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In recent years, the use of machine learning algorithms has been a promising
way to improve crop yield predictions, especially when using non-linear
relationships. This research was conducted with the aim of evaluating the yield
estimation of irrigated and rainfed barley as well as the total yield of barley
produced in the provincial centers of Iran using remote sensing data and
machine learning methods including XGBoost and SVM. The results showed
that by using climatic data, drought indices and plant indices of remote sensing
and also XGBoost and SVM algorithms, it is possible to reliably estimate
barley yield in different regions of the country with different climates. In
general, the RMSE error obtained for both models was acceptable (0.41 and
0.77 t/ha). The R? determination coefficient values for XGBoost and SVR
algorithms in modeling rainfed barley cultivation performance were equal to
0.2 and 0.22 respectively, in irrigated barley performance were equal to 0.52
and 0.55 and for total barley were equal to 0.66 and 0.65, indicating that the
rainfed yield modeling were not as suitable as irrigated and total barely yield
modeling. The RBF kernel was chosen as the best kernel to use for the SVM
algorithm. Also, in this research, while examining the effects of change in
train and test data dividing, the parameters of precipitation, temperature, and
evapotranspiration were determined as the most important parameters
affecting the performance of the barley yield for both algorithms in different
evaluated conditions.
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Figure 1. The locations of the studied regions
Table 1. Characteristics of applied remote sensing datasets
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Variable Temporal resolution  Spatial resolution Product
NDVI/VCI 16-Day 250m MOD13Q1.006
LST/TCI 8-Day 1km MOD11A2.006
ET 8-Day 500m MOD16A2.006
Air temperature Monthly 11132m ERA5
Precipitation/ PCI Monthly 11132m ERA5
Humidity Monthly 11132m NASA/FLDAS
PDSI Monthly 4638.3m Terra Climate
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Table 2. The evaluation metrics for the best and poor performance of XGBoost and SVM algorithms in prediction of
irrigated, rainfed and rainfed+irrigated barley yield

All seasons Without winter season
Performance Algorithm R? RMSE (t/ha) R? RMSE (t/ha)

Irrigated barley
Best performance XGBoost 0.52 0.77 0.53 0.75
SVR 0.55 0.74 0.54 0.76
Poor performance XGBoost 0.39 0.79 0.45 0.78
SVR 0.38 0.84 0.34 0.87

Rainfed + Irrigated barley

Best performance XGBoost 0.66 0.67 0.66 0.67
SVR 0.65 0.65 0.68 0.63
Poor performance XGBoost 0.49 0.72 0.54 0.76
SVR 0.51 0.73 0.34 0.88

Rainfed barley
Best performance XGBoost 0.20 0.42 0.18 0.42
SVR 0.22 0.42 0.19 0.41
Poor performance XGBoost 0.10 0.41 0.11 0.41
SVR 0.14 0.41 0.10 0.42

Table 3. The optimum hyperparameters for the best performance of XGBoost and SVM algorithms

Yield
Hayperparameter Rainfed Irrigated Rainfed + Irrigated

Max_depth 3 6 6
Learning_rate 0.01 0.01 0.01
N_estimators 1000 500 1000
Colsample_bytree 0.3 0.3 0.3

Kernel RBF RBF RBF
Tolerance 1e-05 1le-05 0.001
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