptation, but on its own will 
not insulate the world’s population from disease and injury due to climate change 
[8.3.2] VHC 

 

 

Africa 
Africa is one of the most vulnerable continents to climate change and climate 
variability, a situation aggravated by the interaction of ‘multiple stresses’, occurring at 
various levels, and low adaptive capacity (HC).  
 
Climate change will aggravate the water stress currently faced by some countries, 
while some countries that currently do not experience water stress will become at risk 
of water stress (VHC). Climate change and variability are likely to impose additional 
pressures on water availability, water accessibility and water demand in Africa. Even 
without climate change, several countries in Africa, particularly in northern Africa, 
will exceed the limits of their economically usable land-based water resources before 
2025. [9.2.1, 9.2.2, 9.4.1] 
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Changes in a variety of ecosystems are already being detected, particularly in 
southern African ecosystems, at a faster rate than anticipated (VHC). Climate change, 
interacting with human drivers such as deforestation and forest fires, are a threat to 
Africa’s forest ecosystems. Changes in grasslands and marine ecosystems are also 
noticeable. It is estimated that, by the 2080s, the proportion of arid and semi-arid 
lands in Africa is likely to increase by 5–8%. Climate change impacts on Africa’s 
ecosystems will probably have a negative effect on tourism as, according to one 
study, between 25 and 40% of mammal species in national parks will be endangered. 
[9.2.2, 9.4.4, 9.4.5] 
 

 
 

Human health, already compromised by a range of factors, could be further negatively 
impacted by climate change and climate variability, e.g., malaria in southern Africa 
and the East African highlands (HC). It is likely that climate change will alter the 
ecology of some disease vectors in Africa, and consequently the spatial and temporal 
transmission of such diseases.  [9.2.1.2, 9.4.3 9.5.1] 
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Projected reductions in crop yields in some countries could be as much as 50% by 
2020, and crop net revenues could fall by as much as 90% by 2100, with small-scale 
farmers being the most affected. [9.2.1, 9.4.4, 9.6.1]  
 

Asia 
 

It is likely that climate change will impinge on sustainable development of most 
developing countries of Asia as it compounds the pressures on natural resources and 
the environment associated with rapid urbanisation, industrialisation and economic 
development. Mainstreaming sustainable development policies and the inclusion of 
climate-proofing concepts in national development initiatives are likely to reduce 
pressure on natural resources and improve management of environmental risks (HC) 
[10.7] 
 
Natural habitats of vector-borne and water-borne diseases in north Asia are likely to 
expand in the future (MC). [10.4.5] 
 

 
 
Climate change is likely to affect forest expansion and migration, and exacerbate 
threats to biodiversity resulting from land use/cover change and population pressure 
in most of Asia (MC). Increased risk of extinction for many flora and fauna species in 
Asia is likely as a result of the synergistic effects of climate change and habitat 
fragmentation (MC) [10.4.4.1] 
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Stability of wetlands, mangroves and coral reefs around Asia is likely to be 
increasingly threatened (HC) [10.4.3.2, 10.6.1].  
 
Recent risk analysis of coral reef suggests that between 24% and 30% of the reefs in 
Asia are likely to be lost during the next 10 years and 30 years, respectively (MC) 
[10.4.3.2]. 
 

 
 
Sea-water intrusion due to sea-level rise and declining river runoff is likely to increase 
the habitat of brackish water fisheries but coastal inundation is likely to seriously 
affect the aquaculture industry and infrastructure particularly in heavily(HC) 
[10.4.1.3, 10.4.3.2]. 
 
About 2.5 to 10% decrease in crop yield is projected for parts of Asia in 2020s and 5 
to 30% decrease in 2050s compared with 1990 levels without CO2 effects (MC) 
[10.4.1.1]. 
 
