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Background and Motivation
Predicting the biomass of key crops like winter wheat (WW) and oilseed rape (OSR) is challenging in Bavaria due to its diverse topography, 
soils, and climate. Accurate monitoring is essential for sustainable agriculture and food security [1]. However, frequent cloud cover limits 
the usability of high-resolution Landsat data during critical crop growth stages. We fused MODIS and Landsat NDVI time series to overcome 
this, enabling consistent and spatially detailed biomass estimation from 2001 to 2019. We improve the mean biomass prediction regionally 
by combining Light Use Efficiency (LUE) modelling with Random Forest (RF) and incorporating environmental predictors. It is hypothesized 
that integrating climate, soil, topography, and landscape features into RF models would enhance prediction accuracy and better 
capture spatial variability compared to LUE alone [2] (Fig. 1). 

Study Aim and Methodology

Fig. 1. Overview of the data workflow and analytical framework used to model winter wheat (WW) and oilseed rape (OSR) biomass across Bavaria (2001–2019). LUE-modelled biomass data were combined with spatial and spatio-temporal predictors 
(e.g., landscape metrics, topography, soil, and climate variables) aggregated using a hexagon grid (5 km² resolution). Random Forest (RF) models were trained to predict mean biomass for both crops and validated using official district-level yield. LUE 
– Light Use Efficiency; STARFM – Spatial and Temporal Adaptive Reflectance Fusion Model; SHDI – Shannon Diversity Index; SWF – small woody features; SD – standard deviation. Regional abbreviations: APA – Alps and Pre-Alps, EBMRM – East-
Bavarian Mid-Range Mountains, NBHA – Northern Bavarian Hill Area, RJS – Region of Jurassic Sediments, THR – Tertiary Hills Region. 

Key Findings

Fig. 2. Scatter plots comparing RF-modelled yields 
(dt ha⁻¹) with district-level reference yields for WW, 
(top, green dots) and OSR (bottom, orange dots) 
based on LfStat data. n represents the number of 
districts used for validation in Bavaria.

Fig. 3. Circular bar plots showing variable importance for winter wheat (WW, left, green) and oilseed rape (OSR, right, orange) biomass predictions using the Random Forest (RF) model across 
six Bavarian agricultural regions: APA – Alps and Pre-Alps, EBMRM – East-Bavarian Mid-Range Mountains, Franconia, NBHA – Northern Bavarian Hill Area, RJS – Region of Jurassic Sediments, 
and THR – Tertiary Hills Region. SD = standard deviation, SWF = small woody features, SHDI = Shannon Diversity Index.

▪ Coupling RF with LUE improved biomass predictions—boosting accuracy by ~10% and reducing 
RMSE by 36% for WW, and nearly halving RMSE for OSR (Fig. 2).

▪ Soil potential and landscape diversity (SHDI) are the dominant predictors for WW across all regions, 
while solar radiation and precipitation are most influential for OSR, highlighting crop-specific 
sensitivities to environmental drivers (Fig. 3).
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