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Headlines Working Group 1:  
 
EXTREMES: Changes in extremes of temperature are consistent with warming of the 
climate. Reduction in the number of frost days in mid-latitude regions, increase in the 
number of warm extremes and a reduction in the number of daily cold extremes are 
observed in 70 to 75% of land regions where data are available. The most marked 
changes are for cold nights, which have become rarer over the 1951 to 2003 period. 
Warm (highest 10%) nights have become more frequent. [3.8.2] 
 
STORMS: Globally, estimates of the potential destructiveness of hurricanes show a 
significant upward trend since the mid-1970s, with a trend towards longer lifetimes and 
greater storm intensity, and such trends are strongly correlated with tropical sea surface 
temperatures. ... Moreover, the first recorded tropical cyclone in the South Atlantic 
occurred in March 2004 off the coast of Brazil. [3.8.3, 3.8.4] 
 
ARCTIC: Submarine-derived data for the central Arctic indicate that the average sea ice 
thickness in the central Arctic has very likely decreased by up to 1 m from 1987 to 1997. 
Model-based reconstructions support this, suggesting an arctic-wide reduction of 0.6 to 
0.9 m over the same period. Large-scale trends prior to 1987 are ambiguous. [4.4, 4.5] 
 
PERMAFROST: Temperature at the top of the permafrost layer has increased by up to 
3°C since the 1980s in the Arctic. The permafrost base has been thawing at a rate ranging 
up to 0.04 m per year in Alaska since 1992 and 0.02 m per year on the Tibetan Plateau 
since the 1960s. [4.7] 
 
THE ALPS: In the European Alps, exceptional mass loss during 2003 removed an 
average of 2,500 kg m–2 per year over nine measured Alpine glaciers, almost 60% higher 
than the previous record of 1,600 kg m–2 per year loss in 1996 and four times more than 
the mean loss from 1980 to 2001 (600 kg m–2  per year; Zemp et al., 2005). (see Box 
3.6.). 
 
OCEANS: Ocean biogeochemistry is changing. The total inorganic carbon content of the 
oceans has increased by 118 ± 19 GtC between the end of the pre-industrial period (about 
1750) and 1994 and continues to increase. [5.4] 
 
ATMOSPHERIC CO2: It is very likely that the average rates of increase in CO2, as well 
as in the combined radiative forcing from CO2, CH4 and N2O concentration increases, 
have been at least five times faster over the period from 1960 to 1999 than over any other 
40-year period during the past two millennia prior to the industrial era.  
 

---***--- 
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1. Human and Natural Drivers of Climate Change 
 
Carbon dioxide emissions due to global annual fossil fuel combustion and cement 
manufacture combined have increased by 70% over the last 30 years (Marland et al., 
2006). From 1999 to 2005, global emissions from fossil fuel use and cement production 
increased at a rate of roughly 3% per year.  
 
Increasing concentrations of the long-lived greenhouse gases (carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), halocarbons and sulphur hexafluoride (SF6), have 
led to a combined radiative forcing of +2.63 [±0.26] W m–2. Their Radiative Forcing has 
a high level of scientific understanding. The 9% increase in this Radiative Forcing since 
the Third Assessment Report is the result of concentration changes since 1998. [Tables 
2.1, 2.12] 
 
Radiative forcing is used to assess and compare the anthropogenic and natural drivers of 
climate change. It is defined as ‘the change in net (down minus up) irradiance (solar plus 
longwave; in W m–2) at the tropopause after allowing for stratospheric temperatures to 
readjust to radiative equilibrium, but with surface and tropospheric temperatures and 
state held fixed at the unperturbed values’ [Ramaswamy et al. (2001)].  
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The combined anthropogenic Radiative Forcing is estimated to be +1.6 [–1.0, +0.8]2 W 
m–2, indicating that, since 1750, it is extremely likely that humans have exerted a 
substantial warming influence on climate. This estimate is likely to be at least five times 
greater than that due to solar irradiance changes. For the period 1950 to 2005, it is 
exceptionally unlikely that the combined natural radiative forcing (solar irradiance plus 
volcanic aerosol) has had a warming influence comparable to that of the combined 
anthropogenic radiative forcing. [2.3.1] 
 
