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Climate Change in the Extratropics — Basic Considerations

Swiss temperature series
mn Winter Warming until 2100: +3 K
I | 1864/65-2002/03
< L About every second winter
§- T > should fit the warm winters
I / =TT X/\ of the past.
-6 -4 -2 0 2 4 6 8 10
Temperature
Summer Stronger warming: +4.5 K
> | 1864-2002 Smaller interannual variability
e
@
g / Yields an essentially
= / new climate!
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looks like a glimpse of

Temperature
the future

Schar, ETH Zirich




Extreme European summers: 2002 ... 2003 ... 2005 _
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August 2002, Dresden

August 2003, Toss

August 2005, Brienz

Schar, ETH Zirich

Outline

Summer 2003
* Temporal and spatial structure °
* Impacts °
« Statistical analysis °

Heat waves and interannual variability

Associated processes

Some scenario Results

Schar, ETH Zirich




Spatial Extent of Heat Wave

Summer 2003

Deviation from
1961-1990 mean

Color:
temperature
anomaly

Bold contours:
normalized
by standard
deviation

Data:
ECMWF / ERA-40

Schér, ETH Ziirich (Schér et al. 2004, Nature, 427, 332-336)

Temporal Variations
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Schar, ETH Ziirich (Black et al. 2004)




Tmax in August 2003
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Precipitation Anomaly

Summer 2003

Deviation from
1961-1990 mean
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Data: GPCC

W

Schar, ETH Zirich

K g =

300

100

50

20

%

Toss, 28. August 2003




Mess UTC

» Total burnt forest area:
® « Portugal: 420,000 ha (4200 km?)
* Europe: 740,000 ha (7400 km2)

PORTUGA

Uismon ®

burn scars

Forest Fires in Portugal
(August 12, 2003, 13:55 UTC) (NASA, Garcia-Herrera et al., submitted)

Impact of the summer 2003 in Europe ”

Agricultural losses:
. 12.3 Billion US$
(SwissRe estimate)

Shortage of electricity,
peak prices on spot market
(EEX, Leipzig)

. Serious problems with

- freshwater resources (Italy)
- forest fires (Portugal)

- freshwater fish (Switzerland)

Estimated 22,000 to 35,000

: } ! heat deaths (excess mortality)
d Surface Temperature difference [

i 10 5 o

5

August 2003 temperatures relative to 2000-2002, 2004
Schér, ETH Zirich (Reto Stockli, ETH/NASA, MODIS)
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Excess Mortality in France

Normalized mortality = mortality 2003 / longterm mean
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Date: August 1 - November 30, 2003
Schar, ETH Ziirich (INSERM 2004)
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Excess Mortality in France

Number of days with Normalized mortality:
Tmin>20°C and Tmax>37.5°C mortality 2003 / longterm mean
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Schar, ETH Ziirich (INSERM 2004)




Role of warm nights
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Schar, ETH Zirich

Excess mortality Number of hot days
T, > 30°C
Tin > 20°C
Basel 128 = 24.4% 10
Berne 10 = 1.7% 0
Geneva 123 = 17.5% 14
Ziirich 47 = 4.9% 1

(Gritze et al. 2005, Swiss Medical Weekly)

Role of ozone

16

Accumulated time (June-August) with
0, above hourly threshold of 120 pg/m3
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(Eidg. Kommission fur Lufthygiene, 2004)

Schar, ETH Zirich

[ppb h]

Accumulated O; exposure (April-September)
above threshold 40 ppb
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Temperature dependence of ozone

17

Statistical analysis of Swiss data:
Afternoon temperature and morning global
radiation account for most of the seasonal ozone

variability
ZUE Summer 1992-2003
<1 Measured ozone (Zurich) ® R Ozone concentration after
o 2. - statistically removing temperature
% -g_ signal
- B S 8
> =
§ 2 [ % B [ X I
gl A .
g . ©
w . g
1992 1994 1986 1998 2000 2002 1982 1994 1995 1938 2000 2002
year year
Schar, ETH Ziirich (Ordonnez et al. 2005, Atmos. Chem. Phys)
18
European Summer Temperatures 1500-2003
Multiproxy reconstructions of land-surface temperature
— Domain mean: 25°W-40°E, 35°N-70°N, Anomalies w.r.t. 1901-1995 2003
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Schar, ETH Zirich

