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Usual modeling chain from coupled climate models to

impact assessment
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Somebody will apply some bias correction at some point

Can we do anything better?




First step:

AGCM with corrected sea-surface conditions (SSC)
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Simple idea
» Use observed SST+SIC for reference AGCM run (present)

« Take SST+SIC change signal from a coupled model, add to observed SST+SIC,
use this in AGCM projection run (future)

« Effectively imports TCR & ECS from coupled model
« Similar approach frequently used in paleoclimate studies
« Seaice a bit tricky

) T Geosci. Model Dev., 12, 321-342, 2019
LOtS Of papers On th IS - https://doi.org/10.5194/gmd-12-321-2019
© Author(s) 2019. This work is distributed under

ASfaq et al., Clim. Dyn., g Craics Comons Afmion 4 e
2011; Haarsma et al.,
GMD, 2016;

Hernandez-Diaz et al. ’ Assessing bias corrections of oceanic surface conditions
I . for atmospheric models
Clim. Dyn., 2017; P
H . Julien Beaumet', Gerhard Krinner', Michel Déquéz, Rein Haarsma?, and Laurent Li*
Krl n n e ret al "9 2 OO 8 I 2 O 1 4 I Univ. Grenoble Alpes, CNRS, IRD, Institut des Géosciences de I’Environnement, 38000 Grenoble, France
2CNRM, Université de Toulouse, Météo-France, CNRS, Toulouse, France
B ea U m et et a | .y G M D y 2 O 1 9 3Royal Netherlands Meteorological Institute (KNMI), De Bilt, the Netherlands

4Laboratoire de Météorologie Dynamique, Sorbonne Université, CNRS, Paris, France
Correspondence: Julien Beaumet (julien.beaumet @univ-grenoble-alpes.fr)

Received: 6 October 2017 — Discussion started: 1 December 2017
Revised: 8 September 2018 — Accepted: 24 September 2018 — Published: 21 January 2019



Better present-day climate, of course
Arpege T255, 35 km over Antarctica

Winter Mean (JJA) Summer Mean (DJF)

SLP biases

Observed SST & SIC

Mean SLP diff. (hPa)

RMSE : 3.3

(a) ARP-AMIP
Winter Mean (JJA) Summer Mean (DJF)

SST & SIC from coupled model (NorESM)

Mean SLP diff. (hPa)

RMSE : 3.5

(b) ARP-NOR-20

(Beaumet et al., The Cryosphere, 2019)
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Mean SLP diff. (hPa)



Empirical bias correction of atmospheric models
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Nudging:

Nudging term

Bias correction:

where G is the empirical bias correction
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Better representation of present mean climate,
by construction

Winter Mean (JJA) Summer Mean (DJF)

SLP biases

Uncorrected AMIP-type run

5

Mean SLP diff. (hPa)
N
Mean SLP diff. (hPa)

RMSE : 3.3

(a) ARP-AMIP

Summer Mean (DJF)

Corrected AMIP-type run

Mean SLP diff. (hPa)
Mean SLP diff. (hPa)

(b) ARP-AMIP-AC

(Beaumet et al., in preparation)



LMDZ, 100 km over Antarctica
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Number of grid points south of 30°S (Krinner et al., JAMES, 2019)



Idée : combiner les corrections atmosphériques et a la
surface de I’'océan pour des projections
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Necessary condition for projections: Bias stationarity

« CMIP3 & 5 : Mean model > any individual (global scale)

« Simulations: picontrol and abrupt4xCO,

* Variables : p, Py, Ton, Tso0: Uooo: V200s Uz» Vzr Zs00s---

» Compare individual model’s bias w/ ensemble mean for both periods

piControl

(Krinner and Flanner, PNAS, 2018)



Necessary condition for projections: Bias stationarity

« CMIP3 & 5 : Mean model > any individual (global scale)

« Simulations: picontrol and abrupt4xCO,

* Variables : p, Py, Ton, Tso0: Uooo: V200s Uz» Vzr Zs00s---

» Compare individual model’s bias w/ ensemble mean for both periods

abrupt4xCO,

(Krinner and Flanner, PNAS, 2018)



A stringent test in a pseudo-reality framework

* We want to know whether the corrected
model really simulates a more realistic
future climate (not necessarily a more
realistic climate change)

Some coupled model
Free (uncorrected)
- “Corrected”

e But we do not know the future climate
(vet)

“Pseudo-reality” (aka “perfect model”)
test: Use another coupled model as a
surrogate for the observable climate

* Our AGCM has been trained to emulate
the present “perfect model” climate

* Inthe “perfect model” world, we do

know the future climate

 Test whether our “corrected” AGCM can
simulate that future climate



3 AGCMs tested in CMIP5 coupled model pseudo-realities

« RCP8.5: very strong climate change

* LMDZ uses present-day CanESM SST + IPSL-CM5 anomalies
(similar for CanAM and ARPEGE)

* Check whether LMDZ correctly represents CanESM future climate
(similar for CanAM and ARPEGE)

»| CNRM-CM

ARPEGE




va

Relative error

ua
Relative error

RMSE over time, corrected model relative to uncorrected model

Here, meridional and zonal wind speed at various tropospheric levels (RMSE
uncorrected = 1)
Benefit of bias correction mostly preserved well into the future
=» bias correction remains valid
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Some applications
Comparing corrected and uncorrected regional climate projections

LMDZ, 100 km, using SST & SIC change from IPSL-CM5 (RCP8.5), period 2071-2100

Simulated change of the SH westerlies (here: zonal mean slp trough):
Similar but not identical southward displacement + deepening in both configurations

a) Annual mean zonal mean sea level pressure b) Annual mean zonal mean sea level pressure change
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(Krinner et al., JAMES, 2019)



Downscaling CMIP6

Ongoing (1):
LMDZ6, run-time bias-corrections (ERA-I), 45 km over Antarctica, IPSL-CM6 ssp585

Precipitation change (%), 2091-2100 relative to 1981-2000
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Ongoing (2):

LMDZ6 256x256x79 (“MR”: 1.4°x0.7°, 79 levels) w/ run-time bias-corrections

(ERAS5)

Scenario: IPSL-CM6 ssp5857? (pattern scaling!)

Purpose: Bias-corrected climate change projection for

« RCMs: Antarctica,
Greenland, Andes,
Himalaya, West Africa,
Arctic, Europe ?

 Land-surface models

* |ce sheet models

* (QOcean models
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En résumeé

Correction de biais dans I'atmosphere et a la surface de I'océan pour AGCM

Semble valide pour des projections climatiques

Simulations LMDZ (en grille réguliere) comme CL pour modeles régionaux

Simulations LMDZ zoom: avec correction, ou guidées par simulations régulieres débiaisées

Bien s(r on préférerait avoir un GCM sans erreurs des le départ...

Empirical Possibly :
Bias Output Bias
Correction Correction

AGCM \

Coupled

Bias-corrected Impact
AGCM with Model or

Climate
Model SSC Possibly :

Bias Output Bias
Correction Correction