Methane has the second-largest Radiative Forcing of the long-lived greenhouse gases 
after CO2 (Ramaswamy et al., 2001).Over the last 650.000 years, ice core records 
indicate that the abundance of CH4 in the Earth’s atmosphere has varied from lows of 
about 400 ppb during glacial periods to highs of about 700 ppb during interglacials 
(Spahni et al., 2005) with a single measurement from the Vostok core reaching about 770 
ppb (see Figure 6.3). In 2005, the global average abundance of CH4 measured at the 
network of 40 surface air flask sampling sites operated by NOAA/GMD in both 
hemispheres was 1,774.62 ± 1.22 ppb. [2.3.2] (2.5 times higher than ever before).  
 
The global mean concentration of CO2 in 2005 was 379 ppm, leading to an Radiative 
Forcing of +1.66 [±0.17] W m–2. Past emissions of fossil fuels and cement production 
have likely contributed about three-quarters of the current radiative forcing, with the 
remainder caused by land use changes. [2.3.1] 
 
For the 1995 to 2005 decade, the growth rate of CO2 in the atmosphere was 1.9 ppm per 
year and the Radiative Forcing from CO2 increased by 20%: this is the largest change 
observed or inferred for any decade in at least the last 200 years. [2.3.1] 
 
Concentrations of many of the fluorine-containing Kyoto Protocol gases 
(hydrofluorocarbons (HFCs), perfluorocarbons, SF6) have increased by large factors 
(between 4.3 and 1.3) between 1998 and 2005. Their total radiative forcing in 2005 was 
+0.017 [±0.002] W m–2 and is rapidly increasing by roughly 10% per year. [Table 2.1] 
 
Concentrations of many of the fluorine-containing Kyoto Protocol gases 
(hydrofluorocarbons (HFCs), perfluorocarbons, SF6) have increased by large factors 
(between 4.3 and 1.3) between 1998 and 2005. Their total radiative forcing in 2005 was 
+0.017 [±0.002] W m–2 and is rapidly increasing by roughly 10% per year. [Table 2.1] 
 

2. Direct Observations of Recent Climate Change 
The warmest years in the instrumental record of global surface temperatures are 1998 and 
2005, with 1998 ranking first in one estimate, but with 2005 slightly higher in the other 
two estimates. 2002 to 2004 are the 3rd, 4th and 5th warmest years in the series since 
1850. Eleven of the last 12 years (1995 to 2006) – the exception being 1996 – rank 
among the 12 warmest years on record since 1850. Surface temperatures in 1998 were 
enhanced by the major 1997–1998 El Niño but no such strong anomaly was present in 
2005. Temperatures in 2006 were similar to the average of the past 5 years. [3.2.2.4] 
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Temperature changes are not linear and can also be characterised as level prior to about 
1915, a warming to about 1945, levelling out or even a slight decrease until the 1970s, 
and a fairly linear upward trend since then (Figure 3.6 and FAQ 3.1). Considered this 
way, the overall warming from the average of the first 50-year period (1850–1899) 
through 2001 to 2005 is 0.76°C ± 0.19°C. The last 12 complete years (1995– 2006) now 
contain 11 of the 12 warmest years since 1850, the earliest year for which comparable 

 

records are available. Only 1996 is not in this list – replaced by 1990. [3.2.2.6] 

or the globe as a whole, surface air temperatures over land have risen at about double 

Extremes 
Changes in extremes of temperature are also consistent with warming of the climate. A 
widespread reduction in the number of frost days in mid-latitude regions, an increase in 

