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Water isotopic composition
> H216O, HDO, H%sO, H%7O, fractionation
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Water isotopic composition
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Water isotopic composition
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Overview of my activities

1. evaluation of atmospheric processes

» processes controlling humidity
» atmospheric deep convection
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Overview of my activities

1. evaluation of atmospheric processes

» processes controlling humidity
» atmospheric deep convection

2. evaluation of land surface processes

» partitionning of water fluxes at land surface
» land-atmosphere feedbacks, continental recycling

3. evaluation of tropical precipitation changes

» what do tropical water isotopic proxies record
> link between past and future behavior (CMIP5)
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LMDZ and ORCHIDEE models

» components of IPSL climate model

land surface mode

atospheric atmoseric model ORCHIDEE
parameterizations LMDZ

> isotope-enabled (Risi et al 2010a) + water tagging  » isotope-
» nudging capability = realistic dynamical context enabled +
» zoom capability down to 30km water tagging
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Available measurements
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» for remote-sensing : focus on spatio-temporal variations
» account for sampling and instrument sensitivity
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Evaluation of LMDZ water vapor and precip

TES data
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Evaluation of ORCHIDEE land surface
isotopes

> Le Bray (France, Wingate et al 2009)

Le Bray, France, 2007
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Evaluation of ORCHIDEE land surface
isotopes

> Le Bray (France, Wingate et al 2009)
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-
—__
-

-15+

8
time (month)

Soﬂ proﬁles August
o)
O
8

g

0]
8
-8 % ‘
5180 (%o)

Observed isotopic forcing Soil water (surface) Stem water
P - data

vapor
precipitation

th data

Introduction



>

Introduction

510 (%)

Evaluation of ORCHIDEE land surface

isotopes

Le Bray (France, Wingate et al 2009)

Le Bray, France, 2007
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Evaluation of LMDZ-ORCHIDEE

precipitation and rivers

GNIR and GNIP data
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|) Using water vapor measurements to
evaluate atmospheric processes

» what controls the water vapor composition

> 3 examples
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Atmospheric processes controlling isotopic
composition

» observational studies (Risi et al 2008b), in particular at
intra-event time scales (Risi et al 2010c, Tremoy et al 2012)

» modeling studies (Risi et al 2008, 2010b, 2012b)
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1) Processes controlling subtropical humidity

P (hPa) condensate detrainement

200

400

600

800

Wright et al 2009
el MU
@

IS circulation
Sherwood et al 1996
lateral and
vertical mixing
Pierrehumbert 1998

1000 ' —
0° 30°N

1) Atmospheric processes

dehydration
in clouds

large-scale

boundary layer

@ mixing
Couhert et al 2010

—— rain evaporation
— Folkins and Martin 2005

13/27



1) Processes controlling subtropical humidity

LMDZ-iso (Risi et al 2010a):
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1) Processes controlling subtropical humidity

LMDZ-iso (Risi et al 2010a):
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1) Processes controlling subtropical humidity

LMDZ-iso (Risi et al 2010a):
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1) Processes controlling subtropical humidity
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1) Processes controlling subtropical humidity

LMDZ-iso (Risi et al 2010):
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What causes the moist biases in GCMs ?

Sensitivity tests:
with LMDZ:

B Control

B Excessively diffusive
vertical advection
Excessive condensate
detrainement

B Insufficient )
in-situ condensation

B AIRS/ACE data

1) Atmospheric processes
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What causes the moist biases in GCMs ?

