Chaptor 10

Executive Summary

The future climate change resulis asseszad m thus chapter
are based on a nerarchy of medels, ransmne from Atmosphere-
Ocean General Circulation Models (AQGCAE) and Earth
Svstern Models of Intermediate Complexity (EMIC:) to
Simple Climate Models (SCMz). These moedels are forced
with concentrations of sreenhouse gases and other constituents
dermved from vanous emizsions scemanos rangmg from non-
mitezhon scenancs fo ideahsed lomg-term scemanos. In
zeneral, we assess non-mutisated projections of future climats
change at scales from global to bundrads of knlometres. Further
aszessments of regional and local clhimate changes are provided
i Chapter 11. Due to an unprecedented, joint effort by many
modellm= sroups worldwide, climate change projechons
are now based on mulh-model means, differences bebwsen
models can be asseszad guamfrtztively and m zome nstances,
estimates of the probability of chanre of important climate
systemn parameters complement expert judsement. Wew resulis
corroborate those grven m the Third Asseszment REeport (TAR).
Contmued greenhouse gas ermssions at or above current rates
will cause further warmmg and mduce many changes m the
zlobal climate system dunng the 21st cenfury that would very
Jikely be larger than those obzserved dunng the 20th century.

Mean Temperature

All models asseszed here, for all the non-rumhezhon
scenarios considerad, project increases m global mean surface
arr temperature (SAT) combimmng over the 2lst century,
drrven mamly by mereases m anthropogenic zreenhouse zas
concantrations. with the warmine proporhional to the associated
radiztive forcing. There 12 close agreement of globally averased
SAT mult-model mean wamme for the early 21st century for
concentrations dertved from the three non-mutgated IPCC
Special Report on Emission Scenanos (SEES: Bl, AlB and
A2) scenanos (ncludne only anthropogemic foromg) mn by
the AOGCMs (wamung averaged for 2011 to 2030 compared
to 1950 to 1999 1z batwean +H0.64°C and +0.659°C, wath a range
of cnly 0.03°C). Thus, this warming rate 1= affacted little by
different scenano azsumphons or different model senaitiaties,
and 1= consistent with that observed for the past few decadss
(see Chapter 3). Pozaible fuhure vanations m natural forcines
(e.z., a laree volcamic eruption) could chanpe those values
somewhat, but about half of the early 21st-century warming 15
commutted m the senze that it would occur even if atmosphenc
concentrations wera held fixed at vear 2000 values. By mud-
cenfury (2046-2063), the chowe of scenano becomes more
mmportant for the masnitude of mulh-medel globally averased
SAT warmmeg, with values of +1 3°C, +1.8°C and +1.7°C from
the AOGCM: for BL, A1B and A2, respectrvely. About a third
of that warmms 1= projected to be due to climate change that 1s
already commutted. By late century (Z2090-209%), differences
between scenamios are large, and only about 209% of that
wamung anses from climate change that 15 already commuttad.

Global Climata Projections

An asseszment based on AOGCM projections, probabilistic
methods, EMIC: 2 simple model tumed to the AOGCM
responses, a8 well as coupled climate carbon cyele models,
sugzests that for non-muheahon scenanos, the futore mereaszs
1n global mean SAT 15 liksly to fall within —340 to +60% of the
multi-mods]l AOGCA mean warmme simulated for a grven
scenarto. The greater uncertainty at lngher values results m part
from uncertainties m the carbon cyele feadbacks. The mulh-
modal mean SAT warmins and associated uncertamfy ranges
for 2000 to 2093 relative to 1980 to 1999 are B1: +1.8°C (1.1°C
to 29°C), B2: +247°C (14°C to 3.8°C), AlB: +2.8°C (1.7°C
to 44°C), AIT: 24°C (14°C 10 3.83°C), A2: 3 4°C 20°C to
547°C) and AIFT: H 0°FC (2 4°C to 6.4°C). It 1= mot appropriate
to compars the lowest and highest values across these ranges
agzamst the smele ranze zrven mn the TAR because the TAR
range resulted cnly from projections using an SCA and covered
all SEES scenanos, whereas here a number of different and
independent modelling approaches are combmned to eshmate
rangas for the six illustrative scenanos separately. Additonally,
n contrast to the TAR, carbon cycle wmcertamties are now
included 1n these ranges. Theszs uncertamfy ranees mnclude onkyr
anthropogemeally forced changes.

