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• The Normalized Difference Vegetation Index (NDVI) has became a benchmark for agricultural studies and applications.

• Agricultural applications require timely observations that might be interrupted by the presence of clouds or by failures in the system.

• The capacity of SAR sensors to provide consistent data acquisitions regardless of weather conditions or time of day makes them invaluable for agricultural monitoring.

Objective: explore the potential of using Sentinel-1 intensity and polarimetric features for modelling Sentinel-2 NDVI time series for four crops.

2. MATERIALS AND METHODS

• VH/VV ratio and polarimetric features mirrored NDVI trends for winter crops. Sunflower benefitted from both VH and VV backscatter channels, while corn was the most challenging crop.
• Combining intensity and polarimetric features yielded the best performance, though models using only intensity features also achieved strong results.
• the findings underscore the utility of S-1 intensity and polarimetric features in modelling crop-specific NDVI time series.
• The demonstrated sensitivity of polarimetric features to crop growth and the enhanced performance achieved by incorporating temporal features highlight the potential of this approach

for operational agricultural monitoring.

• Agricultural lands in the Region of Navarre, Spain.
• 200 parcel sample per crop (except for sunflower,

100): irrigated and rainfed barley, wheat, corn, and
sunflower.
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Sentinel-1: 78 images, 2 polarization channels (VH, VV), descending
orbit 81.

o SLC derived features: entropy (H), anisotropy (A), and alpha (α).
o GRD derived features: VH, VV, VH*VV, VH/VV.

Sentinel-2: 61 images, NDVI times series from GEE.
o Cloud and shadow masking using Sen2Cor SLC

layer.
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Crop Intensity Polarimetric Combined
R2 RMSE R2 RMSE R2 RMSE

Barley 0.89 0.08 0.85 0.10 0.89 0.08

Wheat 0.88 0.09 0.84 0.10 0.88 0.09

Sunflower 0.89 0.08 0.07 0.22 0.89 0.07
Corn 0.62 0.16 0.51 0.17 0.63 0.15
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Sentinel-1

Sentinel-2

• Noise removal.
• Linear harmonic model.

• Daily linear interpolation.
• S-2 date selection.
• Smoothing with Savitzky-Golay (SG).
• Calculation of features’ temporal rate 

of change: slope (-slp).

Regression scenarios:
1. Intensity features.
2. Polarimetric features.
3. Intensity & polarimetric features.

Train dataset

Test dataset
Random Forest Regressor

MODELED NDVI 
TIME SERIES

• Including temporal slope improved the
model performance for all crops and
scenarios.

• Intensity features outperformed polarimetric ones
across all crops.

• Highest accuracy for irrigated barley and sunflower.
• Polarimetric features showed limited contribution,

especially for sunflower.
• Combined models offered no significant improvement

compared to intensity alone.

• VH/VV ratio was the most important feature for most
crops except for sunflower (VH) and their temporal
derivatives.

• NDVI models performed best during
germination and vegetative growth.

• Reproductive stage showed lowest model
performance.

Model accuracy metrics

Independent validation with test dataset
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