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INTRODUCTION

TheWorking Group! contribution to the | PCC Fourth Assessment Report describes progressin
undestanding of thehuman and natural drivers of climate change', observed climate change climate
processes and attribution, and estimates of projected future climate change It buildsuponpast IPCC
assessments and incorporates new findingsfrom the past six years of research. Scientific progress since the
TAR is based uponlarge amourts of new and more comprehensive daa, more sophisticated andyses of
data, improvementsin undestanding of processes and thar simulationin modds, and more extensve
exploration of uncertainty ranges.

Thebasis for subdantive paragraphsin this Summary for Policymakers can befoundin the chegpter
sectionsspecified in curly brackets.

HumMAN AND NATURAL DRIVERS OF CLIMATE CHANGE

Changesin theatmogpheic abundance of greenhou® gases and aerosols, in solar radiation andin land
surface propeties alter the energy bdance of theclimate system. These changes are expressed in terms of
radiative forcing?, which is used to compare how arangeof human and natural factors drive warming or
cooling influences on globd climate. Since the Third Assessment Report (TAR), new observationsand
related moddling of greenhou® gases, solar activity, land surface propeaties and some aspects of aerools
have led to improvementsin the quantitative estimates of radiative forcing.

Global atmogpheric concentrations of carbon dioxide, methane and nitrous oxide haveincreased
markedly asaresult of human adivities since 1750and now far exceed pre-industrial values
determined from ice cores spanning many thousands of years (see Figure SPM-1). The global
increasesin carbon dioxide concentration are due primarily to fossil fuel use and land-use change,
while those of methane and nitrous oxide are primarily dueto agriculture. {2.3,6 .4, 7.3}

¥  Carlon dioxide isthe most importart arthropogenic greerhouse gas(seeFigure SPM-2). The globall
atmaspheric concertration of carbon dioxide hasincreasedfrom a pre-industrial value of about 280 ppm to
379 ppm?in 2005. The atmospheric concertration of carbon dioxide in 2005 exceeds by far the natural
range over the lag 650,000 years(180 to 300 ppm) asdetermined from ice cores The amual carbon
dioxide concertration growth-rate waslarger during the lag 10 years (1995 B 2005 average: 1.9 ppm per
year) thanit hasbeensincethe begnning of continuous directatmospheric measuremerts (19602005
averace: 1.4 ppm per year)although thereis yea-to-year variahlity in growth rates

¥  The primary source of theincreagd atmaspheric concentration of carbon dioxide sincethe pre-industrial
period reaults from fossil fuel use, with land use change providing another signifi cart but smaller
contribution. Annual fossil carton dioxide emissions® increagd from anaverage of 6.4 [6.0 to 6.8] ° GtC

! Climate change in IPCC usage refers to any change in climate over time, whether due to natural variability or as aresult of human activity. This usage differs
from that in the Framework Convention on Climate Change, where climate change refers to a change of climate that is attributed directly or indirectly to human
activity that alters the composition of the global atmosphere and that isin addition to natural climate variability observed over comparable time periods.

2 Radiative forcing is ameasure of the influence that a factor hasin altering the balance of incoming and outgoing energy in the Earth-atmosphere system and is
an index of the importance of the factor as a potential climate change mechanism. Positive forcing tends to warm the surface while negative forcing tends to cool
it. In this report radiative forcing values are for 2005 relative to pre-industrial conditions defined at 1750 and are expressed in watts per square metre (W m?).
See Glossary and Section 2.2 for further details.

3 ppm (parts per million) or ppb (parts per billion, 1 billion = 1,000 million) is the ratio of the number of greenhouse gas molecules to the total number of
molecules of dry air. For example: 300 ppm means 300 molecules of a greenhouse gas per million molecules of dry air.

* Fossil carbon dioxide emissions include those from the production, distribution and consumption of fossil fuels and as by-product from cement production. An
emission of 1 GtC correspondsto 3.67 GtCO..

®In general, uncertainty ranges for results given in this Summary for Policymakers are 90% uncertainty intervals unless stated otherwise, i.e., thereis an
estimated 5% likelihood that the value could be above the range given in square brackets and 5% likelihood that the value could be below that range. Best
estimates are given where available. Assessed uncertainty intervals are not always symmetric about the corresponding best estimate. Note that a number of
uncertainty rangesin the Working Group | TAR corresponded to 2-sigma (95%), often using expert judgement.

Page 2 of 21



Summary for Policymakers IPCC WGI Fourth Assessment Report

(23.5[22.0to 25.0] GtCO,) peryearin the 1990s, to 7.2 [6.9 to 7.5] GtC (26.4 [25.3 to 27.5] GtCO,) per
yearin 2000ER2005 (2004 ard 2005 data are interim egimates. Carlon dioxide emissions associated with
land-use change are edimatdto be 1.6 [0.5t0 2.7] GtC (5.9[1.8 to 9.9] GtCO,) per yea over the 1990s,
although these edimaieshave alarge uncertainty. { 2.3, 7.3}

The global atmospheric concertration of methare hasincreagd from a pre-industrial value of about 715
ppb to 1732 ppb in the early 1990s, and is 1774 ppb in 2005. The atmospheric concertration of metare in
2005 exceed by far the natural range of the lag 650,000 years(320 to 790 ppb) asdeterminedfromice
cores Growth rateshave declinedsincethe ealy 1990s, consistert with total emissions (sum of
arthropogeric and natural sources) being nearly constart during this period. It is very likely® that the
observedincrease in methare concertration is due to anthropogenic activities predominartly agriculture
and fossil fuel use, but relative contributions from differert source typesare not well determined {2.3, 7.4}

The global atmaspheric nitrous oxide concertration increagd from a pre-industrial value of about 270 ppb
to 319 ppb in 2005. The growth rate hasbeenapproximately constan since 1980. More thanacthird of all
nitrous oxide emissions areanthropogenic and are primarily dueto agriculture. {2.3,7.4}

