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Outline

1. Model descriptions JULES vs CTESSEL

• Tiles

• Surface energy balance

• Photosynthesis

2. Model results for a forest site

• Energy fluxes

• Carbon fluxes



JULES
Vegetated (PFTs) :  Broadleaf trees

Needle leaf trees

C3 grass

C4 grass

Shrubs

Non vegetated: Urban 

Lake

Soil 

Ice

1.Model description: Tiles

CTESSEL
High vegetation

Low vegetation

Snow on high vegetation

Exposed snow

Interception reservoir

Bare ground

Lake (LAKEHTESSEL)



Surface energy 

balance
G

HLE

N
R

( )( ) ( )4
0 1 1

Rs sk
f Sw Lw T H LE Gα ε σ= − − ↓ + ↓ − + + −

( ) ( )4*
1s

T
C Sw Lw T H LE G

t

δ
α ε σ

δ ∗= − ↓ + ↓ − − − −JULES

CTESSEL

Tsk T*

Radiative ConductiveTurbulent

Skin conductivity 

TA q1

Ts1



Photosynthesis

JULES

• A-gs scheme

• Differentiates C3 and C4 photosynthesis

• Soil moisture stress applied  to leaf 

level net assimilation

• T dependence with Q10 functions

• Scaling  from leaf level photosynthesis:

1.Big leaf approach

2.Multilayer approach

CTESSEL

• A-gs scheme

• Only one type

• Soil moisture stress applied to 

mesophyll conductance 

- Low vegetation formulation

-High vegetation formulation 

• T dependence with Q10 functions

• Big leaf approach with 

differentiation between direct 

and diffuse radiation



Leaf level photosynthesis
JULES: Potential gross photosynthesis is obtained combining 3 regimes: 

1. Rubisco-limited rate

2. Light-limited rate

Vcmax:  max rate of carboxylation of Rubisco

ci:         Internal CO2 partial pressure 

Oa:      Partial pressure of O2
�:         Compensation point

Kc, Ko: Michelis-Menten parameters

α:    Quantum efficiency of photosynthesis

Ipar: Incident photosyntetically active            

radiation

ω: leaf scattering coefficient

3. Rate of transport of photosynthetic products (C3)and PEPCarboxylase limitation (C4) 

P*: Surface air pressure

Vcmax, �, Kc, Ko   depend on temperature  according to Q10 fuctions   



Leaf level photosynthesis



Canopy level photosynthesis



Leaf level photosynthesis
CTESSEL

�: Quantum efficiency 

2.   CO2 limiting regime
ci:   Internal CO2 concentration

A:   Compensation point

gm: Mesophyll conductance



CTESSEL

Leaf level photosynthesis

Soil moisture stress from Calvet (2000) and Calvet et al (2004)

Driven by:

•Mesophyll conductance

•Maximum specific humidity deficit tolerated by the vegetation 

•Ratio cs /ci

Different formulation for high and low vegetation



Canopy level photosynthesis

Radiation attenuation according to Beer’s law with differentiation between diffuse and 

direct radiation 

I0: Radiation above the canopy

Kdf: extinction coeff. for diffuse light

Kdr: extinction coeff. for direct light
� :   ratio of diffuse to total radiation at  

the top of the canopy 

�s : solar zenith angle

CTESSEL



Respiration

JULES

CTESSEL

Dark respiration (leaves only) 

Soil and structural biomass respiration:

(T, snow cover, soil moisture, vegetation) 

Soil moisture attenuation

Snow cover attenuation

Plant respiration = maintenance + growth

(nitrogen contents of stem, roots and leaves)

Dark respiration



Hyytiälä forest (SMEAR II)   (61˚51’N, 24˚17’E, 179 m a.s.l)

Vegetation:  Scots pines (Needle leaf trees)

Observations : FLUXNET 
• Fluxes: eddy-covariance measurements

• Respiration estimated according to Reichstein (2005)

• NEE gapfilled with marginal distribution sampling  (MDS)

JULES

•Big leaf approach (crm1) and multilayer approach (cmr3)

•Phenology and TRIFFID off

•Prescribed LAI

CTESSEL

•without coupling  A-gs to evaporation

•Prescribed LAI

Meteorological forcing: Half-hourly FLUXNET data 

2. Model results 



Energy fluxes



Carbon fluxes

NEE=Reco-GPP



Diurnal GPP



Diurnal respiration



Diurnal NEE NEE=Reco-GPP



GPP, NEE, Reco Accumulations 1998



Accumulated NEE-initial soil carbon

Soil respiration is very sensitive to initial soil carbon pool

Values of soil carbon above 15 kg/m2 will result in a positive NEE (net source of CO2)

Measured 

NEE 1998

-282 g C/m2 day  



Concluding remarks
1. Model comparison:  JULES and CTESSEL 

• Physical processes involving  energy and water are very similar 

• The carbon module presents more differences: treatment of vegetation, soil 

moisture stress

2. Model performance in boreal needle leaf site: 

• Energy fluxes are similar, both overestimate latent heat 

• The use of multilayer photosynthesis in JULES improves the diurnal cycle of 

GPP compared to the big leaf approach.

• CTESSEL is able to reproduce the diurnal cycle with the big leaf approach by 

differentiating between direct and diffuse radiation

• Soil respiration in JULES presents high sensitivity to initial soil carbon pool 


