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Variation of greenhouse
gas concentration
In the atmosphere

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
from 1750 to 2005

Anthropogenic forcings are estimated
to be much higher than natural forcings

Radiative Forcing Components

RF Terms RF values (W m 2] Spatial scale

| 1.66 [1.49 to 1.83] Global
Long-lived |

greenhouse gases 0.48 [0.43 10 0.53]

|
I
— Halocarbons Global
|
|

L

-0.05 [-0.15 to 0.05]( continental

|
Ozone Siratospheric Tropospheric _
o pose 0.35 [0.25 to 0.65] to global

Stratospheric water

0.0 ] Global
vapour from CH, 0.07 [0.02 t0 0.12] obal

-0.2[-0.4 tv 0.0] Local to
0.1 [0.0to 0.2] continental

Surface albedo Lend uss Black carbon

on snow

Anthropogenic

Continental

(" Direct effect
irect effec to global

Total |

Aerosol | Cloud albedo
|, effect

-0.5[-0.9 t0 -0.1]

Contingntal

0.7 [-1.810-0.3] to global

Linear contrails 0.01 [0.003 to 0.03]| Contingntal

Solar irradiance 0.12 [0.06 to 0.30] Global

T
|
|
|
|
|

n
]
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Total net . 1.6 [0.6to 2.4]
anthropogenic

| M
-1 0
Radiative Forcing (W m2)




Observed global temperature change

Warmest 12 years:
1998,2005,2003,2002,2004,2006,
2001,1997,1995,1999,1990,2000

Last 50 years warmest
during the last 1300 years
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Temperature anomaly reconstructions

for the last 1000 years

The last 50 years are warmest in the last millennium
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Decrease of snow cover, sea ice
and glaciers, sea level rise

Melting of glaciers Sea level rise
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Decrease of snow cover Warming of the oceans
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Melting of the Arctic cap

15 September 1980 15 September 2005 15 September 2007
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Other observed changes
Circulation

Poleward shift of
mid-latitude
storm tracks

More intense
WERICEHIES




Other observed changes
Temperature and precipitation extremes

Increased frequency
of heavy precipitation events

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

= =% Atlantic since ~ 1970 correlated

L

Insufficient evidence to determine
whether trends exist in small scale
phenomena such as tornadoes
hail, 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.




IPCC-2007
Most of the observed increase
in globally averaged temperature
since the mid-20t century is
due to the observed
Increase in anthropogenic

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




Projec;t'ions of future




IPCC — 2007: Global temperature
change projections for the 215t century
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Corresponding changes in sea level rise are 19-58 cm




Regional distribution of projected

temperature and precipitation change
(A1B scenario, 2090-2100)
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Projected changes in the hydrologic cycle

a) Precipitation

b) Soil moisture
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Changes in precipitation characteristics

| Preciplitaticn iﬂ}ensity

Prempﬂatmn intensity
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Projected changes in extremes

Frost days
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Other projected changes for the
21t Century

-> Poleward shift of mid-latitude storm tracks
-> Greater intensity of tropical and extratropical cyclones

-> Increase of heat-waves and droughts
-> Greater intensity of precipitation
-> |Increased warm season interannual variability
-> Further widespread melting of glaciers and sea ice
-> Slow down (but not collapse) of the MOC
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Temperature Change
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Change in seasonal temperature distribution
CMIP3 Ensemble (%, 2071-2100 minus 1961-1990),

frequency
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Change in seasonal precipitation distribution
CMIP3 Ensemble (%, 2071-2100 minus 1961-1990),

frequency

frequency
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The summers we can expect in Europe?
Summer of 2003

Alpine glacier annual mass changes (1980-2003)

H Thicknes:
E Thickness gain
f ! ) L
1981 1085 1901 1996 2001

Mass balance based on 10 alpine glaciers: St. Sorlin, Sarennes, Silvretta, Gries,Sonnblickkees,
Vernagtferner, Kesselwandferner, Hintereis-ferner, Caresér.

Courtesy: Regula Frauenfelder (World Glacier Monitoring Service, Zdrich)
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.

Average mass balance (mm water equiv.)

. A ‘ ¢ : ? Impact of the summer 2003 heat wave and drought
Count ry Casualties pe PRy 28 po - on agriculture and forestry in 5 selected countries

France 14 082 2 ‘ f
Germany 7 000 R e k! o
Spain 4 200 e S e Wi I B
Italy 4 000 » N LA Fodder |
UK 2 045 an 3 . : § “ Italy 4-5 000 Mio
Netherlands 1 400 | ' BNER BT
Portugal 1 300 ‘
Belgium 150 Sz bt s

Spain 810 Mio

Germany 1 500 Mio

INSERM: "Surmortalité liée a la canicule . % A% 9% : .
de I'été 2003", AP September 25, 2003 Dala source: COPA-COGECA 2003




Summary of changes
relevant for energy policies

Increase in intensity of storms and
winds

Increase in dry and wet extremes
Increase In interannual variabllity
Increase Iin heat waves

Large regional variability of changes




Mitigation potential of different
alternative energy sources

2000 - 2030 2000 - 2100

Energy conservation 7777777 77777777
& efficiency /7 — 777 I 777777777

—— emissions reductions for 650 ppm

Fossil fuel switch

—— additional reductions for 490-540 ppm

Ty n—
Renewables :

'ﬁ LS
Nuclear P e

©“
Forest sinks r

0 20 40 60 80 100 120 0 120 500 1000 1500 2000

Cumulative emission reduction Cumulative emission reduction
GtCO-,-eq GtCO»-eq

FFF TV FFFFIrF.
CCS —
IMAGE mmmmr777J

MESSAGE mmmmr777;

AM 7777

IPAC oommm N/A

|
N

FFTTTS

M NN

'




Some consequences for the
energy systems

« Demand side

— Greater demand in summer, decreased demand in
winter

— Greater peak demand during summer heat waves
— More spatially and temporally “variable® demand

« Supply side
— Adaptation to more intense extremes
— Safety of plants

— Adaptation to higher temperatures (e.g. for reactors
cooling)

— Adaptation to more temporally variable supply of
renewable energy sources (hydropower, wind)

— Regional changes of power sources (renewables)
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