(

Luterbacher et al. 2004)




Estimation of Return Periods
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Schar, ETH Zirich
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Outline
Summer 2003

Schar, ETH Zirich

Heat waves and interannual variability
* Hypothesis °
* Tested with RCM simulations °
* Model intercomparison ¢
¢ Analysis of long-term observational trends °

Associated processes

Some scenario results
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Changes in Mean versus Changes in Variability

Frequency
i > [
Temperature 4 >
i [
increase in the frequency of increase in the frequency of
extreme warm conditions extreme warm/cold conditions
For extremes far away from mean,
“variability is more important than mean”
Katz and Brown 1992
Schar, ETH Zirich Folland et al, IPCC, 2001
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Summer Surface Temperatures
Gridpoint near Zurich
Simulated:
CTRL T=16.1°C
== R .
3 1961-1990 =097 °C
2 \
o
£ Observed:
T=16.9 °C
0=0.94°C
12 14 16 18 20 22 24 26 28
ﬁ SCEN
z AT=4.6 °C 2071-2100 strong
5 increase
g in
==\0/0=100%==P> variability
12 14 16 18 20 22 24 26 28

Temperature
Schér, ETH Ziirich (Schér et al. 2004, Nature, 427, 332-336)




Summer Temperatures and Heatwaves (2070-2100) *

Change in Change in Variability Ac/c

Temperature AT (StdDev of seasonal T) Zurich Temperature Series

22 %
1961-1990 2071-2100
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* Not only changes in mean, but also changes in variability
* Together these combine to increase the frequency of heatwaves
* By 2070, a typical summer might be as warm as 2003, many summers even warmer and dryer

Schar, ETH Ziirich (Schér et al. 2004, Nature, 427, 332-336)

Model Chains of the extended EU Project !g EUE '! % : H %

Emissions AOGCMs AGCMs RCMs Ensemble
Members
»[ HadAM3P _ |—»
[ ETH/CHRM —( 1)
[ GKSs = —— (1)
[ HadRM3H —( 3 )

| ETH/CHRM —— 1
[ DMI/HIRHAM _—>( 1 )
[CsMAr— +——C1D

HadRM3P  —»( 1 )

1)
SRESB2 HadANSH

ARPEGE

(Coordinator: Jens H. Christensen, DMI)




Intercomparison of Variability Changes
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Schar, ETH Zirich

HadCM3 => HadAM3

HadCM3 => CNRM
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(Vidale et al. 2005)

Validation of CTRL variability
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@ observations
@ driven by HadCM3/AM3
Q driven by other AGCM

1) DMI, HC1

2) DMI, HC2

3) HC, achgi (HadRM3H)

4) HC, acdhd (HadAM3H, Ens.1)
5) HC, acdhe (HadAMSH, Ens.2)
6) ETH, HC_CTL

7) GKSS, CTL

8) MP, 3003

9) SMHI, HCCTL

10) UCM, control

11) ICTP, ref

12} KNMI, HC1

13) CNRM, DA9

14) CNRM, DE3

15) CNRM, DE4

16) DM, & ctrl

17) ERA40_ANA,

18) ETH, ERA40_CTL

19) CRU,

Large spread between results

Simulations with same RCM

cluster, irrespective

of the

driving GCM / ensemble member

(Vidale et al. 2005)




Changes in variability i
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Schr, ETH Ziirich (Vidale et al. 2005)
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Validation of CTRL variability

-
o

- 1) DM, HCY
@ observations 2) DMI, HC2

3) HC, achgi (HadRM3H)
I 4) HC, acdhd (HadAM3H, Ens.1
@ poorer validation 5% HC, acdhe %Hmm"' E,,S,Z;
6) ETH, HC_CTL

ot 7) GKSS, CTL

@ better validation 8 MPL 3003

9) SMHI, HCCTL

10) UCM, control

11)ICTP, ref

12) KNMI, HC1
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13) CNRM, DA9

14) CNRM, DE3

15) CNRM, DE4

16) DMI, & ctrl

17) ERA40_ANA,

18) ETH ERA40_CTL
19) CRU,
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Schr, ETH Ziirich (Vidale et al. 2005)




