Challenges for CORDEX:

regional climate change research
and production runs for CC adaptation
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Adaptation to climate change is not cheap
In cases like:
conversion of a company, urban water management,
construction of dikes, ...
the decision makers, the engineers and other
stakeholders need interest in the topic and
must be sure to have

the best available information on climate change

-> research and communication are essential!
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Product:
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Electrical tower in eastern Thuringia

dpa_kreiszeitung.de 09.12.2010
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infrastructure, construction sector

Electrical tower close to Miuinster
Sueddeutsche.de 04.12.2005

where and how

often?
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How can we fulfill the demand?

Schalke Arena
DAPD_Welt Online_28.12.2010




Climate-Change-Spot-Maps

Example: Prototype development and innovation

Climate-Change-Spot-Map =
Increase in the occurence of extremely wet days per year
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Background information:

Climate-Change-Spot-Maps show the mean
projected change of a climate parameter aver-
aged for the time period 2036 to 2065 compared
to the average of the time period from 1971 to
2100.

The map is based on a set of 66 climate change
projections from a multitude of recent global cli-
mate models and combine simulations following
three different emission scenarios.

Projected changes are regarded robust, if at
least 2/3 of all model projections do project
changes that are:

- in the same direction (decrease/increase), and
- statistically significant, and

- insensitive to small shifts of the reference time
period.

All areas with robust climate change signals are
highlighted with colored stipples.

All areas with non-robust changes are marked
with grey stipples. White areas define regions
with a change in the opposite direction than
indicated in the map.

More details on the method can be found under
www.climate-service-center.de/climate-signal-maps

Legend
[ Decrease in occurence of extremely wet days
[ Projected changes are not robust

Increase in occurence of extremely wet days:
[ lesslequal than 10 percent
more than 10 and less/equal 25 percent
I nore than 25 percent

On behalf of Contact details of editors:

Climate Service Center 2.0

Fischertwiete 1
D-20095 Hamburg

L Telephone: +49-(0)40-226 338 424
E-Mail: csc-anfragen@hzg.de

www.climate-service-center.de
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Examples: Prototype development

limate-Fact-Sheets
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Aim: Concise summary of
available state-of-the-art
climate change
information for a country/
region

Example pages of the Climate-Fact-Sheet for Pakistan

Current climate

Observed mean values are taken from literature and available
global data sets (averaged over the whole country):

+ Major climate zones (see also climate diagrams - GD1-3)
Northern half of the country is semi-arid (BSh - see CD2) to hu-
mid (Ca - see CD1). Southern half of Pakistan is mostly arid to
hyperarid (BWh - see CD3),

+ Annual mean temperature: ~20 °C

+ Annual total precipitation: ~300 mm/yr

« Annual mean actual evaporation: ~300 mm/yr (Annual mean
potential evaporation is: ~1900 mm/yr)

+ Annual mean climatic water balance: ~0 mmAyr

« Intensity of heavy rain events*: 31 mm/day

« Mean duration of dry spells*: 115 days

+ Mean duration of heatwaves*: 8 days

« Mean duration of cold spells*: 10 days

+ Annual mean solar irradiance (surface): 1500 KWh/(mand yr)

+ Annual mean wind speed (10 m above surface): 2.5 /s

Reported recent extreme events:
« Pakistan was hit by a major flood in 2010 that affected more

then a 18 Millon people and had an economic damage of
about 9.5 Billion USS,

The climate parameters marked with * are defined in the manu
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How to read a Climate-Fact-Sheet'. Whenever mentioned in the fact-sheet, stafistical significance s indicated
the

climate classification.

Historical climate trends (pased on the global CRU data set and literature sources)

« Spatially averaged over the whole country mean annual tempera-
ture has slightly increased by approximately 0.6 °C since the begin-
ning of the 207 century. However this increase is over major parts
of the country statistically not significant

« Significant (above average) annual mean temperature increase
has been observed in the south-western provinces.

