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Uncertainties in climate projections
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1) Processes controlling relative humidity

» tropical /subtropical free tropospheric relative humidity (RH)
impacts:

» water vapor feedback (Soden et al 2008)
» cloud feedbacks (Sherwood et al 2010)
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1) Processes controlling relative humidity

» tropical /subtropical free tropospheric relative humidity (RH)
impacts:

» water vapor feedback (Soden et al 2008)
» cloud feedbacks (Sherwood et al 2010)

» but:

» significant dispersion in climate models (Sherwood et al 2010)
» moist bias in the mid/upper troposphere (John and Soden 2005)

— need process-based evaluation of RH in climate models
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Zonal Seasonal variations (JJA-DJF)
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What causes the moist biases in GCMs?

Sensitivity tests:
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What causes the moist biases in GCMs?
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> robustness? additional tests, theoretical understanding

» frequent reason for moist bias=excessively diffusive advection
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What impact on humidity projections?
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» How a moist bias affect humidity change projections depends

on the reason for the bias
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What impact on climate sensitivity?

> radiative kernel decomposition (Soden et al 2008)
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What impact on climate sensitivity?

> radiative kernel decomposition (Soden et al 2008)
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Summary on relative humidity

» \Water vapor isotope measurements as observational
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climate models

1) Processes controlling humidity 14/31



Summary on relative humidity

» \Water vapor isotope measurements as observational

diagnostics to understand the reasons for a moist bias in
climate models

» Excessive vertical diffusion during water vapor transport is a
widespread cause of moist bias in climate models

1) Processes controlling humidity 14/31



Summary on relative humidity

» \Water vapor isotope measurements as observational
diagnostics to understand the reasons for a moist bias in
climate models

» Excessive vertical diffusion during water vapor transport is a
widespread cause of moist bias in climate models

» Understanding this reason is all the more important as

humidity change projections depends on the reason for the
moist bias

1) Processes controlling humidity 14/31



Summary on relative humidity

» \Water vapor isotope measurements as observational
diagnostics to understand the reasons for a moist bias in
climate models

» Excessive vertical diffusion during water vapor transport is a
widespread cause of moist bias in climate models

» Understanding this reason is all the more important as
humidity change projections depends on the reason for the
moist bias

» Consequences on climate change complicated by dynamical
and cloud feedbacks
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2) Convective processes

» microphysical processes? (Emanuel and Pierrehumbert 1996)
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Processes along squall lines

» rain sampled every 5 mins in Niamey during AMMA campaign
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Processes along squall lines

» rain sampled every 5 mins in Niamey during AMMA campaign
> interpretation with 2D model of transport/microphysics
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Processes along squall lines

» rain sampled every 5 mins in Niamey during AMMA campaign
> interpretation with 2D model of transport/microphysics
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Convective/large-scale fluxes
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Convective/large-scale fluxes

100hPa o g e
O
o O
convective o o
detrainement .
convective \
compensating aspent 1 1
subsidence © ﬁnsa\tur ted a;gs%_:r?? ¢
o \\dgm\ldrafts vertical diffusio
A
N
\ \ & /K/ge\(a})oration
\ \ >k =K
¥

convective scheme ——— ™~ large-scale —~

Sensitivity tests with LMDZ:
—— control; AR4

—— more diﬂ’usnéia vertical advection

tronger con ensatg etrainement
—— less |arge-scale condengation

ess large-scale precipitation

2) Convective processes 17/31



Convective contribution to water budget
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Convective contribution to water budget
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Convective contribution to water budget
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> P1s/Piot ill-defined quantity, but influences cloudiness,
intra-seasonal variability, chemical tracor transport
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Summary on convection
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Summary on convection
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» Perspectives:
» New physics of LMDZ for AR5 (Rio et al 2009)
» Design diagnostics based on cloud processes/isotopes link:

» High frequency data: e.g. ground-based remote-sensing
> A-train synergy: TES+CALIPSO/Cloudsat
» impact of misrepresentation of convective processes on
precipitation changes?
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3) Land atmosphere feedbacks
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3) Land atmosphere feedbacks

» inter-model spread (Koster et al, Guo et al 2006)
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3) Land atmosphere feedbacks

» inter-model spread (Koster et al, Guo et al 2006)
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Evapo-transpiration partitioning

» ORCHIDEE-iso land surface model (Risi et al in rev,a)

Le Bray (France)
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Evapo-transpiration partitioning

» ORCHIDEE-iso land surface model (Risi et al in rev,a)
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Does it matter for climate Change?
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Impact on response to precipitation

Functional relationships (Koster and Milly 1996)
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Impact on response to precipitation

