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Climate has changed naturally Time (betore 2005

5000

in the past but a new s | -
perturbation has occurred % | ' | 3
since the beginning of the
industrial revolution 5 1 :

The greenhouse gas concentration
IS higher than in the last 650000 years
and continues to increase
mostly due to human activities.

Radiative Forcing (W m?)
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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




Anthropogenic and natural forcings

Anthropogenic

from 1750 to 2005

Radiative Forcing Components

RF Terms

RF values (W m~)

Spatial scale

Long-lived
greennouse gases

Ozone

Stratospheric water
vapour from CH,4

Surface albedo

(" Direct effect
Total J

Aerosol | Cloud albedo
\. effect

Linear contrails

Stratospheric

Land use f

|
I—| Halocarbons
|
|

|
Tropospheric

| Black carbon

on snow

1.66 [1.49 1o 1.83]

0.48 [0.43 10 0.53]

-0.05 [-0.15 to 0.05]

0.35 [0.25 10 0.65]

0.07 [0.02 to 0.12]

-0.2 [-0.4 1o 0.0]
0.1 [0.0 to 0.2]

-0.5 [-0.9 to -0.1]

0.7 [-1.8 to -0.3]

0.01 [0.003 to 0.03]

Global

Global

Continantal
to global

Global

Local to
continental

Continental
to global

Continental
to global

Continzntal

Solar irradiance

0.12 [0.06 1o 0.30]

Global

Total net
anthropogenic

-1

0

1.6 [0.6to 2.4]

:

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

University Il1linois - The Cryosphere Today




Observed change in global surface
temperature Warmest 12 years:

1998,2005,2003,2002,2004,2006,

2001,1997,1995,1999,1990,2000
06 | | | | | | | | ol Annlual mean
Global mean temperature _(inear trends
0.4 #” Smoothed series

0.2

Period Rate |
50 0.128+0.026

100 0.074+0.018
Years °/decade
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Paleoclimate: Evidence from different

types of past data

The last 50 years are likely the warmest during the past 1300 years

Northern Hemisphere Temperature Reconstructions

Temperature anomaly (°C wrt 1961-1990)
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Regional scale: Observed temperature
change for the period 1979-2003
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Global tropospheric and ocean warming

nnual Anomalies, 1860 — August 2004 Global Average Temperatures
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Lard rhee alr temp re minus 1

6 nrrannpem / 1
MV I The global ocean warming

(blue line) is slightly less
than the continental
warming (red line)
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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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Melting of the Arctic cap

15 September 1980 15 September 2005 15 September 2007

e 09/1 5r’2007

15 September 2008

Ice Extent Anomaly, 108 km?
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Trend in Annual Precipitation, 1901 to
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Other observed changes
Temperature and precipitation extremes

— é:.ﬂ;”;., Increased frequency
' n:q'ﬂ—' '-rﬂhﬂl:[?
. of heavy precipitation events

-Warmer and more hot days,
. warmer and fewer cold days

Increased frequency of
heat waves




Other observed changes
Droughts

T

Sl Increase in length

and intensity of
droughts as
measured
by the PDSI
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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







“Fingerprinting” of the
anthropogenic effects

- (a) Global average temperature
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A hyerarchy of models of increasing
complexity is currently used
to study climate variability and change

INCREASING COMPLEXITY

The climate modeling “Pyramid”

Fully coupled climate system model
with high spatial resolution

Earth system model
of intermediate
complexity
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three-dimensional
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Two-dimensional

statistical dynamical General Circulation
Models (GCMs)

Intermediate
One dimensional -
radiative convective COmpleXIty models
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Simple models




The equations of a climate model

T Conservation
——= 20 xV +g+ Fy
p of momentum

ar 1 dp
(= +V - VT)==-"-+Q+ Fr
t_ﬂ+ vT) ,;.,ﬂ+Q+ T

Conservation
of mass

Conservation
of water

Equation of state




The equations of a climate model cannot be solved
analytically and therefore they are discretized on
a three-dimensional grid, where all the model
variables are defined (wind, temperature etc.)

h The distance between
a0 grid points determines
the model resolution.