+ Aslight decrease in annual mean temperature has been observed
in the sub-montane zone and western highlands in the north

« No. of cold (warm) nights has generally decreased (increased)
over Pakistan in the period 1961 to 2000, however a station in the
greater Himalayas in the north showed opposite behaviour.

« Spatially averaged annual total precipitation has slightly increased
when the full 20" century is considered. Strongest increase is ob-
served in the northern parts of Pakistan, where precipitation sig-
nificantly increase by 15 to 25 percent mainly during the monsoon
season. Negative rainfalltrends are observed in the southern parts.
For the period 1976 to 2005, however a decreasing rainfall trend
(-1.2 mmidecade) s observed when averaged all over the country,
which may be attributed to the presence of drought period during
1998-2001
No coherent trends are seen with respect to observed changes in
precipitation extremes for the period 1961-2000.

Summary of projected future climatj

CcSC =2
Legend Statistical information Emission scenarios: Glimate Service Center T
very likely: light-coloured Median all scenarios combined Germany "'
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model simuations)

Projections of possible development of temperature, heatwaves and cold spells

DegC
Annual mean temperature ¥
« Median projection of change in annual mean temperature is for an s
increase of 3.8 °C by 2100 4
« Likely range: 2.8 to 4.8°C; very likely range: 2.1 t0 5.1°C 3

Separate scenario examination (by 2100)
+ Low-Scenario B1: Median +3.0 °C
« High-Scenario A2: Median +4.7°C
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Heatwaves

« Median projection of change in the duration of long-lasting heat-
waves is for an increase of 28 days by 2100.

« Likely range: 14 to 51 days; very likely range: 11 to 69 days

Separate scenario examination (by 2100)

+ Low-Scenario B1: Median +13 days

« High-Scenario A2: Median +42 days

Cold spells*

+ Median projection of change in the duration of long-lasting cold
spells is for a decrease of 4 days by 2100.
+ Likely range: -8 to -3 days; very likely range: -11 to -1 days
Separate scenario examination (by 2100);
+ Low-Scenario B1: Median -4 days
+ High-Scenario A2: Median -6 days
. * Note that t s possle | Days
that e absolute decrease
n the du 1 cod
@ spels might be larger than
the actual cod spel length
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International Workshop (10.-11.3.2015 at CS2.0)
of the European Climate Service Partnership (ECSP):

,How to approach customers or partners”

about 40 Climate Service Providers from Europa. 6 working groups

Outcome
*No sector specific approach

*Honesty, trust and mutual respect

*Webportals are helpful, but need
client and case specific consultancy
for interpretation and application

Local, sector and client specific
products are needed




Account for a diverse group

Networking in science of users.

A

Global
Earth system
modellers
— Impact
Regional Statistical/ researehers
dynamic
downscaling Practitioners
. . . Adaptation
Regional climate modellin policy makers
U
Local Climate services
N N~N—0ub0]_——
Cllmat_e Impact Adaptation
modelling assessment policy
Public Public and Private

Germany A

Climate Service CenteQ
Adopted from Guy Brasseur
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Curiosity driven research

- understanding regional climate (change)

- modelling regional climate (GCM, RCM)

- producing regional climate information

Demand driven activity

Eine Einrichtung des Helmholtz-Zentrums Geesthacht



EURO-CORDEX community

EURO-CORDEX Community

o 29 actively contribution groups

o Leading institutions in the field of regional climate modeling in Europe

« Voluntary effort, contributions are funded by the contributors

o Coordination: D. Jacob (CS2 Germany), E. Katragkou (Uni Thessaloniki, Greece),
S. Sobolowski (Bjerknes Centre, Norway)

EURO-CORDEX Models

. 12 different GCMs from CMIP 5 (NorESM1-M, HadGEM2-ES, MPI-ESM-LR, CNRM-CM5, EC-EARTH, IPSL-
CM5A-MR, ACCESS1-3, CanESM2, MIROCS5, GFDL-ESM2M, CISRO-Mk3-6-0, CCSM4)

o 10 different RCMs: WRF (different configurations), CCLM, ALADIN, REMO, REGCM, HIRHAM, RACMO,
ARPEGE, RCA, PROMES

