k- UK_Pq,lar Network Cryosphere Workshop, 5 November 200




(1) Mass balance definitions, observations & modglli

(2) Recent changes in Greenland climate and Greeix
Sheet (GrlS) mass balance (1958-2009)

(3) Discussion
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Ice sheet with individual mass balance components (Abdalati 2006).
(Surface mass balance snow accumulation — melt/runoff. There are
also mass losses through ice flow/dynamics and iceberg calving.)



Ablation stake on Midre Lovenbreen glacier, Spitsber@eg; Hanna



Automatic weather station on Midre Lovenbreen glacier, Spitsbergen



E. Hanna & Linling Chen, 29 August 2009



E. Hanna & Linling Chen



Raw ECMWF
operational
analysis 2-m
surface air
temperature:
2007 July 7 @
12z; scale -10 to
+10 deg(






Greenland Ice Sheet: dichotomous response to
global warming?

J. Bamber Greenland DEM



Surface air
temperature
bilinear
interpolation

to 5x5-km grid
PLUS
adjustment for
ECMWF minus
Ekholm DEM
orography,
using
empirically-
derived ice-
sheet surface
lapse rates
scale -10 to +10
degC




Greenland Ice Shestirface mass balancé958-2008
based on ECMWF/ERA-40 climate (re)analysis data

800

X

X \ X
X / X/X X YY’*X/‘PW
- KX X / X

X\X
el T N e

W X/\& /ﬂ&ﬁ " /7\7 /m\P ;ﬂ\ /Kv

200 [ig\fﬂ{ E\{f /M/ IS \M et LN \/ Y% \jf

El Chichon inatubo

X

/N

i
T~
L

N

o

o

o

B
¢

></

)

Volume (kn? yr* WE)
DS
(@)
(@)
==
s

Agung

0
1958 1963 1968 1973 19/8 1983 1988 1993 1998 2003 2008

Y
*? Hanna et al. (2008, updated)






$ % # & #
H& # #
) * &+,-./0112 " 011-& 011.!










Sourcehttp://data.giss.nasa.gov/gistemp/maps/
(Jim Hansen, GISS/NASA)




CGT2-6 and AMO-22 (degC)
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Greenland climate
stationsused by Hanna
et al. (2008, J. Clim.);
the coastal ones shown
were used to construct
the CGT2 surface-air-
temperature summer
time series shown on
the previous slid



Nuuk automatic weather station
(above) run by DMI



With fellow Greenland climatologist and DMI climate data
manager John Cappelen (Danish Meteorological Institute) near

Nuuk in Greenland, August 2009. GCT2 is updated from CGT
presented in Hanna & Cappelen (GRL, 2003)



Surface (2m)-air-
temperature July 2003-
2009 anomaliedased on
ECMWF operational
analysis downscaled to
5x5 km and corrected for
orography errors.

Note generally high
anomalies around
Greenlanc
margins/ablation zone and
low anomalies in the
Interior: a dichotomous
response of Greenland
temperatures to global
warming?

These plots redrawn
courtesy of Dr. Tris
Irvine-Fynn.
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Automatic weather station run by the Dutch near the Greenland Ice
Sheet fronO E. Hanna
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Totalmass
balance
estimates
since 1990
for
Greenland
iIce shee

In Gt a-1
Johanna
Scheidegger
Sheffield
MSc thesis,
September
2009




Rignot et al. (2008)



)

F "#HH+

1"1-'-*-'-'4"4"

K

> =

(iwakjus) pip |

~20

rosaervaticon period

Thomas (2006)



J11&& % ! ( ||
#HH& & )0& & 1*2



Retreat of the Greenland Ice Sheet margin betwB6h 1
& 2000 (Boggild 2006). Partly Little Ice Age ressan



Elevation change
rate (cm yr)

from 1992 to
2003 for 8.5 x 19
km? of the
grounded
Antarctic ice
sheetinterior
(Davis et al
2005)
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Rignot et al. (2008)
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Thank you! Any questions?



