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Changes in temperature, sea level and Northern Hemisphere snow cover
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Changes in physical and biological systems and surface temperature 1970-2004
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change
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Where do the GHGs come from?

Global anthropogenic GHG emissions
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Figure 2.1. (a) Global annual emissions of anthropogenic GHGs from 1970 to 2004.° (b) Share of different anthropogenic GHGs in total emissions in 2004
in terms of CO,-eq. (c) Share of different sectors in total anthropogenic GHG emissions in 2004 in terms of CO,-eq. (Forestry includes deforestation.) {WGIII

Figures TS.1a, TS.1b, TS.2b}
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Which regions produce the most GHGs?

(tonnes of CO,-equivalent per capita)
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CO2 emissions by region
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Scenarios for GHG emissions from 2000 to 2100 in the
absence of additional climate policies
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IPCC EMISSION SCENARIOS

A1FI  Moderate population growth, rapid economic growth, fossil-fuel intensive

A1T  Mod. pop. growth, rapid economic growth, transition to non-fossil fuel economy

A1B  Mod. pop. growth, rapid economic growth, balanced fuel-source economy

A2 High population growth, slow economic development, slow technological change
Bl Mod. pop. growth, rapid change to service and information economy
B2 Mod. pop. growth, local solutions to economic, social & environmental sustainability

Scenarios for GHG emissions from 2000 to 2100 in the
absence of additional climate policies
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Summary of temperature and sea-level predictions

Table 3.1. Projected global average surface warming and sea level rise at the end of the 21% century. {WGI 10.5, 10.6, Table 10.7, Table SPM.3}

Temperature change Sea level rise
(°C at 2090-2099 relative to 1980-1999) >4 (m at 2090-2099 relative to 1980-1999)

Best estimate Likely range Model-based range
excluding future rapid dynamical changes in ice flow

Constant year 2000

concentrationst 0.6 0.3-09 Mot available
B1 scenario 1.8 1.1-29 0.18 — 0.38
A1T scenario 2.4 1.4 -38 0.20 — 0.45
B2 scenario 2.4 1.4 -38 0.20-043
A1B scenario 2.8 1.7 -44 0.21 - 048
A2 scenario 3.4 20-54 0.23 — 0.51
A1FI scenario 4.0 24-6.4 0.26 — 0.59
MNotes:

a) These estimates are assessed from a hierarchy of models that encompass a simple climate model, several Earth Models of Intermediate
Complexity, and a large number of Atmosphere-Ocean General Circulation Models (AOGCMs) as well as observational constraints.

b} Year 2000 constant composition is derived from AOGCMs only.

c) All scenarios above are six SRES marker scenarios. Approximate CO_-eq concentrations corresponding to the computed radiative forcing due to
anthropogenic GHGs and aerosals in 2100 (see p. 823 of the WGI TAR) for the SRES B1, AIT, B2, A1B, A2 and A1FI illustrative marker scenarios
are about 600, 700, 800, 850, 1250 and 1550ppm, respectively.

d) Temperature changes are expressed as the difference from the period 1980-1999. To express the change relative to the period 1850-1899 add
0.5°C.
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Atmosphere-Ocean General Circulation Model projections of surface warming
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Figure 3.2. Left panel: Solid lines are multi-model! global averages of surface warming (relafive to 1980-1983) for the SRES scenarios A2, A1B and B1,
shown as continuations of the 20 century simulations. The orange line is for the experiment where concentrations were held constant at year 2000 values.
The bars in the middle of the figure indicate the best estimate (solid line within each bar) and the likely range assessed for the six SRES marker scenatios
at 2090-2099 relafive to 1980-1998. The assessment of the best estimate and likely ranges in the bars includes the Atmosphere-Ocean General Circulation
Models (AOGCMSs) in the left part of the figure, as well as resulfts from a hierarchy of independent models and observational constraints.
Right panels: Projected surface temperature changes for the early and late 21% century relative to the period 1980-1999. The panels show the mult-r-AOGCM
average projections for the A2 (top), A1B (middle) and B1 (bottom) SRES scenarios averaged over decades 2020-2029 (left) and 2090-2099 (right). {WGI
10.4, 10.8, Figures 10.28, 10.29, SPM]}
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Precipitation Predictions (A1B)- 2090-2099
Dec-Feb Jun-Aug

Multi-model projected patterns of precipitation changes

-20 -10 -5 5 10 20

Figure 3.3. Relative changes in precipitation (in percent) for the period 2090-2099, relative to 1980-1999. Values are multi-model averages based on the
SRES A1B scenario for December to February (left) and June to August (right). White areas are where less than 66% of the models agree in the sign of the
change and stippled areas are where more than 90% of the models agree in the sign of the change. {WG! Figure 10.9, SPM]}

IPCC - AR4 Synthesis



Projections and model consistency of relative changes in runoff by the end of the 21st century
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Figure 3.5. Large-scale relative changes in annual runoff {water availability, in percent) for the period 2090-2099, relative to 1980-1999. Values
represent the median of 12 climate models using the SRES A1B scenario. White areas are where less than 66% of the 12 models agree on the sign of
change and hatched areas are where more than 90% of models agree on the sign of change. The quality of the simulation of the observed large-scale
20% century runoff is used as a basis for selecting the 12 models from the multi-model ensemble. The global map of annual runoff illustrates a large
scale and is not intended to refer to smaller temporal and spatial scales. In areas where rainfall and runoff is very low (e.g. desert areas), small changes
in runoff can lead fo large percentage changes. In some regions, the sign of projected changes in runoff differs from recently observed trends. In some
areas with projected increases in runoff, different seasonal effects are expected, such as increased wet season runoff and decreased dry season
runoff. Studies using results from few climate models can be considerably different from the results presented here. (WGII Figure 3.4, adjusted to match
the assumptions of Figure SYR 3.3; WGII 3.3.1, 3.4.1, 3.5.1}