The under standing of anthropogenic warming and cooling influences on climate hasimproved since
the Third Assessment Report (TAR), leading to very high confidence’ that the globally averaged net

effect of human adivities since 1750hasbeen one of warming, with a radiative forcing of +1.6 [+0.6

to +2.4] W m™ (see Figure SPM-2). {2.3.6.5, 2.9}

¥

The combinedradative forcing dueto increagsin carbon dioxide, methare, ard nitrous oxideis +2.30
[+2.07 to +2.53] W m?, and itsrate of increag during the industrial erais very likely to have been
unprececentedin more than 10,000 years(seeFiguresSPM-1 and SPM-2). The carbon dioxide radative
forcing increased by 20% from 1995 to 2005, the larges change for arny decackin atlead thelag 200
years {2.3, 6.4}

Anthropogenic contributions to aercsols (primarily sulphate, organic carbon, black carlon, nitrate and dust)
together produce a cooling effect, with atotal direct radative forcing of -0.5 [-0.9 to -0.1] W m? and an
indirectcloud albedo forcing of -0.7 [-1.8 to -0.3] W m>. These forcings are now better undersood thanat
the timeof the TAR due to improvedin situ, satellite and ground-based measirements and more
comprehersive modelling, but remain the dominart uncertainty in radative forcing. Aerosols also influence
cloud lifetime and precipitation. {2.4, 2.9, 7.5}

Significant anthropogenic contributions to radative forcing come from several other sources Tropospheric
ozone changesdue to emissions of ozone-forming chemicals (nitrogen oxides carbon monoxide, ard
hydrocarhkons) contribute +0.35 [+0.25 to +0.65] W m®. The directradative forcing due to changesin
halocartons® is +0.34 [+0.31 to +0.37] W m™. Chargesin surfacealbedo, due to land-cover changesand
deposition of black carbon aerasols on snow, exert regpective forcings of -0.2 [-0.4 to 0.0] and +0.1 [0.0 to
+0.2] W m™ Additional terms smaller than +0.1 W m™ areshown in Figure SPM-2. {2.3, 2.5, 7.2}

Charngesin solarirradancesince 1750 areegimatedto cawse aradative forcing of +0.12 [+0.06 to +0.30]
W m?, whichislessthan half the esimat givenin the TAR. {2.7}

® In this Summary for Policymakers, the following terms have been used to indicate the assessed likelihood, using expert judgement, of an outcome or aresult:
Virtually certain > 99% probability of occurrence, Extremely likely > 95%, Very likely > 90%, Likely > 66%, More likely than not > 50%, Unlikely < 33%, Very
unlikely < 10%, Extremely unlikely < 5%. (See Box TS 1.1 for more details).

" In this Summary for Policymakers the following levels of confidence have been used to express expert judgments on the correctness of the underlying science:
very high confidence at least a9 out of 10 chance of being correct; high confidence about an 8 out of 10 chance of being correct. (See Box TS-1.1)

® Halocarbon radiative forcing has been recently assessed in detail in IPCCOsSpecial Report on Safeguarding the Ozone Layer and the Global Climate System

(2005).
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DIRECT OBSERVATIONS OF RECENT CLIMATE CHANGE

Sincethe TAR, progressin undestanding how climate is changing in space and in time has been ganed
throughimprovements and extensonsof numerous datasets and data andyses, broader geographical
coverage beter undestanding of uncertainties, and a wider variety of measurements. Inareasingly
comprehensive observationsare available for glaciers and snow cover since the 1960s and for sea level
andice sheets since aboutthe past decade However, daa coverageremainslimited in someregions

Warming of the climate system is unequivocal, asis now evident from observations of increasesin
global averageair and ocean temperatures, widespread melting of snow and ice, and rising global
mean sea level (see Figure SPM-3). {3.2,4.2,5.5}

¥  Elevenof the lad twelve years(1995 -2006) rark amang the 12 warmed yeas in theinstrumertal recad of
global surfacetemperaure9 (since 1850). The updated 100-yearlinea trend (1906ER005) of 0.74 [0.56 to
0.92]iC isthereore larger thanthe corregponding trend for 1901-2000 givenin the TAR of 0.6 [0.4 to
0.8]iC. The linearwarming trerd over the lag 50 years(0.13 [0.10 to 0.16]; C per decack) is nearly twice
thatfor the lag 100 yeas. The total temperature increas from 1850 1899 to 2001 2005 is 0.76 [0.57 to
0.95]iC. Urbanheatisland effects arerealbut local, and have a nedigible influence (less than 0.006; C per
decacak overland and zeroover the ocears) on thes values {3.2}

¥  New analysesof balloon-borne and satellite measurements of lower- and mid-tropospheric temperature
show waming ratesthat are similar to those of the surfacetemperature record and are consistent within
their repective uncertainties largely recanciling a discreparcy notedin the TAR. {3.2, 3.4}

¥  The average atmospheric water vapour contert hasincreagdsince atlead the 1980s over land and oceanas
well asin the upper troposphere. The increa® is broady consistert with the extra water vapour that wamer
air canhold. {3.4}

¥  Observations since 1961 show that the average temperaure of the global oceanhasincreasedto depths of at
leas 3000 m and that the ocean hasbeenabsorbing more than80% of the heat addedto the climate system.
Suchwarming cawsesseavater to expand, contributing to sealevel rise (Tabe SPM-0).{5.2, 5.5}

° The average of near surface air temperature over land, and sea surface temperature.
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Table SPM-0. Observed rate of sea level rise and estimated contributions from different sources. {5.5, Table 5.3}
[Numbers to be converted to mm per year]

Rate of sea level rise (m per century)

Source of sea level rise 1961 2003 1993 2003
Thermal expansion 0.042 +0.012 0.16 +0.05

Glaciers and ice caps 0.050 £ 0.018 0.077 £0.022
Greenland ice sheets 0.05+0.12 0.21 +0.07
Antarctic ice sheets 0.14+0.41 0.21+0.35
coi?r?t;u(goizcs“;/cidsu:;Ttlai\r::lnr(iase 0.11+0.05 0.28+0.07
Observed total sea level rise 0.18 +0.05° 0.31+0.07°