_/l
1 ”%; , ‘/ff’/’/ Processes occurring
2% Vb / at scale smaller than
R e b //f | this distance are not

T — o v y . . .
———— "7/ 7 4l risolved explicitly and
- must be “parameterized”



The model resolution depends on the availability of computer
resources. The resolution of global climate models has
increased from about 500 km in the 80s to about 100 km today

Moore’s Law
The Fifth Paradigm
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The World in Global Climate Models

Mid-1970s Mid-1980s

The evolution of
global model
fh o Land

i yoom complexity
> in the last

decades
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From global to regional climate
The spatial scales of climate processes
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“Nested” Regional Climate Modeling:
Technigue and Strategy

e Motivation: The resolution of
IS still too coarse to
capture regional and local climate
processes (e.g. topography,
coastlines)

Technique: A limited area
IS “nested”

within a GCM in order to locally
Increase the model resolution.

— Initial conditions (IC) and lateral
boundary conditions (LBC) for
the RCM are obtained from the
GCM

Strategy: The GCM simulates the
response of the general circulation to
the large scale forcings (e.g. GHG),
the RCM simulates the effect of sub-
GCM-grid scale forcings and
provides fine scale regional
Information
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Performance of AOGCMSs
Annual precipitation, 20 models

Observations Model ensemble mean




WINTER PRECIPITATION OVER BRITAIN

(a) 300km GCM: 1979-83
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(b) 50km RCM: 1979-83
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(c) 25km RCM: 1979-83
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(d) CRU observations: 1961-90
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WINTER DAILY RAINFALL OVER THE ALPS

Observations
n GCM
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RCMs simulate extreme rainfall much better than GCMs







All Forcings

ldentification of
the anthropogenic
effects on
global warming
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|dentificaton of the anthropogenic
effect on regional and ocean warming
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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
INncrease 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.




Projeé"fions of future




The CMIP3 Ensemble

Models and simulations
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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

PrleciplitalticnIiﬂ}er)sityl L Precipitation intensity

. T

ﬁﬂvﬁifﬂqﬂ‘a‘

1880 1920 1960 2000 2040 2080 _ (std. dev.)

Year -1.25 -1 -0.75-0.5-0.25 0 0.250.50.75 1 1.25
Dry days
L N T

| .
2040 2080

-1.25 -1 -0.75-0.5-025 0 0.25050.75 1 1.25




Projected changes in extremes

Frost days
| 1

Frost days

I | =
1880 1920 1960 2000 2040 2080 B N
_ 1 2 3 4 5

Year

Heat waves H
- . et waves

———

1880 1920 1960 2000 2040 2080 ‘ -:- (std. dev.)

Year -3.75 -3 -2.25-1.5-0.75 0 0.751.5225 3 3.75




Projected changes in sea ice cover

Sea Ice Extent Anomalies ™ 107 km?)

Sea lce Extent Anomalies (x 10° km?)
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Change In precipitation interannual variability
(CV, 2080-2099 minus 1960-1979, A1B-A2-B1)
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Change In temperature interannual variability
(SD, 2080-2099 minus 1960-1979, A1B-A2-B1)
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Temperature variablility change, CMIP3

A1B Scenario, 20 AOGCMs
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Precipitation change, CMIP3
Al1B Scenario, 20 AOGCMs
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The European Climate Change Oscillation (ECO)

(A1B, 2071-2100 minus 1961-1990, Giorgi and Coppola, GRL 2007)

TAS mean change (210072071 — 1981,/1950) TAS vorichility chenge {2100/2071 — 1961,/1990)

T-Mean

P-Mean P-Var




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

IPCC GCM
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Change in seasonal precipitation distribution

