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Spread in preipitation projetions
not robust

robust changes
robust small changes

Knutti and Sedlacek 2012preipitation hange (%)
CMIP5 models

◮ Soures of spread? onvetive parameterizations, loudfeedbaks? (e.g. Kang et al 2008, Frierson and Hwang 2012)
⇒How an we assess the redibility of preipitation projetions?Introdution 2/32



Observational onstraints?
◮ Shool ase: Hall and Qu 2006: snow albedo feedbak

by unit of temperature change (K)
Snow cover change (%)

CMIP3 models

observations

◮ Conditions for good observational onstraints:1. link between projeted behavior and observable behavior2. ommon physial proesses3. observations with preision �ner than model spreadIntrodution 3/32
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◮ Shool ase: Hall and Qu 2006: snow albedo feedbak

by unit of temperature change (K)
Snow cover change (%)

CMIP3 models

observations

◮ Conditions for good observational onstraints:1. link between projeted behavior and observable behavior2. ommon physial proesses3. observations with preision �ner than model spread
◮ Use paleo onstrains? (e.g. Hargreaves and Annan 2009,Braonnot et al 2012)Introdution 3/32



Seminar outline and summary1) if a model is better for the past, is it more edible for the future?
⇒ work in progress on links past/future hanges using CMIP5arhive, some enouraging results2) Are there arhives of past preipitation hanges?
⇒ are tropial paleo arhives of preipitation isotopes (H182 O )proxy for preip? or of temperature?
⇒ work in progress, but omplex: model-dependent3) Link between preipitation rate and isotopi omposition?
⇒ work in progress using reent satellite measurements
⇒ link depends on the details of onvetive/loud proesses, e.g.stratiform, deep and shallow onvetion
⇒In turn, use isotopes to better onstrain these proesses inmodels? e.g. work in progress on the MJOIntrodution 4/32



1) Link between past and future preipitationhanges
◮ CMIP5 arhive: for the 1st time for the same model:

◮ limate hange senraios (RCP)
◮ Last Glaial Maximum (LGM) (7 models)
◮ Mid Holoene (MH) (10 models)
◮ idealized simulations

◮ Preipitation patterns are omplex ⇒ need to look moreregionally
⇒ here: study for South Ameria1) Past/future 5/32



Multi-model EOF of future preip hanges
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Multi-model EOF of future preip hanges
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Link between future limate and MH
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Use MH obs to onstrain projetions?
HadGEM2−ES
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Use MH obs to onstrain projetions?
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◮ Are there ommon mehanisms?
◮ present-day pattern? e.g. double ITCZ less frequent in group 1
◮ physial mehanisms? ⇒ Bony et al 2013 deomposition1) Past/future 8/32



Deomposing preipitation hanges intodynami and thermodynami e�ets
∆P = ∆Pdyn + ∆Pther with ∆Pdyn = Γq · ∆ω̄

thermodynamical component

dynamical componentprecipitation change 2090 − preindustrial

60W60E 180EWhih ontribution ontributes to the spread? Mehanisms similarin paleo and in future?1) Past/future 9/32



Spread in preipitation projetions?
◮ Work in progress by Boutheina Oueslati
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Summary on past/future links
◮ Some enouraging results in some regions: models that show aommon behavior for future limate also show a ommonbehavior for past limates
◮ Need to work more on understanding mehanisms
◮ Dynamial hanges dominate the spread (exept on the Sahel),and dominate orrelations between past/future when exists

⇒Is it easier to �nd past/future links for a spei� ontribution topreipitation hange?
1) Past/future 11/32



Summary on past/future links
◮ Some enouraging results in some regions: models that show aommon behavior for future limate also show a ommonbehavior for past limates
◮ Need to work more on understanding mehanisms
◮ Dynamial hanges dominate the spread (exept on the Sahel),and dominate orrelations between past/future when exists

⇒Is it easier to �nd past/future links for a spei� ontribution topreipitation hange?
◮ Availability of preipitation arhives?1) Past/future 11/32



What does δ18Op reords?
◮ Thompson et al 2000 → temperature proxy
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What does δ18Op reords?
◮ Thompson et al 2000 → temperature proxy
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=⇒ Use LMDZ GCM with isotopes (Risi et al 2010):11 di�erent limates (e.g. LGM, MH); 4 di�erent model physis2) Paleo isotopes 12/32