Sensitivity tests:
with LMDZ:

B Control

B Excessively diffusive
vertical advection
Excessive condensate
detrainement

B Insufficient )
in-situ condensation

B AIRS/ACE data

SWING2 models:
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» frequent reason for moist bias=excessively diffusive advection

1) Atmospheric processes

1427



2) Upper tropospheric convective moistening

MIPAS data at 200hPa, annual
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2) Upper tropospheric convective moistening

MIPAS data at 200hPa, annual
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2) Upper tropospheric convective moistening

Difference 15°S-15°N minus
30°S-30°N at 200hPa

MIPAS data at 200hPa, annual
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3) Interplay convection - large-scale schemes
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3) Interplay convection - large-scale schemes
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Convection vs large-scale precip

Amazon, DJF-JJA (wet-dry)
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Convection vs large-scale precip
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Perspectives on convection

» Combine q, 6D + cloud = better constrain large-scale precip

1) Atmospheric processes 18/27



Perspectives on convection

» Combine q, 6D + cloud = better constrain large-scale precip
» Combine q, D + chemical tracers : CO, O3, 19Be = better
characterize fluxes

1) Atmospheric processes 18/27



Perspectives on convection

» Combine q, 6D + cloud = better constrain large-scale precip

» Combine q, D + chemical tracers : CO, O3, 19Be = better
characterize fluxes

» MJO project : cause of models’ difficulties? = Relate MJO
biases to specific problems in parameterizations, isotopes as
additional diagnostic.

1) Atmospheric processes 18/27



Perspectives on convection

» Combine q, 6D + cloud = better constrain large-scale precip

» Combine q, D + chemical tracers : CO, O3, 19Be = better
characterize fluxes

» MJO project : cause of models’ difficulties? = Relate MJO
biases to specific problems in parameterizations, isotopes as
additional diagnostic.

» |ASI data : daily global coverage =-convective organization,
life cycle
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I1) Using soil water, river water and water
vapor measurements to evaluate land surface
processes

> 4 examples
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1) Surface water budget

Le Bray (France)
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> soil water isotopic measurements -> bare soil evaporation
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2) Diffusion /infiltration in soils

Sensitivity to
soil properties

2

o

August 2007
-40

-60

depth (cm)

-80

-100

-120

-5 -45 -4 -35
B0 (%)

—— control T
— lower tortuosity piston flow

I1) Land surface processes 21/27



2) Diffusion /infiltration in soils

Sensitivity to Sensitivity to
soil properties infiltration processes
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3) Pathways from precipitation to rivers
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3) Pathways from precipitation to rivers

Vienna

groundwater

Observations

—— precipitation
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3) Pathways from precipitation to rivers

groundwater

Vienna

Observations

—— precipitation

— river
LMDZ-ORCHIDEE-iso
---- control

==== all surface runoff
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I1) Land surface processes
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3) Pathways from precipitation to rivers
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4) Continental recycling

Water tagging:

/[ p
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4) Continental recycling

Water tagging:
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% vapor from continental
evapo-transpiration (7o)

I1) Land surface processes
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4) Continental recycling

Water tagging:

PDF of vapor composition

<%\ monthly, all tropical land points
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total vapor transpiration
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% vapor from continental
evapo-transpiration (7o)
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Continental recycling feedbacks
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Continental recycling feedbacks
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Continental recycling feedbacks
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» use D1 iso to evaluate role of cont recycling (Risi et al in rev)
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Evaluating continental recycling feedbacks

tropical land average

GOSAT 05— TES
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4 instrument sensitivity effects
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Evaluating continental recycling feedbacks

tropical land average

GOSAT 03— TES
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» Does LMDZ underestimate the role of continental recycling ?

» Or atmospheric problems ?
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Perspectives on land surface

> isotopes in 11-layer hydrology of ORCHIDEE = better
simulation of soil profiles, more physical runoff-drainage
partitioning

> use d-excess signal in the vapor to constrain
evaporation/transpiration partitioning ?

> link between present-day representation of the water cycle and
simulated hydrological response to climate changes
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> use d-excess signal in the vapor to constrain
evaporation /transpiration partitioning ?

> link between present-day representation of the water cycle and
simulated hydrological response to climate changes

> irrigation changes using water tagging
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Conclusion

» Potential of isotopic measurements to evaluate a broad range
of processes in atmospheric and land surface models
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