« Cooperation with Empirical Statistical Downscaling (ESD)

47 scenario simulations at high resolution (EUR-11, 12.5 km):
5 planned, 7 running, 35 finished (23 simulations published)

Climate Service Center
Germany A
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EURO-CORDEX

Region:
o« ~27/°N—=72°N, ~22° W —-45° E
www.euro-cordex.net

Horizontal resolutions:

« EUR-11:0.11° (12.5 km)

« EUR-44:0.44° (50 km)
Time periods:

. Evaluation run (ERA-Interim): 1989 — 2008

« Historical runs: 1951 — 2005

« Scenario runs: 2006 — 2100
Forcing data: CMIP5
Scenarios:

« RCP 4.5, RCP 8.5 (focus)

« RCP 2.6 (so far: few simulations)

C&RDEX

Climate Service Center
Germany A

Geesthac
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From GCM to 0.11°

EURO-CORDEX 0.44°

Representation of orography,
e.g., European Alps
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EURO-CORDEX joint efforts

1) Evaluation of hindcasts
a) RCM multi-model ensemble evaluation
b) Reference datasets

2) Setup and analysis of projections
a) GCM-RCM matrix
b) Analysis of projections

3) Interface to users
a) Guidelines
b) Data preparation



RCM multi-model ensemble evaluation

Evaluation of hindcasts

“Standard” Evaluation [Kotlarski et al., 2014]

Added Value of High Resolution (EUR-11)

Simulations [Prein et al. 2014]

Precipitation Extremes (Q97.5)

(0.11°-Obs.)/Obs

(0.44°-Obs)/Obs

(0.11°-0.44°)/Obs.
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Mean: -14.3 %

Min/Max: -55.1/29.6 %

Mean: -17.6 %

Min/Max: -66.2/ 46.1 %
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O DETOR: 1.6%
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Mean: -1.0 %

Min/Max: -40.9/22.8 %
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3 10 17 24 38 45 52 59

Mean: -5.0 %

Min/Max: -39.8/ 18.6 %
precipitation difference [%]

-36 -26 -15 -5 5 15

Climate Service Center

O IMPRO: 5.8%
O DETOR: 8.9%

[ | [

Germany o

Eine Einrichtung des Helmholtz-Zentrums Geesthacht



Evaluation of hindcasts
Reference datasets

Regional gridded evaluation " g
data for temperature and ,
precipitation (grid resolution
higher than 12 km)

Most of the data is available for
scientific use

High-resolution evaluation grids available High-resolution evaluation grids available
for entire country (as of 23° April 2014) for parts of the country (as of 23“ April 2014)

Climate Service Center
Germany A
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Setup and analysis of projections

GCM-RCM matrix

1) Avoid GCMs with very weak performance over Europe

2) Spread of CMIP5 simulations should be sampled
adequately

3) Modeling groups decide independently on the choice of
GCM



Setup and analysis of projections

GCM-RCM matrix

GCM performance [UNICAN, ETHZ, UNIGRAZ, .. ]

Spatial biases, annual cycles, upper air paramter evaluation, multi-parameter model
performace indices,

CMIF GChe wuile01: Mean ssasonal 2m temperature [°C] omd 2Zm temperalure bios wri CRU TS2.1 (1960=2002) [*C]
AU TS .1

B Al

Xm®le
d hus mean l—*——/)—HOWE\ﬂ
&1 < <0 N bo

uamean ! + - O—C.:)

[Jury et al., 2013]

o g NHX V

::lgﬂ'p - T‘h I1‘;Hrlmt:-d fhmi:ri t tcnuﬁi&;f:’ﬁ}t gth: pCMIIP]Gzh: |[tl [KotlarSkI 2011] t empe [Brands et al-; 2013]

Climate Service Center
Germany A
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GCM selection [UNIGRAZ, ETHZ]

