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Abstract

The atmosphere-ocean general circulation models (A OGCMs) used for  the IPCC 4th  Assessment Report (IPCC AR4) are evaluated for  the Greenland

the twentieth Century experiment (20C3M) and reanalyses (ECMWE, NCEP/NCAR). This comparison reveals that surface parameters such as  temperature
oscillation). The outputs of the three most efficient AOGCMs are then used fo assess the changes planned by  three IPCC greenhouse gas emissions
should enhance the Meridional Overturning Circulation (MOC). As a consequence, this provides more heat and moisture to the GrlS, increasing temperature on the whole ice sheet and precipitation on the north-eastern region. It is also shown that the GrlS surface mass balance (SMB) anomalies from
the SRES A1B scenario are about -300 Kkm3yr with respect to the 1970-1999 period, leading fo & cm ofglobal sea-level rise (SLR) for  the end ofthe 21st

1. GrIS modelling by IPCC AR4 AOGCMs outputs

« The atmospheric circulation pattern (Fig. 1) and its interannual variability
(Fig. 2) over the GrlS can be evaluated through the simulated 500 hPa

eopotential height. The dominant mode of the regional atmospheric - - -
* Results (projected onto a common 2.5° X 2.5° grid) from AOGCMs for 8ari§bi|ity around. Greenland is the North Atantic escillation (NAO). ehich 2. AOGCMs projections over 2070-2099
the IPCC AR4 are.used to select the most efficient AOGCMs for modelling controls the climatic conditions and surface parameters over the GrlS. S ROUUUIEE. . SOUUUTTER. - TR - LRSS S A LIl 1< S
the GrlS current climate (1970-1999) (Franco et al., 2009). ECHAMSMPI-OM (43m)  ECHAMSMPI—OM (62m) ECHAMSMPI—OM (65m)  ECHAMSMPI—OM (67mm)  ECHAMSMPI—OM (S0mm)  ECHAMSMPI—OM (34mm)
Future projections on Greenland are performed with the selected e e
: L global models (MPI, HADCM3 and HADGEM?1) and are based on the
« The models are mainly evaluated by their ability to simulate surface ;irlgﬁgﬁ\éir’afgysfrgff';A:n;'{ﬁmasbff :ﬁernggnrvgnm;etgabggﬁszoth gﬂeneral SRES B1, A1B and A2. The selected AOGCMs outputs are also
-surface temperature and precipitation) and the — . quenty, we interpolated onto the common 2.5°X 2.5°grid. N
parameters  (near-sur P precip chose MPI, HADCM3 and HADGEM1 as "middle-way" models for the
atmospheric circulation over Greenland. circulation and surface conditions modelling.
* The highest anomalies of the 500 hPa geopotential height should s s s T e S s G o e S s T 6 S A S S s e s S S s £
- take place in northern Greenland (Fig. 3a), which should dampen the e T TRl s e T e
o west-to-east circulation (zonal flow) and enhance the Meridional
. Overturning Circulation (MOC), providing more heat and moisture to
. the GrlS.
VA
w T oo (GGG amwen - TUERIRET TGRS . The atmospheric circulation changes induce only higher
precipitation over the north-eastern GrIS (+60 mm/yr in 2100), as " UKMOHadGEM 1 (74m)  UKMO.HadGEM 1 (86m) UKMO-HOdGEM1 (117mm)  UKMO-HadGEM 1 (117mm)
. - Shown in Flg 3b a) Annual 50UhPa geiRpEzt:nBtial height (m) o b) Annual preiiR:iSt:iBon (mnn' o
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vV * The temperature increase should be up to +40 in average over the _ , , , ,
o GriS and will be more pronounced along the northern coast (about Fig. 3Annual 500 hPa geopotential height (in m) simulated by .the selected
I I S e s s Vo S S SSS S S ss +80) due to changes in Arctic ice concentration (n ot shown). AOGCMs (MP_I, HADCM3 and_ HA'DGEM1 ) for three SRES scenarios over the
o) o ) om) ) seoLonze erovenzt s e S wooreons el 2070-2099 period. The anomalies (in m) compared to the current climate 500 hPa
geopotential height (from the 20C3M) are marked in solid lines (for positive