Geographical patterms of projected SAT warmms show
greatest temperature mereases over land (roughly tance the
global average temperahme mcersase) and at hish northem
lafitudes, and less wammune over the scuthem oceans and Morth
Aflantic, conzistent with observahons dunng the latter part of
the 20th century {zee Chapter 3). The pattern of zonal mean
warnung = the atmosphers, with a maxmum m the upper
tropical troposphere and coolng throughout the stratosphere,
1z notable already early 1 the 21st century, while zonal mean
warnung 1n the ocean progresses from near the surface and m
the northern mud-latitudas sarly m the 21zt canhmy, to gradual
penetration dowmward durng the course of the 21st century.

An expert assessment based on the combinztion of avalable
constramnts from observations (assessed 1 Chapter 9) and the
strenzth of Imown feedbacks simulated m the modals usad to
produce the climate chanee projections m this chapter mdicates
that the equlibrium global mean SAT warmmg for a doubling
of atmosphene carbon diceride (CO.), or “equlibrnm chmate
sanzitrvity, 15 liksly to lie i the range 2°C to 4.5°C, wath 2 most
likely valoe of about 3°C. Eqmlibriom chmate sensitriaty 1=
very fikely larger than 1.5°C. For fimdamental physical reasons,
as well as data lmutations, values substanhally lugher than
4.5°C still cannot be excluded, but azreement with observations
and proxy data 1= generally worse for those lizh vahies than
for valoes m the 2°C to 4.3°C range. The “tranzient chimate
response’ (TCE. defined as the globally averaged SAT chanee at
the time of CO. doublmz in the 1% yr transient CO., merease
axperimant] 1= better constrammed than egmbibrmama chmate
senzitreity. The TCR 1= very liksly larger than 1°C and very
unliksly greater than 3°C based on climate models, 1n aersement
with constramfs from the chserved surface warming,
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Global Climata Projections

Temperature Extremes

It 1z very likely that heat waves will be more mftensa, more
fraquent and longer lastine m a fubwre warmer clmate. Cold
epizcdes are projectedto decrease sizmficanthy in a future warmer
chmate. Almost everywhere, daly munmum temperatures are
projected to mereass faster than daily maamum temparaturas,
leadms to a2 decrease m diumnal temperature range. Decraases
mn frost days are projected fo occcur almest everywhers
the middle and high latrhudes, with a comparable merease m
sTowing season lensth

Mean Precipitation

For a future warmer clmate the current generation of
models mdicates that precipitabion generally mersases m the
areas of resional fropical precipitation maoma (such as the
monsoon regmmes) and over the tropical Pacific m parheular,
with generzl decrezses m the subtropics, and mereases at hugh
latitudes 2z a consequence of 2 general mtenstheation of the
zlobal hydrelosical cyele. Globally averazsed mean water

vapour, evaporation and precipitation are projected to increase.
Precipitation Extremes and Droughts

Intensity of precipitztion events 1= projected to imcrease,
particularhy m tropical and hugh latitude areas that expenience
Increases 1 mean precipitation. Even in areas where mean
precipitation decreases (most subtropical and mud-lahitude
reglons), precipitabon mtensity 13 projected to mmcrease but
there would be longer peniods between ramnfall events. There
1= a tendency for dring of the nud-contnental areas durme
spmmer, mdicatms a graater nzk of droughts m those rezions.
Precipitahion extremes mcrease more than does the mean m

most tropical and nud- and high-latiuds areas.
Ssnow and lce

Az the chmate warms, snow cover and sea 1wce extent
decraase; glaciers and 1ce caps lose maszs owing fo 2 dominance
of summer melting over winter precipitation mereases. This
conmbutes to sea level nze a3 documented for the prevaous
zaneration of models m the TAR. There 1z a projected reduction
of zea e m the 21st cemhury m both the Arche and Antarctic
with a rather large ranze of model responsaz. The projected
reduction 15 accelerated in the Arctic, where some models project
surmer sea 1ee cover to dizappear entirely 1 the high-ermizzion
A2 scemanc m the latter part of the 21st century. Widespread
mcreases m thaw depth over much of the permafrost rezions
are projected fo occur mm response to warmung over the nesdt
century.