 
F
the ocean rate after 1979 (more than 0.27°C per decade vs. 0.13°C per decade), with the 
greatest warming during winter (December to February) and spring (March to May) in 
the Northern Hemisphere. [3.2.2.5] 
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the number of warm extremes and a reduction in the number of daily cold extremes are 

r 
observed in 70 to 75% of the land regions where data are available. The most marked 
changes are for cold (lowest 10%, based on 1961–1990) nights, which have become rare
over the 1951 to 2003 period. Warm (highest 10%) nights have become more frequent. 
[3.8.2] 
 

 
 
Daylight temperature range (DTR) decreased by 0.07°C per decade averaged over 1950 
to 2004, but had little change from 1979 to 2004, as both maximum and minimum 

mperatures rose at similar rates. The record-breaking heat wave over western and 

 have 

y up to three weeks in some regions 
of the boreal high latitudes over the last 50 years (Cayan et al., 2001; Groisman et al., 

02; Groisman et al., 2005, 2007) owing, in particular, to an earlier 

te
central Europe in the summer of 2003 is an example of an exceptional recent extreme. 
That summer (June to August) was the hottest since comparable instrumental records 
began around 1780 (1.4°C above the previous warmest in 1807) and is very likely to
been the hottest since at least 1500. [3.2.2.7, 3.8.4] 

Rain, fog, mist 
The liquid precipitation season has become longer b

2001; Easterling, 20
onset of spring. Therefore, in some regions (southern Canada and western Russia), snow 
has provided a declining fraction of total annual precipitation (Groisman et al., 2003, 
2005, 2007). [3.3.2.3] 
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Precipitation has generally increased over land north of 30°N over the period 1900 to 
2005 but downward trends dominate the tropics since the 1970s. From 10°N to 30°N, 

recipitation increased markedly from 1900 to the 1950s, but declined after about 1970. 

er 

lone activity has increased since about 1970. Variations in tropical 
inated by the El Niño Southern Oscillation 

l variability, which result in a redistribution of tropical storm numbers and 
r 

, with a trend towards longer lifetimes and greater 
orm intensity, and such trends are strongly correlated with tropical sea-surface 

 
in most 

uth 

ion in all 
l freshwater, glaciers, ice sheets, and sea 

ure 1),1 except Antarctic sea ice, which exhibits a small positive but 

 
nship between a given volume of melting 

nd the corresponding sea-level rise) between 1961 and 2004, and 0.77 ± 0.22 mm per 

d 

y up to 1 m from 1987 to 1997. Model-

p
Downward trends are present in the deep tropics from 10°N to 10°S, especially after 
1976/1977. Tropical values dominate the global mean. It has become significantly wett
in eastern parts of North and South America, northern Europe, and northern and central 
Asia, but drier in the Sahel, the Mediterranean, southern Africa and parts of southern 
Asia. [3.3.2.2, 3.7] 

Storms 
Intense tropical cyc
cyclones, hurricanes and typhoons are dom
and decada
their tracks, so that increases in one basin are often compensated by decreases over othe
oceans. [3.7, 3.8.3, 3.8.4] 
 
Globally, estimates of the potential destructiveness of hurricanes show a significant 
upward trend since the mid-1970s
st
temperatures (SST). These relationships have been reinforced by findings of a large 
increase in numbers and proportion of hurricanes reaching categories 4 and 5 globally
since 1970 even as total number of cyclones and cyclone days decreased slightly 
basins. The largest increase was in the North Pacific, Indian and southwest Pacific 
Oceans. However, numbers of hurricanes in the North Atlantic have also been above 
normal (based on 1981–2000 averages) in 9 of the last 11 years, culminating in the 
record-breaking 2005 season. Moreover, the first recorded tropical cyclone in the So
Atlantic occurred in March 2004 off the coast of Brazil. [3.8.3, 3.8.4] 

Ice and Snow 
Observations show a consistent picture of surface warming and reduct
components of the cryosphere (frozen terrestria
ice)  (FAQ 4.1, Fig
insignificant trend since 1978 (Figure 4.23). 
 
