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Evapo-transpiration partitioning
◮ ORCHIDEE-iso land surfa
e model (Risi et al in rev,a)

 3.2  3.4  3.6  3.8  4  4.2  4.4  4.6  4.8  5  5.2
−0.2

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

control
stomatal resistance /5
no drainage, only surface runoff
soil capacity /2
less vegetation cover
root extraction depth /4

Le Bray (France)

observations

D

E/I (%)
δ

1
8
O

s
o
il
−

δ
1
8
O

p

(h)
Rs

ET P
moisturesoil I

3) Land-atmosphere feedba
ks 21/31



Evapo-transpiration partitioning
◮ ORCHIDEE-iso land surfa
e model (Risi et al in rev,a)

 3.2  3.4  3.6  3.8  4  4.2  4.4  4.6  4.8  5  5.2
−0.2

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

control
stomatal resistance /5
no drainage, only surface runoff
soil capacity /2
less vegetation cover
root extraction depth /4

Le Bray (France)

observations

D

E/I (%)
δ

1
8
O

s
o
il
−

δ
1
8
O

p

(h)
Rs

ET P
moisturesoil I

3) Land-atmosphere feedba
ks 21/31



Does it matter for 
limate 
hange?
P

re
se

nt
−

da
y

more bare soil+stronger stomatalresistan
e
ORCHIDEEo�-line simulationsat Le Bray:
ontrol

δ18Os (h)
-6-5-4
-3 1hqsoil (mm)

240260
220

5%
0

10%
0.40.8
1.2

ET (mm/d)E/ET (%)
1020
30
0

3) Land-atmosphere feedba
ks 22/31



Does it matter for 
limate 
hange?
P

re
se

nt
−

da
y

cl
im

at
e 

ch
an

ge more bare soil+stronger stomatalresistan
e
ORCHIDEEo�-line simulationsat Le Bray:
ontrol

δ18Os (h)
-6-5-4
-3 1hqsoil (mm)

240260
220

5%
0

10%
0.40.8
1.2

ET (mm/d)E/ET (%)
1020
30
0de
reases by 50%0

-100-150
-50 40% less

∆qsoil (mm/d)Pre
ipitation

de
rease3) Land-atmosphere feedba
ks 22/31



Does it matter for 
limate 
hange?
P

re
se

nt
−

da
y

cl
im

at
e 

ch
an

ge

Temperaturein
reases by 4K
60% morein
rease

∆ ET (mm/d)0.40.30.20.10
more bare soil+stronger stomatalresistan
e

ORCHIDEEo�-line simulationsat Le Bray:
ontrol

δ18Os (h)
-6-5-4
-3 1hqsoil (mm)

240260
220

5%
0

10%
0.40.8
1.2

ET (mm/d)E/ET (%)
1020
30
0de
reases by 50%0

-100-150
-50 40% less

∆qsoil (mm/d)Pre
ipitation

de
rease3) Land-atmosphere feedba
ks 22/31



Impa
t on response to pre
ipitationFun
tional relationships (Koster and Milly 1996)

 0  50  100  150  200  250
 0

 1

 2

 3

 4

ET

ET+R

control

ET(m
m)

soil moisture (mm)3) Land-atmosphere feedba
ks 23/31



Impa
t on response to pre
ipitationFun
tional relationships (Koster and Milly 1996)

 0  50  100  150  200  250
 0

 1

 2

 3

 4

E remains strong
in winter despite
low soil moisture
and limits runoff

control
more bare soil, stronger stomatal resistance

ET

ET+R

ET(m
m)

soil moisture (mm)3) Land-atmosphere feedba
ks 23/31



Impa
t on response to pre
ipitationFun
tional relationships (Koster and Milly 1996)

 0  50  100  150  200  250
 0

 1

 2

 3

 4

E remains strong
in winter despite
low soil moisture
and limits runoff

control
more bare soil, stronger stomatal resistance

ET

ET+R

P

ET(m
m)

soil moisture (mm)3) Land-atmosphere feedba
ks 23/31



Impa
t on response to pre
ipitationFun
tional relationships (Koster and Milly 1996)