anomalies) and in dashed lines (for negative anomalies). In brackets, the average
of absolute anomalies compared to the 1970-1999 period over the GrlS. (b) The
w same as a), but for the projected precipitation in mm/yr.
T Navexe T cMse  lPsLoMa | WIROCS.2 (hres)  MIRGCS.z (medres) . EGHAMSMPIoM T Navexe meMae IesLoMa  MIROGS.2 (hires)  MIROCS.2 (medres)  ECHAMSIMPIOM
(55m) (32m) (23m) (50m) (18m) (38m) (2m) (8m) (6m)
3. GrIS SMB future projections i sold ne: SRES A1B scenari Conclusions
50 In dashed line: SRES A2 scenario
i * Finally, we provide estimations of the GrlIS  The simulation of the atmospheric
SMB changes from 2010 to 2100 based on a circulation and the NAO is assumed
S WRceMzaz | NeARcosM3  NCARPCMY UKMO—HagoM3  UKMO—tiadoEM R Gouzss  Neamcosws o NoARPOMI  UKMO_HadoM3  UKMO-HadGEM 1 multiple regression model. It uses AOGCM- o 200 to be the main criterion for the GrIS
o o o o (4 (4 om (4 (zm projected anomalies of GrlS summer modelling.
temperature and GrlS annual precipitation,
computed on specific regions for the T e . Efficient AOGCMs for the current
- 1970-1999 period and extended to the 21st  UKMO-HadGEM1 ° climate modelling can be used to
v 177 L*1 o century. We refer to Fettweis et al. (2008) for gauge GrlIS SMB anomalies for the
e more details. 21¢  century. However, large
55555555 ERAG0 (m) NCEPZ (3m) kRt oy S S SIS SIS S S ST s T ety unqertgmhes remain in these SMB
(1979-1999 poriod) (1975 1695 period) projections.
* The projected SMB anomalies are estimated
100 40 20 20 40 60 100 120 20 22 23 24 25 26 27 28 20 30 to be -300 km3yr in 2100 compared to the °? * A regional model coupled with a
current climate (Fig. 4a) and lead to about 5 snow model and nested in a
Fig. 1 : Difference (in m) between the annual mean 500 hPa geopotential height Fig. : Standard deviation (in m) of the annual 500 hPa geopotential height cm of sea-level rise (Fiq. 4b), as projected by — MPROWECHANS performing AOGCM could bring more
simulated by the AOGCMs for the 20C3M experiment and the annual 500 hPa simulated by the AOGCMs for the 20C3M experiment and the reanalyses over the IPCC (2007). precise results, by using more
geopotential height from the reanalyses mean (ERA-40 and NCEP1) over 1970-1999. 1970-1999. In brackets- the average of the absolute bias over the GrlS compared to 40 sophisticated physics and surface
T/7e 500 hPa lgeopotential height (in m) simulated by the AOQCMS is represented the reanalyses mean. Efficient AOGCMs for the modelling of the NAO are written in i parametrizations adapted for polar
with dashed lines. In brackets_, .the average of the abso/ute.b/as in respect to th_e greer. ~,, Insolid line: SRES A1B scenario regions.
reanalyses over the GrlS. Efficient AOGCMs for the modelling of the atmospheric Fig. 4 : (a) Time series of projected SMB ; ndashedline: SRES A2 scenario
circulation on Greenland are written in green. anomalies for the 21st century using AOGCMs ) + This work helps to choose a global
outputs. The anomalies are decadal means and .
refer to the 1970-1999 period where the mean SMB model .used as. _ regional  model
rate is estimated to be about 350 km3yr. (b) The boundaries  conditions  for future
References same as a), but for the projected GrlS SMB projection experiments, and
changes expressed in eguivalent sea-level rise (in 0 represents a first step of Ph. D.
 Fettweis X. (2007) Reconstruction of the 1979-2006 Greenland ice sheet surface mass balance using the regional climate model MAR. The Cryosphere 1 : 21-40 cm). The computation was made using an ocean e e researches dedicated to the GrIS
area of 361 million km2 modelling.
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