
The added value of water isotopic measurements

to better evaluate climate models and their

climate change projections

Camille Risi

LMD/IPSL/CNRS (Paris, France) and CIRES/University of Colorado (Boulder,
USA)

with the contribution of: S. Bony, F. Vimeux, D. Noone, J. Worden, C.
Frankenberg, G. Stiller, B. Funke, M. Kieffer, C. Castet

Studium Conference: Hydrogen Isotopes as Environmental
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◮ dispersion due to different representations of key processes
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◮ better evaluate representation of these processes in models
◮ water isotopes (HDO, H18

2 O) ↔ combination of these
processes =⇒ could help evaluate these processes?
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1. Convective processes

◮ rain sampled every 5 mins in Niamey during squall lines
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Precipitation-isotopes relationship

◮ observations + modelling (Risi et al 2008 JGR,GRL, 2010b JGR)

◮ amount effect: precipր=⇒ δ ց (Dansgaard 1964)
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New isotopic measurements
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3D water vapor isotopic distribution
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Do IPCC models capture the isotopic

distribution?
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◮ No obvious link with dispersion in meteorological variables.

◮ Reflect differences in key tropical processes? Which one? Can
we design observational tests to evaluate models?
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Sensitivity tests with LMDZ
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Sensitivity tests with LMDZ
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Convective contribution to water budget
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Convective contribution to water budget
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Role of vertical transport in dry regions
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◮ frequent reason for moist bias=excessive diffusion
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What impact on humidity projections?
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What impact on humidity projections?
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feedbak parameter(W/m2/K): x4

◮ How a moist bias affect RH change projections depends on
reason for bias

◮ Climate sensitivity: water vapor/high cloud feedbacks
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Summary on convection

◮ In convective regions:

◮ precip and surface vapor → reevaporation, downdrafts
◮ mid tropospheric vapor → contribution of convection in water
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Summary on convection

◮ In convective regions:

◮ precip and surface vapor → reevaporation, downdrafts
◮ mid tropospheric vapor → contribution of convection in water

budget

◮ In dry regions

◮ mid and upper tropospheric vapor → vertical diffusion

◮ subtropical isotopic seasonality=observable diagnostic to
identify reason for moist bias in models
=⇒ excessive vertical diffusion

◮ Using water isotopes to understand reasons for present-day
biases is useful to discriminate between different simulated
water vapor and cloud feedbacks.
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2. Continental recycling

◮ LMDZ coupled to ORCHIDEE + water tagging
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◮ LMDZ coupled to ORCHIDEE + water tagging
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◮ How to extract recycling from atmospheric processes?
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Diagnosing land-atmosphere feedbacks

◮ feedbacks on precipitation at intra-seasonal scale
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◮ feedbacks on precipitation at intra-seasonal scale
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∆rcon (%)

∆rcon (%)
∆rcon (%) JJAstrong preipitation omposite minus seasonal average:

◮ link δD ↔humidity=proxy for land-atmosphere feedbacks

◮ but again: also sensitive to the atmospheric physics.
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Evaluating land-atmosphere feedbacks using

satellite datasets
◮ Hypothesis: compare land versus ocean
◮ Total column water vapor (GOSAT), intra-seasonal scale
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◮ compare land/ocean to discriminate land/atm feedbacks
◮ work in progress to refine diagnostics
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Summary on land-atmosphere feedbacks

◮ link δD↔humidity: sensitive to

1. atmospheric physics (e.g. convection)
2. land-atmosphere feedbacks
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Summary on land-atmosphere feedbacks

◮ link δD↔humidity: sensitive to

1. atmospheric physics (e.g. convection)
2. land-atmosphere feedbacks

◮ compare link over land versus ocean
=⇒evaluate intensity of land-atmosphere feedbacks

◮ work in progress:

◮ refine diagnostics
◮ understand processes
◮ to what extent evaluating land-atmosphere feedbacks at

intra-seasonal scale helps for constraining projections?
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3. Isotopic records of past precipitation

◮ ice cores, speleothems, ground water, shells
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◮ δ
18O =robust proxy for past regional precipitation changes3. Past precipitation changes 19/22



Precipitation response to SST changes
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◮ precipitation response depends strongly on the physics (e.g.

Kang et al 2008)
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Summary on precipitation changes

SST changes

precipitation changes

past

precipitation changes
future

physical

processes

isotopic
changes

3. Past precipitation changes 21/22



Summary on precipitation changes

SST changes

precipitation changes

past

precipitation changes
future

physical

processes

isotopic
changes

◮ difficulties:

◮ link SST ←→ precipitation changes more complex over land
=⇒work in progress to identify robust regional controls

3. Past precipitation changes 21/22



Summary on precipitation changes

SST changes

precipitation changes

past

physical

processes

precipitation changes
future

physical

processes

isotopic
changes

◮ difficulties:

◮ link SST ←→ precipitation changes more complex over land
=⇒work in progress to identify robust regional controls

◮ link isotopic records ←→ precipitation changes: also depend
on the physics
=⇒need careful calibration
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Conclusion and perspectives

◮ precipitation and vapor isotopes useful to evaluate processes
key in climate feedbacks and precipitation changes
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Conclusion and perspectives

◮ precipitation and vapor isotopes useful to evaluate processes
key in climate feedbacks and precipitation changes

◮ Using water isotopes in this perspective is very new, but
permitted by new opportunities:

◮ observations:

◮ recently available and soon-to-come satellite/ground-based
remote-sensing datasets

◮ new surface water vapor measurements

◮ modelling:

◮ SWING2 intercomparison project (8 models)
◮ CMIP5: link between physical processes at present, past

changes and future projections
(but isotopes missing)
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Supplementary
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Isotopic distribution in water vapor
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What impact on climate sensitivity?
◮ radiative kernel decomposition (Soden et al 2008)
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◮ RH change has small impact on water vapor feedbacks
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What impact on climate sensitivity?
◮ radiative kernel decomposition (Soden et al 2008)
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◮ RH change has small impact on water vapor feedbacks
◮ depending on cause for moist bias, impact on cloud feedbacks
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