 0  50  100  150  200  250
 0

 1

 2

 3

 4

E remains strong
in winter despite
low soil moisture
and limits runoff

control
more bare soil, stronger stomatal resistance

ET

ET+R

P

ET(m
m)

soil moisture (mm)3) Land-atmosphere feedba
ks 23/31



Impa
t on response to pre
ipitationFun
tional relationships (Koster and Milly 1996)

 0  50  100  150  200  250
 0

 1

 2

 3

 4

E remains strong
in winter despite
low soil moisture
and limits runoff

control
more bare soil, stronger stomatal resistance

P
 decreasesET

ET+R

P

ET(m
m)

soil moisture (mm)3) Land-atmosphere feedba
ks 23/31



Impa
t on response to pre
ipitationFun
tional relationships (Koster and Milly 1996)

 0  50  100  150  200  250
 0

 1

 2

 3

 4

E remains strong
in winter despite
low soil moisture
and limits runoff

control
more bare soil, stronger stomatal resistance

P
 decreasesET

ET+R

P

ET(m
m)

soil moisture (mm)soil moisture de
reases less strongly3) Land-atmosphere feedba
ks 23/31



Summary on evapo-transpiration partitioning
◮ Isotopi
 measurements 
an dete
t misrepresentation in baresoil evaporation/transpiration partitioning, even if it has noimpa
t on traditional observable variables

3) Land-atmosphere feedba
ks 24/31



Summary on evapo-transpiration partitioning
◮ Isotopi
 measurements 
an dete
t misrepresentation in baresoil evaporation/transpiration partitioning, even if it has noimpa
t on traditional observable variables
◮ This partitioning impa
ts the land surfa
e hydrologi
alresponse to 
limate 
hange, even if it doesn't impa
tpresent-day hydrology

3) Land-atmosphere feedba
ks 24/31



Summary on evapo-transpiration partitioning
◮ Isotopi
 measurements 
an dete
t misrepresentation in baresoil evaporation/transpiration partitioning, even if it has noimpa
t on traditional observable variables
◮ This partitioning impa
ts the land surfa
e hydrologi
alresponse to 
limate 
hange, even if it doesn't impa
tpresent-day hydrology
◮ Perspe
tives:

◮ To what extent does it 
ontribute to inter-model spread inhydrologi
al proje
tions?
3) Land-atmosphere feedba
ks 24/31



Summary on evapo-transpiration partitioning
◮ Isotopi
 measurements 
an dete
t misrepresentation in baresoil evaporation/transpiration partitioning, even if it has noimpa
t on traditional observable variables
◮ This partitioning impa
ts the land surfa
e hydrologi
alresponse to 
limate 
hange, even if it doesn't impa
tpresent-day hydrology
◮ Perspe
tives:

◮ To what extent does it 
ontribute to inter-model spread inhydrologi
al proje
tions?
◮ To what extent does it feedba
k on pre
ipitation 
hanges?

3) Land-atmosphere feedba
ks 24/31



Isotopi
 signature of evaporative origin

5 10 15 20 25 30 4050 60 70 80 90

120W 60W 0 60E 120E

60N

30N

Eq

30S

60S

Water tagging:
ET P

evapo-transpiration (rcon)% vapor from 
ontinental3) Land-atmosphere feedba
ks 25/31



Isotopi
 signature of evaporative origin

−30 −24 −18 −12 −6 0

120

−30

0

60

90

30

5 10 15 20 25 30 4050 60 70 80 90

120W 60W 0 60E 120E

60N

30N

Eq

30S

60S

Water tagging:

d-ex
es
s(h)

δ
18

O (h)

monthly, all tropi
al land pointsPDF of vapor 
omposition
bare soilevaporation

transpirationtotal vaporo
eani
 vapor

ET P

evapo-transpiration (rcon)% vapor from 
ontinental3) Land-atmosphere feedba
ks 25/31



