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The Greenhouse Effect
Greenhouse gases absorb the infrared
radiation emitted by the surface of the Earth
thereby warming the atmosphere and oceans

Incoming Radiated
solar radiation out to space
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Time (before 2005)

Variation of greenhouse i
gas concentration
In the atmosphere
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Carbon Dioxide (ppm)
Radiative Forcing (W m?)

The greenhouse gas concentration
IS higher than in the last 650000 years
and continues to increase
mostly due to fossil fuel burning and
agricultural activities.
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Anthropogenic and natural forcings

Anthropogenic

from 1750 to 2005

Radiative Forcing Components

HF Terms

RF values (W m®)

Spatial scale

Long-lived
greennouse gases

Ozone

Stratospheric water
vapour from CHy4

Surface albedo

" Direct effect
Total |

Aerosol | Cloud albedc
. effect

Linear contrails

Siratospheric

Land use |

—

|
Tropospheric

, Black carbon
on snow

I*I—| Halocarbons

1.56 [1.49 to 1.83]
0.48 [0.43 10 0.53]
-0.05 [-0,15 t0 0.05]
0.35 [0.25 to 0.65]
0.07 [0.02 to 0.12]

-0.2[-0.4 10 0.0]
0.1 [0.0to 0.2]

-0.5 [-0.9 to -0.1]

-0.7 [-1.8t0 -0.3]

0.01 [0.003 to 0.03]

Global

Global

Continantal
to global

Global

Local to
continental

Continental
to global

Continental
to global

Continental

Solar irradiance

0.12 [0.06 to 0.30]

Global

Total net
anthropogenic

1.6 [0.5to 2.4]

Radiative Forcing (W m2)
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sea ice concentration (%)

Imiversity of Illinois - The Cryosphere Tul:iay




Observed change in global surface
temperature Warmest 12 years:

1998,2005,2003,2002,2004, 2006,
2001,1997,1995,1999,1990,2000
06[ | | | | | | | | ol Annlual mlean
Global mean temperature _|inear trends
0.4 #” Smoothed series

0.2

Period Rate
50 0.128%+0.026

100 0.0744£0.0187
Years °/decade
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Northern hemisphere temperature

reconstructions for the last 2000 years
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Regional scale: Observed temperature
change for the period 1979-2003

v Yy
Tl T s L T T
LA L L DR AL L L L L
LI I IT L LT
-1--1-1---|i==:
SRR - sl - ---tviuntil---llqin‘l
ikl sane - iI%iillliiil'l.li“,
illb-!-ill-in IR TITTERIT  R [ SIS BEELI SRR
ddecs linav i saBBBalE FFBE: o - dbBdabll I-I- I“I- (211 1Y B I b daE S BRE R
Bod i iasaBisnss RS ARRNS RN iBRENSS [ SRDPE- sRBLESES SERBRAERBES
L R L . BTy =  AdEFsaassisas llllll-ii.i
reemer@ae :t@ABEcesnmey cpisannmeenaiian. ”Illl.llll.l.i’l L, L TR
Braensail- 8 Ba:an il WRREE - HENED ] I .’hiililii.llilllh .i:l- [ T EX ¥ ¥
JIIIRRT I RN R T EREEY | [ " B (1 IRTT 1 1] L Wl aBBE0 Y R 1] IN
BEBBE sasscimEned SR FD DRESIFBEE N “tllip---iiiiiii L1 It Tl T 211107
(T T TP T TR B T I TT T TR AEsR e = 0@ 00D, Bow s adolany
Ll PP IT [ RE L T RT  TT T I ARET N | T AR TP IR TIT R [ T 2
S00dBEEsta & * & SOEN TTIITTRNNEY (AR TTTRETTIRETTITRRIER (07" RN AT B0 &
R R R AR ERES SRRET ' R 1T RR T LRERSE DD 2 L aa TERS RS 1T L
- “I'llllllr'--'l"i'lllll T e R T T e T L R T ]
!j.-l L R Illllllll- ' F ¥R
ne Wi L el
I-I ‘.l-i- LR 1 L8 [ B
]

> »