It is estimated that under the full range of Special Report on Emission Scenarios 
(SRES) scenarios, 120 million to 1.2 billion will experience increased water stress by 
the 2020s, and by the 2050s the number will range from 185 to 981 million people 
(HC) [10.4.2.3]. 
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The retreat of glaciers and permafrost in Asia in recent years is unprecedented as a 
consequence of warming. (MC) [10.2, 10.3, Table 10.4] 
 

Australia/New Zealand 
Regional climate change has already occurred (VHC). Since 1950, there has been 0.4 
to 0.7°C warming, with more heatwaves, fewer frosts, more rain in north-west 
Australia and south-west New Zealand, less rain in southern and eastern Australia and 
north-eastern New Zealand, an increase in the intensity of Australian droughts, and a 
rise in sea level of about 70 mm [11.2.1] 
 
Australia and New Zealand are already experiencing impacts from recent climate 
change (HC). These are now evident in increasing stresses on water supply and 
agriculture, changed natural ecosystems, reduced seasonal snow cover, and glacier 
shrinkage [11.2.1, 11.2.3]  

 
 

The climate of the 21st century is virtually certain to be warmer, with changes in 
extreme events. Heatwaves and fires are virtually certain to increase in intensity and 
frequency (HC). Floods, landslides, droughts and storm surges are very likely to 
become more frequent and intense, and snow and frost are very likely to become less 
frequent (HC). Large areas of mainland Australia and eastern New Zealand are likely 
to have less soil moisture, although western New Zealand is likely to receive more 
rain (MC) [11.3.1] 
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Risks to major infrastructure are likely to increase. By 2030, design criteria for 
extreme events are very likely to be exceeded more frequently. Risks include failure 
of floodplain protection and urban drainage/ sewerage, increased storm and fire 
damage, and more heatwaves, causing more deaths and more blackouts (HC) [11.4.1, 
11.4.5, 11.4.7, 11.4.10, 11.4.11] 
 

 
 

WWF Summary of IPCC Working Group II – 2007  18  



Some adaptation has already occurred in response to observed climate change (HC). 
Examples come from sectors such as water, natural ecosystems, agriculture, 
horticulture and coasts [11.2.5]. However, ongoing vulnerability to extreme events is 
demonstrated by substantial economic losses caused by droughts, floods, fire, tropical 
cyclones and hail [11.2.2]  
 
One of the most significant health impacts of climate change is likely to be an 
increase in heat-related deaths. Assuming no planned adaptation, the number of 
deaths is likely to rise from 1,115/yr at present in Adelaide, Melbourne, Perth, Sydney 
and Brisbane to 2,300 to 2,500/yr by 2020, and 4,300 to 6,300/yr by 2050, for all 
SRES scenarios, including demographic change (McMichael et al., 2003).  
 

Europe 
Climate change will pose two major water management challenges in Europe: 
increasing water stress mainly in southeastern Europe, and increasing risk of floods 
throughout most of the continent. 2005; Dickson et al., 2007). [12.5.1] 
 

 
 
Winter floods are likely to increase in maritime regions and flash floods are likely to 
increase throughout Europe [12.4.1].  
 
During dry years, catastrophic fires are expected on drained peatlands in central 
Europe [12.4.5].  
 
Without adaptive measures, risks to health due to more frequent heatwaves, 
particularly in central and southern Europe, and flooding, and greater exposure to 
vector- and food-borne diseases are anticipated to increase [12.3.1.2, 12.6.1]. Some 
impacts may be positive, as in reduced risk of extreme cold events because of 
increasing winter temperatures. However, on balance, health risks are very likely to 
increase [12.4.11] 
 
Water stress will increase over central and southern Europe. The percentage area 
under high water stress is likely to increase from 19% today to 35% by the 2070s, and 
the additional number of people affected by the 2070s is expected to be between 16 
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millions and 44 millions [12.4.1]. The most affected regions are southern Europe and 
some parts of central and eastern Europe, where summer flows may be reduced by up 
to 80% [12.4.1]. The hydropower potential of Europe is expected to decline on 
average by 6% but by 20 to 50% around the Mediterranean by the 2070s [12.4.8.1]. 
 
Agriculture will have to cope with increasing water demand for irrigation in southern 
Europe and additional restrictions due to increases in crop-related nitrate leaching 
[12.5.7.1].  
 
Winter heating demands are expected to decrease and summer cooling demands to 
increase: around the Mediterranean, 2 to 3 fewer weeks in a year will require heating 
but an additional 2 to 5 weeks will need cooling by 2050. Peak electricity demand is 
likely to shift in some locations from winter to summer.  
 