Mass loss of glaciers and ice caps is estimated to be 0.50 ± 0.18 mm per year in sea level
equivalent (sea-level equivalent, or the relatio
a
year SLE between 1991 and 2004. The late 20th-century glacier wastage likely has been 
a response to post-1970 warming. Strongest mass losses per unit area have been observe
in Patagonia, Alaska and northwest USA and southwest Canada. Because of the 
corresponding large areas, the biggest contributions to sea level rise came from Alaska, 
the Arctic and the Asian high mountains. [4.5] 
 
Submarine-derived data for the central Arctic indicate that the average sea ice thickness 
in the central Arctic has very likely decreased b
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based reconstructions support this, suggesting an arctic-wide reduction of 0.6 to 0.9 m 
over the same period. Large-scale trends prior to 1987 are ambiguous. [4.4, 4.5] 
 

 
 
Temperature at the top of the permafrost layer has increased by up to 3°C since the 1980s 

 the Arctic. The permafrost base has been thawing at a rate ranging up to 0.04 m per 

 Alps, exceptional mass loss during 2003 removed an average of 2,500 kg 
 per year over nine measured Alpine glaciers, almost 60% higher than the previous 

ve mass 

 

in
year in Alaska since 1992 and 0.02 m per year on the Tibetan Plateau since the 1960s. 
Permafrost degradation is leading to changes in land surface characteristics and drainage 
systems. [4.7] 
 
In the European

–2m
record of 1,600 kg m–2 per year loss in 1996 and four times more than the mean loss from 
1980 to 2001 (600 kg m–2  per year; Zemp et al., 2005). This was caused by 
extraordinarily high air temperatures over a long period, extremely low precipitation, and 
albedo feedback from Sahara dust depositions and a previous series of negati
balance years (see Box 3.6.). 
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The most sensitive regions of permafrost degradation are coasts with ice-bearing 
permafrost that are exposed to the Arctic Ocean. Mean annual erosion rates vary from 2.5 

 3.0 m per year for the ice-rich coasts to 1.0 m per year for the ice-poor permafrost 
aufort 

y 
 available data for 

e NH spanning the past 150 years, freeze-up date has occurred later at a rate of 5.8 ± 

 is changing. The total inorganic carbon content of the oceans has 
 the pre-industrial period (about 1750) and 

ontinues to increase. It is more likely than not that the fraction of emitted 

to
coasts along the Russian Arctic Coast (Rachold et al., 2003). Over the Alaskan Be
Sea Coast, mean annual erosion rates range from 0.7 to 3.2 m per year with maximum 
rates up to 16.7 m per year (Jorgenson and Brown, 2005). [4.7.2.3] 
 
Freeze-up and breakup dates for river and lake ice exhibit considerable spatial variabilit
(with some regions showing trends of opposite sign). Averaged over
th
1.6 days per century, while the breakup date has occurred earlier at a rate of 6.5 ± 1.2 
days per century. [4.3] 

Oceans 
Ocean biogeochemistry
increased by 118 ± 19 GtC between the end of
1994 and c
carbon dioxide that was taken up by the oceans has decreased, from 42 ± 7% during 1750 
to 1994 to 37 ± 7% during 1980 to 2005. [5.4] 
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The upper Pacific Ocean has been warming and freshening overall, as revealed in global 
heat and freshwater analyses (Section 5.2, Figure 5.5). The subtropical North and South 
Pacific have been warming. In the SH, the major warming footprint is associated with the 
thick mode waters north of the Antarctic Circumpolar Current. The North Pacific has 
cooled along 40°N. [5.3.3] 
 
Marked changes in thermohaline properties (the ocean currents) have been observed 
throughout the Mediterranean (Manca et al., 2002). While there are strong natural 
variations in the Mediterranean, overall there is a discernible trend of increased salinity 
and warmer temperature in key water masses over the last 50 years and this signal is 
observable in the North Atlantic. [5.3.2.4] 
 
