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HOW GOOD ARE EARTH SYSTEM MODELS TO 
REPRESENT SOIL C STOCK  1724 K. E. O. Todd-Brown et al.: Soil carbon drivers and benchmarks in Earth system models

Fig. 2. Global soil carbon (top), net primary production (middle), and soil carbon turnover times (bottom) for observations and ESMs.
Turnover times were calculated as HWSD carbon divided by MODIS NPP for the observations, and simulated global soil carbon divided by
simulated global NPP for the ESMs. The gray hashed area on the top panel represents the 95% confidence interval for global soil carbon
in the HWSD based on a qualitative uncertainty analysis (see text). The hashed area on the middle panel represents ±2 standard deviations
around the mean global NPP estimate from Ito (2011) based on empirical models. The hashed area on the bottom panel indicates the range
of turnover times for global soil carbon found in the literature (Amundson, 2001; Raich and Schlesinger, 1992). For soil carbon and NPP,
each global estimate is separated into individual biome components according to the legend shown in the top panel.

observed in the NCSCD. HadGEM2, BCC-CSM1.1, INM-
CM4, MPI-ESM, and CanESM2 also simulated soil carbon
totals below the preliminary CI95 for the NCSCD. In con-
trast, GFDL-ESM2G and MIROC-ESM overestimated high
latitude soil carbon stocks by 45–60%. Only IPSL-CM5 and
GISS-E2 soil carbon fell within the CI95 for the NCSCD.
Variation in global soil carbon stocks simulated by ESMs

could be driven by variation in modeled NPP, and we found
that global terrestrial NPP varied by a factor of 2.6 across the
models (Fig. 2). CCSM4, BCC-CSM1.1, CanESM2, INM-

CM4, GISS-E2, and MIROC-ESM all predicted global NPP
values within 2 standard deviations of the Ito (2011) estimate
of 54 PgC yr�1, ranging from 46 to 73 PgC yr�1, whereas
the remaining 5 models fell outside this range. NPP from
MODIS was similar to Ito (2011) at 52 PgC yr�1. At high
northern latitudes, NPP estimates from the ESMs were more
variable (1.7 to 10.1 PgC yr�1), compared to a MODIS esti-
mate of 4.7 PgC yr�1 (Fig. S6 in Supplement).
Turnover times for global soil carbon from the ESMs var-

ied by a factor of 3.6, between 10.8 and 39.3 yr, using global

Biogeosciences, 10, 1717–1736, 2013 www.biogeosciences.net/10/1717/2013/

Todd-Brown et al. (2013) 
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HOW GOOD ARE EARTH SYSTEM MODELS TO 
REPRESENT SOIL C STOCK  

Todd-Brown et al. (2013) 
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1724 K. E. O. Todd-Brown et al.: Soil carbon drivers and benchmarks in Earth system models

Fig. 2. Global soil carbon (top), net primary production (middle), and soil carbon turnover times (bottom) for observations and ESMs.
Turnover times were calculated as HWSD carbon divided by MODIS NPP for the observations, and simulated global soil carbon divided by
simulated global NPP for the ESMs. The gray hashed area on the top panel represents the 95% confidence interval for global soil carbon
in the HWSD based on a qualitative uncertainty analysis (see text). The hashed area on the middle panel represents ±2 standard deviations
around the mean global NPP estimate from Ito (2011) based on empirical models. The hashed area on the bottom panel indicates the range
of turnover times for global soil carbon found in the literature (Amundson, 2001; Raich and Schlesinger, 1992). For soil carbon and NPP,
each global estimate is separated into individual biome components according to the legend shown in the top panel.

observed in the NCSCD. HadGEM2, BCC-CSM1.1, INM-
CM4, MPI-ESM, and CanESM2 also simulated soil carbon
totals below the preliminary CI95 for the NCSCD. In con-
trast, GFDL-ESM2G and MIROC-ESM overestimated high
latitude soil carbon stocks by 45–60%. Only IPSL-CM5 and
GISS-E2 soil carbon fell within the CI95 for the NCSCD.
Variation in global soil carbon stocks simulated by ESMs

could be driven by variation in modeled NPP, and we found
that global terrestrial NPP varied by a factor of 2.6 across the
models (Fig. 2). CCSM4, BCC-CSM1.1, CanESM2, INM-

