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Uncertainties in humidity change projections

I tropical and subtropical free tropospheric relative humidity
strongly impacts

I water vapor feedback (Soden et al 2008)
I clouds feedbacks (Sherwood et al 2010)
I deep convection (Derbyshire 2004)

I but high dispersion in relative humidity in climate models

I for present day, with a moist bias in the mid and upper
troposphere (John and Soden 2005)

I for climate change projections (Sherwood et al 2010)

=⇒ need process-based evaluation of humidity in climate models
=⇒ Goal: design observational diagnostics to evaluate processes
controlling relative humidity, detect and understand biases?
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Processes controlling relative humidity
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evaluate humidity processes in models
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Model simulations

I LMDZ-iso (Risi et al 2010), control simulation= AR4 version

I 3 possible reasons for moist bias in mid and upper troposphere:

800

600

200

100

0°

400

1000
30°N

P (hPa) condensate detrainement dehydration in 
louds

rain evaporation
large-s
ale 
ir
ulationlateral andverti
al mixingboundary layer mixing

Wright et al 2009

Folkins and Martin 2005
Sherwood et al 1996Pierrehumbert 1998Couhert et al 2010

⇒ water isotopes to detect these di�erent reasons for moist bias?

4/12



Model simulations

I LMDZ-iso (Risi et al 2010), control simulation= AR4 version

I 3 possible reasons for moist bias in mid and upper troposphere:

800

600

200

100

0°

400

1000
30°N

P (hPa) condensate detrainement dehydration in 
louds

rain evaporation
large-s
ale 
ir
ulationlateral andverti
al mixingboundary layer mixing

Wright et al 2009

Folkins and Martin 2005
Sherwood et al 1996Pierrehumbert 1998Couhert et al 2010

⇒ water isotopes to detect these di�erent reasons for moist bias?

4/12



Model simulations

I LMDZ-iso (Risi et al 2010), control simulation= AR4 version

I 3 possible reasons for moist bias in mid and upper troposphere:

800

600

200

100

0°

400

1000
30°N

P (hPa) condensate detrainement dehydration in 
louds

rain evaporation
large-s
ale 
ir
ulationlateral andverti
al mixingboundary layer mixing-> +15%adve
tion s
hememore di�usive

Wright et al 2009

Folkins and Martin 2005
Sherwood et al 1996Pierrehumbert 1998Couhert et al 2010

⇒ water isotopes to detect these di�erent reasons for moist bias?

4/12



Model simulations

I LMDZ-iso (Risi et al 2010), control simulation= AR4 version

I 3 possible reasons for moist bias in mid and upper troposphere:

800

600

200

100

0°

400

1000
30°N

P (hPa) condensate detrainement dehydration in 
louds

rain evaporation
large-s
ale 
ir
ulationlateral andverti
al mixingboundary layer mixing

σq/10 -> +5-10%
-> +15%adve
tion s
hememore di�usive

Wright et al 2009

Folkins and Martin 2005
Sherwood et al 1996Pierrehumbert 1998Couhert et al 2010

⇒ water isotopes to detect these di�erent reasons for moist bias?

4/12



Model simulations

I LMDZ-iso (Risi et al 2010), control simulation= AR4 version

I 3 possible reasons for moist bias in mid and upper troposphere:

800

600

200

100

0°

400

1000
30°N

P (hPa) condensate detrainement dehydration in 
louds

rain evaporation
large-s
ale 
ir
ulationlateral andverti
al mixingboundary layer mixing

ǫp/2 -> +5-10% σq/10 -> +5-10%
-> +15%adve
tion s
hememore di�usive

Wright et al 2009

Folkins and Martin 2005
Sherwood et al 1996Pierrehumbert 1998Couhert et al 2010

⇒ water isotopes to detect these di�erent reasons for moist bias?

4/12



Model simulations

I LMDZ-iso (Risi et al 2010), control simulation= AR4 version

I 3 possible reasons for moist bias in mid and upper troposphere:

800

600

200

100

0°

400

1000
30°N

P (hPa) condensate detrainement dehydration in 
louds

rain evaporation
large-s
ale 
ir
ulationlateral andverti
al mixingboundary layer mixing

ǫp/2 -> +5-10% σq/10 -> +5-10%
-> +15%adve
tion s
hememore di�usive

Wright et al 2009

Folkins and Martin 2005
Sherwood et al 1996Pierrehumbert 1998Couhert et al 2010

⇒ water isotopes to detect these di�erent reasons for moist bias?
4/12



3D isotope measurements
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3D isotope measurements
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Multidataset evaluation: annual zonal mean

data
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Multidataset evaluation: seasonal (JJA-DJF)
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Summary: isotope diagnostics for moist bias

