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◮ louds feedbaks (Sherwood et al 2010)
◮ deep onvetion (Derbyshire 2004)
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◮ moist bias in the mid/upper troposphere (John and Soden 2005)

=⇒ need proess-based evaluation of RH in limate models
=⇒ Goal: design observational diagnostis to evaluate proessesontrolling RH, detet and understand biases?1) Proesses ontrolling humidity 6/27
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Zonal anual mean
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Zonal Seasonal variations (JJA-DJF)

data

Eq 30N60S 60N30S

0

50

100

−100

−50

Eq 30N60S 60N30S

100

50

0

Eq 30N60S 60N30S
−20

 0

 20

 40

 60

 80

Eq 30N60S 60N30S

−100

0

100

200

Eq 30N60S 60N30S

0

100

−100

−50

50

150

−150

LMDZ "ǫp/2"LMDZ "σq /10"LMDZ "di�usive advetion"LMDZ ontrol
200hPa, MIPAS

∆
δD

(h)

∆
δD

(h)
300hPa, ACEand ground-based FTIR

∆
δD

(h)
ground-based FTIRSCIAMACHY andTotal olumn

∆
δD

(h)

∆
δD

(h)

600 hPa, TESand ground-based FTIR

Surfae, in-situ

1) Proesses ontrolling humidity 10/27



What auses the moist biases in GCMs?

−60

−40

−20

 0

 20

 40

 60

 20  25  30  35  40  45  50  55

Exessive ondensatedetrainementInsu�ientin-situ ondensation
vertial advetionExessively di�usiveControl 400 hPa, 15◦N-30◦N mean

relative humidity (%)
JJA-DJ
F∆δD
(h)

Sensitivity tests:with LMDZ: ACE/AIRSdata

1) Proesses ontrolling humidity 11/27



What auses the moist biases in GCMs?

−60

−40

−20

 0

 20

 40

 60

 20  25  30  35  40  45  50  55

Exessive ondensatedetrainementInsu�ientin-situ ondensation
vertial advetionExessively di�usiveControl 400 hPa, 15◦N-30◦N mean

relative humidity (%)
JJA-DJ
F∆δD
(h)

Sensitivity tests:with LMDZ: ACE/AIRSdata

◮ robustness? additional tests, theoretial understanding1) Proesses ontrolling humidity 11/27



What auses the moist biases in GCMs?

−60

−40

−20

 0

 20

 40

 60

 20  25  30  35  40  45  50  55

Exessive ondensatedetrainementInsu�ientin-situ ondensation
vertial advetionExessively di�usiveControl

ECHAMMIROCHadAM GSMGISSSWING2 models:CAM2

400 hPa, 15◦N-30◦N mean

relative humidity (%)
JJA-DJ
F∆δD
(h)

Sensitivity tests:with LMDZ: ACE/AIRSdata

◮ robustness? additional tests, theoretial understanding
◮ frequent reason for moist bias=exessively di�usive advetion1) Proesses ontrolling humidity 11/27



What auses the moist biases in GCMs?

−60

−40

−20

 0

 20

 40

 60

 20  25  30  35  40  45  50  55

Exessive ondensatedetrainementInsu�ientin-situ ondensation
vertial advetionExessively di�usiveControl

ECHAMMIROCHadAM GSMGISSSWING2 models:CAM2vertial resolution

400 hPa, 15◦N-30◦N mean

relative humidity (%)
JJA-DJ
F∆δD
(h)

Sensitivity tests:with LMDZ: ACE/AIRSdata

◮ robustness? additional tests, theoretial understanding
◮ frequent reason for moist bias=exessively di�usive advetion1) Proesses ontrolling humidity 11/27



What impat on humidity projetions?
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◮ Water vapor isotope measurements as observationaldiagnostis to understand the reasons for a moist bias inlimate models
◮ Exessive vertial di�usion during water vaportransport/insu�ient vertial resolution is a widespread auseof moist bias in limate models
◮ Understanding this reason is all the more important ashumidity hange projetions depends on the reason for themoist bias
◮ Consequenes on limate hange? -> study feedbaks usingradiative kernel deomposition (Soden et al 2008)1) Proesses ontrolling humidity 13/27



2) Convetive proesses
◮ mirophysial proesses? (Emanuel and Pierrehumbert 1996)
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Proesses along squall lines
◮ rain sampled every 5 mins in Niamey during AMMA ampaign
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◮ high frequeny data: e.g. ground-based remote-sensing
◮ A-train synergy: TES+CALIPSO/Cloudsat
◮ New physis of LMDZ for AR5 (Rio et al 2009)2) Convetive proesses 20/27
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Partitionning surfae �uxes
◮ ORCHIDEE-iso (Risi et al in rev)
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Isotopi signature of evaporative origin
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Water isotopes and ontinental reyling
Koster et al 2006

Land-atmosphere feedbaks"hot spots"

derease in preip variane when soil moisture is presribed
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Isotopi signature of land-atmosphere feedbaks
ET րsoil moisture րmoistureonvergene ր P ր
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Isotopi signature of land-atmosphere feedbaks
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Summary on land-atmosphere feedbaks
◮ work in progress:

◮ look at data (in-situ, GOSAT),
◮ sensitivity tests: physis-disriminating diagnostis?
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◮ minimize sensitivity to unrelated atmospheri proesses
◮ robustness of the diagnostis? ⇒ model inter-omparisons:ORCHIDEE, isoLSM, soon CLM and ORCHIDEE-multi-layer

◮ relevane for hydrologial projetions
◮ Global warming, land use hange (deforestation, irrigation)
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Evaluation against TES
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