’ -
L




Global tropospheric and ocean warming

nnual Anomalies, 1860 — August 2004 Global Average Temperatures

L Lard rhes alr ter m re mlnus 1
surtace peral

f;”\/"" W] _ The global ocean warming

(blue line) is slightly less
than the continental
warming (red line)
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Decrease of snow cover and
sea Ice

March and April NH snow covered area

Decrease of
SNOW cover
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Extension of the Arctic ice cap

September 1979 September 2005 September 2007

Sea Ice Extent Crrerd bow I smond Carrord ke ICwiond
i i Lot 1 ] D | 2007

Taotal extent = 7.2 million sg km

—

The pink line indicates the average ice cap extension since 1979




Extension of the Arctic ice cap

1 September1979 1 September 2005 9 August 2007
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Melting of glaciers

Hansbreen, Svalbard

Paierl, Svalbard

Storglacidren, Sweden
Engabreen, Norway

Nigardsbreen, Morway

Leirufjardarjokull, lceland

Vatnajokull, Iceland
Teoloss, Canadian Rockies

Wedgemount, Canadian Rockies ‘ Photofiraphed in 1928
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Gl. d'Argentigre, France

Hintereisferner, Austria
Rhonegletscher, Switzerland

Chungpar-Tash., Karakorum
Minapin, Karakorum
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Lewis Gl., Kenya

Broggi Uruashraju, Peru

e Europe
Andes
Arctic
Asian High Mts.
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cumulative total mass balance [mm SLE]

Pared Sur, Chile
Franz-Josef G, New Zealand
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Sea level rise

Sea level (mm)
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Figure 7. Sea level trends over 1993-2003 from the T/P mission.
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1994 1996
Year

Figure 5. Global mean sea level variations from T/P and Jason.




Other observed changes
Circulation

Poleward shift of
mid-latitude
storm tracks

More Intense
westerlies




Other observed changes
Temperature and precipitation extremes

e Increased frequency
f‘f of heavy precipitation events

"1-

Warmer and more hot days,
warmer and fewer cold days

Increased frequency of
heat waves




Other observed changes
Droughts

Increase in length
and intensity of
droughts as measured
by the PDSI
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Other observed changes
Storms

Increase In intense tropical
cyclone activity in the North

Insufficient evidence to determine
whether trends exist in small scale
phenomena such as tornadoes
hall, lighting and dust storms




IPCC-2007
Warming of the climate system is
~as Is now evident
from observations of increases In

global average air and ocean
temperatures, widespread melting
of snow and ice, and rising global
mean sea level
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Greenhouse
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factors B TEEE TE ) factors

Incoming
solar radiation

The earth’s climate
can change because
of anthropogenic or
natural factors
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“Fingerprinting” of the —_——
anthropogenic effects 1
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The basic tool for climate modeling
oupled Atmosphere-Ocean General
Circulation Model or AOGCM

The Development of Climate models, Past, Present and Future
Mid-1870s Mid-1880s Early 1990s Late 1990s t day Early 200057
Atmosphere Atmosphers Atmiosphers Aimosphers Almosphers Atmosphare
and suriace Land surface Land siifHaca Land surface X
Ocean & sea-ice . Ocesn & sva-ice Ocean & sea-ice)

Sulphate

Non-sulphate NG i ate
"6{ aer0s0 aarosol
4 Cathaon cycle Carhon eytle
P 4 ﬂ;,'l'iﬂﬂ.‘l.ic '
/ - wegetation
it

Dégan & saa-ice Sulphur Non-sulphata
modal cycle motiel aarosols

Lanid carbon
oycla model S
Carbon
Oeean carboh wgs— oyt model
eycle modal .

Dynamie Dynarnic
vegetation vegetation

Atmasphent Atmosphernc Atmespharic
chemisiry

chemistry chemistry

Box 3, Figure 1: The development of climate models over the last 25 years showing how the
different components are first developed separately and later coupled into comprehensive

climate models.

representations of the global climate

AOGCMs are numerical




Performance of AOGCMs
Annual precipitation, 20 models

Observations Model ensemble mean




Global Performance of AOGCMs
20 models

All Seasons Climatology
global statistics
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anomaly (°C)

Tem perature
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lidentification of
the anthropogenic
effects on
global warming




ldentificaton of the anthropogenic
effect on regional and ocean warming
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Temperature reconstruction
for the last millennium
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IPCC-2007
Most of the observed increase
In globally averaged temperature
since the mid-20™" century is
due to the observed
Increase In anthropogenic

greenhouse gas concentrations.
Discernible human influences now
extend to other aspects of climate,
Including ocean warming, continental
average temperatures,
temperature extremes and wind patterns.




