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Low agricultural water productivity, together with the growing impacts of
climate change, has increased pressure on water resources. Continuous
monitoring of plant water stress at field and orchard scales can help alleviate
this pressure. In this study, Machine Learning (ML) models were combined
with remote sensing data to directly estimate the Water Deficit Index (WDI).
Two scenarios were developed for WDI estimation in pistachio orchards of
the Rafsanjan Plain. In the first scenario, Sentinel-2 spectral bands were used
as input data, while WDI images derived from the METRIC algorithm were
used as the target output. In the second scenario, the input data consisted of a
combination of Sentinel-2 spectral bands and the thermal band of Landsat-8,
while the output remained the same as in the first scenario. The novelty of
this study lies in the development of a methodological framework for high-
spatial-resolution mapping of WDI through the integration of ML models
with Sentinel-2 and Landsat-8 satellite imagery. The results showed that, in
the second scenario, incorporating thermal information improved the
accuracy of WDI estimation across different plant growth stages. Among the
evaluated models, the Artificial Neural Network (ANN) achieved the best
performance, with DC and KGE values of 0.718 and 0.818, respectively,
outperforming the SVR and RF models.
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1. Site Selection
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2. Satellite Data Collection

\

3. Satellite Image Preprocessing

4. ET Estimation via METRIC Using LS8 Imagery

5. WDI Calculation

6. Feature Extraction and Data Construction for ML Models in
Two Separate Scenarios

-

7. Calibration and Verification of ML Models

v

8. Performance Comparison

Figure 1. Flowchart of the current research methodology
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Figure 4. Comparison of lysimeter-measured ETa versus remotely sensed ETa (Adapted from Safari et al., 2023)
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Figure 5. Estimated H over the reference lysimeter orchard
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Figure 6. Calculated WDI maps for selected dates in 2022
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Figure 7. Calculated WDI maps for selected dates in 2023
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Figure 8. Convergence plot of ANN and SVR models based on the reduction of MSE in Scenario 1
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Figure 9. Convergence plot of ANN and SVR models based on the reduction of MSE in Scenario 2
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Table 2. Comparison of ML model performance in estimating WDI in Scenario 1

Calibration Verification
RMSE DC KGE RMSE DC KGE
ANN 0.129 0.320 0.386 0.141 0.184 0.303
SVR 0.133 0.284 0.302 0.138 0.216 0.251
RF 0.102 0.577 0.495 0.139 0.209 0.246
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Table 3. Comparison of ML model performance in estimating WDI in Scenario 2

Calibration Verification
RMSE DC KGE RMSE DC KGE
ANN 0.070 0.797 0.847 0.083 0.718 0.818
SVR 0.086 0.700 0.701 0.092 0.649 0.680
RF 0.066 0.821 0.776 0.089 0.670 0.707
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