Difference
(Observed minus sum of estimated 0.07 £ 0.07 0.03+0.10

climate contributions)

Note:
® Data prior to 1993 are from tide gauges and after 1993 are from satellite altimetry

¥  Mountain glaciersard snow cover have declined on average in both hemispheres Widegpread decreagsin
glaciersand ice caps have contributedto sealevel rise (ice caps do not include contributions from the
Greerdand and Antarctic ice sheet). (see Table SPM-0) {4.6, 4.7, 4.8, 5.5}

¥  New datasincethe TAR now show thatlossesfrom the ice sheets of Greedand and Antarcticahave very
likely contributedto sealevel rise over 1993 to 2003 (Take SPM-0). Flow speedhasincreased for some
Greerland and Antarctic outlet glaciers which drain ice from the interior of the ice sheets. The
corregonding increasedice sheetmass loss hasoftenfollowedthinning, reduction or loss of ice shelvesor
loss of floating glacier tongues Such dynamicaliceloss is suffi ciert to explain most of the Antarctic net
mas loss and approximately half of the Greerland net mas loss. The remainder of the iceloss from
Greerlard hasoccured because lossesdue to melting have exceeded accumulation due to snowfall. {4.6,
4.8, 5.5}

¥  Global average sealevel rose atanaverage rate of 1.8 [1.3 to 2.3] mm peryearover 1961 to 2003. The rate
wasfager over 1993 to 2003, about 3.1 [2.4 to 3.8] mm peryear. Whether the fagter rate for 1993 to 2003
reflects decadhl variahlity or anincrease in the longer-termtrend is unclear. Thereis high confidencethat
the rate of observedsealevel rise increagd from the 19th to the 20th certury. The total 20th certury riseis
edimatdto be 0.17 [0.12 to 0.22] m. {5.5}

¥ For 1993-2003, the sum of the climate contributionsis consistert within uncertaintieswith the total sea
level risethatis directy observed (see Talle SPM-0). Thes edimatesare basedon improvedsatellite ard
in-situ data now availale. For the period of 1961 to 2003, the sum of climate contributionsis edimatdto
be smaller thanthe observed sealevel rise. The TAR reportedasimilar discreparcy for 1910 to 1990. { 5.5}

At continental, regional, and ocean badn scales, numerous long-term changesin climate have been
observed. Theseinclude changesin Arctic temperatures and ice, widespread changesin precipitation
amounts, ocean salinity, wind patter ns and aspects of extreme weather including droughts, heavy
precipitation, heat waves and the intensity of tropical cyclones™®. {3.2,3.3, 3.4,35, 3.6,5.2}

10 Tropical cyclonesinclude hurricanes and typhoons.
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¥  Average Arctic temperaturesincreased at almost twice the global average rate in the pag 100 years Arctic
temperatureshave high decadal variahility, and a warm period wasalso observed from 1925 to 1945. {3.2}

¥  Satllite datasince 1978 show that amual average Arctic seaice extert hasshrunk by 2.7 [2.1 to 3.3]% per
decad, with largerdecreagsin summer of 7.4 [5.0 to 9.8]% per decack. These valuesare consistert with
those reportedin the TAR.{4.4}

¥  Temperaturesatthetop of the permafrost layer have generaly increased since the 1980s in the Arctic (by
up to 3jC). The maximum area coveredby sea®nally frozenground hasdecreased by about 7% in the
Northern Hemispheresince 1900, with adecaeas in spring of up to 15%. {4.7}

¥  Long-tem trends from 1900 to 2005 have been observed in precipitation amount over mary large
reg ons. Significartly increa®d precipitation hasbeenobservedin eagernparts of North and Sauth
America, northern Europe and northernand certral Asia. Drying hasbeenobservedin the Satel, the
Mediterranean southern Africaand parts of southern Asia. Precipitation is highly variae spatially ard
temporally, and data are limitedin someregons. Long-termtrends have not beenobserved for the other
large regons assesed ™ { 3.3, 3.9}

¥  Changesin precipitation and evaporation over the oceans aresuggegedby freshening of mid and high
latitude waters together with increagd salinity in low latitude waters {5.2}

Mid-latitude wederly winds have strengthenedin both hemispheressincethe 1960s. { 3.5}

¥  Moreinterse and longer droughts have been observed over wider areassince the 1970s, particularly in the
tropicsand subtropics. Increaseddrying linked with higher temperaturesand decreased precipitation have
contributedto changesin drought. Changesin sea surfacetemperatures(SST), wind patterns, and
decreased snowpack and snow cover have also beenlinkedto droughts. { 3.3}

¥  Thefrequercy of heawy precipitation everts hasincreagdover most land areas consistert with warmming
and observedincreasesof atmaspheric water vapour. { 3.8, 3.9}

¥  Widegreadchangesin extremetemperatureshave been observedover the lag 50 years Cold days, cold
nights and frost have becane less frequent, while hot days, hot nights, and heatwaveshave becane more
frequert (seeTabe SAVI-1). { 3.8}

¥  Thereisobservational evidence for anincrea® of interse tropical cyclone activity in the North Atlartic
sinceabout 1970, correlated with increagsof tropical seasurfacetemperatres Thereare also suggegions
of increasedintense tropical cyclone activity in some other regons whereconcerrs over data quality are
greatr. Multi-decadhl variahility and the quality of the tropical cyclone recads prior to routine satellite
observationsin about 1970 complicate the detecion of long-termtrends in tropical cyclone activity. There
isno cleartrerd in the amual numbers of tropical cyclones { 3.8}

Some agpects of climate havenot been observed to change {3.2, 3.8,4 .4, 5.3}

¥ A decra®indiurnal temperature range (DTR) wasreportedin the TAR, but the data availabe then
exterdedonly from 1950 to 1993. Updated observations revealthat DTR hasnot changed from 1979 to
2004 asboth day- and night-time temperature have risen at about the same rate. The trends are highly
variade from oneregon to another. { 3.2}

