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Evaluating landsurfacehydrological processes and land-atmosphere feedbacksusing
water isotopic measurements
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1 Introduction
1.1 Ultimate goals
• Climate models show dispersion in the response of land surfaceprecipitation and hy-

drology to climate and land use change ([1, 3]). What processes are responsible for this
dispersion? What part of the “hydrological response chain” (fig 1) ismost critical?

• Modelsalso show dispersion in land-atmosphere feedbacksat intra-seasonal scaledue to
dispersion primarily in the qsol → ET link and secondarily in the ET → P link ([2]).
Are there observational constrains of these feedbacks? Are they relevant to assessthe
credibilit y of land hydrological response to climate and land use change?

1.2 Method
• Sensitivity tests with theLMDZ GCM coupled to theORCHIDEE landsurfacemodel.

• Water stable isotopic observations to better evaluate land-atmosphere feedbacksandas-
sociated processes.

Camill eRisi1, David Noone, Sandrine Bony, JérômeOgée, Thierry Bariac, NaamaRaz-Yaseef, LisaWingate,
Alexander Knohl, Jeffrey Welker, Christian Frankenberg

Fig 4. dδD/dW over landminusocean
as a function of dδD/dW over ocean
simulated in tropical averageby differ-
ent sensitivity tests.

2.4 Relevance for climate change?
Climate changesimulationswith SST anomalies from the IPSL coupled model in a4×CO2 experiment.

• land-atm feedbackscontribute to precipitation decrease and attenuateprecipitation increase (fig 6).

• Work in progress: is it sensitive to the representation of land surfaceprocesses, and are the feedbacks
consistent with those at intra-seasonal scale?

Fig 6. Contribution of land-atm feedbacks to precipita-
tion change in a 4×CO2 experiment, quantified by wa-
ter tagging ( (∆P/P ) / (∆Poce/Poce) − 1). E.g. -50%
where precipitation increases means that land-atm feed-
backs haveattenuated the increase by half; +50% where
precipitation decreases means that the land-atmosphere
feedbacks haveamplified the decrease by 50%. Regions
where precipitation increase (decrease) by more than
0.4mm/d are colored (colored andstippled).

Fig 3. dδD/dW over landminus ocean as a function of drcon/dW (direct proxy
for land-atm feedbacks) in tropical average and for different dynamical regimes,
for thesensitivity tests runwith water tagging.
=⇒dδD/dW over landminus ocean = observableproxy for land-atm feedbacks

2.2 Dispersion in land-atm feedbacks
and isotopic constraint
Sensitivity tests to land surface and atmospheric representation:
fig 3, 4.

• land-atm feedbacksaresensitive to landsurfacerepresentation.

• dδD/dW over land minus ocean observed by GOSAT
(Frankenberg et al in prep) = observational constrain of land
atmosphere feedbacks.

2.3 What processes are responsible for the dispersion?

We compare among our tests the correlations between different
steps of the feedback loop(fig 1) at the intra-seasonal scale: P ,
infiltration,qsoil, ETP (=potential ET ), ET/ETP , rcon, W .

Fig 5. dδD/dW over land minus ocean (observable proxy for
land-atm feedbacks) as a function of correlation between qsoil
andET /ETP , in tropical average.

• qsoil → ET link is critical

Fig 8. a) Comparison between the control (green) and asim-
ulationwith similar ET andqsoil, but with much higher E/ET
(brown).

• Soil water δ18O can identify model biases that arenot ob-
vious in ET or qsoil within measurement errors, but that
impact hydrological response to climate change.

b) Functional relationship between ET andrunoff as a func-
tion of qsoil in the control and higher E/ET test, and conse-
quencefor the response to precipitation decrease.

• E/ET impacts the qsoil → ET functional relationship,
which controls the hydrological reponse to precipitation
changes.

3.2 Implications for hydro-
logical response to atmo-
spheric forcing
Example on the Bray site: response to de-
creaseof annual precipitation by half (fig 8).

Fig 7. Example on the Bray site in Southern France: annual mean soil water δ18O minus precipitation δ18O as a function of
annual meanE/P .

3. Evapo-transpiration parti-
tionning and qsoil → ET link
3.1 Evaluating evapo-transpiration
partitionning using soil water isotopic
measurements
Offline ORCHIDEE simulations on 10sites spanning various hy-
droclimate conditions, numerous sensitivity tests.

• Soil water isotopic measurements can be used to evaluate the
evaporation (E) vs transpiration (T ) partitionning in models
(fig 7).

∗contact: camill e.risi@colorado.edu

1 CIRES, University of Colorado, Boulder, USA, 2LMD/IPSL, CNRS, Paris, France

Fig 2. a) When feedbacks are positive, the fraction of vapor from continental recycling (rcon) increases during
precipitation events. b) differenceof rcon between precipitation events andthe seasonal average, used as a proxy
for land-atm feedbacks. c) Exampleover theAmazon: differencein water vapor δD (measuring the enrichment in
HDO relatively to sea water in h) asa function of differencein rcon.

• Positive feedbacks in most monsoonregions.

• During precipitation events, δD anomaly isall themore enriched as land-atm. feedbacksarepositive

=⇒Useof dδD/dP or dδD/dW asaproxy for land-atm. feedbacks (fig 2c).

2. Land-atmosphere feedbacks on precipi-
tation
• Focus on intra-seasonal scale to look at perturbations within a background large-scale

circulationand to compare with observations.

• Water tagging in LMDZ-ORCHIDEE([4]) to quantify intensity of land-atm feedbacks.

2.1 Quantifying land-atm feedbacks in the model

Fig 1. “ Hydrological response loop” to atmo-
spheric or land use forcing and land-atmosphere
feedback chain. P=precipitation, qsoil=soil humidity,
ET=evapo-transpiration, W=precipitablewater.
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4 Conclusion
• Water isotopic measurements in water vapor can help evaluate the sign and intensity of land-atm feed-

backs

• Thesefeedbacksarevery sensitiveto therepresentation of landsurfaceprocesses, in particular to qsoil →
ET

• qsoil → ET is sensitive to (among others) E/ET partitionning, which can be evaluated using water
isotopic measurements in soil water.
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