Climate change impact predictions

Global average annual temperature change relative to 1980-1999 (°C)
1 2 3 d 5

:'-G

Increased water availability in moist tropics and high latitudes = e - — - —— - - — -

WATER Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes s -
Hundreds of millions of people exposed to increased water stress e e o o - - - . . . .- =l
e P t0 30% of species at Significantt extinctions .
increasing risk of extinction around the globe
Increased coral bleaching == Most corals bleached =—(\Widespread coral mortality e e e - . - - -l
Terrestrial biosphere tends toward a net carbon source as:
ECOSYSTEMS ~15% ~40% of ecosystems affectad =
Increasing species range shifts and wildfire risk
Ecosystem changes due to weakening of the meridional oy gy
overturning circulation
Complex, localised negative impacts on small holders, subsistence farmers and fishers mm o - - - -]
Tendencies for cereal productivity Productivity of all cereals mm me {
FOOD to decrease in low latitudes decreases in low latitudes
Tendencies for some cereal productivity e — s — 22l productivity to
to increase at mid- to high latitudes decrease in some regions
Increased damage from floods and storms e e e - e - - - —— - = - -
Alk:l?}utl 30% of
global coastal mm e e e - - — -
COASTS wetlands II::ustL
Millions more people could experience o o o= — = = .
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Increasing burden from malnutrition, diarrhoeal, cardio-respiratery and infectious disease; mm mm el
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Changed distribution of some disease vectors mm mm mm mw == = - - - - - - . = E e -

Substantial burden on health services == mm e
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Phenomenon® and
direction of trend

Over most land
areas, warmer and
fewer cold days
and nights, warmer
and more frequent
hot days and nights

Warm spells/heat
waves. Frequency
increases over most
land areas

Heavy precipitation
events. Frequency
increases over most
areas

Area affected by
drought increases

Likelihood of
future trends
based on
projections

for 21= century
using SRES
scenarios

Virtually
certain®

Very likely

Very likely

Likely
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Examples of major projected impacts by sector

Agriculture, forestry
and ecosystems
{WGII 4.4, 5.4}

Increased yields in
colder environments;
decreased yields in
warmer environments;
increased insect
outbreaks

Water resources
{WGII 3.4}

Effects on water

resources relying on
snowmelt; effects on
some water supplies

Reduced yields in
warmer regions
due to heat stress;
increased danger of
wildfire

Damage to crops;
soil erosion, inability
to cultivate land due
to waterlogging of
soils

Land degradation;
lower yields/crop
damage and failure;
increased livestock
deaths: increased
risk of wildfire

Increased water
demand: water

quality problems,
e.g. algal blooms

Adverse effects on
quality of surface
and groundwater;
contamination of
water supply; water
scarcity may be
relieved

More widespread
water stress

Human health
{(WGII 8.2, 8.4}

Reduced human
mortality from
decreased cold
exposure

Increased risk of
heat-related
martality, especially
for the elderly,
chronically sick,
very young and
socially isolated

Increased risk of
deaths, injuries and
infectious, respiratory
and skin diseases

Increased risk of
food and water
shortage; increased
risk of malnutrition;
increased risk of
water- and food-
borne diseases

Industry, settlement
and society
(WGl 7.4)

Reduced energy demand for
heating; increased demand

for cooling; declining air quality
in cities; reduced disruption to
transport due to snow, ice;
effects on winter tourism

Reduction in quality of life for

people in warm areas without
appropriate housing; impacts

on the elderly, very young and
poor

Disruption of settlements,
commerce, transport and
societies due to flooding:
pressures on urban and rural
infrastructures; loss of property

Water shortage for settlements,
industry and societies;

reduced hydropower generation
potentials; potential for
population migration




Phenomenon® and Likelihood of Examples of major projected impacts by sector

direction of trend future trends
based on Agriculture, forestry | Water resources Human health Industry, settlement
projections and ecosystems WaGlil 3.4} {WGl 8.2, 8.4} and society
for 21= century | WGl 4.4, 5.4} {WGII 7.4}
using SRES
scenarios
Intense tropical Likely Damage to crops; Power outages Increased risk of Disruption by flood and high
cyclone activity windthrow (uprooting) causing disruption deaths, injuries, winds; withdrawal of risk
increases of trees; damage to  of public water supphy water- and food- coverage in vulnerable areas
coral reefs borne diseases; by private insurers; potential
post-traumatic for population migrations; loss
stress disorders of property
Increased incidence  Likely® Salinisation of Decreased fresh- Increased risk of Costs of coastal protection
of extreme high irrigation water, water availability due deaths and injuries versus costs of land-use
sea level (excludes estuaries and fresh- to saltwater intrusion by drowning in floods; | relocation; potential for
fsunamis)® water systems migration-related movement of populations and
health effects infrastructure; also see tropical
cyclones above

Notes:

a) See WGI Table 3.7 for further details regarding definitions.

b) Warming of the most extreme days and nights each year.

c) Extreme high sea level depends on average sea level and on regional weather systems. It is defined as the highest 1% of hourly values of cbserved
sea level at a station for a given reference period.

d) In all scenarios, the projected global average sea level at 2100 is higher than in the reference period. The effect of changes in regional weather
systems on sea level extremes has not been assessed. WG/ 10.6}
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