¥  Antarctic seaiceexternt continuesto show inter-amual variahility and localizedchangesbut no statisticaly
significart average trends, consisternt with the lack of warming reflectedin atmaospheric temperatures
averggedaaosstheregon. { 3.2, 4.4}

¥  Thereisinsuffi ciernt evidernceto determine whether trends exist in the meridional overturning circulation of
the global oceanor in small scale phenomenra such astornadoes hail, lightning and dust-storms. { 3.8, 5.3}

' The assessed regions are those considered in the regional projections Chapter of the TAR and in Chapter 11 of this Report.
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Table SPM-1. Recent trends, assessment of human influence on the trend, and projections for extreme weather events for
which there is an observed late 20th century trend. { Tables 3.7, 3.8, 9.4, Sections 3.8, 5.5, 9.7, 11.2-11.9}

Likelihood that trend Likelihood of future

a . . - Likelihood of a human trends based on
Phenomenon® and direction occurred in late 20th ; . S
of trend century (typically post contribution tobobserved projections for 21st
1960) trend century using SRES
scenarios
Warmer and fewer cold days
and nights over most land Very likely © Likely Virtually certain ©

areas

Warmer and more frequent
hot days and nights over Very Iikelyd Likely (nights) ® Virtually certain
most land areas

e

Warm spells / heat waves.
Frequency increases over Likely More likely than not' Very likely
most land areas

Heavy precipitation events.
Frequency (or proportion of

. . f .
total rainfall from heavy falls) Likely More likely than not Very likely
increases over most areas
_Area affected by droughts Likely in many regions More likely than not Likely
increases since 1970s
Intgn.se 'troplcal cyclone Likely in some regions More likely than not' Likely
activity increases since 1970

Increased incidence of )
extreme high sea level Likely More likely than not"" Likely '
(excludes tsunamis) °

Notes:

(a) See Table 3.7 for further details regarding definitions

(b) See Table TS-4, Box TS-3.4 and Table 9.4.

(c) Decreased frequency of cold days and nights (coldest 10%)

(d) Increased frequency of hot days and nights (hottest 10%)

(e) Warming of the most extreme days and nights each year

(f) Magnitude of anthropogenic contributions not assessed. Attribution for these phenomena based on expert judgement rather than formal
attribution studies.

(g) Extreme high sea level depends on mean sea level and on regional weather systems. It is defined here as the highest 1% of hourly values of
observed sea level at a station for a given reference period.

(h) Changes in observed extreme high sea level closely follow the changes in mean sea level {5.5.2.6}. It is very likely that anthropogenic activity
contributed to arise in mean sea level. {9.5.2}

(i) In all scenarios, the projected global mean sea level at 2100 is higher than in the reference period. {10.6}. The effect of changes in regional
weather systems on sea level extremes has not been assessed.
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A PALEOCLIMATIC PERSPECTIVE

Paleodimatic studies use changes in climatically sengtive indicators to infer past changesin globd climate
ontime scaes ranging from decades to millionsof years. Such proxy daa (e.g., tree ringwidth) may be
influenced by both local temperature and other factors such as precipitation, and are often representative of
paticular seasonsrather than full years. Studies since the TAR draw increased confidence from additiond
data showing cohaent behaviour across multiple indicators in different parts of the world. However,
uncertainties genealy increase with timeinto thepast dueto increasingly limited spatial coverage

Paleodimate information supportstheinter pretation that the warmth of the lag half century is
unusual in at leag the previous 1300years. Thelag timethe polar regions wer e significantly warmer
than present for an extended period (about 125000years ago), reductionsin polar ice volumeled to
4to 6 metresof sealevel rise. {6.4, 6.6}

¥  Average Northern Hemispheretemperaturesduring the secand half of the 20th certury werevery likely
higherthanduring any other 50-yearperiod in the lag 500 yearsand likely the higheg in atleas the pag
1300 years Somerecen studiesindicate greater variahility in Northern Hemispheretemperaturesthan
suggededin the TAR, particularly findi n% that cooler periods existedin the 12 to 14th, 17th, and 19th
certuries Warmer periods prior to the 20" certury are within the uncertainty range givenin the TAR. { 6.6}

¥  Global average sealevel inthe lag interdacial period (about 125,000 yeas ago) waslikely 4 to 6 m higher
thanduring the 20th certury, mainly due to the retreatof polarice. Ice core dataindicat that average polar
temperaturesat that time were 3 to 5;C higher than presert, becawse of differencesin the EarthOorbit. The
Greerand ice sheetand other Arctic icefields likely contributed no more than4 m of the observed sealevel
rise. There may also have beena contribution from Antarctca { 6.4}

UNDERSTANDING AND ATTRIBUTING CLIMATE CHANGE

This Assessment condders longe and improved records, an expanded rangeof obsrvations and
improvements in the simulation of many aspects of climate and its variability based on studies since the
TAR. It also consders theresults of new attribution studies tha have evaluated whether observed changes
are quantitatively condstent with the expected respons to externd forcingsand incongstent with
aternative physcally plausble explanaions

Mog of the observed increase in globally averaged temper atur es since the mid-20th century isvery
likely due to the observed increase in anthropogenic greenhouse gasconcentrations'. Thisisan
advance since the TAR® conclusion that Onog of the observed warming over thelag 50 yearsis
likely to have been due to theincrease in greenhouse gasconcentrationsO.Discer nible human
influences now extend to other agoects of climate, including ocean warming, continental-aver age
temperatures, temperature extremes and wind patterns (see Figure SPM-4 and Table SPM-1). {94,
9.5}

¥  ltislikely thatincrea®sin greerhouse gasconcertrations alone would have caused more warming than
observedbecause volcanc and anthropogenic aerasol s have offset some warming that would otherwise
have takenplace {2.9, 7.5, 9.4}

¥  The observed widegpreadwaming of the atmosphereand ocean together with ice mas loss, support the
conclusion thatit is extemely unlikely that global climate change of the pagd fifty yearscanbe explained
without exterral forcing, and very likely thatit is not due to known natural cawsesalone.{4.8, 5.2, 9.4, 9.5,
9.7}