Water isotopes and 
ontinental re
y
ling
Koster et al 2006

Land-atmosphere feedba
ks"hot spots"

de
rease in pre
ip varian
e when soil moisture is pres
ribed

3) Land-atmosphere feedba
ks 26/31



Water isotopes and 
ontinental re
y
ling

120E60E060W120W

30S

Eq

30N

60N

60S
−0.8

−0.6

−0.4

0.2
−0.2

0.4

0.6

0.8

Koster et al 2006
orrelation δ18O - rcon, intra-seasonal s
ale, annual mean
Land-atmosphere feedba
ks"hot spots"

de
rease in pre
ip varian
e when soil moisture is pres
ribed

3) Land-atmosphere feedba
ks 26/31



Diagnosing land-atmosphere feedba
ks
ET րsoil moisture րmoisture
onvergen
e ր P ր

P ր

strong pre
ipitation 
omposite minus seasonal average:

3) Land-atmosphere feedba
ks 27/31



Diagnosing land-atmosphere feedba
ks

30S

Eq

30N

60N

60W120W 0 60E 120E

−10 −5 −2 2 5 10

ET րsoil moisture րmoisture
onvergen
e ր P ր

P ր

strong pre
ipitation 
omposite minus seasonal average:
∆rcon (%) JJA

3) Land-atmosphere feedba
ks 27/31



Isotopi
 signature of feedba
ks

60W120W 0 60E 120E

−10 −5 −2 2 5 10

30S

Eq

30N

60N

8 1240−4

−4 0 4 8 12 16

0
4

−4

8

12

−8
−12A
m

az
on

, D
JF

W
es

te
rn

 U
S

, J
JA

−4

0

4

8

12

16

positivefeedba
kland-atmosphere
ontrol bylarge-s
ale
onvergen
e

∆rcon (%) JJA
∆

δ
D

v
(h) Strong pre
ipitation 
ompositeminus seasonal average:

∆rcon (%)

∆rcon (%)
∆

δ
D

v

(h)

3) Land-atmosphere feedba
ks 28/31



Could we dis
riminate bewteen di�erentsimulated feedba
ks?
Eq

30N

60N

30S

−10 −5 −2 2 5 10

Eq

30N

60N

30S

60W120W 0 60E 120E

60W120W 0 60E 120E

control

less bare soil

∆rcon (%) JJA, 
ontrol3) Land-atmosphere feedba
ks 29/31



Could we dis
riminate bewteen di�erentsimulated feedba
ks?
Eq

30N

60N

30S

−10 −5 −2 2 5 10

Eq

30N

60N

30S

60W120W 0 60E 120E

60W120W 0 60E 120E

−3 −2 −1  0  1  2  3  4  5−5

−4

−3

−2

−1

 0

−8
−6
−4
−2
 0
 2
 4
 6

−8 −6 −4 −2  0  2  4  6

control

less bare soil

A
m

az
on

 D
JF

W
es

te
rn

 U
S

, J
JA


ontrolless bare soil∆rcon (%) JJA, 
ontrol

∆rcon (%)

∆
δ
D

v

(h)
∆rcon (%)

∆
δ
D

v

(h)

positiveland-atmospherefeedba
klarge-s
ale
onvergen
e
ontrol by3) Land-atmosphere feedba
ks 29/31



Summary on land-atmosphere feedba
ks
◮ Water vapor isotopes re
ord land-atmosphere feedba
ks atintra-seasonal s
ale and 
ould help dis
riminate betweendi�erent simulations

3) Land-atmosphere feedba
ks 30/31



Summary on land-atmosphere feedba
ks
◮ Water vapor isotopes re
ord land-atmosphere feedba
ks atintra-seasonal s
ale and 
ould help dis
riminate betweendi�erent simulations
◮ Perspe
tives:

◮ Use data: in-situ, satellite (GOSAT)
3) Land-atmosphere feedba
ks 30/31



Summary on land-atmosphere feedba
ks
◮ Water vapor isotopes re
ord land-atmosphere feedba
ks atintra-seasonal s
ale and 
ould help dis
riminate betweendi�erent simulations
◮ Perspe
tives:

◮ Use data: in-situ, satellite (GOSAT)
◮ Robustness of isotopi
 diagnosti
s?

