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THE SOIL BIOGEOCHEMISTRY IN ORCHIDEE 2.0 

•  Soil representation mainly 
based on CENTURY (Parton et 
al., 1987). 
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•  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 
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M. Camino-Serrano et al.: ORCHIDEE-SOM 941

Figure 1. Overview of the revised version of ORCHIDEE-SOM presented here (lower panel) compared to the soil module in the trunk
version of ORCHIDEE SVN r3340 (upper panel). The white box represents pools, fluxes, and major processes occurring in each of the 11
soil layers. The equations used for the processes occurring within and between layers are represented (see text for details).

and physical processes affecting soil carbon (i.e., decomposi-
tion, sorption of DOC, advection, and diffusion) and, finally,
the model parameterization and evaluation exercise are de-
scribed.

2.1 Vertical discretization of the soil carbon module

For mathematical reasons, ORCHIDEE SVN r3340 has two
different discretized schemes for soil physics: one for en-
ergy and other for hydrology. Since ORCHIDEE-SOM re-
quires the transport of water between layers and drainage
for the calculation of DOC concentrations and fluxes, we
adopted the discretization used for the soil hydrology scheme
whose performance has already been tested against trop-
ical (Guimberteau et al., 2014), boreal (Gouttevin et al.,

2012), and temperate datasets (Campoy et al., 2013). There-
fore, ORCHIDEE-SOM represents a 2 m soil column with
11 discrete layers of geometrically increasing thicknesses
with depth. This kind of geometric configuration is used in
most LSMs describing the vertical soil water fluxes based on
the Richards equation, such as ORCHIDEE (Campoy et al.,
2013). More information on the hydrological formulation of
ORCHIDEE is given in Sect. 2.2.3.

The midpoint depths (in meters from the surface) of the
layers in the discretized soil column are 0.00098, 0.00391,
0.00978, 0.02151, 0.04497, 0.09189, 0.18573, 0.37341,
0.74878, and 1.49951, respectively. The first layers in the
soil hydrology discretization scheme are thinner (1 mm) than
needed in terms of biological and pedogenic process repre-
sentation. Nevertheless, we decided to integrate the 11-layer

www.geosci-model-dev.net/11/937/2018/ Geosci. Model Dev., 11, 937–957, 2018

No discretization with depth 
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124 M. Guimberteau et al.: ORCHIDEE-MICT, a LSM for the high latitudes

Figure 1. Temperature, water and carbon interactions in the initial version of ORCHIDEE (black), and processes included in ORCHIDEE-
MICT in this study (red). Note that in the simulations in this study, the soil thermics and hydrology modules read a prescribed observation-
based soil carbon map (see Eq. 9), which is independent of the prognostically simulated SOC by the carbon module; thus, the two red arrows
here are dashed lines.

and will be described in the upcoming CMIP6 ORCHIDEE
paper as mentioned in Sect. 2.

3.2 Soil hydrology and river routing

ORCHIDEE simulates soil water fluxes and storage through
a multi-layer soil hydrology scheme described by de Rosnay
et al. (2000, 2002) and Campoy et al. (2013). Soil moisture
is redistributed in the column by solving the Richards equa-
tion for vertical unsaturated flow under the effect of root up-
take. The hydraulic conductivity and diffusivity depend on
soil moisture, following the Mualem–van Genuchten model
(Mualem, 1976); (Van Genuchten, 1980), and using param-
eters defined by Carsel and Parrish (1988). These variables
depend on the dominant soil texture in each grid cell, based
on the 12 USDA texture classes provided at the 0.08� reso-
lution from Reynolds et al. (2000). For frozen soils, the de-
crease in the hydraulic conductivity (Gouttevin et al., 2012a)
reduces infiltration into the soil and drainage, and increases
surface runoff. The 2 m soil column is divided into 11 lay-
ers, with layer thickness increasing geometrically with depth
(Fig. S1). The saturated hydraulic conductivity is modified
according to the scheme in d’Orgeval et al. (2008). This
decreases exponentially below a top-30 cm depth boundary
to account for increased soil compaction, as suggested by
Beven and Germann (1982), and increases above that bound-
ary towards the soil surface due to the enhanced infiltra-
tion capacity afforded by vegetative roots, whose presence
increases soil porosity in the root zone (Beven, 1984). The
canopy throughfall rate and soil hydraulic conductivity gov-
ern the partitioning between surface runoff and soil infiltra-