In the North Atlantic subpolar gyre, Labrador Sea and Nordic Seas, large salinity changes 
have been observed that have been associated with changed inputs of fresh water (ice 
melt, ocean circulation and river runoff) and with the North Atlantic Oscillation. [5.3.2.1] 
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The upper Indian Ocean has been warming everywhere except in a band centred at about 
12°S (South Equatorial Current), as seen in Section 5.2 (Figure 5.3). [5.3.4] 

3. A Paleoclimate Perspective 
The sustained rate of increase over the past century in the combined radiative forcing 
from the three well-mixed greenhouse gases carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O) is very likely unprecedented in at least the past 16,000 years. Pre-
industrial variations of atmospheric greenhouse gas concentrations observed during the 
last 10,000 years were small compared to industrial era greenhouse gas increases, and 
were likely mostly due to natural processes. 
 
It is very likely that the current atmospheric concentrations of CO2 (379 ppm) and CH4 
(1,774 ppb) exceed by far the natural range of the last 650,000 years. Ice core data 
indicate that CO2 varied within a range of 180 to 300 ppm and CH4 within 320 to 790 ppb 
over this period. 
  
It is virtually certain that global temperatures during coming centuries will not be 
significantly influenced by a natural orbitally induced cooling. It is very unlikely that the 
Earth would naturally enter another ice age for at least 30,000 years. 
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It is very likely that the average rates of increase in CO2, as well as in the combined 
radiative forcing from CO2, CH4 and N2O concentration increases, have been at least five 
times faster over the period from 1960 to 1999 than over any other 40-year period during 
the past two millennia prior to the industrial era.  
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4. Couplings between Changes in the Climate System and 
Biogeochemistry 

Soot 
Fires, from natural causes and human activities, release to the atmosphere considerable 
amounts of radiatively and photochemically active trace gases and aerosols. If fire 
frequency and extent increase with a changing climate, a net increase in CO2 emissions is 
expected during this fire regime shift. [7.1.3.3.4] 
 
Sulphate aerosol particles are responsible for globally averaged temperatures being lower 
than expected from greenhouse gas concentrations alone. [Fig. 7.2.4] 
 

Methane 
Several studies indicate a high sensitivity of wetland CH4 emissions to temperature and 
water table. Observations indicate substantial increases in CH4 released from northern 
peatlands that are experiencing permafrost melt (Christensen et al., 2004; Wickland et al., 
2006). Based on the relationship between emissions and temperature at two wetland sites 
in Scotland, Chapman and Thurlow (1996) predicted that CH4 emissions would increase 
by 17, 30 and 60% for warmings of 1.5°C, 2.5°C and 4.5°C (warming above the site’s 
mean temperature during 1951 to 1980), respectively. [7.4.1.2] 

Methane hydrates 
Climate also affects the stability of CH4 hydrates beneath the ocean, where large amounts 
of CH4 are stored (~4 ×106 Tg; Buffett and Archer, 2004). The δ13C values of ancient 
seafloor carbonates reveal several hydrate dissociation events that appear to have 
occurred in connection with rapid warming episodes in the Earth’s history (Dickens et al., 
1997; Dickens, 2001). Model results indicate that these hydrate decomposition events 
occurred too fast to be controlled by the propagation of the temperature change into the 
sediments (Katz et al., 1999; Paull et al., 2003). Additional studies infer other indirect 
and inherently more rapid mechanisms such as enhanced migration of free gas, or 
reordering of gas hydrates due to slump slides (Hesselbo et al., 2000; Jahren et al., 2001; 
Kirschvink et al., 2003; Ryskin, 2003). Recent modelling suggests that today’s seafloor 
CH4 inventory would be diminished by 85% (or 3.4 ×106 Tg) with a warming of bottom 
water temperatures by 3°C (Buffett and Archer, 2004). [7.4.1.2] 
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5. Understanding and Attributing Climate Change 
Human-induced warming of the climate system is widespread. Anthropogenic influence 
has been detected in every continent except Antarctica (which has insuffcient 
observational coverage to make an assessment), and in some sub-continental land areas. 
The ability of coupled climate models to simulate the temperature evolution on 
continental scales and the detection of anthropogenic effects on each of six continents 
provides stronger evidence of human influence on the global climate than was available 
at the time of the IPCC’s Third Assessment Report (2001). No climate model that has 
used natural forcing only has reproduced the observed global mean warming trend or the 
continental mean warming trends in all individual continents (except Antarctica) over the 
second half of the 20th century. [9.4, 9.5] 
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6. Global Projections of Future Changes in Climate 
 
