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Moist and loud proesses in limate models
IPCC AR5

not robust

Knutti and Sedlacek 2012

robust changes
robustly small
changespreipitation hange (%)

CMIP5 models

◮ Soures of spread? Temperature: loud feedbaks (Bony et al2004, Dufresne et al 2008, Vial et al 2014)
◮ For preip: onvetive parameterizations, loud feedbaks?(e.g. Kang et al 2008, Frierson and Hwang 2012)

⇒Need to better evaluate these proesses in modelsIntrodution 2/27



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

◮ frationation during phase hanges
⇒ traers if the water yle 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:

Introdution 5/27



Seminar outline and summary1. reent developments in water vapor isotopi measurementsand models2. Upper troposphere: δD sensitive to moistening by onvetivedetrainment3. Mid-troposphere: what does the δD-preipitation link saysabout the model physis?3.1 δD re�ets shallow vs deep onvetive mixing and assoiatedlarge-sale irulation3.2 δD re�ets onvetive vs large-sale preipitation andassoiated heating pro�les4. During MJO events: mid-tropospheri δD evolution re�etsthe relative timing of di�erent loud types and assoiatedmoistening and dehydrating proessesIntrodution 6/27
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Diversity of measurements
◮ di�erent altitudes, temporal resolution, vertial resolution,preision, spatial resolution and overage...
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Numerial models
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Theoretial framework: q-δD
◮ Moistening and dehydrating proesses (Worden et al 2007)
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◮ limitation: need to bridge gap between this simple frameworkand numerial modeling1) obs and models 10/27



Isotopes in the upper troposphere
◮ papers from Moyer, Kuang, Dessler, Sherwood, Sayres,Haniso...
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Isotopes in the upper troposphere
◮ papers from Moyer, Kuang, Dessler, Sherwood, Sayres,Haniso...

convection

condensate
enriched cirrus

plane around 15km

detrainment

Webster & Heymsfield 2003

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



Convetive detrainment in upper troposphere
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◮ what is missing? Correlation detrainment ↔ updraft speed?2) UT detrainment 12/27



Lower and mid troposphere
◮ �amount e�et�: δD ց as preipitation 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�et amplitude says about model physis?3) Isotopes-preipitation 13/27



Sensitivity to large-sale veloity pro�le
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Impliations
◮ Preipitation depletes the tropospheri vapor all the more as itis assoiated with top-heavy asent
◮ amount e�et amplitude re�ets top-heaviness of irulationand assoiated latent heat pro�les, i.e. onv vs shallow
◮ Key fator for loud feedbaks? (Sherwood et al 2014)

Sherwood et al 2014
more shallow

mixing

⇒use it evaluate deep vs shallow onvetive mixing and assoiatedlarge-sale irulation?3a) shallow vs deep mixing 15/27
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3) Convetion vs large-sale shemes

deep convective
parameterization

shallow convection
parameterization

large−scale
parameterization

??

downdrafts 
unsaturated

? ? 100hPa

surface

condensation
large−scale

detrainment
compensating

subsidence

reevaporation3b) onv vs strati 17/27



3) Convetion vs large-sale shemes

deep convective
parameterization

shallow convection
parameterization

large−scale
parameterization

??

downdrafts 
unsaturated

? ? 100hPa

surface

condensation
large−scale

detrainment
compensating

subsidence

reevaporation

◮ onv vs large-sale preip arbitray3b) onv vs strati 17/27



Sensitivity tests in LMDZ
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Impliations
◮ preipitating events deplete the tropospheri vapor all themore as it is assoiated with large-sale preipitation
◮ onv vs large-sale preipitation= arbitrary hoie spei� toeah model, but with onsequenes on:

◮ latent heating pro�les ⇒ large-sale irulation
◮ loudiness
◮ water vapor, hemial and aerosol transport
◮ intra-seasonal variability (Kim et al 2012)

⇒use water isotopes quantitatively to evaluate onv vs large-salepreip partitionning and underlying heating pro�les?
3b) onv vs strati 19/27
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⇒use water isotopes quantitatively to evaluate onv vs large-salepreip partitionning and underlying heating pro�les?
◮ work in progress with SCM
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4) MJO so di�ult to simulate?
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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 aptures this lag for this ase4) MJO 21/27



Statistial analysis for 2006-2007
LMDZ GCM, nudged winds

IASI Phasing of δD min at 500hPa vs OLR min
OLR minafterδD min

OLR minbeforeδD min
◮ Observed δD min lags OLR min in Indian Oean
◮ More ompliated over Maritime Continent
◮ LMDZ δD to in phase with OLR4) MJO 22/27
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q-δD yles in Indian Oean
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◮ Observations: �irular�, lokwise shape
◮ LMDZ: sometimes irular, too often �linear�: why?4) MJO 23/27



What determines q − δD shape in LMDZ?

enrihmentby large-saleadvetionreovers sooner
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Preliminary summary on q − δD ylesduring the MJO
◮ Observed �irular shape� over Indian Oean onsistent withloud 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:

◮ onvetion triggers too soon?
◮ Large-sale ondensation not maintained long enough?
◮ Large-sale advetive enrihment reovers 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 onvetion/loud parameters
◮ How to get loser to observations?4) MJO 26/27



Summary on q − δD yles during the MJO
◮ q − δD yles during MJO: informs about the relative timingof shallow onvetion, deep onvetion, large-saleondensation and large-sale advetion
◮ 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 perspetives
◮ Bridge gap between simple theoretial q − δD framework andmore omplex modeling
◮ Better exploit model hierahy: GCM vs SCM, with large-saleirulation as foring or as a response (WTG).
◮ interompare GCMs: add daily in SWING2?
◮ CRM/LES to study proesses and to ompare more easily toobservations and to SCMs (onditional sampling)

SCM from GCM
Nature

CRM

variables
internal

◮ longer term: ombine q, δD + hemial traers: CO, O3, 10Be
⇒ better haraterize �uxesConlusion 28/27
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