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Projeccions sonre 2l clirrlz) futls

= Cal prendre decisions;enil’ambit nacionalli
Internacional, per arferfirent als; problemes que es
poden derivar d'un clima rapidament canviat:
0 Cal millorarirreduirIanncertesal de |est previsions
gue es| fan del clima’ delfittir

Ll’absencial de prediccionstfiables pot endariierir les

accions| d'adaptacioi/ormitigacio.

0 Com es poden fer:

0 extrapolacio tendencies

0 modelitzacié numerica
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L 21grnernt da |z ternoeretire)
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Corltiricu

HIPERgue tenimieliclimarguEteEnim?

= Un modell senzilliélfvalane deneraia:

L Proejeccions sebse elfclima futur
OModels I escenaris diemissions

O Projeccions glebals (pera la lierra)
O Projeccions regionals
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Par clue tenins 2l clirrz cue terlinm?

=3 Terra rep energialdel Sol
= L'atmosferal terrestre
OLa Terra és esferica i gira

L3 Terra ner estheomogenia (continents,
oceans) rellew)

0 El sistema climatic i les seves interaccions
(oceans, atmosfera,-criosfera, litosfera,
biosfera)
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L ariergia clue repag) dal Sol

—__Plutan
i

7
Josep Calbé i Angrill

'atmosfera i I'efecte d’hivernacle

Some solar radiation
is reflected by the
Earth and the
atmosphere.

Some of the infrared
radiation passes through
the atmosphere, and some
is absorbed and re-emitted
in all directions by
greenhouse gas
molecules. The effect of
this is to warm the Earth's
surface and the lower
atmosphere.

Solar radiation
passes through
the clear
atmosphere

Infrared radiation
itted from th
h'sasurf

Josep Calbé i Angrill




Bzllzirie raciatil, sense atrnosiere

RADIACION SOLAR RADIACION SOLAR RADIACION
INCIDENTE (100) REFLEJADA (301 \NFHARF?OJA
\ y QUE ESCAPA
AL ESPACIO (70)
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7777 RADIACION SOLAR RADIACION SOLAR RADIACION
/, INCIDENTE (100) REFLEJADA (30) \NFHARF?OJA
) / QUE ESCAPA

EMITIDA POR AL ESPACIO (70)

LA ATMOSFERA (66)
REFLEJADA POR
LA ATMOSFERA (2

ABSORBIDA
POR LA CONVECCION
g TERMICA (5)

REFLEJADA POR

ABSORBIDA 7z [{ | LA SUPERFICIE (5)

SUPERFICIE

(45) v #
‘ EVAPORACION () o) oon

LA SUPERFICIE(104)
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|a circulacio atmosferica
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Corltiricu

HIPer gue tenimieliclimarguetenim?
= Un modell senzilli=élNsalaned-enernaic:

L Proejeccions sebse elfclima futur
OVedelstirescenarisiaiemissions
O Projeccions glebals (pera la lierra)
O Projeccions regionals
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Maoclel de valarne d'ansrgiz

0| Sense atmosfera(S;=3401 Wmi2, o= 0.3)

S,=oT*+asS, = T=-18C

0| Efecte hivernacle (Sp=340" W2, 0=0.3,
£¢=0.62) .
S,=ecT*+aS, = T=14°C

0 Efecte hivernacle augmentat (S,=340° Wm-=2,
a=0.3, ¢ ¥=0.59)

S,=e*ocT'+aS, = T=18C

Josep Calbé i Angrill



Corltiricu

HIPer gue tenimieliclimarguetenim?
= Un modell senzilliélfvalane deneraia:
L Proejeccions sebse elfclima futur

OV edelsHirescEnanSIaiEmISsIoNS

O Projeccions glebals (pera la lierra)
O Projeccions regionals
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Els rrioclzals de sirmulzicid) deal elifrnz

HIS01) programes nformatics que representen els fienemens
liSICS, dUimIES) Biojogicsimeellsistemal Climatic:

O'A partir dels canvis delfprncipalNactor (gasesiamblefectie
dihivernacle) avaluen el clima fitturs

milLes millors prediccionst pellclimarsiobtenen deliaplicacio
de modelsinumericsidersimulaciordel climar del tipus
AOGCM (segons IPEE)

O/Aguests models reprodueixen be el climal present i els
Canvis passats

OEl clima és més predictible gue el'temps (en quant el que
volem predir és un comportament estadistic)

0 Limitacions: processos poc coneguts, baixa resolucio
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E I - t | - : t.
Changes in the Atmosphere: Changes in the
Cemposition, Circulation Hydralogical Cycle