Even in areas where mean precipitation decreases (most subtropical and mid-latitude 
regions), precipitation intensity is projected to increase but there would be longer periods 
between rainfall events. There is a tendency for drying of the mid-continental areas 
during summer, indicating a greater risk of droughts in those regions. Precipitation 
extremes increase more than does the mean in most tropical and mid- and high-latitude 
areas. [10.3] 
 
Multi-model averages show a weak shift towards average background conditions which 
may be described as ‘El Niño-like’, with sea surface temperatures in the central and east 
equatorial Pacific warming more than those in the west, weakened tropical circulations 
and an eastward shift in mean precipitation. [10.3.5] 
 
An increase in precipitation is projected in the Asian monsoon (along with an increase in 
interannual season-averaged precipitation variability) and the southern part of the west 
African monsoon with some decrease in the Sahel in northern summer, as well as an 
increase in the Australian monsoon in southern summer in a warmer climate. The 
monsoonal precipitation in Mexico and Central America is projected to decrease in 
association with increasing precipitation over the eastern equatorial Pacific through 
Walker Circulation and local Hadley Circulation changes. [10.3] 
 
If greenhouse gas concentrations could be reduced, global temperatures would begin to 
decrease within a decade, although sea level would continue to rise due to thermal 
expansion for at least another century. [10.2, 10.7] 

 

Regional Projections of Future Changes in Climate 

Africa 
Warming is very likely to be larger than the global annual mean warming throughout the 
continent and in all seasons, with drier subtropical regions warming more than the 
moister tropics. Annual rainfall is likely to decrease in much of Mediterranean Africa and 
the northern Sahara, with a greater likelihood of decreasing rainfall as the Mediterranean 
coast is approached. Rainfall in southern Africa is likely to decrease in much of the 
winter rainfall region and western margins. There is likely to be an increase in annual 
mean rainfall in East Africa. [11.2] 

Mediterranean & Europe 
Annual mean temperatures in Europe are likely to increase more than the global mean. 
Seasonally, the largest warming is likely to be in northern Europe in winter and in the 
Mediterranean area in summer. Minimum winter temperatures are likely to increase more 
than the average in northern Europe. Maximum summer temperatures are likely to 
increase more than the average in southern and central Europe. Annual precipitation is 
very likely to increase in most of northern Europe and decrease in most of the 
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Mediterranean area. In central Europe, precipitation is likely to increase in winter but 
decrease in summer. Extremes of daily precipitation are very likely to increase in 
northern Europe. The annual number of precipitation days is very likely to decrease in the 
Mediterranean area. Risk of summer drought is likely to increase in central Europe and in 
the Mediterranean area. The duration of the snow season is very likely to shorten, and 
snow depth is likely to decrease in most of Europe. [11.3] 

Asia 
Warming is likely to be well above the global mean in central Asia, the Tibetan Plateau 
and northern Asia, above the global mean in eastern Asia and South Asia, and similar to 
the global mean in Southeast Asia. Precipitation in boreal winter is very likely to increase 
in northern Asia and the Tibetan Plateau, and likely to increase in eastern Asia and the 
southern parts of Southeast Asia. Precipitation in summer is likely to increase in northern 
Asia, East Asia, South Asia and most of Southeast Asia, but is likely to decrease in 
central Asia. It is very likely that heat waves/hot spells in summer will be of longer 
duration, more intense and more frequent in East Asia. Fewer very cold days are very 
likely in East Asia and South Asia. There is very likely to be an increase in the frequency 
of intense precipitation events in parts of South Asia, and in East Asia. Extreme rainfall 
and winds associated with tropical cyclones are likely to increase in East Asia, Southeast 
Asia and South Asia. [11.4] 

