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1. Introduction

In recent decades, global warming has intensified climate
change, resulting in more frequent and severe climatic
events, including droughts. The detrimental effects of

these phenomena on ecosystems and human societies havel.

become increasingly apparent. Drought, a slow-onset yet
destructive natural hazard, is typically defined as a

prolonged period of abnormally low precipitation relative2.

to historical averages. Since drought is an inherent climatic
phenomenon, effective mitigation of its adverse impacts
depends on the availability of timely and accurate
forecasts. Consequently, drought indices—which quantify

complex interactions between climatic and environmentall.

variables—serve as vital tools for drought monitoring and
prediction.

Recent advances in machine learning have significantly2.

enhanced the modeling of drought and climate indices.
Integrating machine learning techniques with traditional

drought indices offers a robust approach to improving3.

drought forecasting and management. This study aims to
develop a high-precision machine learning model for
predicting agricultural drought in Iran using
Standardized Precipitation Evapotranspiration Index
(SPEI), a widely recognized metric for drought
assessment. The proposed model seeks to provide
actionable insights to support agricultural planning and
drought risk mitigation.

2. Methodology

Data Collection

Meteorological and remote sensing data were collected
from 70 stations across Iran, including variables such as
air temperature, precipitation, land surface temperature,
and vegetation indices. Ground-based measurements were
supplemented with satellite-derived datasets to ensure

thed.

comprehensive spatial coverage.

Feature Selection

To optimize model performance, two feature selection

techniques were employed:

Filter Method: Identified predictors with the strongest

statistical correlations to the target SPEI index for use as

model inputs.

LASSO Regression: Reduced model complexity by

applying regularization constraints, thereby eliminating

less influential variables.

Machine Learning Algorithms

Four algorithms were implemented for SPEI prediction:

Bias-Corrected Random Forest: A modified Random

Forest variant that incorporates bias correction to improve

accuracy under diverse climatic conditions.

Random Forest: An ensemble method aggregating

predictions from multiple decision trees to enhance

stability and reduce overfitting.

Support Vector Machine (SVM): A Kkernel-based

algorithm that classifies drought/non-drought events by

mapping data into higher-dimensional feature spaces.

Multilayer Perceptron (MLP): A feedforward neural

network capable of learning non-linear patterns through

iterative training on hidden layers.

3. Model Evaluation

Model performance was assessed using four metrics:

e Mean Squared Error (MSE) and Root MSE
(RMSE): Quantified prediction errors.

e Mean Absolute Error (MAE): Measured average
deviation from observed values.

e R-squared (R?): Evaluated the proportion of variance
explained by the model.

4. Results
As demonstrated in Tables 1 and 2, the Bias-Corrected
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Random Forest outperformed other models in SPEI

prediction:

e Cluster 1 (Arid regions): Achieved Rz = 0.9858 and
RMSE = 0.1190, reflecting exceptional accuracy.

e Cluster 2 (Semi-arid/humid regions): Yielded R? =
0.9809 and RMSE = 0.1375, indicating strong
predictive capability across diverse climates.

Table 1: Results of Drought Prediction Modeling in Cluster
1 Using Machine Learning Algorithms

Machine Feature
Learning Selection R? RMSE MSE MAE
Algorithm Method
Multilayer Filter 0.9834 0.1286 0.0165 | 0.0894
Perceptron LASSO 0.9852 0.1210 0.0147 | 0.0853
Support Filter 0.9822 0.1330 0.0177 | 0.0915
Vectf)r LASSO 0.9848 0.1229 0.0151 | 0.0839
Machine
Random Filter 0.9832 0.1302 0.0170 | 0.0911
Forest LASSO 0.9858 0.1191 0.0142 | 0.0820
Bias- Filter 0.9841 0.1263 0.0160 | 0.0879
Corrected
Random LASSO 0.9858 0.1190 0.0142 | 0.0821
Forest

Table 2: Results of Drought Prediction Modeling in Cluster
2 Using Machine Learning Algorithms

Machine Feature
Learning Selection R? RMSE MSE MAE
Algorithm Method
Multilayer Filter 0.9770 0.1512 0.0229 | 0.1141
Perceptron LASSO 0.9876 0.1457 0.0213 | 0.1088
Support Filter 0.9763 0.1534 0.0235 | 0.1144
Vectf)r LASSO 0.9803 0.1401 0.0197 | 0.1045
Machine
Random Filter 0.9761 0.1578 0.0250 | 0.1164
Forest LASSO 0.9800 0.1404 0.0198 | 0.1059
Bias- Filter 0.9779 0.1496 0.0225 | 0.1109
Corrected
Random LASSO 0.9809 0.1375 0.0189 | 0.1031
Forest
The  bias-corrected Random  Forest  model

demonstrated superior performance compared to other
algorithms, owing to its capacity to effectively integrate
diverse datasets while applying systematic bias
corrections. Subsequently, the optimal model's outputs
were utilized to generate agricultural drought zoning maps
based on the SPEI index. These maps serve as valuable
tools for identifying drought-prone regions and evaluating
drought severity across different areas.