Changes in variability
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@ poorer validation

@ better validation
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Schar, ETH Zirich

Change in StdDev T2m [%]

1) DMI, HC1

2) DMI, HC2

3) HC, achgi (HadRM3H)

4) HC, acdhd (HadAM3H, Ens.1)
5) HC, acdhe (HadAMSH, Ens.2)
6)ETH, HC_CTL

7) GKSS, CTL

) MPI, 3003

9) SMHI, HCCTL

10) UCM, control

11)ICTP, ref

12) KNMI, HC1

13) CNRM, DA9

14) CNRM, DE3

15) CNRM, DE4

16) DM, o ctrl

Simulations with better
validation simulate larger
variability increase.

(Vidale et al. 2005)

Intercomparison of IPCC AR4 GCMs

33

3 GCMs: ECHAMS5, HadGEM, GFDL (selection based on analysis of van Ulden 2006)

B

Schar, ETH Zirich

30

P (mm/d), stdev, SCEN-CTL

-0.5

(Seneviratne et al. 2006, Nature, 443, 205-209, supplemental iﬁformation)
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Is there a variability signal in the data?

-4 -2 0 2 4
@ I I I T 1 JQ
o [=}
L 1880-1893 |
— 1894-1905
E < — 1908-1921 <
Jo D\ 1922-1935 | O
o / N 1936-1949
<C // 1950-1963
m / 1964-1977
Qal — 19781991 |
o © 1892-2005 S
o [=}
o | Jo
-4 -2 0 2 4
STANDARDISED DSMT
Region, £ (n,) App (°C) Aoy (%) Avp (%)
Western Europe (54) F1.6 = 0.4 6+ 2 +0 £ 7
Central Western Europe (36) +1.3 4+ 0.5 411 £ 2 +0 + €
Iberian Peninsula (12) +2.6 + 0.6 ST+3 -1+1Z
Scandinavia (6) +1.7 £ 0.7 +4+£6 49+ 6

Schar, ETH Zirich

Analysis of 54 high-quality
homogenized temperature
records from 1880-2005.

Finds a statistically significant
signal.

Geographical pattern of trends
in o has maximum amplitude in
Central Europe, consistent with
scenarios

(Della Marta et al., JGR, submitted)
(see also Scherrer et al. 2005)
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Is there a variability signal in the data?

Schar, ETH Zirich
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Outline
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Summer 2003

Heat waves and interannual variability

Associated processes
* Overview °
¢ Land-surface processes °

Some scenario results

Schar, ETH Zirich
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Atmospheric Circulation
Anomaly 500 hPa Circulation Anomaly 500 hPa Circulation
(17. Juli — 6. August 2003) (August 2003)
g
8 18
)

Sequence of blocking high-pressure systems

« Summer Northern Hemisphere Annular Mode, wave-number 3 (Ogi et al. 2005)
_* Rossby wave train (Grazzini et al. 2004, Black et al. 2005, Orsolini and Nikulin 2005)




500 hPa Circulation Changes / Anomalies %

A2 Scenario (HadCM3/AM3=>ETH)
(Vidale et al. 2005)

Anomaly August 2003
(Schwierz et al., ETH Zirich)

(b) Siculated Sucmeoer 500 P Gacpotential Helght: B sisus Fresest Duy

B2 Scenario (HadCM3/AM3=>RegCM)
(Pal et al. 2004)

(6) NCRP Bmemer 500 1Pa Geopoteatial Helght: 1976 theu 3100 cimus 1051 ths 1975

Observed Trend 1976-2000 (NCEP)
(Pal et al. 2004)

Outgoing Longwave Radiation (Anomaly JJA 2003) ”

30N+

Heatwave

Displaced ITCZ

0 30E 60E 90E
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s i D O O S
-21 -15 -9 3 3 9 15 21
[WimZ2]

Schar, ETH Zirich

(Black et al. 2004)
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SST Anomaly

13.-20. August 2003

AGCM-simulations with
prescribed SST:

