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Abstract

The dual challenges of climate change and a burgeoning global population, projected to surpass
9 billion by the year 2030, present unprecedented hurdles for the agricultural sector. These chal-
lenges underscore the need for developing precise and timely crop yield forecast (CYF) models.
To enhance CYF, various methodologies have been explored, ranging from process-based models
(PBM) to data-driven statistical approaches. Process-based models’ are hindered by uncertainties
in structure, inputs, and parameters, exceeding observed yield variations over time/space, ehereas,
Machine Learning (ML) models are often a black box needing explanations.Therefore, this paper
delves into the transformative potential of hybrid model approach where we tried to use the out-
puts of PBM as features to improve the prediction accuracy of ML for maize yield predicitons
across sub-Saharan Africa inclusing 54 countries. As input features into ML, the climate data was
obtained from ERA5-Land consisting of a daily time series from 1981 to 2016 including solar radia-
tion, precipitation, minimum and maximum temperature. Grain maize yield data from 1981–2016
were obtained from the PANGAEA (https://pangaea.de) database. The relevant soil parameters
from African soil property maps (https://www.isric.org). We adopted time-based cross validation
strategy, characterised by iterative training of the XGBoost model using twenty years of historical
data. The results indicate an R2 score of around 0.72 on the five-year forecast, along with MAE
and RMSE values of 0.61 and 1.07 tons per hectare (t ha−1) respectively under pure ML approach,
however, the hybrid model approach indicated slightly better forecast with 4.1 %, 5.0 %, and 3.8 %
in R2, MAE and RMSE respectively. We also moved beyond prediction and interpreted the outputs
of our model approach using SHAP and force plots which provided key insights in explaining the
yield forecast results (importance of variables by time). We found soil type and water stress factor
as the most critical features in grain maize yield forecasting.
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