-

30

Chaptar 10

Carbon Cycle

There 15 unammoeus agreement amones the coupled chmate-
carbon cvele models drrven by emuszion scemancs rom so far
that future clmate change would reduce the efficiency of the
Earth system (land and ocean) to absorb anthropogenic CO,.
As aresult, an increasmsly large fraction of anthropogame CO.,
would stay arrbome 1n the ztmosphere under a warmer climate.
For the A2 emizsion scenano, this positree feedback leads to
addithonal atmosphenc C0- concenfration varying betweaen 20
and 220 ppm among the models by 2100, Atmosphene CO,
concentrations mimmlated by these coupled chmate-carbon
cvele models range betwean 730 and 1,020 ppm by 2100.
Comparmg thezs values wath the standard value of 536 ppm
(ealeulated beforehand by the Bern carbon eyela-climate modal
without an mferachve carbon cyele) provides an mdication of
the uncertainty 1 global wamung due to fiture changes 1 the
carbon cycle. In the context of atmosphene CO., concentration
stabibization scenanics, the posirre climate-carbon cyele
feadback raduces the land and ocean uptake of CO,, mplnine
that 1t leads to a reduction of the compatible ermizzions regured
to achieve a grven atmospheric CO. stabihzation. The higher
the stabilisation scenano, the larger the climate change, the
larzer the impact on the carbon cycle, and hence the larger the
required amission reduction.

Ocean Acidification

Increasmz atmosphenc CO, concentrations lead dmectly
to mcreasmng acidification of the surface ocean Mulh-modal
projections based on SEES scenanos sive reductions m pH of
batween (.14 and 035 units in the 21st contury, adding to the
present decraase of (1.1 waits from pre-industnal times. Southam
Ocean surface wafers are projected to exhobit undersaturation
with regard to calenmm carbonate for 00, concentrahions higher
than 600 ppm, a level excesded during the sacond half of the
century m most of the SRES scenanos. Low-lattude regions
and the deep ocean wall be affected as well. Ocean amdification
would lead to dissohution of shallow—water carbonate sadiments
and could affert marine calcifyms orgamisms. Howevar, the nat
effect on the hiologieal eveling of carbon m the oceans 15 not

well understood.
Sea Level

Sea level 13 projectad to nse between the presant (1980—
1939) and the end of this century (2090-2099) under the SRES
Bl scemano by 0.18 to 038 m, B2 by 020 to 043 m AlB by
021t 048 m AlT by 020t 045 m Ad b 023 t0 0.3l m,
and ALFI by 026 to 039 m. Thesa are 3 to 93% ranges based
on the spread of AQGCM results, not meloding uncertamfy m
carbon cvele feedbacks. For each scenmano, the mudpomt of the
range 15 within 10% of the TAR modal average for 2090-209%.
The ranges are narrower than m the TAR mamby becanse of
mproved iformation about some uncertamnties 1n the projected
conmbuhions. In all scenanoes, the average rate of nze during



Chaptor 10

the 21zt century very fiksly exceeds the 1961 to 2003 averazs
rate (1.8 £ 0.5 mm v1r°). Dhunng 2090 to 2095 under A1E, the
cenfral sstimate of the rate of ze 13 3.8 mm v~ For an average
model, the scenano spread m sea level nze 15 onby 0.02 m by
the middle of the century, and by the end of the century 1t 15
0.15m

Thermal expan=zion 1= the largest component, contmbuting
70 to 73% of the central estimate m these projections for all
seenarios. (lacers, 1ce caps and the Greenland Ice Sheet ars
also projected to contmbute positively to sea level. General
Circulzhon Models mdicate that the Antarche Ice Sheet wall
recenve Increased smowfall wathout experniencing substantal
surface meltmgs, thus saming mass and contnbuting negatrvekr
to z8a level Further acceleratons m i1ce fow of the knd
recantly observed m some Greenland ouflet glaciers and
Wast Anfarctic 1ce streams could substanhally mereasze the
contnbution from the 1ce sheefs. For example, if ice dizcharzs
from these processas weare to scale up 1 fufure m proportion to
zlobal average surface temperature chanee (tzken az a meazurs
of global chimats change), it would add 0.1 to 0.2 m to the
upper bound of zaa lavel riza by 2090 to 2099, In this axample
during 2090 to 2099 the rate of scaled-up Antarche dischargs
would roughly balance the expected mcreaszed rate of Antarche
accumulation, bemng under A1E a factor of 5 to 10 greater than
in recent vears. Understanding of these effects 1= too hmited to
aszess therr ikelihood or to grve a best estimate.

