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Soil organic carbon (SOC) monitoring or mapping?
Sentinel-2 bare soil (BS) composites to estimate SOC content in Wallonia (Belgium)
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Results & Discussion

Take-home message

 Multispectral BS composites can reduce sampling needs for regional SOC mapping
Multispectral BS composites  are not suitable for temporal SOC monitoring at parcel-level

SOC estimates at parcel-level
have insufficient precision for SOC monitoring

Model R² RMSE (g C kg-1)

Spectral 0.35 3.41

Covariates 0.49 3.15

Spectral + covariates 0.60 2.77

C input by cover crops + 300 kg ha-1y-1 [2,3]

Bulk density 1.5 g cm-³

Soil depth 30 cm

SOC change + 0.0667 g C kg-1 y-1

Feature selection
A set of 7 features was selected in all folds

Spectral
Reflectance B4 (Red)

Normalized differences
B3 & B2 (Green & Blue)
B11 & B5 (SWIR1 & Red-Edge)
B11 & B12 (SWIR1 & SWIR2)

Covariates
Agro-ecological zones
Altitude
Fine fraction content (< 20µm)

SOC estimates reduce sampling needs
for regional SOC assessment

Residuals have lower autocorrelation when
standardized by the 90% PI interval

➔ Simulate residuals & assess
distribution of the spatial average
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Detectable Difference =  12 g C kg-1 (MDD with α = 0.05 and β = 0.8)

Rate of SOC content increase ≈ + 1 g C kg-1 / 15 years
Model reduces the uncertainty on 
the spatial average, most significant
at low data-availability

Example for a soil district: 

422 km² croplands

mean SOC = 14.9 g C kg-1

Methods
34,418 soil analyses at parcel-level

Model with spectral data from a 3-year Sentinel-2 composite

[1]

Context
Soil health monitoring + Organic C sequestration

➔ Requires expensive soil analyses

Which value of Sentinel-2 bare soil reflectance?
• Temporal SOC monitoring
• Spatial SOC mapping

Walloon region (Belgium)
16 901 km² (44% used for agriculture)

Source: Lifewatch

Cropland, rainfed
Grassland
Tree (broadleaved, needleleaved)
Urban areas
Shrub or herbaceous flooded
Water bodies

Aggregate estimates and 
uncertainty at regional scale
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