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Soil carbon and nitrogen cycles are linked

Soil
organic
matter

CO2 N2OCH4 N2

Plants Livestock Manure

Soil carbon

Photosynthesis

Respiration
Soil organic N Soil mineral N

Plants
Denitrification

Biological
N fixation

N fertilizer
(energy)

CO2, CH4 and N2O losses are mostly driven by microbiological processes



The carbon cycle simplified
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Simplified carbon modelling

The degradation of soil organic matter can be described 
by the simple equation of Henin and Dupuis (1945):

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −𝑘𝑘𝑑𝑑 + ℎ𝐴𝐴

where C is the amount of carbon stored in the soil (Mg 
C/ha), t is time (year), A is the amount of carbon added 
every year (Mg C/ha), and h is the humification coefficient. 
The humification coefficient denotes how much of the 
carbon is available after microbial degradation.



CTOOL model

Three pools
FOM: Fresh Organic Matter
HUM: Humified Organic Matter
ROM: Resistant Organic Matter

Decomposition depends on temperature
Humification depends on soil clay

Topsoil                                        Subsoil



CTOOL calibration

Soil carbon content                                                Soil radiocarbon (C14) content

Taghizadeh-Toosi et al. (2014)



Uncertainties
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Comparison of 26 models

Farina et al. (2021)



Keel et al. (2017)



Taghizadeh-Toosi et al. (2020)



Petersen et al. (2013)



Reflections

There are many SOC models with varying complexities

All models simulate SOC depending on C inputs and model parameterization

The uncertainty in C inputs and pool initialization often dominate

The time-scale of consideration of changes is paramount

SOC modelling differs from the consideration of CO2 in the atmosphere, i.e. 
difficulties with inclusion in LCA
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