tion. This partitioning involves a time-splitting procedure in-
spired by Green and Ampt (1911), describing the propaga-
tion of the wetting front. The second physical factor con-
tributing to total runoff is free gravitational drainage at the
bottom of the soil.

The runoff routing module (Polcher, 2003; Ngo-Duc et al.,
2005; Guimberteau et al., 2012) aggregates surface runoff
and drainage produced at a 30 min time step to calculate
daily flow between grid cells and discharge to the ocean.
Grid cells are subdivided into basins in which water is trans-
ferred through a series of linear reservoirs along the drainage
network, derived from a 0.5� resolution dataset (Vörösmarty
et al., 2000; Oki et al., 1999). In a given basin, a “slow” reser-
voir collects drainage water, while a “fast” reservoir collects
surface runoff, each with different linear response timescales.
Corresponding outflows are transferred to the stream reser-
voir of the downstream basin. The process is fully detailed in
Guimberteau et al. (2012).

The routing scheme includes a parameterization of flood-
plains (d’Orgeval et al., 2008; Guimberteau et al., 2012),
the maximum extent of which is prescribed by the GLWD
(Global Lakes and Wetlands Database) map (Lehner and
Döll, 2004). In grid cells with flooded areas, river discharge
from upstream basins is diverted to a floodplain reservoir,
which then feeds a delayed return flow back to the stream
reservoir of the basin.

Geosci. Model Dev., 11, 121–163, 2018 www.geosci-model-dev.net/11/121/2018/
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Figure 1. Temperature, water and carbon interactions in the initial version of ORCHIDEE (black), and processes included in ORCHIDEE-
MICT in this study (red). Note that in the simulations in this study, the soil thermics and hydrology modules read a prescribed observation-
based soil carbon map (see Eq. 9), which is independent of the prognostically simulated SOC by the carbon module; thus, the two red arrows
here are dashed lines.

and will be described in the upcoming CMIP6 ORCHIDEE
paper as mentioned in Sect. 2.

3.2 Soil hydrology and river routing

ORCHIDEE simulates soil water fluxes and storage through
a multi-layer soil hydrology scheme described by de Rosnay
et al. (2000, 2002) and Campoy et al. (2013). Soil moisture
is redistributed in the column by solving the Richards equa-
tion for vertical unsaturated flow under the effect of root up-
take. The hydraulic conductivity and diffusivity depend on
soil moisture, following the Mualem–van Genuchten model
(Mualem, 1976); (Van Genuchten, 1980), and using param-
eters defined by Carsel and Parrish (1988). These variables
depend on the dominant soil texture in each grid cell, based
on the 12 USDA texture classes provided at the 0.08� reso-
lution from Reynolds et al. (2000). For frozen soils, the de-
crease in the hydraulic conductivity (Gouttevin et al., 2012a)
reduces infiltration into the soil and drainage, and increases
surface runoff. The 2 m soil column is divided into 11 lay-
ers, with layer thickness increasing geometrically with depth
(Fig. S1). The saturated hydraulic conductivity is modified
according to the scheme in d’Orgeval et al. (2008). This
decreases exponentially below a top-30 cm depth boundary
to account for increased soil compaction, as suggested by
Beven and Germann (1982), and increases above that bound-
ary towards the soil surface due to the enhanced infiltra-
tion capacity afforded by vegetative roots, whose presence
increases soil porosity in the root zone (Beven, 1984). The
canopy throughfall rate and soil hydraulic conductivity gov-
ern the partitioning between surface runoff and soil infiltra-

tion. This partitioning involves a time-splitting procedure in-
spired by Green and Ampt (1911), describing the propaga-
tion of the wetting front. The second physical factor con-
tributing to total runoff is free gravitational drainage at the
bottom of the soil.

