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The LMDZ GCM

I Atmospheric component of the IPSL model used for IPCC

I Emanuel convection scheme: detailed
entrainement/detrainement, precipitation evaporation,
unsaturated downdrafts (Emanuel 1991)

I Large-scale condensation scheme based on a statistical cloud
scheme (Bony and Emanuel 2001)

I Possibility to nudge by reanalyses winds (here: ECMWF)

I Water stable isotopes: detailed precipitation evaporation,
evaluation at the synoptic to paleo time scales (Risi et al in
press)

I Water tagging (Risi et al in prep)
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LMDZ-iso evaluation by satellites

instrument SCIAMACHY
(Frankenberg et al 2009)

TES
(Worden et al 2007)

altitude total column 800-500hPa
here: 600hPa

years 2003-3005 2004-2008

quality
selection

cloud fraction < 10%
+prw within 10% from

ECMWF

° freedom>0.5

collocation co-located in day
not collocated in time of day: error < 20h

over tropical continents

model to
satellite
approach

none monthly mean kernels
+ possibility to remove

the 10% cloudiest scenes

in LMDZ
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Annual mean in TES
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Seasonal variations in TES

30N
20N

10N
Eq

10S
20S

30S

40S

40N

180W 120W 60W 0 60E 120E 180E

−40−70 −24 −16 −8 8 16 24 40 70

30N
20N

10N
Eq

10S

20S

30S

40S

40N

30N
20N

10N
Eq

10S
20S

30S

40S

40N

180W 120W 60W 0 60E 120E 180E 180W 120W 60W 0 60E 120E 180E

JJA - DJF δD (h)

TES data
LMDZ raw outputs LMDZ 
o-lo
ated + kernels

1. LMDZ-iso evaluation 10/24



Seasonal variations in TES

30N
20N

10N
Eq

10S
20S

30S

40S

40N

180W 120W 60W 0 60E 120E 180E

−40−70 −24 −16 −8 8 16 24 40 70

30N
20N

10N
Eq

10S

20S

30S

40S

40N

30N
20N

10N
Eq

10S
20S

30S

40S

40N

180W 120W 60W 0 60E 120E 180E 180W 120W 60W 0 60E 120E 180E

JJA - DJF δD (h)

TES data
LMDZ raw outputs LMDZ 
o-lo
ated + kernels

1. LMDZ-iso evaluation 10/24



Seasonal variations in TES

30N
20N

10N
Eq

10S
20S

30S

40S

40N

180W 120W 60W 0 60E 120E 180E

−40−70 −24 −16 −8 8 16 24 40 70

30N
20N

10N
Eq

10S

20S

30S

40S

40N

30N
20N

10N
Eq

10S
20S

30S

40S

40N

180W 120W 60W 0 60E 120E 180E 180W 120W 60W 0 60E 120E 180E

JJA - DJF δD (h)

TES data
LMDZ raw outputs LMDZ 
o-lo
ated + kernels

1. LMDZ-iso evaluation 10/24



Seasonal variations in TES

30N
20N

10N
Eq

10S
20S

30S

40S

40N

180W 120W 60W 0 60E 120E 180E

−40−70 −24 −16 −8 8 16 24 40 70

30N
20N

10N
Eq

10S

20S

30S

40S

40N

30N
20N

10N
Eq

10S
20S

30S

40S

40N

180W 120W 60W 0 60E 120E 180E 180W 120W 60W 0 60E 120E 180E

JJA - DJF δD (h)

LMDZ raw outputs LMDZ 
o-lo
ated + kernels
TES data

1. LMDZ-iso evaluation 10/24



Seasonal variations in TES

30N
20N

10N
Eq

10S
20S

30S

40S

40N
30N
20N

10N
Eq

10S
20S

30S

40S

40N

180W 120W 60W 0 60E 120E 180E 180W 120W 60W 0 60E 120E 180E

−40−70 −24 −16 −8 8 16 24 40 70

30N
20N

10N
Eq

10S

20S

30S

40S

40N

30N
20N

10N
Eq

10S
20S

30S

40S

40N

180W 120W 60W 0 60E 120E 180E 180W 120W 60W 0 60E 120E 180E

JJA - DJF δD (h)

LMDZ raw outputs LMDZ 
o-lo
ated + kernels
LMDZ kernels + 
louds removedTES data

1. LMDZ-iso evaluation 10/24



Summary on LMDZ-iso evaluation

I Strengths

I Good distributions at �rst order
I Captures subsidence vs convection controls of δD

I Weaknesses

I Underestimates depletion in mid-latitudes
I Subsidence e�ect too weak in dry regions?
I Convective e�ect too strong over ocean, too weak over land?

I What part of the bias comes from methodological problems in
comparing LMDZ to satellite?

I GCM simulator
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Interpreting the vertical isotopic distribution
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Interpreting the vertical isotopic distribution
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E�ect of remoistening processes
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Interpreting seasonal isotopic variations
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Interpreting seasonal isotopic variations
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Long term monitoring of isotopes?
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Last saturation paradigm vs microphysics
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A last saturation model for isotopes

Sherwood 96 for vapor
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Disentangling isotopic changes
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Spatial heterogeneities in humidity changes
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Spatial heterogeneities in humidity changes

if ǫp,lastsat = 1− 0.13 · h(ց by 1.3 % as h ր by 10 %)
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Spatial heterogeneities in humidity changes
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Conclusion: signature of humidity controls?
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Conclusion/perspectives

I Dinstinct isotopic signature of di�erent processes controlling
humidity

I How robusts are these results based on only one model?

I Sensitivity to the model physics?
I Realism of isotopic processes in GCMs?

I More process-oriented diagnostics to test these isotopic
signatures of di�erent processes controlling humidity at
intra-seasonal, seasonal, inter-annual time scales using data?

I In practice, what can we learn quantitatively from isotopes
about humidity controls?

I test quantitative isotopic diagnostics in the GCM
I what measurements would be the most needed and at what

accuracy?
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