
Permafrost and wetland CH4 emissions in ORCHIDEE 

 

Shushi Peng, Philippe Ciais, Gerhard Krinner, 

Isabelle Gouttevin, Bruno Ringevel, Charles D. Koven 

 

LSCE and LGGE 

 

Abstract: The permafrost degradation under the context of climate warming is one of 

the most interesting questions in climate change science, because (1) permafrost 

contains the largest organic carbon reservoir in the terrestrial system, which may 

contribute a powerful greenhouse gas such as CO2 and CH4 positive feedbacks on 

climate; and (2) permafrost stability have important impacts on social-economics of 

permafrost domain. Here, the progress of permafrost and wetland CH4 emissions 

modules incorporated into 11-layer soil diffusion scheme was introduced. Then, we 

show a part of results of high-latitude version of ORCHIDEE for the current 

international projects RCN and PAGE21. Finally, the future plan of ORCHIDEE 

development including thermokarst module was also discussed in this presentation.  
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18.7 million km2

~1672 Pg C in permafrost 
soil

Possible strong feedbacks 
of CO2 and CH4 on climate
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ORCHIDEE on high latitude

Existing modules

My work progress

Plan framework
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Permafrost

 Vertical SOC distribution

 Organic insulation

 Cryoturbation

 Deep C deposit

Freeze-Thaw

Ice-liquid water content

Soil thermal parameters

Methane

 TOPMODEL

 CH4 emission (Q10)

ORCHIDEE on high latitude

Snow

 Multi-layer
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Permafrost OC

Koven et al., 2009, GRL
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Permafrost OC
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Permafrost OC

Koven et al., 2011, PNAS
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Freeze-thaw

Gouttevin et al., 2012, TC
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Methane emission from wetlands

TOPMODEL: sub-grid
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Permafrost

 Vertical SOC distribution

 Organic insulation

 Cryoturbation

 Deep C deposit

Freeze-Thaw

Ice-liquid water content

Soil thermal parameters

Methane

 TOPMODEL

 CH4 emission (Q10)

Pan-Arctic simulation Stage 1
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Pan-Arctic simulation Stage 1

RCN and PAGE21

8 historical simulations from 1960-2009

4 simulations*2 scenarios future simulations from 2010-
2300
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All, trend=-1.2*104 km2/yr, P<0.001

BONA, trend=0.2*104 km2/yr, P=0.004

BOEU, trend=-0.4*104 km2/yr, P<0.001

BOAS, trend=-0.9*104 km2/yr, P<0.001
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Work progress

For parallel run:

1. Add deep yedoma map into SOC

2. Debug for cryoturbation and other flags for permafrost

3. Debug for TOPMODEL
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Prigent Maximum fraction ORCHIDEE Fsat maximum ORCHIDEE Fwet maximum

Prigent Mean annual ORCHIDEE Fsat mean annual ORCHIDEE Fwet mean annual

11-layer soil moisture + TOPMODEL needs 
calibrations

Global simulations for large rivers runoff 
comparison is running…
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Permafrost

 Vertical SOC distribution

 Organic insulation

 Cryoturbation

 Deep C deposit

Freeze-Thaw

Ice-liquid water content

Soil thermal parameters

Methane

 TOPMODEL

 CH4 emission (Q10)

Pan-Arctic simulation Stage 2

On going test and need 
calibration for the 
saturation fraction and 
methane emission rate…
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Smith et al., 2005, Science

Thermokarst module plan

Chen et al., 2012
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Temperature
Water balance 
from precipitation 
and ET

Permafrost Grid

ice content>threshold

Continuous permafrost

Y

Lake area > threshold

Y

Lake area changes = f(ΔT)+f(P-ET-runoff)

N

Thermokarst algorithm v1

Y

Lake area changes = f(lake area) 
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Thermokarst lakes maps
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Permafrost

 Vertical SOC distribution

 Organic insulation

 Cryoturbation

 Deep C deposit

Freeze-Thaw

Ice-liquid water content

Soil thermal parameters

Methane

 TOPMODEL

 CH4 emission (Q10)

Pan-Arctic simulation Stage 3

Thermokarst
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High latitude ORCHIDEE framework

Permafrost

Fire Snow

Wetland+
Thermokarst
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