The runoff routing module (Polcher, 2003; Ngo-Duc et al.,
2005; Guimberteau et al., 2012) aggregates surface runoff
and drainage produced at a 30 min time step to calculate
daily flow between grid cells and discharge to the ocean.
Grid cells are subdivided into basins in which water is trans-
ferred through a series of linear reservoirs along the drainage
network, derived from a 0.5� resolution dataset (Vörösmarty
et al., 2000; Oki et al., 1999). In a given basin, a “slow” reser-
voir collects drainage water, while a “fast” reservoir collects
surface runoff, each with different linear response timescales.
Corresponding outflows are transferred to the stream reser-
voir of the downstream basin. The process is fully detailed in
Guimberteau et al. (2012).

The routing scheme includes a parameterization of flood-
plains (d’Orgeval et al., 2008; Guimberteau et al., 2012),
the maximum extent of which is prescribed by the GLWD
(Global Lakes and Wetlands Database) map (Lehner and
Döll, 2004). In grid cells with flooded areas, river discharge
from upstream basins is diverted to a floodplain reservoir,
which then feeds a delayed return flow back to the stream
reservoir of the basin.
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Figure 1. Temperature, water and carbon interactions in the initial version of ORCHIDEE (black), and processes included in ORCHIDEE-
MICT in this study (red). Note that in the simulations in this study, the soil thermics and hydrology modules read a prescribed observation-
based soil carbon map (see Eq. 9), which is independent of the prognostically simulated SOC by the carbon module; thus, the two red arrows
here are dashed lines.

and will be described in the upcoming CMIP6 ORCHIDEE
paper as mentioned in Sect. 2.

3.2 Soil hydrology and river routing

ORCHIDEE simulates soil water fluxes and storage through
a multi-layer soil hydrology scheme described by de Rosnay
et al. (2000, 2002) and Campoy et al. (2013). Soil moisture
is redistributed in the column by solving the Richards equa-
tion for vertical unsaturated flow under the effect of root up-
take. The hydraulic conductivity and diffusivity depend on
soil moisture, following the Mualem–van Genuchten model
(Mualem, 1976); (Van Genuchten, 1980), and using param-
eters defined by Carsel and Parrish (1988). These variables
depend on the dominant soil texture in each grid cell, based
on the 12 USDA texture classes provided at the 0.08� reso-
lution from Reynolds et al. (2000). For frozen soils, the de-
crease in the hydraulic conductivity (Gouttevin et al., 2012a)
reduces infiltration into the soil and drainage, and increases
surface runoff. The 2 m soil column is divided into 11 lay-
ers, with layer thickness increasing geometrically with depth
(Fig. S1). The saturated hydraulic conductivity is modified
according to the scheme in d’Orgeval et al. (2008). This
decreases exponentially below a top-30 cm depth boundary
to account for increased soil compaction, as suggested by
Beven and Germann (1982), and increases above that bound-
ary towards the soil surface due to the enhanced infiltra-
tion capacity afforded by vegetative roots, whose presence
increases soil porosity in the root zone (Beven, 1984). The
canopy throughfall rate and soil hydraulic conductivity gov-
ern the partitioning between surface runoff and soil infiltra-

tion. This partitioning involves a time-splitting procedure in-
spired by Green and Ampt (1911), describing the propaga-
tion of the wetting front. The second physical factor con-
tributing to total runoff is free gravitational drainage at the
bottom of the soil.

The runoff routing module (Polcher, 2003; Ngo-Duc et al.,
2005; Guimberteau et al., 2012) aggregates surface runoff
and drainage produced at a 30 min time step to calculate
daily flow between grid cells and discharge to the ocean.
Grid cells are subdivided into basins in which water is trans-
ferred through a series of linear reservoirs along the drainage
network, derived from a 0.5� resolution dataset (Vörösmarty
et al., 2000; Oki et al., 1999). In a given basin, a “slow” reser-
voir collects drainage water, while a “fast” reservoir collects
surface runoff, each with different linear response timescales.
Corresponding outflows are transferred to the stream reser-
voir of the downstream basin. The process is fully detailed in
Guimberteau et al. (2012).