*2 Consideration of remaining uncertainty is based on current methodologies.
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¥  Warming of the climaie systemhasbeendeteciedin changesof surface and atmaspheric temperatures
temperaturesin the upper several hundred metresof the oceanand in contributions to sealevel rise.
Attribution studieshave egallishedarthropogenic contributions to all of these changes The observed
patternof tropospheric warming and stratospheric cooling is very likely due to the combinedinfluencesof
greerhouse gasincreasesand stratospheric ozone depetion. { 3.2, 3.4, 9.4, 9.5}

¥  Itislikely thatthere hasbeensignificart anthropogenc waming over the pag 50 yeas averaged over each
continern exceg Antarctica (seeFigure SPM-4). The observed paterrs of warming, including greater
warming over land thanover the ocean ard their changesover time,are only simulated by models that
include anthropogernic forcing. The ahility of coupled climate models to simulate the observedtemperature
evolution on eachof six continerts providesstronger evidence of humaninfluence on climate thanwas
availabeinthe TAR.{3.2, 9.4}

¥  Difficultiesremain in reliably simulating and attributing observedtemperature changesat smaller scales
On these scales natural climate variahlity isrelatively larger making it harder to distinguish changes
expecieddue to external forcings. Uncertaintiesin loca forcings and feedbacks also make it diffi cult to
edimate the contribution of greenhouse gasincreagsto observed small-scale temperaure changes {8.3,
9.4}

¥  Anthropogeric forcing is likely to have contributedto changesin wind patterns13, affecting extra-tropical
storm tracks and temperature patterns in both hemispheres However, the observed changesin the Northern
Hemispherecirculation arelarger thansimulatedin regonse to 20th certury forcing change.{3.5, 3.6, 9.5,
10.3}

¥  Temperaturesof the most extreme hot nights, cold nights and cold days arelikely to have increaseddue to
arthropogenic forcing. It is morelikely than not that anthropogenic forcing hasincreasedthe risk of heat
waves(see Tabe SPM-1). {9.4}

Analysis of climate modelstogether with constraints from observations enables an assessed likely
rangeto be given for climate sensitivity for thefirst time and providesincreased confidencein the
under standing of the climate system response to radiativeforcing. {6.6, 8.6, 9.6. Box 102}

¥  Theeaquilibrium climate sersitivity is a measire of the climat system regonse to sustainedradative
forcing. It isnot a projecton but is defined asthe global average surfacewarming following a doubling of
carbon dioxide concertrations. It islikely to bein therange 2 to 4.5; C with abeg edimate of about 3;C,
and isvery unlikely to be lessthan 1.5; C. Valuessubstartially higherthan4.5; C camot be excluded, but
agreemert of models with observationsis not asgood for those values Water vapour changesrepresert the
larged feedback affecting climate sersitivity ard are now better understood thanin the TAR. Cloud
feedhacks remain the largeg source of uncertainty. {8.6, 9.6, Box 10.2}

¥  ltisvery unlikely that climat changesof atleas the sevencerturiesprior to 1950 weredue to variahility
gererakd within the climate systemalone. A significart fraction of the recanstructed Northern Hemisphere
interdecadhl temperature variakility overthose cernturiesisvery likely attributabe to volcaric eruptions and
changesin solarirradance,ard it islikely that arthropogenic forcing contributedto the early 20th certury
warming evidert in these recads. {2.7, 2.8, 6.6, 9.3}

3 |n particular, the Southern and Northern Annular Modes and related changesin the North Atlantic Oscillation { 3.6, 9.5, Box TS.3.1}
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PRrRoJECTIONS OF FUTURE CHANGESIN CLI MATE

A magjor advance of this assessment of climate changeprojectionscompared withthe TAR isthelarge
numbe of simulationsavailable from a broader rangeof modds. Taken togeha with additiond
information from observations these provide a quantitative basis for estimating likelihoodsfor many
aspects of future climate change Modd simulationscover arangeof possible futuresinduding idealised
emission or concentration assumptions These indude SRES'* illugtrative marker scenariosfor the 20000
2100peiod and modd experiments with greenhouse gases and aerosol concentrationshedd congant after
year 20000r 2100.

For the next two decades a warming of about 0.2 C per decade is projected for arange of SRES
emission scenarios Even if the concentrations of all greenhouse gases and aerosols had been kept
congtant at year 2000levels, a further warming of about 0.1;C per decade would be expected. {10.3,
10.7}

¥  SincelPCCOfirst report in 1990, assessed projections have suggesed global averaged temperature
increagsbetweenabout 0.15 and 0.3;C per decade for 1990 to 2005. This cannow be compared with
observedvaluesof about 0.2j C per decack, strengthening confidencein nea-term projectons. {1.2, 3.2}

¥  Model experiments show thatevenif all radative forcing agerts are held constart atyear2000 lewels, a
further warming trend would occur in the next two decadesat a rate of about 0.1jC per decade, due mainly
to the slow regponse of the ocears. About twice asmuch warmming (0.2;C per decace) would be expeciedif
emissions arewithin the range of the SRES scerarios. Beg-edimate projectons from models indicate that
decadhl-average warming over eachinhakited continent by 2030 is insersitive to the choice among SRES
scerarios and is very likely to be atleas twice aslarge asthe corregponding model-edimated natural
variahility during the 20th certury. {9.4, 10.3, 10.5, 11.2P11.7, Figure TS-29}

Continued greenhouse gasemissions at or above current rateswould cause further warming and
induce many changesin the global climate system during the 21 century that would very likely be
larger than those observed during the 20th century. {10.3}

¥  Advancesin climat change modelling now erable bes edimatesand likely asessed uncertinty rangesto
be givenfor projected warming for diff erert emission scerarios. Reaults for differert emission scerarios
areprovidedexplicitly in thisreport to avoid loss of this policy-relevart informaion. Prgectedglobally-
averaged surface wamings for the end of the 21st certury (2090E2099) relative to 1980B1999 areshown in
Table SPM-2. Thesillustrate the differencesbetweenl ower to higher SRES emission scerarios and the
projected warming uncertainty associated with these scenarios. { 10.5}