I = s vl
Ferranti and Viterbo (2006):
only marginal SST effect

[ W
Black and Sutton (2006):
Mediterranean Sea and Indian
Ocean had significant impact

f- :
Feudale and Shukla (2007):
Mediterranean Sea provides
important amplification

I 5
Nakamura et al. (2005):

North Atlantic provided most E
. - = PR VR
of the predictability %/M

160E 600 1204 80w 40w 406 a0E 190E
I I B [ [ \ [ \ [ T
-3 -25 -2 —15 -1 —-05 05 1 1.5 2 2.5 3

Schar, ETH Zirich
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High-resolution Temperature Analysis
August 1, 2000 August 10, 2003

‘ Ao Aster Satellite
(NASA/Japan)
5x5 km view

NI?VI: in Central France
active

vegetation

IR:
soil
temperature

]
27 °C - . 42 °C 32 °C mm— . 47 °C
Schér, ETH Ziirich Zaitchik et al. 2005 (Yale University)




Soil-moisture threshold effect ®

soil moisture 4
Field Capacity A
A~150 mm
J— v
Wilting Point threshold latent cooling
spring summer fall . corresponds to
~43 W/m?

Importance of land-surfaces is consistent with a series of recent studies:

¢ Land-surface processes affect seasonal cycle of the extratropical summer climate
(Koster et al. 2004, Betts et al. 2004, Schar et al. 1999)

¢ Climate change increases potential for mid-latitude summer droughts
(Wetherald and Manabe 1995, IPCC 2001, Seneviratne et al. 2004)

Schar, ETH Zirich

Precipitation / Temperature Anomalies Summer 2003"

(Germany, Reference 1961-1990)

0 r Precipitation Anomaly [%]

Januar

Cikdobar

Temperature Anomaly [°C]

3 4 5

Movarnpar

Marz
Al t
Febriar Hgus

Schar, ETH Zilrich (Miller-Westermeier, DWD, KSB 2003; Schonwiese et al. 2005)




Simulations with a Regional Climate Model (RCM)

Simulations of the year 2003: RCM driven by ECMWF analysis
Validation of 2m-Temperatur, June 2003 (Anomaly w.r.t. 1970-2000):

Observation (GISS)
e e SO0

-

Simulation (CHRM)
"

Schar, ETH Zilrich (Fischer et al. 2007, in press)

Role of Initial Soil Moisture for Summer 2003

Sensitivity experiments: Modification of soil moisture content on April 1, 2003

CTRL - Climatology DRY - CTRL WET - CTRL

CHAM T2M summer 2003 wr 1970-2000 SOILW -25% SOILW +25%

2 15 44 05 0 05 1 15 2

Dry soils => reduced evapotranspiration => reduced “latent” cooling
Schar, ETH Zilrich (Fischer et al. 2007, in press)




Heatwaves 1976, 1994, 2003, 2005
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Heatwaves follow spring droughts

Temperature JJA 1984

Schér, ETH Zi

(Fischer et al. 2007, GRL)

Heatwaves 1976, 1994, 2003, 2005

48

Model validation: Number of hot days (T, ., > 90th percentiles)

max

Schar, ETH Zirich

(Fischer et al. 2007, GRL)




49

Heatwaves 1976, 1994, 2003, 2005

Simulations with and without land-surface coupling

cL 1978 CL 1804 €L 2008 €L 2008
NHID [TMAX » 50t peroentie) HID [TMAX » 6% percentia) HHI (TMAX > 801h peroentie) WHID (TMAX > 50th percentéa)

WITH

Schér, ETH Ziirich 1 5 9 13 17 21 25

(Fischer et al. 2007, GRL)

Observational data of terrestrial water ”

Terrestrial water storage = soil moisture + ground water + surface water + snow

B Rhine S ® - — 8swB — Riiine

B Eb Coli] ! -+-- GRACE — Elbe
e .l 4 Rhone

[ Rhone ~ Ly A Loire |

[ Loire

(Seneviratne et al. 2004, J. Climate) ) ! L
(Hirschi et al. 2006, J. Hydrometeor) 2001 2002 2003
(Hirschi et al. 2006, GRL)

Full lines:

diagnostic estimation (using ERA-40 and runoff)

