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Water vapor isotopes
◮ δD = ((HDO/H2O) /Roe − 1) · 1000 (h)
◮ measured from spae (TES, IASI, MIPAS, ACE)
◮ added value ompared to q? Theoretial framework ->moistening and dehydrating proesses (Worden et al 2007)
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E�et of onvetive proesses on vapor δD
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4 examples in this talk:1. Upper onvetive detrainment2. Deep onvetion/LS ondensation3. Shallow/Deep onvetion4. Temporal sequene of onvetive and loud proesses 3/12



1) Upper onvetive detrainment
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Variable onvetive preipitation e�ieny?
◮ Preliminary test with LMDZ: ǫmax ,e�p = ǫmaxp − oef · √CAPE
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2) Deep onvetion/ large-sale ondensation
-100 -60 -20 20 60-60-50-40-30-20-10010

10 20 30 40 50 60 70 80 90-12-11-10-9-8-7-6
-5-4-3-2

LMDZ testsontrol
detrainment
less sub-grid-salemore vertialmore ondensate

PDC/P (%)
TES data(after orretion forinstrument sensitivity)amounte

�et
δD

anomaly
at400hP
a(h)

∆
δD

strong−

moderate
(h) ω at 500hPa (hPa/d)

di�usionvariabilitystrongasent asentmoderate

DC dominates LS dominates
weak enrihment
by large-sale

asentby large-sale
strong depletionondensationstrong enrihmentdetrainmentby onvetiveweak depletionby ompensatingsubsidene

◮ onv vs LS preipitation= arbitrary, model-spei� hoie, butonsequenes on latent heating pro�les, transport, loudiness...
⇒use water isotopes to evaluate onv vs LS preip partitionning? 6/12



3) Shallow/deep onvetion
−80 −60 −40 −20 0 20

−150

−160

−170

−180

−190

−200
40

600hPa

LMDZ outputs

strongasent moderateasentat600h
Pa

δ
D

(h) Pmax < 350hPa
Pmax between350 and 550 hPa
Pmax > 550hPa

ωmax (hPa/d)
ω

ω

asent
depletion by

asentupper tropospheri lower tropospheriondensationlarge-sale by detrainementenrihment
◮ Preipitation depletes the vapor more if top-heavy asent
◮ Consistent with TES and IASI
◮ Evaluate deep/shallow and assoiated LS irulation?
◮ Impliation: link with loud feedbaks (Sherwood et al 2014)? 7/12



Multi-model omparison
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4) Temporal sequene of onvetive andloud proesses
◮ during onvetive life yle (on-going using MCS traking,Fiolleau and Roa 2013)
◮ during MJO events
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◮ GCMs have di�ulties to simulate the MJO (Hung et al 2013) 9/12



Cindy Dynamo ampaign ase
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◮ Observed q max 0-1 days before OLR min
◮ Observed δD min 3 days after OLR min
◮ LMDZ, when nudged, aptures these features for this ase 10/12



q-δD yles in Indian Oean
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Tuinenburg et al 2015-> on-going: sensitivity tests, link with MJO simulation? 11/12



Conlusion
◮ In upper troposphere: δD ր with ondensate detrainmentonstrain on onvetive detrainement-> preipitation e�ieny annot be onstant?
◮ In mid-troposphere, δD ր with deep onvetion and ց withLS ondensation-> onstrain this proportion and assoiated latent heatpro�les?
◮ In lower troposphere: δD ր with shallow onvetion and ցwith deep onvetion-> onstrain this proportion, assoiated latent heat pro�lesand large-sale irulation?
◮ Appliation during the MJO, q − δD suggests that onvetiontriggers too soon and large-sale ondensation is notmaintained long enough? -> understand why models havedi�ulties to simulate the MJO, disriminate between di�erentmodel versions? 12/12