¥ Bed edimatesard likely rangesfor globally average surface air warming for six SRES emissions marker
scerarios are givenin this assessmert and are shown in Tabe SPM-2. For examge, the bed egimate for
thelow scerario (B1) is 1.8{C (likely rangeis 1.1jC to 2.9;C), ard the beg egimate for the high scenario
(ALFI) is 4.0iC (likely rangeis 2.4iC to 6.4{C). Although these projecions are broady consistert with the
spanquotedin the TAR (1.4 t0 5.8; C), they are not direcly comparabie (SeeFigure A). The AR4 is more
advarcedasit providesbed egimatesand anassessed likelihood range for each of the marker scerarios.
The new assessmert of the likely rangesnow relieson alarger number of climate models of increasng
complexity and reaism, aswell asnew information regardng the nature of feedbacks from the carbon
cycle and constraints on climate regponse from observations.

4 SRES refers to the IPCC Special Report on Emission Scenarios (2000). The SRES scenario families and illustrative cases, which did not include additional
climate initiatives, are summarized in abox at the end of this Summary for Policymakers. Approximate CO, equivalent concentrations corresponding to the
computed radiative forcing due to anthropogenic greenhouse gases and aerosols in 2100 (see p. 823 of the TAR) for the SRES B1, A1T, B2, A1B, A2 and A1FI
illustrative marker scenarios are about 600, 700, 800, 850, 1250 and 1550 ppm respectively.

*® Scenarios B1, A1B, and A2 have been the focus of model inter-comparison studies and many of those results are assessed in this report.
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¥  Warming tends to reduceland and oceanuptake of atmospheric carbon dioxide,increasng the fraction of
arthropogenic emissions that remains in the atmosphere. For the A2 scerario, for example, the climate-
carbon cycle feedack increagsthe corregponding global average warmming at 2100 by more than1;C.
Assessed upper rargesfor temperature projectons are larger thanin the TAR (see Table SPM-2) mainly
because the broader range of models now availab e suggeds stronger climate-carbon cyclefeed backs.. { 7.3,

10.5}

Table SPM-2. Projected globally averaged surface warming and sea level rise at the end of the 21st century for different
model cases. The sealevel projections do not include uncertainties in carbon-cycle feedbacks, because a basis in published

literatureis lacking. { 10.5, 10.6, Table 10.7}

Sea Level Rise
Temperature Change (jC at 2090- (m at 2090-2099 relative to 1980-
2099 relative to 1980-1999) 1999)
. Model-based range
Case Best Likely excluding future rapid dgnamical
estimate range 9
changes in ice flow
Constant Year
2000 0.6 0.3P0.9 NA
concentrations ©
B1 scenario 1.8 1.1B829 0.18 ©0.38
ALT scenario 2.4 1.4P3.8 0.20BD0.45
B2 scenario 2.4 1.4PD3.8 0.20BD0.43
A1B scenario 2.8 1.7D4.4 0.21BD0.48
A2 scenario 3.4 20b54 0.23BD0.51
A1FI scenario 4.0 24P6.4 0.26 ©0.59

Notes:

@ These estimates are assessed from a hierarchy of models that encompass a simple climate model, several EMICs, and alarge number of

AOGCMs.
°Y ear 2000 constant composition is derived from AOGCMs only

¥  Model-based projecions of global average sealevel rise atthe erd of the 21% certury (2090-2099) are
shown in Tablle SPM-2. For eachscerario, the midpoint of the range in Tade SPM-2 is within 10% of the
TAR model average for 2090-2099. The rargesarenarrower thanin the TAR mainly because of improved
informaion about some uncertaintiesin the projecied contributions.*® { 10.6}

¥  Models usedto date do not include uncertaintiesin climate-carton cycle feedbacknor do they include the
full effects of changesin ice sheetflow, becawse abadsin publishedliteraure islacking. The projecions
include a contribution due to increagdice flow from Greerland and Antarcticaat the ratesobservedfor
1993-2003, but these flow ratescould increase or decrease in the future. For example, if this contribution
wereto grow linealy with global average temperature change, the upper rangesof sealevel rise for SRES
scerarios shown in Tabe SPM-2 would increag by 0.1 mto 0.2 m. Largervaluescamot be excluded, but
undergarding of thes effecsistoo limitedto assess their likelihood or provide a beg edimate or anupper

bound for sealevel rise.{10.6}

8 1AR projections were made for 2100, whereas projectionsin this Report are for 2090-2099. The TAR would have had similar ranges to those in Table SPM-

2if it had treated the uncertainties in the same way .
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¥

Increasng atmaospheric carbon dioxide concertrations leadto increasng acidificaion of the ocean
Prgecions basedon SRES scerarios give reductions in average global surface oceaan17 of between0.14
and 0.35 units over the 21st certury, adding to the presert decrea® of 0.1 units since pre-industrial times
{5.4, Box 7.3, 10.4}

Thereisnow higher confidence in projected patterns of warming and other regional-scale features,
including changesin wind patterns, precipitation, and some agpects of extremesand of ice. {8.2, 8.3,
84,85,94,95 103,111}

¥

Prgectedwaming in the 21st certury shows scenario-independent geagraphical patterns similar to those
observedoverthe pag several decaces Waming is expectedto be greates over land and at most high
northernlatitudes and leas over the Sauthern Oceanand parts of the North Atlartic ocean(seeFigure
SPM-5). {10.3}

Snow cover is projectedto contract Widegreadincreasesin thaw depth areprojected over most
permdrost regons. {10.3, 10.6}

Seaiceis projectedto shrink in both the Arctic and Antarcic under all SRES scenarios. In some
projectons, Arctic late-summer seaice disappearsalmost entirely by the latter part of the 21st certury.
{10.3}

It isvery likely that hot extremes heat waves and heaw precipitation everts will continue to become more
frequert. {10.3}