Coastal flooding related to increasing storminess and sea-level rise is likely to 
threaten up to 1.6 million additional people annually [12.4.2]. Sea-level rise is likely 
to cause an inland migration of beaches and the loss of up to 20% of coastal wetlands 
[12.4.2], reducing habitat availability for several species that breed or forage in low-
lying coastal areas [12.4.6]. Low-lying, geologically subsiding coasts are likely to be 
unable to adapt to sea-level rise [12.5.2]. 
 
Small glaciers will disappear and larger glaciers substantially shrink during the 21st 
century [12.4.3]. Many permafrost areas in the Arctic are projected to disappear 
[12.4.5]. There are no obvious climate adaptation options for either tundra or alpine 
vegetation [12.5.3]. 
 
Warmer, drier conditions will lead to more frequent and prolonged droughts, as well 
as to a longer fire season and increased fire risk, particularly in the Mediterranean 
region [12.3.1.2, 12.4.4.1]. In the Mediterranean, many ephemeral aquatic ecosystems 
are projected to disappear, and permanent ones to shrink [12.4.5].  
 
The northward expansion of forests is projected to reduce current tundra areas under 
some scenarios [12.4.4]. Mountain plant communities face up to a 60% loss of species 
under high emissions scenarios [12.4.3]. The frequency of rock falls will increase due 
to destabilisation of mountain walls by rising temperatures and melting of permafrost 
[12.4.3]. 
 
A large percentage of the European flora is likely to become vulnerable, endangered, 
or committed to extinction by the end of this century [12.4.6].  
 
Climate change threatens the assumption of static species ranges that underpins 
current European conservation policy. Options for adaptation are likely to be limited 
for many organisms and ecosystems, particularly for those with limited dispersal 
abilities such as most reptiles and amphibians [12.4.6].  
 



Latin America 
Climatic variability and extreme events have been severely affecting the Latin 
America region over recent years (HC). Highly unusual extreme weather events were 
reported, such as intense Venezuelan rainfall (1999, 2005), flooding in the 
Argentinean Pampas (2000-2002), Amazon drought (2005), hail storms in Bolivia 
(2002) and the Great Buenos Aires area (2006), the unprecedented Hurricane Catarina 
in the South Atlantic (2004) and the record hurricane season of 2005 in the Caribbean 
Basin [13.2.2].  
 

 
 
During the last decades important changes in precipitation and increases in 
temperature have been observed (HC). Increases in rainfall in south-east Brazil, 
Paraguay, Uruguay, the Argentinean Pampas and some parts of Bolivia have had 
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impacts on land use and crop yields, and have increased flood frequency and 
intensity. On the other hand, a declining trend in precipitation has been observed in 
southern Chile, southwest Argentina, southern Peru and western Central America. 
Increases in temperature of approximately 1°C in Mesoamerica and South America, 
and of 0.5°C in Brazil, were observed. As a consequence of temperature increases, the 
trend in glacier retreat reported in the Third Assessment Report is accelerating 
(VHC). This issue is critical in Bolivia, Peru, Colombia and Ecuador, where water 
availability has already been compromised either for consumption or for hydropower 
generation [13.2.4.1]. These problems with supply are expected to increase in the 
future, becoming chronic if no appropriate adaptation measures are planned and 
implemented. Over the next decades Andean inter-tropical glaciers are very likely to 
disappear, affecting water availability and hydropower generation (HC). [13.2.4.1] 
 
Almost three-quarters of the drylands are moderately or severely affected by 
degradation processes. The combined effects of human action and climate change 
have brought about a continuous decline in natural land cover at very high rates(HC). 
 
Land-use and climate changes acting synergistically will increase vegetation fire risk 
substantially (HC). [13.2.3, 13.2.4.2] 
 
The frequency of occurrence of weather and climate extremes is likely to increase in 
the future; as is the frequency and intensity of hurricanes in the Caribbean Basin. 
[13.3.1.1, 13.3.1.2] 
 
By the 2050s, 50% of agricultural lands are very likely to be subjected to 
desertification and salinisation in some areas (HC) [13.4.2].  
 
Under future climate change, there is a risk of significant species extinctions in many 
areas of tropical Latin America (HC). Replacement of tropical forest by savannas is 
expected in eastern Amazonia and the tropical forests of central and southern Mexico, 
along with replacement of semi-arid vegetation by arid vegetation in parts of north-
east Brazil and most of central and northern Mexico due to synergistic effects of both 
land-use and climate changes (MC) [13.4.1].Seven out of the 25 most critical places 
with high endemic species concentrations are in Latin America and these areas are 
undergoing habitat loss. 
 
