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ORCHIDEE-V3 TRUNK
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The soil biogeochemistry in 
ORCHIDEE
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THE SOIL C IN ORCHIDEE

• Soil representation mainly 
based on CENTURY (Parton et 
al., 1987).
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THE SOIL C IN ORCHIDEE

• Split between stomate_litter.f90 and stomate_soilcarbon.f90
• Run at ½ hourly time-step whereas stomate runs at daily time-
step.
• Moisture and temperature function calculated in 
stomate_litter.f90

€ 

τ =Q10
(T −Topt ) 10

θ =Max(0.25,Min(1,M )
M=-1.1*SM2+2.4*SM-0.29
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THE SOIL C IN ORCHIDEE

• Input from plants 

through bm_to_litter 

and turnover

• Split between above 

and below ground

• Split into two pools: 

metabolic/structural 

depending on lignin and 

N content of the litter.
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THE SOIL C IN ORCHIDEE

• Inputs from litter 

decomposition in 

soilcarbon_input

• Distributed into the 

active and slow pools 

control by the lignin 

content.
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THE SOIL C IN ORCHIDEE

• Decomposition 

following 1st order 

kinetics.

• A fraction of C 

decomposed is respired 

the 1-resp is distributed 

in the other pools.
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THE SOIL N IN ORCHIDEE

• Decomposition 

following 1st order 

kinetics.

• The flux of N from one 

pool to another must 

satisfy the CN_target of 

the receiving pools
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HOW THE NITRIFICATION/DENITRIFICATION 
PROCESSES ARE REPRESENTED

Peng and Zhu (2006)



ORCHIDEE—training Feb. 2023

HOW THE NITRIFICATION/DENITRIFICATION 
PROCESSES ARE REPRESENTED

• Key point -> N outputs fluxes & GHG production
• DNDC is an old model based on Li et al. 1992.
• Design to represent denitrification and
decomposition.
• In ORCHIDEE, only the N-related aspects are used 
but in a simplified way.
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ORIGINAL DNDC

Li et al., (1992)
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USED IN ORCHIDEE

ORIGINAL DNDC
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IMPROVED DNDC

Li et al., (2000)
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THE ANAEROBIC BALLOON CONCEPT

Li et al., (2000)
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Li et al., (2000)

THE EQUATIONS
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THE EQUATIONS



ORCHIDEE—training Feb. 2023

WHAT IS DONE IN ORCHIDEE

• Implemented by Zaehle et al., (2010)
• At that time, no DOC and no soil C discretization.
• Active C pools used instead of DOC.
• Gas diffusion is calculated using a fixed soil depth 
value of 20cm.
• Several parameters tuned.
• With Nicolas, we decided to let the original 
parameter values.
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• For CMIP6, some LSMs will have permafrost C, explicit N 
cycle and perhaps both

• All the necessary piece of code exist within the « orchidee 
environment »

• Opportunity to benefit from the huge effort done in the MICT 
branch by many colleagues (Dan Zhu, Philippe Ciais, 
Matthieu Guimberteau, Charlie Koven, …) 

Only an option in the trunk controlled by 
OK_SOIL_CARBON_DISCRETIZATION

A NEW SOIL SCHEME FROM THE MICT BRANCH
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• Several options are available in MICT but not in the trunk 
(fire, grassland management, permafrost C)

• Focus on permafrost C
• Not only adding « frozen C »

WHAT DO WE TOOK FROM MICT?

• Soil C is discretized
• Diffusion is added (including bioturbation and cryoturbation)
• Temperature effect on SOC mineralization
• When frozen, nroot is set to -> impact on water stress and on 

transpiration. 
• Optional 

• Zimov effect
• Insolation effect (thermal conductivity affected by SOC)
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• Soil organic N is also discretized
• Mineral N is not
• No effect on N plant uptake

WHAT IS NEW
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ONGOING DEVELLOPEMENT

• Representation of the soil C/N profile

• Lateral outputs of C (DOC, Erosion)

• Representation of Priming effect.

• Carbon isotopes (14C and 13C)

• Peatlands
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THANK YOU FOR YOUR ATTENTION!


