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Assimilation allows to:
Å input additional information in the system:
ïKnowledge on some processes
ï9ȄǇƭƻƛǘŀǘƛƻƴ ƻŦ ŀƴŎƛƭƭŀǊȅ Řŀǘŀ όŎƭƛƳŀǘŜΣ ǎƻƛƭΣ Χύ

Åexploit the temporal dimension: process model as a link between 
dates

Åaccess specific processes
ÅRun process models in prognostic mode : simulations for other 

conditions



Large scale data assimilation: case of current 
carbon cycle data assimilation systems (CCDAS)

ÅLittle knowledge on soil, vegetation 
ŎƻƳǇƻǎƛǘƛƻƴΣ Χ

ÅNeed for prognostic simulations (application 
to climate scenarios, or extension of local 
ŜȄǇŜǊƛƳŜƴǘǎ ǘƻ Ǝƭƻōŀƭ ǎŎŀƭŜǎΧύ

ÅAssimilation of fAPAR (little sensitive to 
scaling) and fluxes in ORCHIDEE model



The assimilation system
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Parameters considered
Parameter Governing processes flux fAPAR

flux + 
fAPAR

Kpheno_crit Phenology x x x

Senescence_temp_cPhenology x x x

LAI_MAX Photosynthesis, Phenology, Energy balance x x x

Leafagecrit Phenology x x x

Tau_leafinit Phenology x x x

Clumping Photosynthesis x x x

LAI_init Photosynthesis, Phenology x x x

Vcmax_opt Photosynthesis x x

Humcste Photosynthesis, Water stress x x

Gsslope Photosynthesis x x

Tphoto_opt_c Photosynthesis x x

Tphoto_min_c Photosynthesis x x

SLA Photosynthesis, Respiration X X

Kalbedo_veg Energy balance x x

Q10 Heterotrophic respiration x x

KsoilC Heterotrophic respiration x x

Frac_growthresp Growth respiration x x

Dpu_cste Hydrology, Energy balance x x



Differences between fAPAR products



Diagnostic variable description consistency 

Sud-Ouest: 100% C3G 

 

Sud-Ouest: 100% C3A sunflower 

 

Sud-Ouest: 100% C3A wheat 

 

Sud-Ouest: 100% C4A maize 
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Impact on diagnostic variables

Strong artifacts could be induced on 
flux simulations when assimilating inconsistent 
products  and/or  observation error matrix

Assimilation of fAPAR data



Impact on parameter estimates

 

 

 

Selection of parameters and associated prior values and error matrix not straightforward



Conclusion for CCDAS

ÅNeed better consistency between fAPAR products 
and quantified associated uncertainties (and 
structure)

ÅSensitivity of ORCHIDEE model output to fAPAR

ÅNeed to improve the consistency of diagnostic 
variables description (fAPAR here) between 
model and remote sensing products: derive an 
adequate observation operator

ÅTemporal frequency mandatory for a significant 
fraction of vegetation types and locations



Regional to field scale

ÅMuch more ancillary information available

ïSpecies (even cultivars)

ïCultural practices

ïSoils

ÅNeed for prognostic simulations

ïEnvironmental scenarios, landscape management

ïCultural practices

ÅAssimilation on LAI (reduced scaling issues) 

ÅWork on wheat and vineyard



Assimilation of POLDER observations in the 
STICS model over Alpilles-ReSeDAexperiment



The airbornePOLDER data

14 55

Number of directions

16 flights
3 bands
14 to 55 directions
20 m resolution



NPP (g/m²) LAI (m²/m²)

101

120

Groundmeasurements

Detailedmeasurementsof canopycharacteristicsalongthe growth cycle 



Performances of STICS 
over wheatcanopies

version 4
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CouplingSTICS with RT model
assimilation of radiances

STICS

phenology

total dry
matter

surface soil
moisture

INN

LAI

organs dry
matter

organs water
content

SAIL
PROSPECT

BRDF

organs relative
water content

organs partitioning
factors

INN -> Cab

specific area
factors

Previous analysis showed that the following parameters were the most sensitive:
iplt: sowing date
adens: density effect on LAI
stlevamf: temperature for stem elongation
stamflax: temperature for LAI max
stlaxsen: temperature for senescence

They all are directly 
linked to the 
LAI dynamics 



Conclusions of this study

0

0.2

0.4

0.6

0.8

1

D
ir

e
c
t

F
o

rc
e

d

L
A

I-
5

p

o
b

s
0

0
-

5
p

o
b

s
4

5
-

5
p

o
b

s
6

0
-

5
p

LAI

NPP

0

0.03

0.06

0.09

0.12

0.15

0.18

1 2 3 4 5 6

S
T

IC
S

 d
e
fa

u
lt

S
T

IC
S

  
fo

rc
e
d

N
a

d
ir
 A

ss
im

P
O

L
D

E
R

 
A

ss
im

0
°-

4
5°

A
ss

im

0
°-

6
0°

A
ss

im
DMP

ÅFeasabilityof radiance assimilation
ÅSelection of the variables to be tuned (here 5) ??
ÅRepresentation of the link between LAI and DMP:

LAI good for DMP but not reflecting appropriately 
the effects of stresses 
ÅProblems with realism of RT simulations due to

- Assumptions on architecture
- Description of LAI dynamics by STICS

ÅDifficulties in radiance assimilation
- Errors on RT model poorly known
- difficult with computer demanding models

ÅSome variables of interest little sensitive (DMP) but 
interest for prognostic simulations
ÅAssimilation system: STICS adjointavailable now



The way forward

Ĕ Improved integration of canopy architecture 
description in canopy modeling

Ĕ Development of functional-structural plant 
models (FSPM)

Ĕ Illustration over vineyard



4D model of vineyardarchitecture
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Realistic4D vineyardmodeling

100 °C Day 300 °C Day

550°C Day 1000°C Day
(véraison)



Inclusion of stress functions: 
Functional-Structural Plant Models

Effect of water stress on the development of axes

FromPellegrinoet al. (2004, 2006) and Lebon et al. (2006)
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LAI performances
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Simulation of water stress on architecture dynamics
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