The expected increases in sea-level rise (SLR), weather and climatic variability and 
extremes are very likely to affect coastal areas (HC). During the last 10–20 years the 
rate of SLR has increased from 1 to 2–3 mm/yr in south-eastern South America 
[13.2.4.1]. In the future, adverse impacts would be observed on: (i) low-lying areas 
(e.g., in El Salvador, Guyana and the coast of Buenos Aires Province in Argentina), 
(ii) buildings and tourism (e.g., in Mexico and Uruguay); (iii) coastal morphology 
(e.g., in Peru); (iv) mangroves (e.g., in Brazil, Ecuador, Colombia and Venezuela); (v) 
availability of drinking water on the Pacific coast of Costa Rica, Ecuador and the Rio 
de la Plata estuary. In particular, sea-level rise is very likely to affect both 
Mesoamerican coral reefs (e.g., in Mexico, Belize and Panama) and the location of 
fish stocks in the south-east Pacific (e.g., in Peru and Chile). [13.4.4]  
 
Based on Hadley Centre Atmosphere-Ocean General Circulation Model (AOGCM) 
projections for A2 emissions scenarios, there is the potential for extinction of 24% of 



138 tree species of the central Brazil savannas (Cerrados) by 2050 for a projected 
increase of 2°C in surface temperature (Siqueira and Peterson, 2003; Thomas et al., 
2004). By the end of the century, 43% of 69 tree species studied could become extinct 
in Amazonia (Miles et al., 2004). [13.4.1] 
 

North America 
Climate change will constrain North America’s over-allocated water resources, 
increasing competition among agricultural, municipal, industrial and ecological uses 
(VHC). Rising temperatures will diminish snowpack and increase evaporation, 
affecting seasonal availability of water. Higher demand from economic development, 
agriculture and population growth will further limit surface and groundwater 
availability. In the Great Lakes and major river systems, lower levels are likely to 
exacerbate challenges relating to water quality, navigation, recreation, hydropower 
generation, water transfers and bi-national relationships. [14.2.1, 14.4.1, 14.4.6, Boxes 
14.2 and 14.3]  
 

 
 
Annual precipitation has increased for most of North America with large increases in 
northern Canada but with decreases in the southwest US, the Canadian prairies, and 
the eastern Arctic (WGI AR4 3.3.2.2, Figures 3.3.2 and 3.3.3).  
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Streamflow in the eastern U.S. has increased 25% in the last 60 years (Groisman et 
al., 2004), but over the last century has decreased by about 2%/decade in the central 
Rocky Mountain region (Rood et al., 2005). Since 1950, stream discharge in both the 
Colorado and Columbia river basins has decreased, at the same time annual 
evapotranspiration (ET) from the conterminous U.S. increased by 55 mm (Walter et 
al., 2004). [14.2.1] 
 
April 1 snow water equivalent (SWE) has declined 15 to 30% since 1950 in the 
western mountains of North America, particularly at lower elevations and primarily 
due to warming rather than changes in precipitation (Figure 14.1a) (see Mote et al., 
2003; Mote et al., 2005; Lemke et al., 2007: Section 4.2.2.2.1). Whitfield and Cannon 
(2000) and Zhang et al. (2001) reported earlier spring runoff across Canada. Summer 
(May to August) flows of the Athabasca River have declined 20% since 1958 
(Schindler and Donahue, 2006). Streamflow peaks in the snowmelt-dominated 
western mountains of the U.S. occurred 1 to 4 weeks earlier in 2002 than in 1948 
(Stewart et al., 2005). Breakup of river and lake ice across North America has 
advanced over the last 100 years (Magnuson et al., 2000). [14.2.1] 
 
North American forests can be influenced indirectly by climate through effects on 
disturbance, especially from wildfire, storms, insects and diseases. The area burned in 
wildfires has increased dramatically over the last three decades (see Box 14.1). 
Wildlife population and community dynamics  
 