Basdon arange of models, it is likely that future tropical cyclones(typhoons and hurricare will becane
more intense, with larger peakwind speed and more heaw precipitation associated with ongoing increags
of tropical SSTs. Thereisless confidencein projecions of a global decreas in numbersof tropical
cyclones The apparent increa in the proportion of very intense stormssince 1970 in someregonsis
much larger thansimulated by currert models for that period. { 9.5, 10.3, 3.8}

Extra-tropical storm tracks are projectedto move poleward, with consequert changesin wind, precipitation,
and temperaure patterrs, continuing the broad pattern of observedtrends over the lag half-certury. { 3.6,
10.3}

Sincethe TAR thereis animproving underganding of projected patterrs of precipitation. Increagsin the
amaunt of precipitation are very likely in high-latitudes while decreagsare likely in most subtropical land
regons (by asmuch asabout 20% in the A1B scenario in 2100, seeFigure SPM-6), continuing observed
paterrsin recert trends. { 3.3, 8.3, 9.5, 10.3, 11.2 to 11.9}

Basdon current model simulations, it is very likely that the meridional overturning circulation (MOC) of
the Atlantic Oceanwill slow down during the 21st certury. The multi-model average reduction by 2100 is
25% (range from zeroto about 50%) for SRES emission scerario A1B. Temperaturesin the Atlartic
regon areprojectedto increa® degite such changesdue to the much larger warming associated with
projecedincreagsof greerhouse gases It isvery unlikely thatthe MOC will undergo alarge abrupt
trarsition during the 21st certury. Longer-term changesin the MOC camot be assessed with confidence.
{10.3,10.7}

Anthropogenic warming and sea level rise would continue for centuries dueto the timescales
assodated with climate processes and feedbacks, even if greenhouse gasconcentrationswereto be
stabilized. {104, 10.5,10.7}

¥

Climate-carlon cycle coupling is expectedto add carton dioxide to the atmosphereasthe climate system
warms, but the magnitude of this feedbackis uncertain. Thisincreagsthe uncertainty in the trajectory of
carlon dioxide emissions requiredto actieve a particul ar stahilisation level of atmaspheric carbon dioxide
concertration. Based on current understanding of climate carbon cycle feedback model studiessugged that

" Decreasesin pH correspond to increases in acidity of a solution. See Glossary for further details.
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to stahilise at 450 ppm carbon dioxide, could require that cumulative emissions over the 21st certury be
reducedfrom anaverage of approximately 670 [630 to 710] GtC to approximatly 490 [375 to 600] GtC.
Similarly, to stahilise at 1000 ppm this feedback could require that cumul ative emissions be reducedfrom a
model average of approximately 1415 [1340 to 1490] GtC to approximately 1100 [980 to 1250] GtC.{7.3,
10.4} [Add GtCO, numberd.

¥  If radative forcing wereto be stakilized in 2100 at B1 or A1B levels™ afurther increasein global mean
temperature of about 0.5;C would still be expected, mostly by 2200. { 10.7}

¥  If radative forcing wereto be stakilizedin 2100 at A1B levels™, themal expansion alone would leadto 0.3
to 0.8 m of sealevel rise by 2300 (relative to 198001999). Thermal exparsion would continue for mary
certuries due to the timerequiredto trarsport heatinto the deepocean {10.7}

¥  Contraction of the Greerland ice sheetis projectedto continue to contribute to sealevel rise after 2100.
Currert models sugged ice mas lossesincrea® with temperatrre more rapidly thangains due to
precipitation ard that the surface mas balance becanes negative at a global average warming (relative to
pre-industrial valueg in excess of 1.9t0 4.6;C. If anegative surface mas balance were sustainedfor
millemia, that would leadto virtually complete elimination of the Greedard ice sheetand areaulting
contribution to sealevel rise of about 7 m. The corregponding future temperauresin Greeand are
comparabeto thoseinferredfor the lag intergacial period 125,000 yearsago, whenpalecclimatic
informaton suggeds reductions of polarland iceextert and 4 to 6 m of sealevel rise. {6.4, 10.7}

¥  Dynamical procesesrelatedto icefl ow not includedin currert models but suggededby recen
observations could increag the vulneraklity of theice sheesto waming, increasng future sealevel rise.
Understanding of these processesis limitedand thereis no consersus on their magnitude.{4.6, 10.7}

¥  Current global model studiesproject thatthe Antarctc ice sheet will remain too cold for widegpreadsurface
melting and is expectedto gain in mas due to increased snowfall. However, netloss of icemass could
occu if dynamical ice discharge dominatesthe ice shee mass balance. { 10.7}

¥  Both pag and future anthropogenic carbon dioxide emissions will continue to contribute to warming and
sealevel rise for more thana millemium, due to the timesalesrequiredfor removal of this gasfrom the
atmosphere {7.3, 10.3}
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The Emission Scenari os of the |PCC Special Report on Emission Scenari os (SRES)*

Al. The Al storyline and scererio family describesa future world of very rapid economic growth, global population
that peaks in mid-certury and declinesthereafter, and the rapd introduction of new and more efficient technologies
Major underlying themesare convergence among regons, capacity building and increased cultural and social
interactons, with a substartial reduction in regonal differercesin per captaincome. The Al scenario famiy
dewelopsinto threegroups that de<cribe altermative directions of tecnological changein the energy system The
three A1 groups are distinguishedby their techologicad emphass: fossil intersive (A1FI), non-fossil energy sources
(A1T), or abalance acrass all sources(A1B) (wherebalancedis definedasnot relying too heanily on one particular
energy source, on the assumption that similarimprovemert ratesapply to all energy supply and end use
tecmologies.