The routing scheme includes a parameterization of flood-
plains (d’Orgeval et al., 2008; Guimberteau et al., 2012),
the maximum extent of which is prescribed by the GLWD
(Global Lakes and Wetlands Database) map (Lehner and
Döll, 2004). In grid cells with flooded areas, river discharge
from upstream basins is diverted to a floodplain reservoir,
which then feeds a delayed return flow back to the stream
reservoir of the basin.
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Figure 1. Temperature, water and carbon interactions in the initial version of ORCHIDEE (black), and processes included in ORCHIDEE-
MICT in this study (red). Note that in the simulations in this study, the soil thermics and hydrology modules read a prescribed observation-
based soil carbon map (see Eq. 9), which is independent of the prognostically simulated SOC by the carbon module; thus, the two red arrows
here are dashed lines.

and will be described in the upcoming CMIP6 ORCHIDEE
paper as mentioned in Sect. 2.

3.2 Soil hydrology and river routing

ORCHIDEE simulates soil water fluxes and storage through
a multi-layer soil hydrology scheme described by de Rosnay
et al. (2000, 2002) and Campoy et al. (2013). Soil moisture
is redistributed in the column by solving the Richards equa-
tion for vertical unsaturated flow under the effect of root up-
take. The hydraulic conductivity and diffusivity depend on
soil moisture, following the Mualem–van Genuchten model
(Mualem, 1976); (Van Genuchten, 1980), and using param-
eters defined by Carsel and Parrish (1988). These variables
depend on the dominant soil texture in each grid cell, based
on the 12 USDA texture classes provided at the 0.08� reso-
lution from Reynolds et al. (2000). For frozen soils, the de-
crease in the hydraulic conductivity (Gouttevin et al., 2012a)
reduces infiltration into the soil and drainage, and increases
surface runoff. The 2 m soil column is divided into 11 lay-
ers, with layer thickness increasing geometrically with depth
(Fig. S1). The saturated hydraulic conductivity is modified
according to the scheme in d’Orgeval et al. (2008). This
decreases exponentially below a top-30 cm depth boundary
to account for increased soil compaction, as suggested by
Beven and Germann (1982), and increases above that bound-
ary towards the soil surface due to the enhanced infiltra-
tion capacity afforded by vegetative roots, whose presence
increases soil porosity in the root zone (Beven, 1984). The
canopy throughfall rate and soil hydraulic conductivity gov-
ern the partitioning between surface runoff and soil infiltra-

tion. This partitioning involves a time-splitting procedure in-
spired by Green and Ampt (1911), describing the propaga-
tion of the wetting front. The second physical factor con-
tributing to total runoff is free gravitational drainage at the
bottom of the soil.

The runoff routing module (Polcher, 2003; Ngo-Duc et al.,
2005; Guimberteau et al., 2012) aggregates surface runoff
and drainage produced at a 30 min time step to calculate
daily flow between grid cells and discharge to the ocean.
Grid cells are subdivided into basins in which water is trans-
ferred through a series of linear reservoirs along the drainage
network, derived from a 0.5� resolution dataset (Vörösmarty
et al., 2000; Oki et al., 1999). In a given basin, a “slow” reser-
voir collects drainage water, while a “fast” reservoir collects
surface runoff, each with different linear response timescales.
Corresponding outflows are transferred to the stream reser-
voir of the downstream basin. The process is fully detailed in
Guimberteau et al. (2012).

The routing scheme includes a parameterization of flood-
plains (d’Orgeval et al., 2008; Guimberteau et al., 2012),
the maximum extent of which is prescribed by the GLWD
(Global Lakes and Wetlands Database) map (Lehner and
Döll, 2004). In grid cells with flooded areas, river discharge
from upstream basins is diverted to a floodplain reservoir,
which then feeds a delayed return flow back to the stream
reservoir of the basin.

