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The ClimEx project A ClimeEx

Climate Change and Hydrological Extremes (ClimEx) project

CanESM2
1,000 years
equilibrium run

1850 1950 2100
5 small 5x10 small RCP8.5
perturbations  perturbations after 2005

« 50 members of a single model initial-condition large ensemble (LE)
« 7500 simulated years: natural variability and (hydro-)meteorological extremes

Leduc et al. (2019)
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Research questions 7\ Climex

North Atlantic Oscillation (NAO) as an important mode of climate
variability in Europe

How is the ensemble spread of NAO response patterns altered during the
(O  |nesting process?

Key points of this study:

1. General performance of the climate model chain
2. Internal variability
3. Nesting approach

4. Climate change
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Data 4\ ClimEx

T].me horizons: Data name Type - S%Tti:?l - Variables
winter (DJFM) Eae) S

1981-2010 Reanalysis REF | 0.75° x 0.75" |msl [Pa], tZm [K], tp [m]
2070-2099 CRCM5/ERA-I RCM | 0.11° x0.11° |tas [K], pr [kgmZs'T]

CanESM2-LE GCM 2.8° x2.8° |psl [Pa], tas [K], pr [kgmZs]

CRCM5-LE RCM | 0.11° x0.11° |tas [°C], pr [mmd]

LE of 50 members

Domain altitude of CanESM2 [m) ERA-Interim [m] CRCMS [m]
Central European " W W
domain

= NAO responses
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Methods: NAO quantification # Clim€Ex

Mean sea level pressure distribution over the North Atlantic (winters 1981-2010)

ERA-l MSLP mean (1981-2010) ERA-I MSLP positive anomalies ERA-I MSLP negative anomalies
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CanESM2-LE MSLP mean (1981-2010)

CanESM2-LE MSLP positive anomalies

CanESM2-LE MSLP negative anomalies
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= More zonal structure in GCM than in ERA-I
= Weaker NAO phases in GCM than in ERA-I
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Results: NAO in ERA-I & CanESM2-LE /fa ClimE&x

NAO index as found in the study data

distribution of NAO index values distribution of pairwise correlations between NAO index values
@ L CanESMZ-LE 1981-2010 A = CanESM2Z-LE 1981-2010
O CanESM2-LE 2070-2098 [ CanESM2-LE 2070-2099
®1 O ERA- @1 O ERA
;'E' ﬁ N ;TE' ﬁ
T8 B ;) -
- Naturatl Variability ingngsted Climate
"o/ The NorthAtlantic Oscillatien and its |
o — ? ntral European Clill'rlai
o [ L -
-4 2 0 2 4 1.0 05 0.0 0.5 1.0
index value r

= NAO index values & characteristics met well by the ensemble

LUDWIG
At

ovimey 1 25 B [ INRS ()

EMS Annual Meeting 2019




Results: Changes of tas a Climex

Change of mean winter temperature (1981-2010) with unit index change

CRCMSERA-I

Regression coefficients of winter temperatures

for all data sources.
Grey maps: sd of all members.
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Results: strength of relationship (tas) a ClimeEx

Comparison of subset regions: GCM and RCM, 1981-2010 and 2070-2099

Lo tas mean NE tas mean BY tas mean SE
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The North Atlal | European Climate Pattern '
-0.5 1 en p -0.5 1
hist {CanESM2, CRCMS) On C hEt%anESME, CRCMS) hist {CanESM2, CRCM5S)
fut (CanESM2, CRCMS) fut (CanEsM2, CRCMS) fut (CanESM2, CRCMS)
CRCMS (hist, fut) CRCMS (hist, fut) CRCMS (hist, fut)
~1.0 CanEﬂMlE {hist, h.llt]- | | 1.0 CanESHIE (hist, fl:t} | | 1.0 CanEﬂHF (hist, fl:ﬂ | |
' GCM RCM GCM RCM ' GCM RCM GCM RCM ' GCM RCM GCM RCM
hist hist fut fut hist  hist fut fut hist  hist fut fut

O 1981-2010 CanESM?2 Boxplots showing r between NAO index and

o 1981-2010 CRCM5 precipitation time series of subset regions.
o 2070-2099 CanESM2 Dashed (dotted) lines: ERA-I (ERA-I driven CRCM5
o 2070-2099 CRCM5 run) value. Textboxes: significantly different.

« Lower correlations in GCM than RCM
« Reduction of correlations under future conditions
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Results: Changes of pr # Clim€Ex

Change of mean winter precipitation sums (1981-2010) with unit index change

CRCMS ERA-I

Regression coefficients of winter precipitation
for all data sources.
Grey maps: sd of all members.

CanESM2-LE mean
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Results: strength of relationship (pr) a Climéx

Comparison of subset regions: GCM and RCM, 1981-2010 and 2070-2099

r sum NE r sum BY r sum SE
1.0 P 1.0 L 1.0 P

0.5 1 T%

: Ratirat Vafriabllity

" Hhe North Atla
—0.5 1 On

hist (CanESM2, CRCMS)
fut (CanESM2, CRCM3)

GCM RCM GCM RCM
hist hist fut fut

hist (CanESM2, CRCMS)
fut {CanESM2, CRCMS)
CanESM2 (hist, fut)

GCM RCM  GCM  RCM
hist hist fut fut

-1.0

RCM GCM RCM
hist fut fut

O 1981-2010 CanESM?2 Boxplots showing r between NAO index and

o 1981-2010 CRCM5 precipitation time series of subset regions.
o 2070-2099 CanESM2 Dashed (dotted) lines: ERA-I (ERA-I driven CRCM5
o 2070-2099 CRCM5 run) value. Textboxes: significantly different.

« Lower correlations in GCM than RCM
» Reduction of correlations under future conditions
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Conclusions www.climex-project.org 7 ClimEx

-

I-- 1. Realistic NAO and NAO response patterns in the GCM and the
.. RCM

A large range of possible NAO-response patterns within both
inter-member spreads (variability)

No change in the amplitude of the inter-member spread, but a
shift towards a stronger relationship in the RCM (propagation)

e -
232 | 4. Future changes:
=G a) NAO index shift towards more negative values
b)  Reduction of correlations in subset regions (tas, pr, RCM, GCM)
s er— c) Spatial patterns of changes: see P170 ...
Contact: Andrea Bohnisch; a.boehnisch@iggf.geo.uni-muenchen.de @ @
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