‘Changes in
Solar Inputs|

Clouds

N, Oy, Ar,
H,0, CO,,CH,, N0, Oy ete.
Aerasols

Volcanic Activity

Atmosphare-Biosphers

Interaction
Atmosphere-lce

Precipitatien
Interaction

Evaporation
Terrestrial
Radiation

Atmasphere
Interaction

- Soil-Bio_ephere
lydrosphere: < e = 3 e
Ocean

) Land Surface
A . ¥
Ice-Ocean Coupling

Cryosphere:
Sea Ice, Ice Sheets, Glaciers
I Changes in the Ocean:

Changes infon the Land Surface:
Circulation, Sea Level, Biogeochemistry

Orography, Land Use, Vegetalion, Ecosystems
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Mid-1970s Mid-1980s Early 1990s Late 1990s Present day Early 2000s?
Atmosphere Atmosphere

Sulphate
aerosol

/.

Sulphur Non-sulphate:
cycle model ~aerosols

PCC TAR, 200 I
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N

Models AOGCM en el AR4

Nom del model Pais

Resolucio a I'atmosfera

Resolucio als oceans

1 BCC-CM1 Xina 1.9°x1.92, L16 1.9°x1.92, L30
2 BCCR-BCM2.0 Noruega 1.9°x1.9°, L31 0.5°1.5%1.5°%, L35
3 CCSM3 Estats Units o’ América 1.4°x1.4°, L26 0.3%1.0%1.0°, L40
4 CGCMS3.1(T47) Ganada 2.8°x2.8°, L31 1.9°x1.9°, 129
5 CGCM3.1(T63) 1.9°x1.9°, L31 0.92x1.4°%, L 29
6 CNRM-CM3 Franca 1.9°1.9°, L45 0.5°-2.0%2.0°, L31
7 CSIRO-MK3.0 Australia 1.9°x1.9°, L18 0.82x1.9°, L31
8 ECHAMS5/MPI-OM Alemanya 1.9°x1.9%, L31 1.5%x1.5°, L40
9 ECHO-G Alemanya / Corea 3.99x3.99, L19 0.52-2.82x2.8°, L20
10 _FGOALS-g1.0 Xina 2.82x2.8°% 26 1.0°x1.0°% L16
11_GFDL-CM2.0 o 2.0%x2.5°%, L 24 0.32-1.0°x1.0°
12 GFDL-CM2.12.1 Estats Units d'América 2.0°x2.5°, 24 0.3°1.0°x1.0°
13_GISS-AOM 39242, L12 3942, L16

14 GISS-EH Estats Units d’América 4°9x5° .20 2°x2% L16

15 _GISS-ER 4555, 120 4°x5° 13
16_INM-CM3.0 Russia 4952, 21 2°x2.5°% L33
17 _IPSL-CM4 Franca 2.5%3.752, L19 29x22, 31

18 MIROC3.2(hires) Jap 1.1%%1.1°, L56 0.29x0.3°, L47
19 MIROC3.2(medreshires) 2.82x2.8°, L 20 0.5%1.4%1.4°, L43
20 MRI-CGCM2.3.2 Japd 2.82x2.8°% L30 0.592.09x2.5%. 123
21 _PCM Estats Units ' América 2.8°x2.8°, 126 0.5%-0.7°x1.1°, L40
22 UKMO-HadCM3 Regne Unit 2.5%3.75°% L19 1.25%1.25°, L 20
23 _UKMO-HadGEM1 1.3°x1.9°, L38 0.39-1.0%1.0°, L40

Sirnulzicid) cal rrdn rez)l

October 1 Hour 00

precipitacié en ta
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Estratacias da las sigulzcions

0 Simulaciensidintercomparacion (1% augment
CO, per any, fins 2 % C0O;)

| Diferenciar entre: simulacionstanib; forcament |
Simulacions) control:

0 Simulacions, per conjuntsi(enseiv/esimiuli-
model ensenmples)=- Elfrang de valors obtinguts
pels diversos models és una mesura de la
INCertesa.