Projeéﬁons of future

_climate change,, ..




Greenhouse gas emission and

concentration scenarios (IPCC-2000)
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More than 20 models worldwide have been used to
simulate the climate response to the GHG scenarios
(CMIP3 — PCMDI, http://www-pcmdi-linl-gov)

Table 1. List of models and simulations ussd in the analyzis.
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IPCC — 2007: Global temperature
change projections for the 215t century
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Global temperature change projections
after stabilization
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IPCC-AR4

More emphasis on
probabilistic
predictions of climate
change based on large
multi model ensembles




Global mean sea level rise (cm) for
2099-2100 with respect to 1980-1999
for different emission scenarios

Scenario Model range
Bl 19 - 37
AlT 22 - 44
B2 21 - 42
AlB 23 - 47
A2 25 - 50
AlFI 28 - 58




Regional distribution of temperature and
precipitation change (A1B scenario, 2090-2100)

Temperature change DJF PreC|p|tat|on change DJF
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The summers we can expect in Europe?
Summer of 2003

Alpine glacier annual mass changes (1980-2003)

T T T T

ance (mm water equiv.)

B Thickness gain

001

s, Sonnblickkess,

glaciers in the Alps. In 2003 alone, the total glacier volume loss in the
Alps corresponds to 5-10% (probably closer to 10%%) of the remaining
ice volume. Alpine glaciers had already lost more than 25% of their
volume in the 25 years before 2003, and roughly two-thirds of their
original volume since 1850 (see figure to left). At such rates, less than
50% of the glacier volume still present in 1970/80 would remain in
2025 and only about 5% in 2100

Impact of the summer 2003 heat wave and drought
on agriculture and forestry in 5 selected countries

Country Casualties : _
France 14 082 8% R RS« i Pouly At 197 Mio
Germany 7 000 o e A pes
Spaln 4 200 : : - . \:i)':lztr Spain 810 Mio

4 000 : ' e S

2 045 Italy 4-5 000 Mio
Netherlands 1400 N R 7 O |
Portugal 1 300
Belglum 1 50 France 4 000 Mio

{1 500 Mio orly for the beef sector)

Germany 1 500 Mio

INSERM: "Surmortalité liée a la canicule

de I'été 2003", AP September 25, 2003 wn 8 Ao B0 0%
Data source: COPA-COGECA 2003




Other projected changes for the
215t Century

-> Poleward shift of mid-latitude storm tracks
{-> Greater intensity of tropical and extratropical cyclones
: -> Increase of heat-waves and droughts
1 -> Greater intensity of precipitation
| ->Increased warm season interannual variability
| -> Further widespread melting of glaciers and sea ice
i -> Slow down (but not collapse) of the MOC
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Change In precipitation interannual variability
(CV, 2080-2099 minus 1960-1979, A1B-A2-B1)

1 B wso-10%

‘ DS >10%

| @ Dso0-10%

B ws<-10%
,:. 0=<10%

1200




Regional Climate Change Index (RCCI)
The RCCI Is a comparative index

RCCI = [n(AP)4+n(Acp)+n(RWAF)+n(Aor)|ws +

n AP Aop RWAF Ao
0 < 5% < 5% <1.1 < 5%
1 5—10% 5—10% 1.1—-1.3 5—10%
2 10 —15% 10—-20% 1.3—1.5 10— 15%
4 > 15% > 20% > 1.5 > 15%
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Climate change Hot-Spots

RCCI, 20 Models, Three Scenarios (A1B, A2, B1)
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From Giorgi, GRL, 2006



Sustained warming beyond the 215t
century might lead to
semi-irreversible changes

7 Trend: 0.7% / year
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Shut down of the deep
oceanic circulation
(and of the Gulf Current)

Melting of Greenland and
the West Antarctica ice
sheet (sea level rise of

more than 15 m)




Reality or

science fiction ?