Paleo simulations with LMDZ-iso
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Is δ18Op a proxy for temperature?
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◮ temperature = signi�ant ontrol at paleo time sales
◮ but sensitive to model physis2) Paleo isotopes 14/32



Is δ18Op a proxy for preipitation?
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◮ but sensitive to model physis2) Paleo isotopes 15/32



And in other regions?
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Summary on the interpretation of paleoisotopi reords
◮ At paleo time-sales and espeially during LGM, temperatureis a major ontrol in LMDZ
◮ Also relationship with upstream preip
◮ But sensitive to the model physis

2) Paleo isotopes 17/32



Summary on the interpretation of paleoisotopi reords
◮ At paleo time-sales and espeially during LGM, temperatureis a major ontrol in LMDZ
◮ Also relationship with upstream preip
◮ But sensitive to the model physis

=⇒ Whih physis is the most realisti?
=⇒ use present day measurements to better testlimate-δ18O relationships?

2) Paleo isotopes 17/32



Use present-day measurements?
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Use present-day measurements?
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◮ TES: weekly vertial pro�les of δD
◮ IASI: 2 daily global overage of δD2) Paleo isotopes 18/32



Case study: what ontrols δ18Op in Lhasa?
◮ Work by You He: weekly, JJAS, Lhasa, TES+LMDZ
◮ preip δ

18O varies follows vapor δD ⇒fous on vapor
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Does this apply to paleo sales?
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=⇒Understanding daily ontrols not enough for paleo ontrols

◮ work in progress: are some sensitivity tests more realisti atdaily time sales?Do we expet them to be more realisti for paleo time sales?2) Paleo isotopes 20/32



Why is the link between isotopes andonvetion so sensitive to the model physis?What auses the amount e�et?
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100hPa

unsaturated downdrafts
large−scale
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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)3) Link isotopes-onvetion 21/32



Theoretial framework: q-δD
◮ Moistening and dehydrating proesses (Worden et al 2007)
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Convetion vs large-sale shemes
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Sensitivity tests in LMDZ
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Sensitivity to large-sale veloity pro�le
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Summary on onvetion-isotopes link
◮ link isotopes-onvetion omplex
◮ preipitating events deplete the tropospheri vapor all themore as it is assoiated with large-sale preipitation

⇒use it to evaluate onv vs large-sale preip partitionning andunderlying heating pro�les?Potentially key fator for intra-seasonal variability (Kim et al 2012)
◮ preipitating events deplete the tropospheri vapor all themore as it is assoiated with top-heavy asent

⇒use it to evaluate onv vs shallow and assoiated large-saleirulation?Key fator for loud feedbaks (Sherwood et al 2014)
3) Link isotopes-onvetion 26/32



Summary on onvetion-isotopes link
◮ link isotopes-onvetion omplex
◮ preipitating events deplete the tropospheri vapor all themore as it is assoiated with large-sale preipitation

⇒use it to evaluate onv vs large-sale preip partitionning andunderlying heating pro�les?Potentially key fator for intra-seasonal variability (Kim et al 2012)
◮ preipitating events deplete the tropospheri vapor all themore as it is assoiated with top-heavy asent

⇒use it to evaluate onv vs shallow and assoiated large-saleirulation?Key fator for loud feedbaks (Sherwood et al 2014)
⇒Use water isotopes to evaluate onvetive/loud proesses?ex: during the Madden-Julian Osillation (Obbe Tuinenburg's work)3) Link isotopes-onvetion 26/32



Isotopes during the MJO
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Isotopes during the MJO
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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?3) Link isotopes-onvetion 28/32



What determines q − δD shape in LMDZ?

enrihmentby large-saleadvetionreovers sooner
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Summary on q − δD yles during the MJO
◮ Observed �irular shape� over Indian Oean onsistent withloud evolution shallow → deep → stratiform
◮ 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 tests3) Link isotopes-onvetion 30/32



Perspetives (1/2)
◮ Bridge gap between simple theoretial q − δD framework andmore omplex modeling
◮ Exploit model hierahy: numerial models with isotopes
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Perspetives (2/2)
◮ CRM/LES to study proesses and to ompare more easily toobservations and to SCMs (onditional sampling)

SCM from GCM
Nature

CRM

variables
internal

◮ interompare GCMs
◮ add daily outputs in SWING2?Conlusion 32/32



Causes of δ18Op hanges?
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And aross models?
SWING 2 models
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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?Annexe 35/32
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