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1. Method 1. Method (1/3)(1/3)

ΔΔSMB SMB ≈≈  aa  ΔTΔT
jjajja

 +  + bb  ΔPΔP
yryr

The variability of the Greenland ice sheet (GrIS) Surface mass balance (SMB) can
be estimated with :

Correlation between 
the 3-m JJA Temp. and

the whole GrIS SMB

Correlation between
the annual precip. and
the whole GrIS SMB

Corr. = 0.97 and RMSECorr. = 0.97 and RMSE
  = 25% of the stand. dev.= 25% of the stand. dev.

Results (25kmx25km) from the Results (25kmx25km) from the 
MAR model over 1970-1999MAR model over 1970-1999

Time series of the GrIS SMB simulated
by the regional climate model MARregional climate model MAR

T
jja = JJA (June-July-August) 3-m temperature

P
yr   

= Annual precipitation
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2-m JJA temp.2-m JJA temp. Annual precip.Annual precip. 2-m JJA temp.2-m JJA temp. Annual precip.Annual precip.
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Correlation with MAR SMBCorrelation with MAR SMB
Correlation with Correlation with 

Hanna et al. (2008) SMBHanna et al. (2008) SMB

1. Method 1. Method (2/3)(2/3)
Reference period: 1970-1999
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Reference:Reference:
Box et al., JGR, 2006. 
Fettweis, The Cryosphere, 2007
Hanna et al., J. of climate, 2008.

The parameter a and b are computed 
on the reference period (1970-1999).

ΔΔSMB SMB ≈≈  aa  ΔTΔT
jjajja

 +  + bb  ΔPΔP
yryr

1. Method 1. Method (3/3)(3/3)

Reference period: 1970-1999Reference period: 1970-1999

The anomalies are taken
in the 2 boxes defined earlier

Correlation: 0.97, RMSE=28km3 

Correlation: 0.97, RMSE=26km3 
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2. The 1900-1999 SMB 2. The 1900-1999 SMB (1/2)(1/2)

Warm and dryWarm and dry

Cold and wetCold and wet

Mt. Pinatubo Mt. Pinatubo 
eruptioneruption

Max

Min

Reference period: 1970-1999
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2. The 1900-1999 SMB 2. The 1900-1999 SMB (2/2)(2/2)

The MAR SMB time series
is used to determine
the parameters a and b.
k = a/b ~ -1.5 if Δt

jja
, Δp

yr 
∈[-1,1]

The Hanna et al. (2008) 
SMB time series is used to 
determine a and b.
k =  a/b ~ -1 if Δt

jja
, Δp

yr 
∈[-1,1]

ΔΔSMB SMB ≈≈  aa  ΔTΔT
jjajja

 +  + bb  ΔPΔP
yryr

Max

Min

Reference period: 1970-1999
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3. The 213. The 21thth century SMB changes  century SMB changes (1/2)(1/2)
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Models average: 
+2.5°C in 2100

Models average: 
+50mm in 2100

1970-1999 mean
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3. The 213. The 21thth century SMB changes  century SMB changes (2/2)(2/2)

1.1.

2.2.

From the 20C3M experimentFrom the 20C3M experiment From the SRES A1B scenarioFrom the SRES A1B scenario

T=
1
30

∑
i=1970

1990

T i=P=0

T i ,P i∈[−1,1]

 ∑
i=1970

1990

a T i−T b P i−P 

a  ∑
i=1970

1990

T i
1
k
P i =

= 100 km³/yr with k=a/b

3. 3.  The normalized factor as well as the 
parameter a computed for the 20C3M 
time series is used after with the A1B
temp./precip. Anomalies time series.   

ΔΔSMB SMB ≈≈  aa  ΔTΔT
jjajja

 +  + bb  ΔPΔP
yryr

Models average: 
-200km³/yr in 2100

Models average: 
-300km³/yr in 2100

1970-1999 mean

ΔΔSMBSMB
19311931

 = -300k = -300km³/yrm³/yr
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4. Conclusion4. Conclusion

✔ Higher surface mass loss (ΔSMB
1931

 ~ -300 km³/yr) in the 1930's than now.
✔ The projected SMB in 2100 would be equivalent to this one of the 1930's.
✔ These projected SMB rates are not enough to melt significantly the GrIS. 

ConclusionConclusion

However ...However ...
✗Large uncertainties remain.
✗Some SMB anomalies could be much lower for individual years.
✗No taking into account changes in ice dynamics and surface topography.
✗The 2003, 2006, 2007 SMB anomalies simulated by MAR are equivalent to these 

one projected for 2100 (ΔT
2007

 = +2.7°C, ΔSF
2007

 ~ -100 km³, ΔSMB
2007

 ~ -350 km³).

Further investigations are needed ... Further investigations are needed ... 
(e.g. with a regional climate model)

Projected SMB anomaly 
from UKMO-HadCM3
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