Geosci. Model Dev., 11, 121–163, 2018 www.geosci-model-dev.net/11/121/2018/

Guimberteau et al., 2018 

���Boreal North America ���Boreal Europe 
���Boreal 
Asia 



ORCHIDEE—Retreat May 2019

SOIL DISCRETIZATION SCHEME IN ORCHIDEE 
TRUNK   

124 M. Guimberteau et al.: ORCHIDEE-MICT, a LSM for the high latitudes

Figure 1. Temperature, water and carbon interactions in the initial version of ORCHIDEE (black), and processes included in ORCHIDEE-
MICT in this study (red). Note that in the simulations in this study, the soil thermics and hydrology modules read a prescribed observation-
based soil carbon map (see Eq. 9), which is independent of the prognostically simulated SOC by the carbon module; thus, the two red arrows
here are dashed lines.

and will be described in the upcoming CMIP6 ORCHIDEE
paper as mentioned in Sect. 2.

3.2 Soil hydrology and river routing

ORCHIDEE simulates soil water fluxes and storage through
a multi-layer soil hydrology scheme described by de Rosnay
et al. (2000, 2002) and Campoy et al. (2013). Soil moisture
is redistributed in the column by solving the Richards equa-
tion for vertical unsaturated flow under the effect of root up-
take. The hydraulic conductivity and diffusivity depend on
soil moisture, following the Mualem–van Genuchten model
(Mualem, 1976); (Van Genuchten, 1980), and using param-
eters defined by Carsel and Parrish (1988). These variables
depend on the dominant soil texture in each grid cell, based
on the 12 USDA texture classes provided at the 0.08� reso-
lution from Reynolds et al. (2000). For frozen soils, the de-
crease in the hydraulic conductivity (Gouttevin et al., 2012a)
reduces infiltration into the soil and drainage, and increases
surface runoff. The 2 m soil column is divided into 11 lay-
ers, with layer thickness increasing geometrically with depth
(Fig. S1). The saturated hydraulic conductivity is modified
according to the scheme in d’Orgeval et al. (2008). This
decreases exponentially below a top-30 cm depth boundary
to account for increased soil compaction, as suggested by
Beven and Germann (1982), and increases above that bound-
ary towards the soil surface due to the enhanced infiltra-
tion capacity afforded by vegetative roots, whose presence
increases soil porosity in the root zone (Beven, 1984). The
canopy throughfall rate and soil hydraulic conductivity gov-
ern the partitioning between surface runoff and soil infiltra-

tion. This partitioning involves a time-splitting procedure in-
spired by Green and Ampt (1911), describing the propaga-
tion of the wetting front. The second physical factor con-
tributing to total runoff is free gravitational drainage at the
bottom of the soil.

The runoff routing module (Polcher, 2003; Ngo-Duc et al.,
2005; Guimberteau et al., 2012) aggregates surface runoff
and drainage produced at a 30 min time step to calculate
daily flow between grid cells and discharge to the ocean.
Grid cells are subdivided into basins in which water is trans-
ferred through a series of linear reservoirs along the drainage
network, derived from a 0.5� resolution dataset (Vörösmarty
et al., 2000; Oki et al., 1999). In a given basin, a “slow” reser-
voir collects drainage water, while a “fast” reservoir collects
surface runoff, each with different linear response timescales.
Corresponding outflows are transferred to the stream reser-
voir of the downstream basin. The process is fully detailed in
Guimberteau et al. (2012).