O Models de complexitat-mitjana (EMIC)

z

Universitat de Girona
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Sirnulzicld oar conjuns de rrigdals

T T T
Anthropogenic and Natural Forcings

observations

models

Temperature anomaly (°C)

Pinatubo -
Santa Maria A El Chichon

1 1 1
1920 1940 1960 1980 2000
Year

[IPCC 4AR, 2007] |
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Sirnulzicions oar corfjUriEs

Temperature change (°C)

'aﬂo o 4 N © & o o
Precipitation change (%)

Temperature change (°C)
Precipitation change (%)

o + v o a2 o o

[IPCC TAR, 2001] I

Josep Calbé i Angrill Universitat de Girona

Escenaris d'emissions

0 Escenarit prediccio; pellque farall creixement:
demografic, economic i ardiVErSos aspEctes
d'aguest creixement, regueridarper a lal projeccio
del clima futur

0 Informe SRES: diVersesiescenaris;, que es
COrresponen al escenaris d'emissions de gases! |
aerosols.

0 De menors a majors emissions acumulades de
CO, (I'any 2100): B1, B2, A1 i'A2.

z
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=3cerlzris armissions (SEES)

CO; concentration (ppm)

G0y emissions (Gt C)

0 Lt L L 1 I 1
1980 2000 2020 2040 2060 2080 210

2000 2020 2040 2060 2080 2100 ['PCCTAR*ZOOH
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Corltiricu

HIPer gue tenimieliclimarguetenim?

= Un modell senzilliélfvalane deneraia:

L Proejeccions sebre elfclima it
OVedelstirescenarisiaiemissions

OProjeccions glebalsi(perariatieria)
0O Projeccions regionals
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Bl futur: tarnoeretire

A2 ©IPCC 2007: WG1-AR4
A1B
B1

‘Year 2000 Constant
Concentrations

20th century

Global surface warming (°C)

[IPCC 4AR, 2007] |
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Algrriernts cde tarnoaracire (ALS)

005 115 225 3 35 4 455 55 6 65 7 75

[IPCC 4AR, 2007] I (°C)
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Cairvis an |z nracioliziclo (AL

Projected change
in 2090 - 2099 for A1B) JJA

©IPCC 2007: WG1-AR4

[IPCC 4AR, 2007] I

%
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Canvis en l'escorrentia

Changes less
reliable in lower
latitudes e.g,
monsoon regions

40 20 10 5 -2 2 5 10 20 40

[IPCC 4AR, 2007] I
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|Les malles de calcul

O Temperature cells display LJLDJE
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Corltiricu

O Per‘gue tenim eliclimalguestenim?.

0 Un model senzill: el DalanG d-Eenengia:

L Proejeccions sebre elfclima it
OVedelstirescenarisiaiemissions

O Projeccions glebalsi(per a laTierra)
O Prejeccions regionals
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Paciorlzlitzacio da pradiccions

b Metodologies  (totesidepenenidermodels globals):
LiAnalisi acuradardelsfrestltats dels'mode!siglobals

=Models globals d'altal resolUCIo G ECHIGUES
dianiuamenti7estig) CENnBEEISHEaionalsHREM)

Hecniques estadistigUes perebtenirresultats diescala
menor (downscaliigiestadistic)s

0OGran actualitat, molta investigacio
OMenor fiabilitat quei les projeccions globals.

z
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Heglonalitzacio TVCC: tamparailre

Change in temperature relative to model's global mean
Much i
uch grealer than average warming a2 B2

Greater than average warming
[ ] Less than avarage warming D
Li| Inconsistant magnitude of warming LA

[=] Costing

Finals segle XXI [IPCC TAR, 2007] I
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Pacliorzlitzacio [PCC: gracioitzeld

CMA
[ EMA
[ifli] +]+

CAMET, == .

iz B

il Il
SSA I

Change In precipitation
Large increase

|#| Smallincrease

|0] Mo change

~| Small decrease
Large decrease

[ Inconsistent sign

Finals segle XXI [IPCC TAR, 2007] I
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=l carnvi 2 Elurogz

Annual

Temp Response (°C)

Prec Response (%)

2080-2099, A1B [IPCC 4AR, 2007] I
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Pracigitzicio = [z Periinsulz [haric:

2050 Precipitation

[}

Percent change
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Cambio relativo de precipitacion (en %)

OCTUBRE NOVIEMBRE DICIEMBRE

b 7

A2, 2070-2100 [INM, 2007]
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Tamoaraiire | oracioitacid, Plrinats
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A2, 2070-2100 [Lopez Moreno et al., 2008]
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WeMO i precipitacio a Tortosa, 1951-2000
[Lépez-Bustins, 2007]
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Pracioitzicld, Esoznya

A2, 2070-2100 [INM, 2007] I
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Pasurrnirit, 2 Catzlurnyel

Hivern Primavera Estiu Tardor

Diverses tecniques i diversos escenaris, 2070-2100, [Calbo, 2008]
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