Although North America has considerable adaptive capacity, actual practices have not 
always protected people and property from adverse impacts of climate variability and 
extreme weather events. Especially vulnerable groups include indigenous peoples and 
those who are socially or economically disadvantaged. Traditions and institutions in 
North America have encouraged a decentralised response framework where 
adaptation tends to be reactive, unevenly distributed, and focused on coping with 
rather than preventing problems. ‘Mainstreaming’ climate change issues into decision 
making is a key prerequisite for sustainability. [14.2.6, 14.4, 14.5, 14.7]  
 
Without increased investments in countermeasures, hot temperatures and extreme 
weather are likely to cause increased adverse health impacts from heat-related 
mortality, pollution, storm-related fatalities and injuries, and infectious diseases 
(VHC). [14.2.5, 14.2.6, 14.4.5, 14.4.6, 14.5] 
 
Cities that currently experience heatwaves are expected to experience an increase in 
intensity and duration of these events by the end of the century, with potential for 
adverse health effects. The growing number of the elderly is most at risk. Water-borne 
diseases and degraded water quality are very likely to increase with more heavy 
precipitation. Warming and climate extremes are likely to increase respiratory illness, 
including exposure to pollen and ozone. Climate change is likely to increase risk and 
geographic spread of vector-borne infectious diseases, including Lyme disease. 
[14.2.5, 14.2.6, 14.4.5, 14.4.6, 14.5]  
 
Disturbances such as wildfire and insect outbreaks are increasing and are likely to 
intensify in a warmer future with drier soils and longer growing seasons (VHC). 
Although recent climate trends have increased vegetation growth, continuing 
increases in disturbances are likely to limit carbon storage, facilitate invasive species, 
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and disrupt ecosystem services. Warmer summer temperatures are expected to extend 
the annual window of high fire ignition risk by 10–30%, and could result in increased 
area burned of 74–118% in Canada by 2100. Over the 21st century, pressure for 
species to shift north and to higher elevations will fundamentally rearrange North 
American ecosystems. Differential capacities for range shifts and constraints from 
development, habitat fragmentation, invasive species, and broken ecological 
connections will alter ecosystem function and services. [14.2.4, 14.2.2, 14.4.2, Box 
14.1] 
 
North America very likely will continue to suffer serious losses of life and property 
simply due to growth in property values and numbers of people at risk (VHC) (Pielke 
Jr., 2005; Pielke et al., 2005). Of the US$19 trillion value of all insured residential and 
commercial property in the U.S. states exposed to North Atlantic hurricanes, US$7.2 
trillion (41%) is located in coastal counties. This economic value includes 79% of the 
property in Florida, 63% of the property in New York, and 61% of the property in 
Connecticut (AIR, 2002). [14.2.6, 14.5.1] 
 
Cumulative decadal hurricane intensity in the U.S. has risen in the last 25 years, 
following a peak in the mid 20th century and a later decline (Figure 14.1e).  
 

Polar Regions 
Freshwater and ice flows into polar oceans have a direct impact on sea level and (in 
conjunction with the melt of sea ice) are important in maintaining the global oceanic 
thermohaline circulation. In the Arctic, there has been increased Eurasian river 
discharge to the Arctic Ocean and continued declines in the ice volume of Arctic and 
sub-Arctic glaciers and the Greenland ice sheet (VHC). Some parts of the Antarctic 
ice sheet are also losing significant volume (VHC). Changes to cryospheric processes 
are also modifying seasonal runoff and routings (VHC). These combined effects will 
impact freshwater, riparian and near-shore marine systems (HC) around the Arctic, 
and on sub-Antarctic islands. In the Arctic, economic benefits, such as enhanced 
hydropower potential, may accrue, but some livelihoods are likely to be adversely 
affected (HC). Adaptation will be required to maintain freshwater transportation 
networks with the loss of ice cover (HC). [15.4.1, 15.4.6, 15.7.1] 
 
Impacts on food accessibility and availability, and personal safety are leading to 
changes in resource and wildlife management and in livelihoods of individuals (e.g., 
hunting, travelling) (HC). The resilience shown historically by Arctic indigenous 
peoples is now being severely tested (HC). Warming and thawing of permafrost will 
bring detrimental impacts on community infrastructure (VHC). Substantial 
investments will be needed to adapt communities (HC). [15.2.2.4] 
 



 
 