Sea level nze dunne the 21st century 1= projected to have
substantal geoeraphical variabilify. The model median spahal
standard deviation 13 .08 m under AlB. The patterns from
different models are not zenerally similar 1 detznl, but have
some common features, meluding smallar than average sea lovel
rise mm the Southem Ocean, larger than average m the Archic, and
a narrow band of pronounced zea leveal rise stretchinge across
sputhemn Atlantic and Indian Oceans.

Mean Tropical Pacific Climate Change

Multi-meodel averazes show a weak shaft towards averazs
backeround condihons which may be described as “El MNmo-
like', with zea surface temperatures 1n the cenmtral and east
equatonal Pacific waming more than those n the west
weakened tropical circulations and an eastward shift m mean
precipitation.

El Nino

All models show confinued El Miio-Southern Oscillahion
(EMNS0) mteranmial vanability m the fifture no matter what
the changs m average backsround condihons, but changes
m ENS0 interannual vanakilifty differ from model to model.
Baszed on vanous asseszments of the current multi-model data
sat, 1 which present-day El Mino events are now much better
simmlated than mn the TAR. thers 1= no consistent imdication at
thiz time of dizcermible changes m projected ENS0 amplituds
or frequency mn the 21st century.

Global Climata Projections

Monsoons

An mcrease 1n precipifation 1= projected m the Asian
monsoon (alons with an increase i mteranmual season-averazed
precipitahon vanability) and the southem part of the west
Afncan monsoon with some decreaze m the Sahel m northem
summer, as well 2z an merease 1o the Australian monszcon
n southern sommer m a2 wammer clmate. The monsoonal
precipitation m MMexico and Central Amenca 1= projected to
decrease m associafion with mereasms precipitztion over the
eastern equatorial Pacific through Walker Crrculahon and
local Hadley Circulation chanses. However, the uncerfamn
role of aerosols m general, and carbon aercsols m particular,
complicates the nature of fohme projections of monscon
precipitahon, parficularly in the Asian monsoon

Sea Level Pressure

Sea level pressure 15 projected to mcrease over the subtropics
and mud-lahtudes, and decrease over hizh lahitudes (order
saveral millibars by the end of the 215t century) associated with
a poleward expansion and weakemng of the Hadley Circulathion
and a poleward shift of the storm fracks of several degress
latitude with 2 conseguent ncrease m cyclomic circulztion
patterns over the ligh-latitude arche and antarctic regions.
Thues, there 15 3 projected positive trand of the Northern Anmilar
Mode (NAM) and the closaly related MNorth Atlantic Oscillahion
(NAQ) a= well as the Southern Anmular Mode (SAM). Thera
1z considerable spread among the models for the NAO, but
the mazmtude of the mereass for the SAM 1= generally mors
consistent across models.

Tropical Cyclones (Hurricanes and Typhoons)

Fesult: from embedded hsh-resolubion models and
global modals, rangzing 1n gnd spacing from 100 km to 9 kom,
project a likely merease of peak wmnd mmtensihies and notably,
where analysed, mcreased near-storm precipitation m future
tropical cyclones. Most recent publhzhed modelline studies
irvestizating tropical storm frequency simulate a decrease m
the overall mimber of storms, though there 13 lesz confidence
1 these projections and m the projected decreasze of relatmrely
wezak storms 1n most basms, with an merease in the numbers of

the most intense tropical cyclones.
Mid-latitude Storms

Modal projections show fewer mud-latitude storms averaged
over each hermsphers, associated with the poleward shaft of
the storm fracks that 13 parbcularly notable m the Southem
Hemusphere, with lower central pressures for these poleward-
shiftad storms. The mereased wind speeds result m more
axtreme wave height i those resions.
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