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European extreme events simulations with the fully coupled TerrSysMP ‘ ’

Context Terrestrial Systems Modelling Platform Scientific rationale
. . TerrSysMP) L S | -
Project tunded by the Helmholz Group: Advanced Earth TerrsysMp ( y » What is the impact of groundwater representation in regional climate simulations, e.g.
System Modeling Capacity comsere | @ coale consistent highlv modular fullv intearated on heat waves, extreme precipitation, etc.? (e.g., Keune et al., 2016)
Goal: Develop, evaluate and apply a Earth system i || S - S Y Y T » Introducing interactions and feedbacks between the subsurface and the land surface
deling infrastruct e S ASIE = soill — vegetation — atmosphere physically based _ _
modeling intrastructure . S modeling system and atmosphere to the ensemble of EURO-CORDEX RCM simulations
Frontier Simulations within the work package 4: = Component models: COSMO; Community Land i e ! P S e
European hydro-meteorological extremes 2 Model, CLM and ParFlow; external coupling ég - 522: il Fe 2
= o =5 EE—— S 2 Interface: OASIS3 and OASIS3-MCT. Sy - SR HH m - &
1 - ~ 3000 n = = - = e i ah == -
1= l 3 | o - - © g3 =
3 %j i Spin-up 1979-1989 Era-Interim forcing Hydraulic conductivities 13 s 7 8 12 15 18 21 24 27 80 1387 o a2 15 18 21 24 27 s0 &
E = | 2000 " of T e < days in August 2003 days in August 2003 T
g % e By % g cycle 1 E -?L";:? ) : , : EE;:?; g::é - d. i_,_ - d —_ i - E_‘_ ©
8? \ \ I ° é éo'm' ___:_______;___________::__ — _‘ C;U i e z%: E T T T T T T e _” B <~.=~ ......................... . — :c;v
R A 053l = .y - , Ezt;zz:f S days in August 2003 S T e o B
AoRgLEe _ _ _\ - ] ¥ 87_50-'*.? (o 0.‘ S A o e * Box-whisker plots of daily maximum LE (W/m?) daily maximum T2M (°C) differences between TerrSysMP(3D) and TerrSysMP(FD) over
Topography (m above mean sea level) over the EURO-CORDEX domain at 0.11° resolution. jan 1553 nar 1555 iy 1995 o 989 —Sep 1555 o 1989 Jan 1o Spatial distribution of the hydraulic conductivity the entire focus domain (left) and PRUDENCE region mid-Europe (right), conditioned on the water table depth in TerrSysMP(3D):
The small inner boxes show the PRUDENCE regions and the respective abbreviation. Soil annual relative saturation over 20 spin-up cycles k(x) (m/h) prescribed by the FAO data base. WTD <1 m (blue), 1Tm<=WTD <5m (green), and WTD >=5m (red)
2003 heat wave Warm Spells (1989 - 2008)
TerrSysMP simulation on 2003 compared to 1989-2008 TerrSysMP warm spells (with regard to each model 90" percentile summer (JJA) daily maximum 2m temperatures) compared to other EUR-11 regional

climate models (Vautard, 2013), spatial variation in the EUR-11 domain (a) and time-series of the mean values in each PRUDENCE region (b).