CM4, GISS-E2, and MIROC-ESM all predicted global NPP
values within 2 standard deviations of the Ito (2011) estimate
of 54 PgC yr�1, ranging from 46 to 73 PgC yr�1, whereas
the remaining 5 models fell outside this range. NPP from
MODIS was similar to Ito (2011) at 52 PgC yr�1. At high
northern latitudes, NPP estimates from the ESMs were more
variable (1.7 to 10.1 PgC yr�1), compared to a MODIS esti-
mate of 4.7 PgC yr�1 (Fig. S6 in Supplement).
Turnover times for global soil carbon from the ESMs var-

ied by a factor of 3.6, between 10.8 and 39.3 yr, using global

Biogeosciences, 10, 1717–1736, 2013 www.biogeosciences.net/10/1717/2013/
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THE SOIL C IN THE LAND SURFACE MODELS 

•  Soil representation mainly 
based on CENTURY (Parton et 
al., 1987) or on RothC (Coleman 
and Jenkinson, 1999) 
 

€ 

∂SOC
∂t

= I − k × SOC ×θ × τ
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Biology 

SEVERAL IMPORTANT MECHANISMS ARE STILL 
MISSING 

Chemistry 

Physics 

http://cropandsoil.oregonstate.edu Thevenot et al., 2010 

http://www.abdn.ac.uk 
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• Any models used for CMIP5 represent the soil C 
profiles. 

• A substantial part of the soil C stored in deep layers 
(Jobbagy and Jackson, 2000) 

• Deep C dynamic different from surface C (Fontaine et 
al., 2007) 

• In ORCHIDEE any C is lost by drainage or runoff 
instead of the importance of allochtonous C in the 
aquatic ecosystems functionning (Cole et al., 2007, 
Bianchi et al., 2011) 

SOIL CARBON DISCRETIZATION 
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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

SOIL CARBON DISCRETIZATION 
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Soil C discretized using the same layers than hydrology scheme 
(11 layers). A new pool introduced (DOC) 
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14C INCORPORATIONS 

Tifafi et al., (2018) 

All	  processes	  that	  apply	  to	  total	  soil	  carbon	  in	  ORCHIDEE	  are	  now	  represented	  for	  14C	  :	  	  
	  

liMer	  (carbon14)	  =	  F14CLi'er	  *	  liMer(carbon)	  
F14CLi'er	  =	  	  F14Catmosphere	  	  

	  
flux_decrease=	  k_decrease	  *	  carbon	  (K_decrease=Ln2/5730	  ,	  radioac9ve	  decay	  constant)	  

	  

	  𝐹_𝑀𝑒𝑎𝑛= 𝐹↓𝑎𝑐𝑡𝑖𝑣𝑒 ∗𝐶𝑎𝑟𝑏𝑜𝑛14↓𝑎𝑐𝑡𝑖𝑣𝑒 +𝐹↓𝑠𝑙𝑜𝑤 ∗𝐶𝑎𝑟𝑏𝑜𝑛14↓𝑠𝑙𝑜𝑤 +𝐹↓𝑝𝑎𝑠𝑠𝑖𝑣𝑒 ∗
𝐶𝑎𝑟𝑏𝑜𝑛14↓𝑝𝑎𝑠𝑠𝑖𝑣𝑒 /𝐶𝑎𝑟𝑏𝑜𝑛14↓𝑎𝑐𝑡𝑖𝑣𝑒 +  𝐶𝑎𝑟𝑏𝑜𝑛14↓𝑠𝑙𝑜𝑤 +  𝐶𝑎𝑟𝑏𝑜𝑛14↓𝑝𝑎𝑠𝑠𝑖𝑣𝑒  	  
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Tifafi et al., (2018) 
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Camino-Serrano et al., (In prep) 

13C INCORPORATIONS 
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C3/C4 SUCCESSION 

Camino-Serrano et al., (2019) 
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SUMMARY 

• A substantial part of the soil C stored in deep layers 

• ORCHIDEE-SOM is able to reproduce the soil C 
profiles and the soil DOC in mineral soils 

• ORCHIDEE-SOM fairly represent carbon isotopes 
dynamic too. 

• A coupling with the vegetation modules is needed 
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THANKS FOR YOUR ATTENTION! 