◮ model inter-
omparisons: ORCHIDEE, isoLSM, soon CLMand ORCHIDEE-multi-layer
3) Land-atmosphere feedba
ks 30/31



Summary on land-atmosphere feedba
ks
◮ Water vapor isotopes re
ord land-atmosphere feedba
ks atintra-seasonal s
ale and 
ould help dis
riminate betweendi�erent simulations
◮ Perspe
tives:

◮ Use data: in-situ, satellite (GOSAT)
◮ Robustness of isotopi
 diagnosti
s?

◮ model inter-
omparisons: ORCHIDEE, isoLSM, soon CLMand ORCHIDEE-multi-layer
◮ Relevan
e for hydrologi
al proje
tions?

◮ Do some pro
esses determine behavior at intra-seasonals
ales, and in 
ontext of- global warming- land use 
hange (deforestation, irrigation)3) Land-atmosphere feedba
ks 30/31



Con
lusion
200

400

800

600

100P (hPa)

unsaturateddowndraftsreevaporationsurfa
ewaterbudget

onve
tionvs large-s
ale
ontinentalre
y
ling
adve
tiondi�usive

Con
lusion 31/31



Con
lusion
200

400

800

600

100P (hPa)

unsaturateddowndraftsreevaporationsurfa
ewaterbudget

onve
tionvs large-s
ale
ontinentalre
y
ling
adve
tiondi�usive

◮ Ultimate goal: isotopi
 diagnosti
s to evaluate models andtheir proje
tions:
Con
lusion 31/31



Con
lusion
200

400

800

600

100P (hPa)

unsaturateddowndraftsreevaporationsurfa
ewaterbudget

onve
tionvs large-s
ale
ontinentalre
y
ling
adve
tiondi�usive

◮ Ultimate goal: isotopi
 diagnosti
s to evaluate models andtheir proje
tions:
◮ new isotopi
 data

Con
lusion 31/31



Con
lusion
200

400

800

600

100P (hPa)

unsaturateddowndraftsreevaporationsurfa
ewaterbudget

onve
tionvs large-s
ale
ontinentalre
y
ling
adve
tiondi�usive

◮ Ultimate goal: isotopi
 diagnosti
s to evaluate models andtheir proje
tions:
◮ new isotopi
 data
◮ new model-data 
omparison methodologies

Con
lusion 31/31



Con
lusion
200

400

800

600

100P (hPa)

unsaturateddowndraftsreevaporationsurfa
ewaterbudget

onve
tionvs large-s
ale
ontinentalre
y
ling
adve
tiondi�usive

◮ Ultimate goal: isotopi
 diagnosti
s to evaluate models andtheir proje
tions:
◮ new isotopi
 data
◮ new model-data 
omparison methodologies
◮ model inter-
omparisonsCon
lusion 31/31



Con
lusion
200

400

800

600

100P (hPa)

unsaturateddowndraftsreevaporationsurfa
ewaterbudget

onve
tionvs large-s
ale
ontinentalre
y
ling
adve
tiondi�usive

◮ Ultimate goal: isotopi
 diagnosti
s to evaluate models andtheir proje
tions:
◮ new isotopi
 data
◮ new model-data 
omparison methodologies
◮ model inter-
omparisons
◮ pro
ess/feedba
ks studies 
omparing models behavior forpresent 
limate and for proje
tionsCon
lusion 31/31



Suplementary material

Supplementary material 32/31



Evaluation against SCIAMACHY
120W180W 060W 60E 120E 180E

30S

Eq

30N

30S

Eq

30N

120W180W 060W 60E 120E 180E

δD (h) total 
olumn-200 -180 -170 -160 -150 -140 -130 -120 -110 -100

-80 -60 -40 -20 -10 10 20 40 60 80
∆δD (h) total 
olumn JJA-DJF

LMDZ 
ontrolSCIAMACHY data

Risi et al in rev,bSupplementary material 33/31



Evaluation against TES
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