Although earlier claims of a substantial mid-20th century reduction of Antarctic sea-
ice extent are now questioned, a recently reported decline in krill abundance is due to 
regional reductions in Antarctic sea-ice extent; any further decline will adversely 
impact their predators and ecosystems (HC), such as many toothed fish and some 
baleen whales. Generally, acidification of polar waters is predicted to have adverse 
effects on calcified organisms and consequential effects on species that rely upon 
them (HC). [15.4.4] 
  
Strong evidence exists of changes in species’ ranges and abundances and in the 
position of some tree lines in the Arctic (HC). An increase in greenness and biological 
productivity has occurred in parts of the Arctic (HC). Surface albedo (reflectivity) is 
projected to decrease (and thereby accelerate heating in the Arctic) and the exchange 
of greenhouse gases between polar landscapes and the atmosphere will change 
(VHC). [15.4.1, 15.4.2, 15.4.6] 
 
Methane hydrates: Significant amounts of methane hydrates are contained in 
sediments,  
especially on Arctic continental shelves. As these areas warm, this methane may be 
released, adding to the greenhouse gas concentration in the atmosphere (Sloan Jr, 
2003; Maslin, 2004). [15.3.1] 
 
Species that seasonally migrate from lower latitudes to polar regions rely on the 
existence of specific polar habitats, and if those habitats are compromised the effects 
will be felt in communities and food-webs far beyond the polar regions. These 
habitats are likely to be compromised by direct or consequential climate change 
impacts such as drying of ponds and wetlands, and also by multiple stresses (e.g., 
land-use changes, hunting regulations). [15.3.1] 
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Reflectivity of snow, ice and vegetation: Snow, 
ice and vegetation play vital roles in the global 
climate system, through albedo and insulation 
effects. Since the TAR, increasing evidence has 
emerged indicating a more rapid disappearance 
of snow and sea-ice cover in some areas (e.g., 
Siberia, Alaska, the Greenland Sea), and 
consequent changes of albedo may be leading 
to further climate change (e.g., Holland and 
Bitz, 2003). The albedo of land surface will 
decrease due to expansion of shrubs and trees 
into tundra). [15.3.1] 
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Arctic terrestrial carbon flux: Although models 
project that Arctic terrestrial ecosystems and 
the active layer will be a small sink for carbon 
in the next century, processes are complex and 
uncertainty is high. It is possible that increased 
emissions carbon from thawing permafrost will 
lead to positive climate forcing (Sitch et al., In 
press). Whether such emissions reach the 
atmosphere as methane or as carbon dioxide is 
important, because, on a per molecule basis, 
methane has more than 20 times the warming 
influence (Anisimov et al., 2005b) ). [15.3.1] 
 

Comment: Top might get 
cut off; might need to move 
down 

 

Small Islands 
Island infrastructure tends to predominate in coastal locations. In the Caribbean and 
Pacific islands, more than 50% of the population live within 1.5 km of the shore. 
Almost without exception, international airports, roads and capital cities in the small 
islands of the Indian and Pacific Oceans and the Caribbean are sited along the coast, 
or on tiny coral islands. Sea-level rise will exacerbate inundation, erosion and other 
coastal hazards, threaten vital infrastructure, settlements and facilities, and thus 
compromise the socio-economic well-being of island communities and states. [16.4.2, 
16.4.5, 16.4.7] 

 
Many islands in the Caribbean are likely to experience increased water stress as a 
result of climate change. Under all SRES scenarios, reduced rainfall in summer is 



projected for this region, so that it is unlikely that demand would be met during low 
rainfall periods. Increased rainfall in winter is unlikely to compensate, due to lack of 
storage and high runoff during storms. In the Pacific, a 10% reduction in average 
rainfall (by 2050) would lead to a 20% reduction in the size of the freshwater lens on 
Tarawa Atoll, Kiribati. Reduced rainfall coupled with sea-level rise would compound 
this threat. Many small islands have begun to invest in the implementation of 
adaptation strategies, including desalinization, to offset current and projected water 
shortages. [16.4.1] 
 

 
 

It is very likely that subsistence and commercial agriculture on small islands will be 
adversely affected by climate change (HC). Sea-level rise, inundation, seawater 
intrusion into freshwater lenses, soil salinisation, and decline in water supply are very 
likely to adversely impact coastal agriculture. Away from the coast, changes in 
extremes (e.g., flooding and drought) are likely to have a negative effect on 
agricultural production. [16.4.3, 15.4.2.4] 
 
