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Moist and 
loud pro
esses in 
limate models
IPCC AR5

not robust

Knutti and Sedlacek 2012

robust changes
robustly small
changespre
ipitation 
hange (%)

CMIP5 models

◮ Sour
es of spread? Temperature: 
loud feedba
ks (Bony et al2004, Dufresne et al 2008, Vial et al 2014)
◮ For pre
ip: 
onve
tive parameterizations, 
loud feedba
ks?(e.g. Kang et al 2008, Frierson and Hwang 2012)

⇒Need to better evaluate these pro
esses in modelsIntrodu
tion 2/27



Water isotopes
◮ H162 O, HDO, H182 O ...
◮ δD = (HDO/H2O/Rsea water − 1) · 1000 in h

◮ fra
tionation during phase 
hanges
⇒ tra
ers if the water 
y
le HDO

H
16

2
O
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Why do we want isotopes to be useful?
bias for

this process?

any science
question

associated with 
composition?

isotopic
control the

what processes

−Cause of model

variable Y?

properly?
represent it
−Do models
in nature?
process X

−What role of
Science questions:

which
observations
are the most
adequate to
discriminate

between
processes or
hypotheses?

they be
useful for?

what can

In some cases: 
isotopic

observations
(combined
with other 

observations)

isotopic
measurements

non−isotopic observations
In most cases:

Introdu
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Seminar outline and summary1. re
ent developments in water vapor isotopi
 measurementsand models2. Upper troposphere: δD sensitive to moistening by 
onve
tivedetrainment3. Mid-troposphere: what does the δD-pre
ipitation link saysabout the model physi
s?3.1 δD re�e
ts shallow vs deep 
onve
tive mixing and asso
iatedlarge-s
ale 
ir
ulation3.2 δD re�e
ts 
onve
tive vs large-s
ale pre
ipitation andasso
iated heating pro�les4. During MJO events: mid-tropospheri
 δD evolution re�e
tsthe relative timing of di�erent 
loud types and asso
iatedmoistening and dehydrating pro
essesIntrodu
tion 6/27
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Diversity of measurements
◮ di�erent altitudes, temporal resolution, verti
al resolution,pre
ision, spatial resolution and 
overage...
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Theoreti
al framework: q-δD
◮ Moistening and dehydrating pro
esses (Worden et al 2007)
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Isotopes in the upper troposphere
◮ papers from Moyer, Kuang, Dessler, Sherwood, Sayres,Hanis
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Isotopes in the upper troposphere
◮ papers from Moyer, Kuang, Dessler, Sherwood, Sayres,Hanis
o...

convection

condensate
enriched cirrus

plane around 15km

detrainment

Webster & Heymsfield 2003

◮ Limitation: isotopes 
onsistent with some 
onve
tive inje
tionof water through the tropopause layer. But how to makequantitative estimations?2) UT detrainment 11/27



Conve
tive detrainment in upper troposphere
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Lower and mid troposphere
◮ �amount e�e
t�: δD ց as pre
ipitation ց

surface

100hPa

unsaturated downdrafts
large−scale
convergence
(Lee et al 2007,

Moore et al 2014)

(Lawrence et al 2004)
diffusive exchanges

rain evaporation
(Risi et al 2008, 

Worden et al 2007)

(Risi et al 2008, 2010
Kurita et al 2012)

◮ What does amount e�e
t amplitude says about model physi
s?3) Isotopes-pre
ipitation 13/27
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Impli
ations
◮ Pre
ipitation depletes the tropospheri
 vapor all the more as itis asso
iated with top-heavy as
ent
◮ amount e�e
t amplitude re�e
ts top-heaviness of 
ir
ulationand asso
iated latent heat pro�les, i.e. 
onv vs shallow
◮ Key fa
tor for 
loud feedba
ks? (Sherwood et al 2014)

Sherwood et al 2014
more shallow

mixing

⇒use it evaluate deep vs shallow 
onve
tive mixing and asso
iatedlarge-s
ale 
ir
ulation?3a) shallow vs deep mixing 15/27
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3) Conve
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Impli
ations
◮ pre
ipitating events deplete the tropospheri
 vapor all themore as it is asso
iated with large-s
ale pre
ipitation
◮ 
onv vs large-s
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◮ latent heating pro�les ⇒ large-s
ale 
ir
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◮ water vapor, 
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ip partitionning and underlying heating pro�les?
3b) 
onv vs strati 19/27