Dashed lines:
Schar, ETH Zilrich GRACE satellites (gravimetric observations




Validation of terrestrial water storage "

Validation of CTRL and 2003 simulations
French basin

- Simulations Observations (water balance)
—— CTL 2003 —e— BSWB 2003
— CLIM 1970-2000 - - BSWB 1973-2000

=  CLIM +/- 1 stdev BSWB +/- 1 stdev

20

10
I

Interannual variations
underestimated

Overall excellent
s validation

Normalised terrestrial water storage [cm]
-10 0
I

T T T T T T T T T T T
Jan1 Feb1 Mar1 Apri1 May1 Jun1 Jult Aug1 Sep1 Octi1 MNov1 Deci
month

Schar, ETH Zilrich (Fischer et al. 2007, in press)

Experiments with decoupled land-surface ”

Control Climate Scenario Climate
T (K), stdev, CTL T,y (K), stdev, SCEN

. e

ol

Variability of
summer T2m is

,0= strongly affected by
1 land-atmosphere
a7= coupling

coupled soil

Topg (K), stdev, SCENyyeoupiin

oy T Decoupled

s simulations have
» prescribed

,  seasonal cycle of

o7 SOil moisture

decoupled soil

Schar, ETH Ziirich (Seneviratne et al. 2006, Nature, 443, 205-209)




Experiments with decoupled land-surface v

Change in variability
Tou (K), stdev, SCEN-CTL

Changes in
variability strongly
affected by land-

Large-scale forcing + Land-surface feedbacks surface processes
SCEr\"l]N(’:(’JHI"I FD'CTLIINCCIUF‘I ED

s (SCEN-SCEN,;pcHCTL-CTL )

1. o5~ & k1 g = - 1
0.8 0.8
0.8 0.6
0.4 04
0.2 0.2
0 0
02 0z
04 £ 04

P 08 - 0.6

-0.8 ; 0E
El -1
A2 1z

Schar, ETH Zirich (Seneviratne et al. 2006, Nature, 443, 205-209)
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Outline

Summer 2003

Heat waves and interannual variability

Associated processes

Some scenario results
* Analysis of PRUDENCE simulations °

Schar, ETH Zirich
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95th percentile of T,

2071-2100 versus 1961-1990, Scenario A2, HadAM3H

Tymax A2-CTRL
°C °C
45 w12

35
30
25
20
15 0
Note:
maximum signal is not where AT is largest,
but where Ac is largest
Schar, ETH Zirich (Kjellstrom et al. 2007, Climatic Change)
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Change in 95th percentile

HIRHAM-Ni
-

Large spread between models

Schér, ETH Ziirich (Kjellstrom et al. 2007, Climatic Change)
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Changes of daily temperature as a function of percentiles

1 5 10 25 50 75 90 95 99 1 5 10 25 50 75 90 95 99

10 " 0
8 4 4 4 18
4 . .
Britainj H_'_‘—_E"L_i_i '_'.—'““L%——LH chandlnawa
2 2
10 10
8 8
Francei Wﬂ :Eastern Europe
2 2
10 10
8 R NS )
N SAlps
Germany‘1 T AP
2 2
10 10
8 8
Iberian Pen.i ._,{—‘i—-i"’H’_}_H i,'_—‘—i—}‘!"’!—H iMediterranean
2 2

1 5§ 10 25 50 75 90 95 99 1 5 10 25 50 75 90 95 99

Upper Percentiles experience stronger changes
Schar, ETH Ziirich (Kjellstrom et al. 2007, Climatic Change)

heat index exceedence diyr

Health index

Health index based
on temperature and
relative humidity

Control

0 20 40 60 80

A2 - RF

A2-CTRL

(Diffenbaugh et al. 2007, GRL)
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Conclusions: Changes in Variability versus Mean
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Traditional view: temperature distribution is shifted

.
»

2070-2100

1900-200
iy

Surface Temperature

For Central European summer, variance may strongly increase:

» affected by water cycle, land-surface processes
=> substantial uncertainties

* most models agree on presence of effect

o effect is detectable in observational data

Implications for climate change:
¢ relevant for occurrence of extremes
¢ difficult to adapt to increase in variance

Schar, ETH Zirich




