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Abstract

Earth observation is key for agricultural monitoring across large regions. Operational
agricultural monitoring schemes involve the mapping of agricultural inputs, land manage-
ment and/or crop types. Approaches developed in consolidated agricultural systems in
Europe or the United States, have limited applicability in more heterogeneous systems.
An example is crop type mapping which is challenged by the presence of inter-cropping,
i.e., the simultaneous presence of multiple crops on a field, due to the high intra-field varia-
bility in crop types, growth stages and non-crop vegetation. Consequently, regional-scale
crop type mapping approaches in smallholder agriculture mostly focus on specific crops and
do not account for crop mixtures or double growing cycles. A combination of Sentinel-1
radar and multispectral Sentinel-2 time series was used to separate mono-cropping from
mixed-cropping in heterogeneous maize-cassava farming systems across the lower Guinea
Savannah of southwest Nigeria. The region is characterised by high cloud cover during
much of the growing season that affects non-cloud-penetrating Sentinel-2 optical data,
while it provides much richer spectral information than Sentinel-1 radar data. Field data
for the growing season 2022/2023 comprise 1,150 samples. Eight classes were defined in-
dicating crop types, mixtures, and growing periods (early maize, late maize, early cassava,
late cassava, maize-cassava, yam, rice, and other crops). Gap-free spectral-temporal fea-
tures at bi-weekly, monthly, and bi-monthly intervals for the growing season (Sentinel-1)
and the off-season (Sentinel-2) were pro-cessed in Google Earth Engine. Random Forest
models were trained to conduct experiments assessing the suitability of the two sensors
and the three temporal intervals. Results were validated using k-fold cross-validation. The
best model combining Sentinel-1 and Sentinel-2 at monthly intervals yielded a mean over-
all accuracy of 0.78 (+/-0.08 %) and median User´s and Producer´s accuracies above 0.60
for all classes. Models using only radar data underperformed with mean overall accuracies
below 0.50 and models using only multispectral data had comparable overall accuracies
but lower class accuracies for the mixed classes. Our approach demonstrates the potential
of integrating radar and optical time series in cloud-prone regions with complex agricul-
tural and forest mosaic landscapes involving mixed crops and thereby provides valuable
information for downstream assessments of crop production and yields.
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