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 Pastoral farming in sylvo-pastoral systems remains a key activity for the local economy
and food security in the Sahel. The impact of this type of farming on the carbon cycle 
and greenhouse gas (GHG) fluxes is not well documented.

 In these ecosystems, direct measurements of GHG emissions by soils are expensive, 
time-consuming and labor-intensive.

 Modelling studies can provide insights on the underlying processes as well as 
temporal and spatial variability of GHG fluxes allowing their quantification and 
estimation, from local-to-regional scales.
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Date Ann. Precipitation

(mm)

Avg AirTemp

2m (°C)

Min AirTemp

2m (°C)

Max AirTemp

2m (°C)

Rainiest month Wet season

2012 514.83 28.39 - - Aug. (173.90 mm) Jun. – Oct.
2013 355.15 28.69 - - Sept. (115.25 mm) Jun. – Oct.
2014 331.75 28.57 - - Aug. (150.80 mm) Jul. – Oct.
2015 270.60 28.80 - - Aug. (131.60 mm) Jul. – Oct.
2016 367.55 29.15 - - Jul. (165.64 mm) Jul. – Sept.
2017 399.55 29.06 - - Aug. (173.35 mm) Jul. – Oct.
2018 295.32 28.44 22.26 35.18 Sept. (162.60 mm) Jul. – Oct.
2019 355.20 28.76 22.36 35.67 Aug. (163.45 mm) Jul. – Oct.
2020 529.25 29.93 23.20 36.15 Jul. (209.28 mm) Jul. – Oct.
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Inputs Outputs
Weather :
- Precipitation
- Global radiation
- Air temperature
- Relative humidity
- Wind speed

Soil Parameters :
- Soil water content
- Soil pH
- Soil temperature
- Soil texture

Vegetation state:
- Initial values of state 
variables of the vegetation

Animal load :
- Livestock distribution
- Livestock service area
- Ingestion and degradation

Biomass variables e.g.
- Green biomass
- Dry biomass
- Litter biomass
- Root biomass
- Ground cover by biomass
- Microbial biomass …

Soil variables and fluxes e.g.
- Soil moisture
- Evapotranspiration
- Soil C, N
- CO2 fluxes
- N2O, NO fluxes…

Environmental variables 
- List of variables under

consideration

Forage grass growth cycle 
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 The seasonal dynamics of soil moisture were quite 
well represented by the model.
 Simulated values were highly correlated to measured 

values (R2 = 0.71 and RMSE=1.04%).
 The minimum and maximum thresholds correspond to 

the wilting point and the field capacity, respectively.

 Lower evapotranspiration simulated at the end of 2012 and 
2013 wet seasons, can be explained by model calibration 
while simulating water balance. Soil evaporation has been 
reduced (by increasing ground cover) to keep water in the 
soil a bit longer at the end of the wet seasons in order to 
match the simulated soil moistures with measurements.

 The temporal dynamics of the simulated N2O fluxes show a 
clear impact of precipitation on N2O emissions. 
 Annual means range from 0.73 gN m-2 s-1 in 2012 to 2.58 gN

m-2 s-1 in 2017. 

 In 2020, the four on-site measurements carried out during the 
season showed good agreement between the simulated and 
observed biomasses.
 In 2018, the amount of water needed by herbaceous plants 

for optimal leaf development and stem elongation was not 
available at the right time, resulting in a decline in total 
biomass production.
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Microbial respiration and N2O fluxes
 The values obtained after soil analysis and the simulated values were consistent for both soil C and N.

 Simulations show an impact of rainfall on the seasonal
dynamics of CO2 flux. 
 Annual means range from 0.6 gC m-2 d-1 in 2012 to 1.11 gC

m-2 d-1 in 2016. 
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Source: http://afjn.org/u-s-military-presence-
and-activity-in-africa-sahel-region/

 Model outputs were consistent with in-situ validation data for soil moisture, 
evapotranspiration, soil mineral and organic N, soil C, and herbaceous biomass.

 The temporal dynamics of the simulated N2O and CO2 fluxes clearly show a seasonal 
variation in fluxes due to precipitations. 

 Simulations showed pulses of CO2 and N2O emissions after the first rains as generally 
observed in dry ecosystemsSoil Properties: % sand = 89, % Silt = 3.1, % Clay = 7.9, pH H2O = 6.4
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