Observable diagnostic Reason for moist bias

• δD seasonality is underestimated or
reversed throughout the free troposphere
• Convective regions are too depleted
• RH, δD intra-seasonal variability in

subtropics too low

water vapor advection
too di�usive in vertical

δD intra-seasonal variability in
subtropics too low, RH variability too

high

subgrid-scale water
vapor variability too

low

δD is too high in upper troposphere condensate
detrainement too

strong
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What causes the moist bias in models?
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I excessive vertical di�usion during water vapor transport is a
widespread cause of moist bias in atmospheric models
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What impact on humidity projections?
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Conclusion and perspectives

I Water vapor isotope measurements as observational
diagnostics to understand the reasons for a moist bias in
climate models

I Understanding these reasons is all the more important as
humidity change projections depends on the reason for the
moist bias

I Excessive vertical di�usion during water vapor transport is a
widespread cause of moist bias in climate models

I Improving/extending isotope diagnostics

I Evaluate further cloud and convective processes from the
A-train synergy (TES-Calipso)+Calipso simulator

I Water isotopes in CMIP?

11/12



Conclusion and perspectives

I Water vapor isotope measurements as observational
diagnostics to understand the reasons for a moist bias in
climate models

I Understanding these reasons is all the more important as
humidity change projections depends on the reason for the
moist bias

I Excessive vertical di�usion during water vapor transport is a
widespread cause of moist bias in climate models

I Improving/extending isotope diagnostics

I Evaluate further cloud and convective processes from the
A-train synergy (TES-Calipso)+Calipso simulator

I Water isotopes in CMIP?

11/12



Conclusion and perspectives

I Water vapor isotope measurements as observational
diagnostics to understand the reasons for a moist bias in
climate models

I Understanding these reasons is all the more important as
humidity change projections depends on the reason for the
moist bias

I Excessive vertical di�usion during water vapor transport is a
widespread cause of moist bias in climate models

I Improving/extending isotope diagnostics

I Evaluate further cloud and convective processes from the
A-train synergy (TES-Calipso)+Calipso simulator

I Water isotopes in CMIP?

11/12



Conclusion and perspectives

I Water vapor isotope measurements as observational
diagnostics to understand the reasons for a moist bias in
climate models

I Understanding these reasons is all the more important as
humidity change projections depends on the reason for the
moist bias

I Excessive vertical di�usion during water vapor transport is a
widespread cause of moist bias in climate models

I Improving/extending isotope diagnostics

I Evaluate further cloud and convective processes from the
A-train synergy (TES-Calipso)+Calipso simulator

I Water isotopes in CMIP?

11/12



Conclusion and perspectives

I Water vapor isotope measurements as observational
diagnostics to understand the reasons for a moist bias in
climate models

I Understanding these reasons is all the more important as
humidity change projections depends on the reason for the
moist bias

I Excessive vertical di�usion during water vapor transport is a
widespread cause of moist bias in climate models

I Improving/extending isotope diagnostics

I Evaluate further cloud and convective processes from the
A-train synergy (TES-Calipso)+Calipso simulator

I Water isotopes in CMIP?

11/12



Conclusion and perspectives

I Water vapor isotope measurements as observational
diagnostics to understand the reasons for a moist bias in
climate models

I Understanding these reasons is all the more important as
humidity change projections depends on the reason for the
moist bias

I Excessive vertical di�usion during water vapor transport is a
widespread cause of moist bias in climate models

I Improving/extending isotope diagnostics

I Evaluate further cloud and convective processes from the
A-train synergy (TES-Calipso)+Calipso simulator

I Water isotopes in CMIP?

11/12



Supplementary material

12/12



Annual mean δD in TES at 600hPa
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Seasonal variations in TES
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Dehydration pathways to the subtropics
I Daily ground-based FTIR data at Izana at 4.2km over 5 years
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Annual mean in MIPAS
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E�ect of convection on isotopic pro�les

-500 -400 -300 -200 -100
δD strong pre
ip (h) ∆δD strong pre
ip − weak pre
ip-10-20 0 10 20 30 40

800700600500400300200100

9001000

pressure
(hPa)

800700600500400300200100

9001000

pressure
(hPa)


ontrol simulationdi�usive adve
tion
σq/10
ǫp/2

18/12



Evaluation of the link δD-cloud cover in TES

−50 −20 −10 −5 −2 5 10 20 502

120W180W 060W 60E 120E 180E

30S

Eq

30N

120W180W 060W 60E 120E 180E

30S

Eq

30N

30S

Eq

30N

120W180W 060W 60E 120E 180E

∆δD (h) total-
lear sky


) LMDZ "di�usive adve
tion"

a) TES data
b) LMDZ "
ontrol"

19/12



Theoretical framework
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Interpretation of the sensitivity tests
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Validation of the theoretical framework
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Uncertainty due to parameterizations vs

large-scale circulation
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