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Ice sheets and climate

from hindcast to forecast

Michiel van den Broeke

Utrecht University, Institute for Marine and Atmospheric Research (IMAU)
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A quiet revolution

—— Day 3NH —— Day 5 NH —— Day 7 NH —— Day 10 NH

—— Day3SH - Day5SH Day 7 SH Day 10 SH
98.5

95.5 +
90 -

80 4

o aad

701 MM et
g o e o \{M’A,/'J s

60 4 ol NI Py

50 - Lo wr S\ "'"\"’w'f\‘-\,ffﬁ\“" ;

Forecast skill (%)

-
40 -
30 T T T T T T IMIMI ll T T T T T T
1981 1985 1989 1993 1997 2001 2005 2009 2013
Year

Bauer and others (2015)

4/14/16



Improved physics
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Improved computing power
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Technological challenge: power consumption
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Improved uncertainty
estimates (EPS)

20°N 5
100°W 80°W

Temperature

B
>

Initial condition Forecast time Forecast

[eamuriors

ECMWEF 1+1+50 ensemble member prediction

Vrijdag 8 April 2016 (Starttijd Vr 00 UTC) Vrijdag © April 2016 (Starttijd Vr 00 UTC)

De Bill = Be it
Nesrsiag® uur 3 Accum Neersisg

-+ Cormral
Oper

i
Ena mn o mam
" | o beo
101 Fm
£ 1o [ge0
H |E
10
s Fol| 2
i ol
3 ] s
o - - Ay T — o
12 W 17 W 1200 1 W 00 12 00 17 U0 2 W0 N D12 00 12 00 12 00 % O 12 002 12 00 12 W 12 0 12 08 7 G0 1 G0 1200 f2 00 12 0O % 00 120 ©2 0 2 033 W@ 12
Vi oza Vi Za Zo Ms DI Wo Do WVr W Za Zo Ma DI Wo Do Vr Za Zo Ma O Wo Do Vr
Bron. coMmE A1 B ECWE RN
Vrijdag 8 April 2016 (Starttijd Vr 00 UTC) Vrijdag 8 April 2016  (Starttijd Vr 00 UTC)
= »| w =
De i = Do B
gl 10m wind iy Windsigten
i PR »

940
£
s
o o |
T2 M 12 (0 200 2 h 2 00 12 8 12 00 f2 W 12 0 12 00 12 00 12 00 % 00 12 00 t2 80 0 © 00 2 W0 1% o f2 08 f2 60 12 D0 12 00 12 00 12 00 12 00 12 0 42 90 &2 00 20 42
Vr Za Z Ma DI Wo Do Vr Za Zo Ms DI Wo O ¥ Za 20 WMa DI Wo Do Vr 2a Zo Ma O 3
Bren. ek | o ECHWE KU
Vrijdag 8 April 2016 (Starttijd Vr 00 UTC) Vrijdag 8 April 2016  (Starttijd Vr 00 UTC)
2 s s
i DeBilt et e Bilt
b i T2m i ar Cape/Onweer
Era mn ! R e
| a4 ba
4
1224 b
4 =]
] Lo | o o
12 m 1200 f2 00 12 00 f2 00 12 00 12 00 2 @0 12 D 1200 12 00 12 G0 12 OO 12 6 12 60 12 00 12 0 12 00 (208 42 00 12 00 1200 f2 00 12 00 12 0 1200 12 00 12 B 12 @ 12
Vi Za Zo Ma DI Wo Do Vr Za Zo Ma DI Wo r 78 Zo Wa DI Wo Do Vr Za Zo Ma DI Wo

"
Bron: ECtwr ! | ECHWE K

4/14/16



Better and more observations (4DVAR)
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Better observations

e accurate under wide range T, p

o fast response (small sensor)

e accurate (good ventilation, small radiation error)
e humidity defroster

e GPS wind finding

e strong (low T) but environmental friendly battery
® expensive....
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GCOS Surface Network

(1017 Stations)

More observations
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Ships and some fixed platforms
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Summary of Atmospheric Reanalysis products
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Atmospheric CO, concentration

NASA 2006 /01 /01

Global Modeling and Assimilation Office

Chemistry transport models

Chimere.fr

4/14/16



4/14/16

IPCC (1990)

First Assessment Report CI-IMATE CHANGE

WORLD METEOROLOGICAL ORGANIZATION UNITED NATIONS ENVIRONMENT PROGRAMME
INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

IPCC, 1990
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Gravity Recovery And Climate Experiment (GRACE)

aka Tom and Jerry

GRACE mass trends (2003-2008)
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Sea level rise: potential contributions from land ice

Estimated Antarctica Greenland | All mountain glaciers
Area (10° km?2) 12.3 1.7 0.5

Mean thickness (m) 2008 1706 100-260
Volume (108 km3) 24.7 2.9 0.05-0.13
Potential sea level rise (m) 56.6 7.3 0.15-0.37

How ice sheets work

Ice sheet with maritime periphery...... and land periphery
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Antarctica
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R/V Polarstern (Germany)

Photo: AWI

NASA/MODIS
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Tabular iceberg, Antarctica

What causes the mass loss?

Less snowfall?
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Ice sheet mass balance
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Measuring ice thickness of Pine Island glacier, Antarctica
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Surface mass balance:

combining models with observations

Remote sensing

Evaluation
Calibration
Spatial/temporal extension
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Snow accumulation map based on regional climate model

— -320

Snow accumulation map based on interpolation of
observations (mm yr)
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Mass loss pe
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West Antarctic mass loss driven by the ocean

Ice Sheet

Ice Shelf

Ice shelf thinning causes loss of grounded ice

. Grounded loa-
Pritchard sheat loss (Gt yr'')

and others,
2011
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Bedrock
topography
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Predicted deglaciation of West Antarctica
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Antarctic bedrock
topography
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EACH DAY HUMBLE SUPPLIES ENOUGH ENERGY TO MELT 7 MILLION TONS OF GLACIER!

This glast glacer has remained ussselted for conturien Vet, the petrolesn esergy Humble sipples—it

converted into hest—could melt it ot the rate of 80 tans each socond! To meet the nation's growing neds

for envay, Humsble has applied scivnce 10 matury's rusourves (o becume America’s Landing Enercy Company:

Weeking wanders with oil through resesrch, Humble provides eergy in many farmé—to help haat our hatoss

power our d to s i withagreat Y Stop ata Humble | OIL & REFINING COMPANY =701 BT
sation for naw Enco Extra gasoline, and s why the “Happy Motorings Sign is the irst Cha America's Leading Energy company

Life Magazine, 1962
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