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o (1) The mutual information revealed 

that soil moisture is the most 

relevant driver while Tsoil was 

shown to be less important/more 

redundant (Fig. 3)
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• Soil moisture is the main driver of nighttime NEE variation for 

both ecosystems 

• The sigmoidal model showed partitioning performance 

comparable to the established literature standards.

• The two ecosystems  act as net sink of atmospheric CO2.

• The forest CO2 sequestration is 2.5 times the cultivated site one. 

• These results constitute a paramount information for earth system 

models regarding carbon budget of these typical and understudied 

African ecosystems. 

These ecosystems were observed to be, during all years analyzed, a net sink of atmospheric CO2 with an average annual NEE of :
      - 626 ± 62 g C m⁻² yr⁻¹ (Reco = 1589 ± 8 g C m⁻² yr⁻¹, GPP = - 2215 ± 63 g C m⁻² yr⁻¹) at the clear forest site

       - 251 ± 53 g C m⁻² yr⁻¹ (Reco = 1380 ± 9 g C m⁻² yr⁻¹, GPP = -1631 ± 55 g C m⁻² yr⁻¹) at the cultivated savannah site.

Fig.1: (a) Benin's location in Africa, (b) the Donga catchment in Benin, and (c) 

vegetation map highlighting the two studied ecosystems.

Fig. 2: Time series of meteorological conditions at the cultivated savannah (left) and the clear forest (right) and their seasonal mean over the eleven years: (a) precipitation, (b) incoming shortwave radiation (SWin), (c) air temperature, (d) soil temperature at 10cm and 20 cm under the 

ground, (e) soil moisture at 10cm and 20 cm under the ground. The pink and blue backgrounds represent the dry and wet seasons, respectively.  

Fig. 3: Relative importance of soil moisture and temperature (at two depths) to nighttime NEE based on mutual information analysis. 

Positive values (red) indicate high variable relevance, while negative values (blue) indicate high redundancy. Non-gap-filled 30min 

nighttime NEE data are used in this analysis. 
Fig. 4: Annual Ecosystem Respiration (Reco), Gross Primary Productivity (GPP) and Net Ecosystem Exchange (NEE) estimated using different models (sigmoidal based on the soil moisture (blue color); Nighttime (Reichstein et al., light blue) and Daytime (Lasslop et al., 

orange) models.  Some comparisons with previous results at each site are also included (green color) at the cultivated savannah (left) and the clear forest (right) respectively from 2007(2008) to 2017 
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ABOUT ME

A) INTRODUCTION 

Two contrasting ecosystems

Dry seasonWet season

Dry seasonWet season

B) GENERAL METEOROLOGY 

Nalohou (9.74N, 1.60E): a cultivated savannah 

Main species

Isorberlinia doka & 

tomentuosa and 

Vitellaria paradoxa 

 Renew its foliage 

from December to 

March (dry season + 

moistening period), 

with a peak in 

February (Seghieiri 

et al., 2009; 2012) 

VARIABILITY OF ANNUAL CO2 FLUXES

o  One Dry and One Wet seasons, separated by two transition periods 

           (the moistening and the drying phases of the atmosphere);

o A strong seasonal variability

o Clouds reduced more SWin during wet season (up to ~ 50 W.m-2) compared to the

      impact of aerosol dusts in the dry season

o  Avg. rainfall : ~ 1200 mm / y 

The Sudanian climate of Northern Benin: A monsoon regime driven by the ITCZ 

o High 30min airT  (~ 12°C <  airT < ~ 39°C)  

o Daily Tsoil below 35 °C with a highest diurnal range of ~ 16 °C during the 

moistening phase of the atmosphere

o  Soil moisture dynamics driven by precipitation 

o The soil moisture began to dry up at the beginning of the drying period.
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Carbon Fluxes in West Africa

1- Gap-Filling of NEE

3- Modeling of CO2 emission…using MDS + Random Forest

…using a gliding window of 30 days

4- NEE Partitioning
…separates NEE into Reco & GPP

2- Feature’s selection

.. Identifying the main driver of the 

nighttime NEE by using the Mutual

Information (MI) [Peng et al. 2005]

Methodology

Bellefoungou (9.79N,1.72E) : a clear forest

C) FEATURE SELECTION & MODELING

The herbaceous layer exhibits regular 

development, reaching almost 3m (wet 

season) whereas during the dry season, 

it is sparse, leaving the soil nearly bare.

o (2) Next step: Compare seven (07) 

modelling approaches that integrate 

soil moisture as an input (Table 1).

D) BOTH ECOSYSTEMS ACT AS A NET SINK OF CO2

TAKE HOME MESSAGES 

➔ Estimations of Reco with the sigmoidal 

model based on soil moisture are close to 

those based on nighttime (light blue band) 

and daytime (orange band) methods; 

➔ Larger CO2 uptake compared to those 

found in a shrub savanna at the sudanian 

region (Brummer et al., 2008)

➔ Important year to year variability in NEE. 

Larger sequestration observed in driest year 

(2011) but not in 2013 above the forest. 

➔ Remarkable increase of ~300 g C m-2 yr-1 

in Reco after 2011 above the forest site. 
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Ye Qi et al 2001 Yi-Bin et al 2020 Ago et al 2014

Nalohou 0.926(151) 0.922(163) 0.926(151) 0.91(212) 0.81(367) 0.88(268) 0.932(139)

Bellefoungou 0.896(257) 0.88(291) 0.896(257) 0.818(396) 0.70(441) 0.776(406) 0.890(235)

Table 1: Performance comparison of soil respiration models over the two study sites (Nalohou and Bellefoungou), with R² values and Akaike Information Criterion (AIC) for each model.

TAKE - HOME MESSAGES

➔ Lower inter-annual variability of GPP 

(except in 2017) at the two sites 

o (3) The sigmoidal model provided the optimal fit and representation for nighttime NEE data (Table 1)
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