Impli
ations
◮ pre
ipitating events deplete the tropospheri
 vapor all themore as it is asso
iated with large-s
ale pre
ipitation
◮ 
onv vs large-s
ale pre
ipitation= arbitrary 
hoi
e spe
i�
 toea
h model, but with 
onsequen
es on:

◮ latent heating pro�les ⇒ large-s
ale 
ir
ulation
◮ 
loudiness
◮ water vapor, 
hemi
al and aerosol transport
◮ intra-seasonal variability (Kim et al 2012)

⇒use water isotopes quantitatively to evaluate 
onv vs large-s
alepre
ip partitionning and underlying heating pro�les?
◮ work in progress with SCM
◮ Obbe Tuinenbourg's work: use water isotopes to evaluatesequen
e of 
loud pro
esses during the Madden-JulianOs
illation (MJO)?3b) 
onv vs strati 19/27



4) MJO so di�
ult to simulate?
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Cindy Dynamo 
ampaign 
ase
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◮ LMDZ 
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ase4) MJO 21/27



Statisti
al analysis for 2006-2007
LMDZ GCM, nudged winds
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IASI Phasing of δD min at 500hPa vs OLR min
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q-δD 
y
les in Indian O
ean

OLR min
OLR min

q-δD 
y
les at 500 hPa for 7 MJO events at 80◦EIASI
δD

anoma
ly(h)

δD

anoma
ly(h)

q anomaly (g/kg)q anomaly (g/kg)

LMDZ GCM, nudged
meanevent

◮ Observations: �
ir
ular�, 
lo
kwise shape
◮ LMDZ: sometimes 
ir
ular, too often �linear�: why?4) MJO 23/27



What determines q − δD shape in LMDZ?

enri
hmentby large-s
aleadve
tionre
overs sooner

less moisteningby large-s
aleadve
tion enri
hmentby large-s
aleadve
tionadve
tionby large-s
alemoistening q
δD

q
δD


ondensationdepletionby 
onve
tionand large-s
ale 
ondensationlarge-s
aledrying by

-10 days -5 days +10 days
δD ց q ց δD րq ր

-10 days -5 days +10 days
q ր

OLR min

starts earlier
onve
tion large-s
ale
ondensationweakens sooner
OLR min +5 days

+5 days
q ց

δD ց δD ր

in q-δD"linear shape"events with
diagram

diagramin q-δD"
ir
ular shape"events with

4) MJO 24/27



Preliminary summary on q − δD 
y
lesduring the MJO
◮ Observed �
ir
ular shape� over Indian O
ean 
onsistent with
loud evolution shallow → deep → stratiform
◮ What happens over the Maritime Continent?
◮ Still lot of work to fully understand both data and modelbehavior
◮ LMDZ too in phase:

◮ 
onve
tion triggers too soon?
◮ Large-s
ale 
ondensation not maintained long enough?
◮ Large-s
ale adve
tive enri
hment re
overs too soon?

◮ q − δD useful for model evaluation? ⇒ work in progress:analyze senstivity tests4) MJO 25/27



Sensitivity tests with LMDZ

◮ q − δD shape sensitive to 
onve
tion/
loud parameters
◮ How to get 
loser to observations?4) MJO 26/27



Summary on q − δD 
y
les during the MJO
◮ q − δD 
y
les during MJO: informs about the relative timingof shallow 
onve
tion, deep 
onve
tion, large-s
ale
ondensation and large-s
ale adve
tion
◮ Potentially useful for model evaluation
◮ Still lot of work to fully understand both data and modelbehavior
◮ Exploit better the Cindy Dynamo 
ampaign data?

4) MJO 27/27



General perspe
tives
◮ Bridge gap between simple theoreti
al q − δD framework andmore 
omplex modeling
◮ Better exploit model hiera
hy: GCM vs SCM, with large-s
ale
ir
ulation as for
ing or as a response (WTG).
◮ inter
ompare GCMs: add daily in SWING2?
◮ CRM/LES to study pro
esses and to 
ompare more easily toobservations and to SCMs (
onditional sampling)

SCM from GCM
Nature

CRM

variables
internal

◮ longer term: 
ombine q, δD + 
hemi
al tra
ers: CO, O3, 10Be
⇒ better 
hara
terize �uxesCon
lusion 28/27
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