2002: Collapse of the
Larsen—B Ice Shelf

Weddell Sea

- Larsen B ice shelf

_ANTARCTIC PENINSULA
ANTARCTICA

Southern
Ocean




Some key uncertainties

Greenhouse gas emission scenarios

— Discussion ongoing on how to update the SRES and deal
with emission scenarios in the AR5

Limitations in climate models
— Wide spread of climate sensitivity

— Cloud representation still main contributor to the
uncertainty

Role of atmospheric aerosols

Carbon cycle feedbacks and landuse change
Sea level rise estimates

Regional to local climate change information




Summary of key messages

Warming since the mid of the 20 century is mostly
due to human activities (90-95% likelihood)

Climate change projections are generally in line
with previous assessments.

— Uncertainty depends on emission scenarios and climate
sensitivity.

— Probabillistic predictions based on large multi-model
ensembles

Abrupt changes are not projected to occur in the
215t century, but they could occur at longer time
scales under sustained warming

Some further climate change is unavoidable so we
will need to







Temporal scales of forcings

hWaonths Decades Centuries Willennia

i ..
warming
agents
live for

decades Cha
or more - Halocarbons
Other GHGs
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cooling
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Performance of AOGCMSs
Annual temperature, 20 models

Observed annual temperature (lines) and Annual temperature multi-model ensemble
multi-models ensemble bias (colors) Average root mean square error




Regional performance of AOGCMs




Regional performance of AOGCMs
Temperature Bias, 9 AOGCMs

T-Bias (K)

v _\
| — | 1 | I | | | 1 | | L 1 L
MAL SAU AMZ SSA CAM WA CNA EMA ALA GHL HED MEL WAF EAF BAF SAH BEEA EAS 5AS CAS TIB MNAS
egion




Regional performance of AOGCMs
Precipitation Bias, 9 AOGCMSs

P—Bias (%)
2

| | 1 1 ] 1 1 I ] | 1 ] ] ] | l
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Other observed changes

-> Poleward shift of mid-latitude storm tracks
-> Greater intensity of tropical and extratropical cyclones
-> Increase of heat-waves and droughts
-> Greater intensity of precipitation

SR 88




Projected changes in extremes

Phenomenon

Likelihood that trend
occurred inn late 20th
century (typically post
1960)

Likelihood that
observed trend is
due to human
influence

Confidence” in trend predicted
for 21st century

Cool days / cool nights / frosts:
decrease over mid- and high-
latitude land areas

Warm days / warm nights:
increase over mid- and high-
latitude land areas

Warm spells / heat waves:
increase

Proportion of heavy
precipitation events: increase
over many areas

Droughts: increase over low-
latitudes (and mid-latitudes in
summer)

Tropical cyclones: increase in
intensity

Mid- and high-latitude cyclones:
increase in most intense storms;
storm tracks move polewards

High sea level events: increase
(excludes tsunamis)

Very likely

Very likely

Likely

Likely

Likely

More likely than not
since 1970

More likely than not

More likely than not

Likely

Likely (warm
nights)

More likely than
not

More likely than
not

More likely than
not

More likely than
not (but with low
confidence)

Not assessed

Not assessed

High

High

High

High (but a few areas with
projected decreases in absolute
number of heavy events)

Moderate — mid-latitude
continental interiors in summer
(but sensitive to model land-

surface formulation)

Moderate (few high-resolution
models)

Maoderate (intensity not
explicitly analysed for all
models)

Moderate {(most mid-latitude
oceans)

Notes:

(a) Confidence terms for projected trends are as follows: “high” means consistency across madel projections and/or consistent with
theory and/or changes in mean; “moderate™ indicates some inconsistencies across model projections or only a few relevant model

projections available or analysed.




Regional temperature and precipitation change

for the 215! century (ensemble average 20 AOGCMs)




Change in temperature interannual variability
(SD, 2080-2099 minus 1960-1979, A1B-A2-B1)
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Ensemble average changes
Al1B scenario, 20 AOGCMs
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