North America 
The annual mean warming is likely to exceed the global mean warming in most areas. 
Seasonally, warming is likely to be largest in winter in northern regions and in summer in 
the southwest. Minimum winter temperatures are likely to increase more than the average 
in northern North America. Maximum summer temperatures are likely to increase more 
than the average in the southwest. Annual mean precipitation is very likely to increase i 
 
Canada and the northeast USA, and likely to decrease in the southwest. In southern 
Canada, precipitation is likely to increase in winter and spring but decrease in summer. 
Snow season length and snow depth are very likely to decrease in most of North America 
except in the northernmost part of Canada where maximum snow depth is likely to 
increase. [11.5] 
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Central & South America 
The annual mean warming is likely to be similar to the global mean warming in southern 
South America but larger than the global mean warming in the rest of the area. Annual 
precipitation is likely to decrease in most of Central America and in the southern Andes, 
although changes in atmospheric circulation may induce large local variability in 
precipitation response in mountainous areas. Winter precipitation in Tierra del Fuego and 
summer precipitation in south-eastern South America is likely to increase. It is uncertain 
how annual and seasonal mean rainfall will change over northern South America, 
including the Amazon forest. However, there is qualitative consistency among the 
simulations in some areas (rainfall increasing in Ecuador and northern Peru, and 
decreasing at the northern tip of the continent and in southern northeast Brazil). [11.6] 
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Australia & New Zealand 
Warming is likely to be larger than that of the surrounding oceans, but comparable to the 
global mean. The warming is less in the south, especially in winter, with the warming in 
the South Island of New Zealand likely to remain less than the global mean. Precipitation 
is likely to decrease in southern Australia in winter and spring. Precipitation is very likely 
to decrease in south-western Australia in winter. Precipitation is likely to increase in the 
west of the South Island of New Zealand. Changes in rainfall in northern and central 
Australia are uncertain. Increased mean wind speed is likely across the South Island of 
New Zealand, particularly in winter. Increased frequency of extreme high daily 
temperatures in Australia and New Zealand, and a decrease in the frequency of cold 
extremes is very likely. Extremes of daily precipitation are very likely to increase, except 
possibly in areas of significant decrease in mean rainfall (southern Australia in winter and 
spring). Increased risk of drought in southern areas of Australia is likely. [11.7] 

Polar Regions 
The Arctic is very likely to warm during this century more than the global mean. 
Warming is projected to be largest in winter and smallest in summer. Annual arctic 
precipitation is very likely to increase. It is very likely that the relative precipitation 
increase will be largest in winter and smallest in summer. Arctic sea ice is very likely to 
decrease in its extent and thickness. It is uncertain how the Arctic Ocean circulation will 
change. The Antarctic is likely to warm and the precipitation is likely to increase over the 
continent. It is uncertain to what extent the frequency of extreme temperature and 
precipitation events will change in the polar regions. [11.8] 

Small Islands 
Sea levels are likely to rise on average during the century around the small islands of the 
Caribbean Sea, Indian Ocean and northern and southern Pacific Oceans. The rise will 
likely not be geographically uniform but large deviations among models make regional 
estimates across the Caribbean, Indian and Pacific Oceans uncertain. All Caribbean, 
Indian Ocean and North and South Pacific islands are very likely to warm during this 
century. The warming is likely to be somewhat smaller than the global annual mean. 
Summer rainfall in the Caribbean is likely to decrease in the vicinity of the Greater 
Antilles but changes elsewhere and in winter are uncertain. Annual rainfall is likely to 
increase in the northern Indian Ocean with increases likely in the vicinity of the 
Seychelles in December, January and February, and in the vicinity of the Maldives in 
June, July and August, while decreases are likely in the vicinity of Mauritius in June, July 
and August. Annual rainfall is likely to increase in the equatorial Pacific, while decreases 
are projected by most models for just east of French Polynesia in December, January and 
February. [11.9] 
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