Setup and analysis of projections

GCM-RCM matrix

Sampling for EUR-11

7 GCMs

(MPI-ESM, CNRM-
CM5, and EC-
EARTH in 4
realizations each)
Temperature change
range fully sampled
Extremely wet GCMs
missing

GCM

® ACCESS1-3

® ACCESS1-0

® BCC-CSM1-1
BCC-CSM1-1-m
BNU-ESM
CanESM2
CCSsM4
CESM1-BGC
CESM1-CAM5
CESM1-WACCM
CMCC-CM
CMCC-CMS
CNRM-CM5
CSIRO-Mk3-6-0
EC-EARTH
FGOALS-g2
GFDL-CM3
GFDL-ESM2G
GFDL-ESM2M
GISS-E2-H
GISS-E2-H-CC

® GISS-E2-R

® GISS-E2-R-CC

® HadGEM2-AO

® HadGEM2-CC

® HadGEM2-ES

e INM-CM4

® |IPSL-CM5A-LR

Precipitiation change [%)]

Precipitation Amount [%]

10

EUR-11 RCP4.5 GCMs
2071-2100 against 1961-1990

region: CORDEX.Europe, season: annual

b - 1
-
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|
o ® :
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Temperature change [K]

Climate Service Center
Germany A
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Setup and analysis of projections
Analysis of projections

Precipitation Change
RCP45 RCP85

First Analysis of EUR-11
Climate Change Signals
[Jacob et al., 2014]

C
( ) 30°W 18*W  0° 15%E  30°E 45°E  60°E
]

(a) W I5W  0°  15°E  0°E  45°E  6O°E

More studies in preparation

. Climate Types — Integrated Assessment [Belda et al.]

. Mediterranean cyclone simulation [Gaertner et al.]

« Snow Cover Analysis [S. Kotlarski et al.] [C. Teichmann et al.]

Climate Service Center
Germany A
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« Up to 15 % increase in large areas with isolated spots up to 25 %

« NO decrease of heavy precipitation



Change in heavy precipitation

RCP4.5: Projected changes of heavy precipitation 2071-2100 vs. 1971-2000

DJF change in heavy precipitation (p95) [%] DJF change in heavy precipitation (p95) [%]
SMHI RCP45 2071-00 vs. 1971-00 REMO RCP45 2071-00 vs. 1971-00

30°W 15°W 0° 15°E  30°E 45°E 60°E 30°W 15°W 0° 15°E  30°E 45°E 60°E
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« Single model simulations of RCA4 and REMO show similar large areas of
around 15 % increase as the ensemble analysis for RCP4.5
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Summer mean precipitation change

Precipitation climate change signal (vs. 1971-2000): 30-year running mean

Iberian Peninsula France Mid-Europe Scandinavia

40 | | | | | | | | I

RCA4
— REMO r1
REMO r2

Mediterranean Eastern Europe

. Climlate Selzrvice ICentelr 2.0

R
NN
S

« No strong trend for precipitation for RCP2.6 in all regions
« Clear decrease in precipitation in Southern regions for RCP4.5 and RCP8.5

O P OSSO OESE SO ORDS®
PSS PSSP RS S S S

From FP7 Eu-project IMPACT2C Climate Service Ce"tez

Germany A
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Summing up:

<

<

<

<

There is a clear need for research for climate services

Refer climate knowledge to local scale

Develop interfaces from generic large databases to
iIndividual applications

Information on robustness of climate data and associated
uncertainties

Expert judgement on climate related information
Support for regional and local adapation processes

General concepts for climate service products evaluation

EURO-CORDEX can act as platform/provider/facilitator/
initiator......

Eine Einrichtung des Helmholtz-Zentrums Geesthacht



Let us start networking better and together

define the roles of the involved communities (users,
practitioners, science, services and more)

create mutual understanding for each others needs:
providers and users, GCM and RCM CC modelers ©

respect needs for spatial scales for information and time
scales in research and practice

define the linkages/interfaces/gaps

develop products and close gaps through joint activities
In the translation layers



