
Clouds enhance Greenland
ice sheet meltwater runoff

Stef Lhermitte, K. Van Tricht, J. Lenaerts, I. Gorodetskaya,
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Why?
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Effect on sea level

Shepherd et. al., Science, 2012
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Two major uncertainties

I Clouds / precipitation

I Albedo feedbacks
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Clouds are a source of precipitation
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Clouds affect incoming radition

SW cooling LW warming
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Importance of this forcing

Nghiem et. al., GRL, 2012; Bennartz et. al., Nature, 2013 [Edited]
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Importance of this forcing

Nghiem et. al., GRL, 2012; Bennartz et. al., Nature, 2013 [Edited]
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Major uncertainty in models
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Remote sensing
of cloud effects



INTRODUCTION RS OF CLOUD EFFECTS SURFACE RESPONSE TIME/SPACE TRADEOFF CONCLUSIONS



INTRODUCTION RS OF CLOUD EFFECTS SURFACE RESPONSE TIME/SPACE TRADEOFF CONCLUSIONS

Cloudsat / Calipso

I GrIS
I 2007-2010
I 2x2◦ grid
I Cloud properties
I SW/LW flux products

2B-FLXHR-LIDAR.R04
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Cloud macrophysical properties

60oW 20
oW

65 oN

75 oN

50 55 60 65 70 75 80 15 20 25 30 35 40 45

60oW 20
oW

65 oN

75 oN

a) b)

c) d)

Cloud ice water frequency (%) Cloud liquid water frequency (%)

Mean IWP (g m  )
-2 Mean LWP (g m  )-2

60oW 20
oW

65 oN

75 oN

60oW 20
oW

65 oN

75 oN

0 10 20 30 40 50 60 70 80 0 5 10 15 20 25 30> >



INTRODUCTION RS OF CLOUD EFFECTS SURFACE RESPONSE TIME/SPACE TRADEOFF CONCLUSIONS

Cloud macrophysical properties
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Cloud macrophysical properties
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Cloud microphysical properties
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Cloud radiative effect



INTRODUCTION RS OF CLOUD EFFECTS SURFACE RESPONSE TIME/SPACE TRADEOFF CONCLUSIONS

Satellite based cloud forcing

CRF = 29 ± 5.2W/m−2 or 90Gt/yr



Cloud-surface
interactions
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But how?
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But how?
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Cloud-surface interactions
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Hybrid satellite-climate model dataset

LW
P
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Hybrid satellite-climate model dataset

LW
P

Time



INTRODUCTION RS OF CLOUD EFFECTS SURFACE RESPONSE TIME/SPACE TRADEOFF CONCLUSIONS

Hybrid satellite-climate model dataset
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Hybrid satellite-climate model dataset
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Hybrid dataset:
better correspondence with satellite fluxes
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Hybrid dataset:
better correspondence with AWS fluxes
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Surface
snowmodel
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Snowpack performance: melt
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Snowpack performance: melt
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Snowpack performance: melt
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Snowpack performance: SMB
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Ice sheet response
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CRE is 30% less
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Effect on SMB
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Effect on SMB
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Effect on SMB

56 ± 20Gt/yr ; ice= 25Gt vs. liq= 31Gt
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What is the driving process?
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Not melt, but refreezing
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Lack of refreezing creating runoff



INTRODUCTION RS OF CLOUD EFFECTS SURFACE RESPONSE TIME/SPACE TRADEOFF CONCLUSIONS

0

100

200

300

0

300

600

900

−150

0

150

300

LWP + IWP

(g m   )-2

(W m   )-2
Fluxes 

0.3

0.5

0.7

0.9

Albedo

(-)

(W m   )-2

int. E

Clear-sky All-sky

Refreezing

Melt

SW

LW

a)

c)

d)

b)

nighttime

0

40

80

120

Runoff

(kg m   SWE)-2

e)

Jun 16 Jun 17 Jun 18 Jun 19 Jun 20 Jun 21



Time space
trade-off
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What’s the trade-off between time and space?

a b
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Trade-off vs. error
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Before After

LW

SW
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AWS observed LW ↓ (W m -2)
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AWS observed SW ↓ (W m -2)
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Get the fluxes anywhere, anytime
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Conclusions
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I Cloudsat/Calipso for model evaluation/tuning

I Importance of understanding the surface
response

I White over white may turn dark
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