Climate change is likely to heavily impact coral reefs, fisheries and other marine-
based resources (HC). Fisheries make an important contribution to the GDP of many 
island states. [16.4.3] 
 
Many small islands are located in tropical or sub-tropical zones whose weather and 
climate are already conducive to the transmission of diseases such as malaria, dengue, 
filariasis, schistosomiasis, and food- and water-borne diseases. Other climate-
sensitive diseases of concern to small islands include diarrhoeal diseases, 
heainfections and asthma. The observed increasing incidence of these diseases in 
small islands is likely due to a combination of factors, including poor public health 
practices, inadequate infrastructure, poor waste management practices, increasing 
global travel, and changing climatic conditions. [16.4.5]  
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Adaptation, Mitigation, and Sustainable Development 
• Climate change will result in net costs into the future. It is virtually certain that 

these costs will grow over time. It is likely that cost estimates underestimate 
the real costs of climate change costs because they do not include significant 
impacts that have not yet been monetized.  
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• By 2080, it is likely that 1.1 to 3.2 billion 
people will be experiencing water 
scarcity; 200 to 600 million, hunger; 2 to 
7 million more per year, coastal flooding. 

• Given the current climate change 
commitment and the range of projections 
for future climate change, some key 
impacts (e.g., deglaciation of major ice 
sheets), cannot be avoided with high 
confidence. The probability of initiating 
some large-scale events is very likely to 
continue to increase as long as 
greenhouse gas concentrations and 
temperature continue to increase. 

• Effective climate policy aimed at 
reducing the risks of climate change to 
natural and human systems involves a 
portfolio of diverse adaptation and 
mitigation actions. Actions to mitigate climate change and reduce greenhouse 
gas emissions will reduce the risk associated with most key vulnerabilities. 
Postponement of such actions, in 
contrast, generally increases risks. Even 
the most stringent mitigation efforts 
cannot avoid further impacts of climate 
change in the next few decades, which 
makes adaptation unavoidable. However, 
without mitigation a magnitude of 
climate change is likely to be reached that 
makes adaptation impossible for some 
natural systems, while for most human 
systems it would involve very high social 
and economic costs. It is therefore no 
longer a question of whether to mitigate 
climate change or to adapt to it. Both 
adaptation and mitigation are now 
essential in reducing the expected 
impacts of climate change to humans and 
their environment. 

Mitigation  
 
Mitigation refers to actions to 
diminish the intensity of climate 
change, usually by reducing 
greenhouse gas emissions.  
 
This can be done, for example, by 
using renewable energy resources, 
increasing energy efficiency and 
changing to fuels which emit less 
greenhouse gases.  
 
Under the Kyoto Protocol of the 
UNFCCC, most industrialized 
countries of the world have 
committed to reduce at least 5% of 
their greenhouse gas emissions from 
1990 levels by 2008-2012.  

• Through 2050, it is likely that global 
mitigation efforts designed to cap 
effective greenhouse gas concentrations 
at 550 ppm would benefit developing countries significantly. By 2100, climate 
change will likely produce significant impacts across the globe even if 

Adaptation 
 
Adaptation refers to actions to 
respond successfully to climate 
change.  
 
For example, adaptation to drought 
conditions could include increasing 
use of rainwater, water conservation, 
planting of different crops. Sea level 
rise and storm surges could be 
planting of mangrove forests, 
keeping coastal lands as wetlands 
and marshes buffer zones. 
 
Adaptation measures that also 
consider climate change are being 
implemented, on a limited basis, in 
both developed and developing 
countries. 



aggressive mitigation were implemented in combination with significantly 
enhanced adaptive capacity.  

• Over the next half-century, it is very likely that climate change will make 
sustainable development more difficult, particularly as measured by their 
progress toward achieving Millennium Development Goals for the middle of 
the century. Climate change will erode nations’ capacities achieve Goals 
calibrated in terms of reducing poverty and otherwise improving equity by 
2050, particularly in Africa and parts of Asia.  

• The factors that determine a country’s ability to promote sustainable 
development are similar to those that influence a country’s capacity to 
mitigate or adapt to climate change (e.g., access to information and 
technology, equity in the distribution of resources, stocks of human and social 
capital). Sustainable development measures and climate change policies can 
therefore reinforce each other.  
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