Functional relationships (Koster and Milly 1996)
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Summary on evapo-transpiration partitioning

> Isotopic measurements can detect misrepresentation in bare
soil evaporation/transpiration partitioning, even if it has no
impact on traditional observable variables
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Summary on evapo-transpiration partitioning

> Isotopic measurements can detect misrepresentation in bare
soil evaporation/transpiration partitioning, even if it has no
impact on traditional observable variables

» This partitioning impacts the land surface hydrological
response to climate change, even if it doesn't impact
present-day hydrology

» Perspectives:

» To what extent does it contribute to inter-model spread in
hydrological projections?
» To what extent does it feedback on precipitation changes?
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Isotopic signature of evaporative origin

Water tagging:
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Isotopic signature of evaporative origin

Water tagging:
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Water isotopes and continental recycling

decrease in precip variance when soil moisture is prescribed
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Water isotopes and continental recycling

decrease in pre(np variance when soil moisture is prescribed
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Diagnosing land-atmosphere feedbacks
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Diagnosing land-atmosphere feedbacks
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Isotopic signature of feedbacks
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Could we discriminate bewteen different
simulated feedbacks?
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Could we discriminate bewteen different
simulated feedbacks?
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Summary on land-atmosphere feedbacks

» Water vapor isotopes record land-atmosphere feedbacks at
intra-seasonal scale and could help discriminate between
different simulations
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Summary on land-atmosphere feedbacks

» Water vapor isotopes record land-atmosphere feedbacks at
intra-seasonal scale and could help discriminate between
different simulations

» Perspectives:

» Use data: in-situ, satellite (GOSAT)
» Robustness of isotopic diagnostics?

» model inter-comparisons: ORCHIDEE, isoLSM, soon CLM
and ORCHIDEE-multi-layer

» Relevance for hydrological projections?

> Do some processes determine behavior at intra-seasonal
scales, and in context of
- global warming
- land use change (deforestation, irrigation)
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» Ultimate goal: isotopic diagnostics to evaluate models and
their projections:

new isotopic data

new model-data comparison methodologies

model inter-comparisons

process/feedbacks studies comparing models behavior for
present climate and for projections
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Evaluation against SCIAMACHY
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Evaluation against TES

TES data _
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What causes the moist bias?

Sensitivity tests: 400 hPa, 15°N-30°N mean

with LMDZ:
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Consequences on projections
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Consequences on projections
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Upper troposphere detrainment

MIPAS data at 200hPa, annual
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Upper troposphere detrainment

MIPAS data at 200hPa, annual
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Upper troposphere detrainment

MIPAS data at 200hPa, annual
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Soil water isotopes
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Estimating evapotranspiration partitioning

680,00 — 0180,

estlmated from 51mulated
1sotop10 measurements

60

30N
Eq

308’

608

120W  60W 0 60E  120E
I - ]
1 3 5 710 15 20 3050 70 90 95

E/P (%)

Supplementary material 39/31
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Estimating continental recycling

\ June-July 2006 in Niamey, daily
1 . ! . . -
1 — Teon g
o0 AN
Tcon __5 0.8 e \X// ]
[} [] :
=3 .
9]
£0.6 :
- .
[} . [ ]
X Z04} R
o - » [ )
u d‘:;;“" known 0.2 .’--"
e ‘ ‘ ‘ Risi et ‘al 2010d
0 0.2 0.4 0.6 0.8 1

simulated recycling

Feon db,/dx — dbuece/dx
d <1 ) /dx = 5, =3,

— Icon

Supplementary material 40/31



Estimating continental recycling

\ June-July 2006 in Niamey, daily
1 . . ! . -
1- Tcon 4
a0 . /“{‘
Tcon __5 0.8 e \‘/ 1
[} [] :
S .
(&) ¢
206 :
ke 7.
[} . n
X Zo4f L
= S IR
) “ ”
. % known T0.2¢t %‘f o R
*de depends E : Risi et al 2010d
linearly on precipitation 0 L isieta

o 02 04 06 08 1
simulated recycling

Feon db,/dx — dbuece/dx
d <1 ) /dx = 5, =3,

— Icon

Supplementary material 40/31



Estimating continental recycling
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Monitoring land-atmosphere feedbacks
related to land use change or global warming
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Monitoring land-atmosphere feedbacks
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Impact on response to temperature

—— control _ )
—— more bare soil, stronger stomatal resistance
E) 3t ) o
£
=gy I
1C | | | 3
100 150 200 250

Supplementary material

soil moisture (mm)

ET+R
P

ET

43/31



Impact on response to temperature
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Impact on response to temperature
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