300 A 300 A

250 - 250 - a) b) PRUDENCE BI ECAHWEFI - Warm spell days index w.r.t. 90th percentile of reference period
300 - = - — % | | o —-- CLMcom-CCLM4-8-17
L j :}J 200 200 CLMcom T >0 4 iy
: L - gt 25 - - . G e puld 2=— I I —— = — -
250 - v It e e 300 4 4 300 + "Lh__!!- > -.'r‘;:;. | % 10 - f’-‘{-:.\. “‘,._-_:9,.:‘_'.‘,\.»:_,‘--- = ."”‘ 2 CN RM ALAD I N 5 3
100 - 100 - B . v S m Les -G P 3 - < 5
5 s ; o - AT R U L R DHMZ-RegCM4-2
200 -+ ® 50 A 50 A %) 250 R i : 1989 1990 1991 1992 19931994 1995 1996 1997 1998 12999 20002001 200220032004 20052006 2007 2008
L1 % o o > PRUDENCE IP JIA of each year DMI_HIRHAMS
150 7 g)- 300 7 300 h % 2007 % 207 /’A\
o ol P o 2 o P g AN —-- IPSL-INERIS-WRF331F
& Ll & 4 : - - : ~n el I N T, KNMI-RACMO?22E
50 A 3 . - ,:\:\‘ e o i i = ] 19I89 19I90 19I91 19I92 19I93 19I94 19I95 19I96 19I97 19I98 19I99 20IOO 20I01 20I02 20I03 2()'04 20I05 20I06 20I07 20I08
= ~ = Ny o Leso19c 27 19981999 20002001 2002 20032004 20052006 2007 2008 | ... MPI-CSC-REMO2009
0 -# = T T — T ] -5 100 + ¥ o~ 1001 1 w -
0 100 200 300 w0 | fm o0 ' =] 22717 T T T T A~ A~ 1 7~ 1 1 17 1T 71T L1717 "7T 7T 7171  ====- RMIB-UGent-ALARO-0
-— 0- = 10 -
y S . . ' : s = — e n _ n
° 0 100 200 300 ° 0 100 200 300 0 g o < _ = Ty ) - . S M H I R{:A4
Mean summer (JJA) 2m 198919901991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 —_— TSMP
t t d( C) n 2003 Interannual 2m temperature SeaSOna| 300 - - w "!".'."':'——_u'-:‘ y 300 - PRUDENCE ME JJA of each year
emperature (ae I ) s «
p (deg C) means 1989-2008 ¥ 2 ]
250 3 1 250 | 2
o wmsaw _ mTSA_MF & =TT mTSA_MD 200 " = o e e TerSySI\/IP (TSMP) IS representEd by the
&~ T H N editerranean _— - T T T T T T T T T T T T T T T T T T T T
| e & Mid-Europe s 8 - N~ : 3 E 198919901991 199219931994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 continuous black line and the other models
T2 vl - I "-‘:Bp-"'_\\jﬁ o © - —';/“"Lf \?_x\ 150 - - PRUDENCE SC JJA of each year . . .
3 i N S P R %= o> AN i S acronyms listed in the legend are described by
- N odil | Q& £ w ] ~2 _ : - T A | W | 4 53
o : e < sy | ] }T:‘.h,(/f v H'nh rl,“ g ] i““’k;ﬁf W m 100 :" = 2 10 ~ Vautard (2013)
v T T T T T T T T T |I T T T T T T T L T T T T T T T T 50 _g .:t-" " g o - = =
? o e e [:u()\:f:ﬂ'j =0 = 90 ° = e 10 w{:oo =0 = e ? = o e DOYEBD = =0 = - ._...__J:,‘ AP 19I89 19I90 19I91 19I92 19I93 19I94 19I95 19I96 19I97 19I98 19I99 20I00 20I01 20I02 20I03 20IO4 20I05 20I06 2(}I07 20:08
2 mTSA_IB @ mISA_SC 2 mISA_EA ] M. 4 T PRUDENCE AL JJA of each year
o Iberian Penisula - m’:’\ o Scandinavia o Eastern Europe - 0 L 3 w
g% 7 ™ "’“";\4 o ¥ N Rl ~,,f?fw x;\\ - 20 g NeXt Step S
Il i o \ N N 300 { 44y B 2 I R SRSt s, S S S Rt « Alternative groundwater treatment,
= =7 ,/‘*_”,'r‘ﬂ" \1{“\1}'-[ =7 r{i{? VG L, i . 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 20002001 200220032004 20052006 2007 2008 .
- T T T T T T T T T - ‘II - I'II T T T 'I S /%'I L I 'll - I T T I T T T 250 7] : L-.q_ [ : 2 PRUDENCE MD JJA of each year 3D VS free dralnage
. mISA FR . mISA_AL 200 - :’1 : "_;; ? okt w ?5-,:_ A L~ . .
g-| France ﬁ,ﬁ,& & | Alps - 2m Temperature (degC) 15g | P kiR g S Inclusion of human water use,
S e 4 Vi e /W A . . . o AT R T =
5 e SN A P~ VN — Daily interannual R . towards water management
o g":‘rswﬁu VA S VAl L z:'}vii‘f?{’r- . \t\;}{ means 1989-2008 200 - #‘ . 1‘ 8l J@ 1 a ||Cat|0n derlvatIOn Of
- ot Frrf EasN ) W R o
¥ T T T T T T T T T ||.|r v : T T T T T — T Dal Iy means 2003 ik ﬁ"ﬂf ¥ h' -:‘ '.-1'-'. ;"f* TC-J,_ Pp ’
0 50 100 150 D0$ﬂu 250 300 3s0 0 50 100 150 szw 250 300 350 0. | rl - ! | " ' I" % CllmatOIOgy
- - . . ; . . X = — g L —e= 2 -
Interannual 2m temperature in 2003 compared to interannual daily means 1989-2008 in 0 100 200 300 0 ; "
each PRUDENCE region HA A amoh o
: : Keune, J., F. Gasper, K. Goergen, A. Hense, P. Shrestha, M. Sulis, and S. Kollet (2016), Studying the influence of groundwater representations on land surface-atmosphere feedbacks during the European heat wave in 2003, J. Geophys. Res. Atmos., 121(22), Carina Furusho-Percot, c.furusho@fz-juelich.de Centre for High-Performance Scientific Computing in Terrestrial
The authors gratefully acknowledge the computing time ) . . . Systems (HPSC TerrSys) Geoverbund ABC/J (German
i 13,301-13,325. Agrosphere (IBG-3) Institute of Bio- and Geosciences y ( y ( y)
granted by the JARA-HPC Vergabegremium on the Knist, S. et al. (2017), Land-atmosphere coupling in EURO-CORDEX evaluation experiments, J. Geophys. Res. Atmos., 122(1), 79-103. Jillich Research Centre (FZJ), Julich, Germany [=] HPSC
ok Shrestha, P., M. Sulis, M. Masbou, S. Kollet, and C. Simmer (2014), A scale-consistent Terrestrial Systems Modeling Platform based on COSMO, CLM and ParFlow., Mon. Weather Rev., 142(9), 3466—-3483. o T ' Follow us on
supercomputer JURECA at Forschungszentrum Julich. Jiilich Supercomputing Centre. (2016). JURECA: General-purpose supercomputer at Jillich Supercomputing Centre. Journal of large-scale research facilities, 2, A62. doi:10.17815/jlsrf-2-121 http://www.fz-juelich.de/ibg/ibg-3 Twitter TerrSys
Vautard, R., et al. (2013), The simulation of European heat waves from an ensemble of regional climate models within the EURO-CORDEX project, Clim. Dyn., 41(9-10), 2555—2575, doi:10.1007/s00382-013-1714-z. http://www.fz-juelich.defias/jsc/sits YouTube
http://www.hpsc-terrsys.de @HPSCTerrSys Channel

Member of the Helmholtz Association