The routing scheme includes a parameterization of flood-
plains (d’Orgeval et al., 2008; Guimberteau et al., 2012),
the maximum extent of which is prescribed by the GLWD
(Global Lakes and Wetlands Database) map (Lehner and
Döll, 2004). In grid cells with flooded areas, river discharge
from upstream basins is diverted to a floodplain reservoir,
which then feeds a delayed return flow back to the stream
reservoir of the basin.
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Figure 1. Temperature, water and carbon interactions in the initial version of ORCHIDEE (black), and processes included in ORCHIDEE-
MICT in this study (red). Note that in the simulations in this study, the soil thermics and hydrology modules read a prescribed observation-
based soil carbon map (see Eq. 9), which is independent of the prognostically simulated SOC by the carbon module; thus, the two red arrows
here are dashed lines.

and will be described in the upcoming CMIP6 ORCHIDEE
paper as mentioned in Sect. 2.

3.2 Soil hydrology and river routing

ORCHIDEE simulates soil water fluxes and storage through
a multi-layer soil hydrology scheme described by de Rosnay
et al. (2000, 2002) and Campoy et al. (2013). Soil moisture
is redistributed in the column by solving the Richards equa-
tion for vertical unsaturated flow under the effect of root up-
take. The hydraulic conductivity and diffusivity depend on
soil moisture, following the Mualem–van Genuchten model
(Mualem, 1976); (Van Genuchten, 1980), and using param-
eters defined by Carsel and Parrish (1988). These variables
depend on the dominant soil texture in each grid cell, based
on the 12 USDA texture classes provided at the 0.08� reso-
lution from Reynolds et al. (2000). For frozen soils, the de-
crease in the hydraulic conductivity (Gouttevin et al., 2012a)
reduces infiltration into the soil and drainage, and increases
surface runoff. The 2 m soil column is divided into 11 lay-
ers, with layer thickness increasing geometrically with depth
(Fig. S1). The saturated hydraulic conductivity is modified
according to the scheme in d’Orgeval et al. (2008). This
decreases exponentially below a top-30 cm depth boundary
to account for increased soil compaction, as suggested by
Beven and Germann (1982), and increases above that bound-
ary towards the soil surface due to the enhanced infiltra-
tion capacity afforded by vegetative roots, whose presence
increases soil porosity in the root zone (Beven, 1984). The
canopy throughfall rate and soil hydraulic conductivity gov-
ern the partitioning between surface runoff and soil infiltra-

tion. This partitioning involves a time-splitting procedure in-
spired by Green and Ampt (1911), describing the propaga-
tion of the wetting front. The second physical factor con-
tributing to total runoff is free gravitational drainage at the
bottom of the soil.

The runoff routing module (Polcher, 2003; Ngo-Duc et al.,
2005; Guimberteau et al., 2012) aggregates surface runoff
and drainage produced at a 30 min time step to calculate
daily flow between grid cells and discharge to the ocean.
Grid cells are subdivided into basins in which water is trans-
ferred through a series of linear reservoirs along the drainage
network, derived from a 0.5� resolution dataset (Vörösmarty
et al., 2000; Oki et al., 1999). In a given basin, a “slow” reser-
voir collects drainage water, while a “fast” reservoir collects
surface runoff, each with different linear response timescales.
Corresponding outflows are transferred to the stream reser-
voir of the downstream basin. The process is fully detailed in
Guimberteau et al. (2012).

The routing scheme includes a parameterization of flood-
plains (d’Orgeval et al., 2008; Guimberteau et al., 2012),
the maximum extent of which is prescribed by the GLWD
(Global Lakes and Wetlands Database) map (Lehner and
Döll, 2004). In grid cells with flooded areas, river discharge
from upstream basins is diverted to a floodplain reservoir,
which then feeds a delayed return flow back to the stream
reservoir of the basin.
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•  Discretization scheme from MICT including cryoturbation/
bioturbation is now incorporated into the trunk 

•  Effect of soil freezing on decomposition 
•  MICT doesn’t have explicit N.  
•  Soil N also discretized 
•  Mineral N pools is so far not discretized just the sum of the 

N mineralized at each layers 
•  No effect of soil C or N profile on N uptake by plants 
•  Test are ongoing with this version so far a problem of water 

stress has been identifed but the model runs at global scale 
with no crash. 