A2. The A2 storyline and scererio family describesa very heterogeneous world. The underlying theme is self
reliance and preservation of localidertities Ferility patterns acrcss regons converge very slowly, which reaultsin
continuously increasng population. Economic developmert is primarily regonally oriertedand per cagta ecanomic
growth and techol ogical change more fragnernted and slower thanother storylines

B1. The B1 storyline and scererio family describesa convergent world with the same global population, that peaks
in mid-certury and declinesthereafter, asin the A1 storyline, but with rapd change in ecanomic structurestowarda
service ard information ecanomy, with reductions in material intensity and the introduction of cleanand resource
efficient technologies The emphadsis on global solutions to ecanomic, social and environmertal sustainahility,
including improved equity, but without additional climate initiatves

B2. The B2 storyline and scererio family describesaworld in which the emphadsis on local solutions to ecanomic,
social and ernvironmertal sustainahility. It is a world with continuously increasng global population, at a rate |ower
than A2, intermedate levels of ecanomic developmert, and less rapid and more diverse tecmological change thanin
the B1 ard A1 storylines While the scerario is also oriented towards ervironmertal protecion and social equity, it
focuseson local and regonal levels.

Anillustrative scerario waschosenfor eachof the six scerario groups A1B, A1FI, A1T, A2, B1 and B2. All should
be consideredequally sound.

The SRES scerarios do not include additional climate initiatives which means that no scerarios areincludedthat
explicitly assumeimplemertation of the United Nations Framework Convention on Climate Change or the emissions
targets of the Kyoto Pratocal .

'8 Emission scenarios are not assessed in this Working Group One report of the IPCC. This box summarizing the SRES scenariosis taken from the TAR and
has been subject to prior line by line approval by the Panel.
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Changes in Greenhouse Gases
from ice-Core and Modern Data
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FIGURE SPM-1. Atmospheic conaentrationsof carbondioxide, methane and nitrousoxide over the last
10,000years (large pands) and since 1750(inset pands). Measurements are shown from ice cores
(symbols with different colours for different studies) and atamospheric samples (red lines). The
corresponding radiative forcingsare shown ontheright hand axes of thelarge pands. {Figure 6.4}
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Radiative Forcing Components
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FIGURE SPM-2. Globd-averageradiative forcing (RF) estimates and ranges in 2005for anthropogenic
carbondioxide (CO,), methane (CH,4), nitrousoxide (N,0) and other important agents and mechanisms,
togeher with thetypica geographical extent (spatia scale) of theforcing and the assessed level of
scientific undestanding (LOSU). The net anthropagenic radiative forcing and its rangeare also shown.
These require summing asymmetric unaertainty estimates from the component terms, and cannotbe
obtained by simple addition. Additiond forcing factors notinduded here are conddered to have avery
low LOSU. Volcanic aerosols contribute an additiond naural forcing butare notinduded in thisfigure
dueto thdr episodic nature. Rangefor linear contrails does notindudeother possible effects of aviation on
cloudiness. {2.9, Figure 2.20}
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Changes in Temperature , Sea Level
and Northern Hemisphere Snow Cover
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FIGURE SPM-3. Obsrved changesin (a) globd average surface temperature; (b) globd average sea
level rise fromtidegauge(blue) and satellite (red) data and (c) Northern Hemisphee snow cover for
March-April. All changes are rdative to corresponding averages for the period 1961-199Q Smoothed
curves represent decadd averaged values while circles show yearly values. The shaded areas are the
uncertainty intervals estimated from a comprehensve andysis of known uncertainties (a and b) and from
thetime series (¢). {FAQ 3.1, Figure 1, Figure4.2 and Figure 5.13}

Page 17 of 21



Summary for Policymakers IPCC WGI Fourth Assessment Report

FIGURE SPM-4. Comparison of observed continental- and globd-scale changes in surface temperature
with results simulated by climate modds usng natural and anthropogenic forcings Decadd averages of
observationsare shown for the period 190&ER005(black line) plotted againg the centre of thedecadeand
relative to the corresponding averagefor 19011950. Lines are dashed where spdia coverageislessthan
50% Blue shaded bandsshow the 5E85% rangefor 19 simulationsfrom 5 climate modds usng only the
naural forcingsdueto solar activity and volcanoes. Red shaded bandsshow the 5E85% rangefor 58
simulationsfrom 14 climate modds using bath natural and anthropogenic forcings {FAQ 9.2, Figure 1}
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FIGURE SPM-5. Projected surface temperature changes for the early and late 214 century relative to the
period 198®1999.Thecentral and right pands show the Atmosphae-Ocean Genera Circulation multi-
Modd average projectionsfor the B1 (top), A1B (middle) and A2 (bottom) SRES scenariosaveraged over
decades 202@ER029 (center) and 209ER099(right). Theleft pand shows corresponding unaertainties as
therelative probabilities of estimated globd average warming from severa different AOGCM and EMICs
studies for the same periods Some studies present results only for a subst of the SRES scenarios or for
variousmodd versions Therefore thedifference in the number of curves, shown in theleft-hand panels, is
dueonly to differencesin theavailability of results{Figures 10.8 and 10.28}
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FIGURE SPM-6. Reative changesin precipitation (in percent) for the period 209E2099,relative to
198@1999.Vaues are multi-modd averages based onthe SRES A1B scenario for December to February
(left) and Juneto Augug (right). White areas are where less than 66% of themodels agree in the sign of
the changeand stippled areas are where more than 90% of the modds agree in the sign of the change

{Figure 109}
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Figure SPM-7. Sdid linesaremulti-model global averagesof surface waming (relative to 1980-99) for the
scerarios A2, A1B and B1, shown ascontinuations of the 20" certury simulations. Shadng denotesthe plus/minus
one standard deviation range of individual model amual means. The number of AOGCMs run for agiventime
period and scerario is indicated by the coloured numbers at the bottom part of the parel. The orangelineis for the
experimert where concertrations were held constart at year2000 values The gray barsat right indicat the best
edimaie (solid line within each bar) and the likely range assessed for the six SRES marker scerarios. The
assesmert of the beg egimate and likely rangesin the gray barsincludesthe AOGCMs in the left part of the figure,
aswell asrealtsfrom a hierarchy of independent models and observational constraints (Figs. 10.4 and 10.29)

[To be changed

Change amotation from cnstant composition to year2000 constart concertration.

Colour certral barin grey barsand lettering to match A2, A1B, B1 curvesasappropriate.
Drop model humbers and move to caption].

Page 21 of 21



