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• Based on Yin & Struik (2019)

• Analytical solution of the 3-equation system linking assimilation, stomatal conductance and intercellular 

CO2 concentration

YIN & STRUIK ANALYTICAL SOLUTION



THE FARQUHAR, VON CAEMMERER AND BERRY (FVCB) MODEL
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ASSIMILATION C4 PLANT SPECIES



STRESS FUNCTION FOR VEGETATION

ORCHIDEE

@Ducharne
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STRESS FUNCTION FOR VEGETATION

CTESSEL

very similar

4-layer hydrology/root profile

CTESSEL variable PF2 is 

used in the Farquhar module.
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Canopy is discretized from top to bottom into several Leaf Area Index (LAI) levels.

CANOPY DISCRETIZATION/SCALING
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k extinction coefficient 

k = 0.5 (Monsi and Saeki, 1953)

Vc/j is scaled into the canopy due to reduction of nitrogen

(Johnson and Thornley, 1984): 

Light is attenuated through the canopy following a Beer-

Lambert law: 
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For a given LAI level   :l
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Integration at the canopy level
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CTESSEL VARIABLES USED AS INPUT ARGUMENTS
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!      KIDIA Begin point in arrays

! KFDIA    End point in arrays                                        

! KLON     Length of arrays

!  KVTYPE VEGETATION TYPE CORRESPONDING TO TILE                      

!    KSTEP    Time step index

!     PTSTEP   Timestep 

! PTM1 TEMPERATURE AT T-1                           K

!     PQM1 SPECIFIC HUMIDITY AT T-1                   KG/KG

!     PAPHM1 PRESSURE AT T-1 PA           hPa

!     PLAI LEAF AREA INDEX                      M2/M2

!     PSRFD DOWNWARD SHORT WAVE RADIATION FLUX AT SURFACE W/M2

!     PF2 SOIL MOISTURE STRESS FUNCTION -

!     RCO2 atmospheric CO2 concentration kgCO2 kgAir-1ppm

Note: Tair is taken as an approximation of Tleaf.



EVALUATION AT FLUXNET SITES https://orchidas.lsce.ipsl.fr/dev/cams41/ctessel-co2.php
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EVALUATION AT FLUXNET SITES https://orchidas.lsce.ipsl.fr/dev/cams41/ctessel-co2.php
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Next step is to optimize the parameters for the new AGF output as is done for the standard ORC.

https://orchidas.lsce.ipsl.fr/dev/cams41/ctessel-co2.php


Vcmax_opt maximum rate of carboxylation (carbon fixation)

Vjmax_opt maximum rate of RuBP regeneration

Vc/jmax_opt are PFT-dependent constants.

Vc/jmax is calculated based on Vc/jmax_opt and leaf age efficiency (Ishida et al.,1999).
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OUTLOOKS: PHOTOSYNTHETIC CAPACITY – LEAF AGE DEPENDENCE

Relative leaf efficiency erel as a function of relative leaf age arel,

relative leaf age is defined as the leaf age ai over critical leaf age Acrit.
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Sun

Sun

Two Big-leaf
(Dai et al. 2004)

e.g. CLM4

Sun
SunBig-leaf 

Multilayer, no direct light
e.g. current ORCHIDEE trunk

Multilayer, diffuse and direct light
ORCHIDEE_DF (this work)

Complex model with penumbra
Future model?

Shaded leaf Sunlit leaf

Sun

OUTLOOKS: DIFFERENT PARAMETERIZATIONS OF CANOPY LIGHT TRANSMISSION

@Yuan Zhang 



OUTLOOKS: LIGHT TRANSMISSION IN ORCHIDEE_DF
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Canopy scattering

leaf scattering
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@Yuan Zhang 



OUTLOOKS: CONSTRAIN GPP WITH CARBONYL SULFIDE (COS)
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Maignan et al. (submitted)

Leaf uptake of COS

Fcosbio = GPP . [COS] / [CO2] . Vcos/co2

Vcos/co2 = Leaf Relative Uptake

No COS autotrophic respiration 