CMIP3 Ensemble (%, 2071-2100 minus 1961-1990),

IPCC GCM
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The summers we can expect in Europe?
Summer of 2003

Alpine glacier annual mass changes (1980-2003)
0 T T

00
-1.000
1,600

-2,000

20m

06, Sonnblickkeos,

, Ci s

Courtesy: Reguila Fravanfelder | 4 Glacker Monlioring Senvice, Zonch)
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
ariginal 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 ; e B Poulty
Germany 7 000 vl T e e RN b fe e
Spain 4 200 ] P iy heat cpan st
Italy 4 000 -

UK 2 045 Italy 4-5 000 Mio
Netherlands 1400 2R
Portugal 1 300

Belg'um 1 50 France 4 000 Mio

(1 500 Mio anly for the basf sector)

Austria 197 Mio

INSERM: "Surmortalité liée a la canicule
de I'été 2003", AP September 25, 2003

Data source: COPA-COGECA 2003




The summer of 2003 may become the
norm in the future

Summer Temperatures

Gridpoint near
Domain Mean (F, parts of D and CH) Zurich
Simulated:
T=15.8°C
o=0.97 °C

CTRL
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Observed:
T=17.2°C
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Change In climate
regimes over the
Mediterranean

Koppen climate, A2

From Gao and Giorgi (2007)




Change In water stress
Change In precipitation — evapotranspiration

Change of prec—evap(pot), B2, annual, mm/day Change of prec—evap(pot), A2, annual, mm/day

— ——,

From Gao and Giorgi (2007)



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

Shut down of the
oceanic circulation

Melting of Greenland and
the West Antarctica ice sheet

Die-back of the
(sea level rise > 12 m) Amazon forest




Some key uncertainties

Aerosol and clouds
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Emission scenarios
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Some new aspects of the AR5

e Decadal predictions
Predictions to 2035

High resolution global models
nitialized ocean conditions

e |Inverse scenario approach
— Reference concentration pathways (RCP)
— Climate simulations for the RCPs
— Emission scenarios consistent with the RCPs

* Greater focus on regional climate change
scenarios

— Coordinated regional climate modeling
experiment




X
&
L]

5T




Other observed changes
Circulation

Poleward shift of
mid-latitude
storm tracks

More Intense
WERICHIES




Reality or
science fiction ?

Weddell Sea

_ Larsen B ice shelf

2002: Collapse of the I —
Larsen-B Ice Shelf P

ANTARCTICA




Reality or science fiction:
The melting of Greenland
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Other observed changes
Storms

=

Increase In intense tropical
cyclone activity in the North

*—-q

B Atantic since ~ 1970 correlated

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




Global temperature change projections
after stabilization
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Temperature reconstruction
for the last millennium

Yea

1600

Jil

1200 1400

100 d
(a) Volcanic forcirig

T _/"-—-\\

o

d n

o
(i an) Buiouog djuUBdOA

—

F (b) Solar irradiance fording

i ITTTINTTY: |

£ (c) All other forcingsl
. it Fay : ol

o o =
[4)]
(- M) sBupioy 16U Y

© BerrZSCC Bard0B-WLE AL [ Bem2SCC Bami0S-WLE Nat Bamn2.5CC Bant2s All Bam2 5CC Bard25 Nat |
Chmber? Bard0S-WLS Al Chrber2 Bard08-WLS Nat Chmber2 Bardis Al Chmber2  Bard25 Mot —|
Cimbarda Bai08WLS AR | - = Chmberdc Baxi8-WLSNat —— CEmbar3uBard2SAll —— Clmbarda Berd25 Nat |

Overiap of reconstructed temperatures .

0 10 20 30 40 50 60 70 B0 90 %

~|, [(d) NH tempergture response to,natural and anthropogenic forcings

1000 1200 1400 1600 1800
Year




Greenhouse gas emission and

concentration scenarios (IPCC-2000)

CO2 emissions
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