The resulting agricultural drought zoning maps,
produced from the model's seasonal predictions, provide
detailed insights into the spatial distribution and intensity
of drought conditions throughout Iran. As illustrated in
Figure 1, the analysis reveals distinct seasonal patterns:
northern regions (Gilan and Mazandaran) exhibit
relatively wet conditions during spring, while central and
southern areas experience more severe drought.
Furthermore, Figure 2 highlights how rising temperatures

and reduced precipitation in summer exacerbate drought
severity, particularly in parts of Mazandaran, Gilan,
Ardabil, and East Azerbaijan.
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Figure 1: Agricultural Drought Zoning Map in Spring 2021
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Figure 2: Agricultural Drought Zoning Map in Summer
2021

5- Conclusion

This study demonstrates that integrating multi-source data
with the Bias-Corrected Random Forest algorithm
significantly enhances drought prediction accuracy. The
resulting drought zoning maps, derived from the optimized
model, provide policymakers and agricultural experts with
actionable insights to improve water resource management
and strategic planning.

The findings indicate that this modeling approach can
generate precise drought forecasts for diverse regions
across Iran. By enabling more effective resource allocation
and drought mitigation strategies, the model has the
potential to reduce adverse impacts on agricultural
productivity and the national economy.




(!—M)H"?“l 4"/‘4"-«{})}—"’&/]&‘;\‘«%

, a4

l \ W99 38 )l Jo8 (wikigo

ol Olrl siles,

&//”Zf /IZ/ https://civil-ferdowsi.um.ac.ir/
L2741 -l

Sl (Sudig) 9 i Sl S10)aak § Jwo) SWodID 9 cailo iigeT g o T 9y K drwgd
TOlpl 50 SHagls
n g5 Al
<r>wt?9 e D550 Olale
DOI: 10.22067/jfcei.2024.88855.1311
ool 1 g pol (513 53 ooy ol iy 5 Cpllsd Cle ot 0 oo o 0 i3S 0 (s mek s o STl I SO IS 0SS
ot (S 2y o ot o LS sla iU oy ics s e jl 45 SPEI _JSist janili o tas s ol s ool loy o oV sl
ot cilie (s b G 45,8 )5 ooldzd 5,0 95 1 imive 5 e (sloosls I S o el ol dsles (s o ol ssléze] LS
ol ol S s Sy s i ey il ge relil Rt sla sy ey ide sla eyl Il JSKES 2t L els 3 Lsodls Sl T IS
(Holar [ S mumg/g@adu.»uuﬁ?bpuwm SRSl s slezr Sl eslizal b e il 48,8 L 5 o (35,5 (slo o)l Olsie
R? RMSE (sla_asli jl daddis ol Sl aldS o mmlss i sbiel (5l ol ads tplms oKttt g Ydizr O o 5 Oy o e
RMSE = 0.1190 5 R? = 0.9858 .olis L ok bl s jislar [ ko il panilid ol puslée il o s 5 0 230izsl MAE 5 MSE
g o 5] ol s ol ook Sl 3 St g (S Jde Olsie 4 ¥ et 51y RMSE = 01375 5 R? = 0.9809 s | < (s,
Sl Ll o Laa i oyl Ao S onldzad] JLSim L) o o i iblio (siliddds 5 lolid )b & JLSU= sliaiy (sladldl agi (sl
iws ld Olaasie 5 Oledisd jLax] o il blo jo JSis ol 5 2 iai b alaly oo | siliad ]

SeSir gdoag aii SPEL JLSas jastls puile (6850 s 3l i (IS (SolS” (saolg

Developing a Robust Data-Driven Model Based on Ground and Satellite Measured Data for
Agricultural Drought Prediction in Iran

Mahan Azizi Ali Abbasi

Abstract Drought is considered one of the most hazardous natural phenomena for any country. Therefore, monitoring
and forecasting this phenomenon are of critical importance in today's world. To this end, the Standardized
Precipitation Evapotranspiration Index (SPEI), one of the most applied drought indices, was employed for drought
prediction. To calculate this index, a combination of ground-based and remote sensing data was utilized. Given the
different weights of each of these data types in calculating the drought index, the most relevant parameters were first
selected using feature selection methods such as the Filter method and the LASSO method and were considered as input
parameters for the model. Furthermore, artificial intelligence was utilized to apply various machine learning
algorithms, resulting in the development of several models. These algorithms included Bias-Corrected Random Forest,
Random Forest, Support Vector Machine, and Multilayer Perceptron. To validate the results of each of these models,
indices such as RMSE, R?>, MSE, and MAE were used. Based on the values of these indices, the Bias-Corrected Random
Forest model with R? = 0.9858 and RMSE = 0.1190 for cluster 1 and R?> = 0.9809 and RMSE = 0.1375 for cluster 2
was selected as the best-performing model. Finally, the results of the optimized model were used to create drought
zoning maps to identify and classify areas prone to drought conditions. These maps can provide valuable information
on the distribution and intensity of drought across different regions to stakeholders and experts.

Key Words Drought, Remote sensing, Machine learning, SPEI drought index, Drought maps
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