Iranian Journal of Soil and Water Research ISNN: 2423-7833
Homepage: http:/ijswr.ut.ac.ir

Comparing machine learning algorithms for estimating PM o particle
concentration using AOD and selected meteorological parameters

Fatemeh Khodayar' * | Mohammad Reza Ansari?® | Saeid Hojati > |
Elham Khodayar*

1. Department of Soil Science, Faculty of Agriculture, Khuzestan Agricultural Sciences and Natural Resources University.
Mollasani, Khuzestan, Iran. E-mail: fati.kh0073@gmail.com
2. Corresponding Author, Department of Soil Science, Faculty of Agriculture, Khuzestan Agricultural Sciences and Natural
Resources University. Mollasani, Khuzestan, Iran. E-mail: m_ansari@asnrukh.ac.ir
3. Department of Soil Science and Engineering, Faculty of Agriculture, Shahid Chamran University of Ahvaz, Ahvaz,
Khuzestan, Iran. E-mail: s.hojati@scu.ac.ir
4. Department of Software Engineering, Faculty of Technology and Engineering, Islamic Azad University, Ahvaz Branch,
Khuzestan, Iran. E-mail; e.khodayar96@gmail.com

Article Info ABSTRACT

Avrticl : Research Articl _— . - .
ticle type: Research Article Monitoring and controlling the level and sources of dust are crucial in the face of climate

change and the development of suitable predictive approaches that directly impact the
environment and human health. This study aims to estimate the concentration of PM10 in the
city of Ahvaz using various machine learning models. Climate variables and the Aerosol
Received: Aug. 24, 2024 Optical Depth (AOD) index, derived from the MODIS sensor at a wavelength of 476
. nanometers, were used as influential variables in estimating PM10 concentration in three
Revised: Nov. 15, 2024 scenarios: combining AOD with PM10 (scenario 1), combining climate variables with PM10
Accepted: Nov. 19, 2024 (scenario 2), and combining climate variables and AOD with PM10 (scenario 3) .Using six
. . machine learning algorithms, namely Random Forest Regression (RFR), Gradient Boosting
Published online: March. 2025 Regression (GBR), Artificial Neural Networks (ANN), AdaBoostR with DTR, Support Vector
Regression (SVR), and Decision Tree Regression (DTR), the PM10 concentration was
estimated in different scenarios, considering accuracy and precision coefficients. The most
Keywords: influential variables in estimating PM10 concentration were determined to be sunshine hours,
Machine Learning Algorithms,  minimum visibility, maximum wind speed, and the AOD index. The GBR linear regression
Climatic Variables, model, with R?, MAE, RMSE, and I0A coefficients of 0.76, 0.31, 0.49 and 0.93 respectively,
AOD index, was found to be the most suitable model for estimating PM10 concentration in scenario 3. the
PM10 results showed that incorporating the AOD index alongside climate variables improved the
model's performance in estimating PM10 concentration. The proposed final model can be used

for daily estimation of PM10 particles.

Article history:

Cite this article: Khodayar, F., Ansari, M.R., Hojati, S., Khodayar, E., (2025) Comparing machine learning algorithms for estimating
PM10 particle concentration using AOD and selected meteorological parameters, Iranian Journal of Soil and Water
Research, 56 (1), 127-149. https://doi.org/10.22059/ijswr.2024.381356.669783

© The Author(s). Publisher: The University of Tehran Press.
DOI: https://doi.org/10.22059/ijswr.2024.381356.669783 BY NG



file:///C:/Users/ansari/Downloads/fati.kh0073@gmail.com
file:///C:/Users/ansari/Downloads/m_ansari@asnrukh.ac.ir
mailto:s.hojati@scu.ac.ir
file:///C:/Users/ansari/Downloads/:%20e.khodayar96@gmail.com
https://doi.org/10.22059/ijswr.2024.381356.669783
https://doi.org/10.22059/ijswr.2024.381356.669783
https://orcid.org/0009-0000-5578-8251
https://orcid.org/0000-0003-1261-7457
https://orcid.org/0000-0002-4109-3202
https://orcid.org/orcid-search/search?searchQuery=0000-0002-4442-541X
https://creativecommons.org/licenses/by-nc/4.0/

Iranian Journal of Soil and Water Research, Vol 56 (1) 128

EXTENDED ABSTRACT

Introduction

Monitoring and controlling the levels and sources of dust, influenced by climate change, and developing
appropriate predictive approaches that have direct impacts on the environment and human health are of great
importance. Dust storms are one of the main reasons for the dispersion of airborne particles with an
aerodynamic diameter of less than 10 micrometers (PMyo) in the air of dry regions worldwide, including the
dry and desert regions of Iran. These storms occur more severely and with higher concentrations than in the
past, leading to adverse environmental effects. One of the negative consequences of increased particulate
matter concentration is the health risks posed to residents in these areas. Among these, the southern and
southeastern regions of Ahvaz are recognized for having the largest area of origin centers of dust storms in
Khuzestan Province. This study was conducted with the aim of estimating the PMyo particle concentrations in
the city of Ahvaz using various machine learning models.

Methodology

In this research, climate variables and the Aerosol Optical Depth (AOD) index, derived from the MODIS
sensor at a wavelength of 476 nanometers, were used as influential variables in estimating PM10 concentration
in three scenarios: combining AOD with PM10 (scenario 1), combining climate variables with PM10 (scenario

2), and combining climate variables and AOD with PM10 (scenario 3) .Using six machine learning algorithms,

namely Random Forest (RF), Gradient Boosting Regression (GBR), Artificial Neural Networks (ANN),
AdaBoostR with DTR, Support Vector Regression (SVR), and Decision Tree Regression (DTR), the PM10
concentration was estimated in different scenarios, considering accuracy and precision coefficients.

Results and Discussion

The most influential variables in estimating PM10 concentration were determined to be sunshine hours,
minimum visibility, maximum wind speed, and the AOD index. The results indicated that the method of
combining the input variables of the AOD index and meteorological parameters using the GBR algorithm
showed the best performance with the highest accuracy and precision coefficients, including MAE = 0.31,
RMSE = 0.49, I0OA=0.93, R? = 0.76 . The approach using only the AOD index showed the worst performance
in estimating PMyo levels, with accuracy and precision coefficients, including MAE = 0.40, RMSE = 0.64,
I0A=0.82, R? = 0.59. The approach using only meteorological parameters showed intermediate performance
in estimating PMyo levels, with accuracy and precision coefficients, including MAE = 0.37, RMSE = 0.61,
I0A=0.88, R? = 0.62. The pixel size of the satellite image used in the MODIS sensor is one kilometer, which
in comparison to the dimensions of ground-based PM10 pollution monitoring stations, has a larger area. This
difference in area creates uncertainty in the results of models that solely rely on satellite image data. The use
of influential meteorological variables alongside the AOD index for modeling PMyo pollutant concentrations
has shown remarkable performance. In the field of machine learning studies, utilizing multiple models for
making predictions is crucial. By providing more accurate predictions in complex processes, focusing on
improving these models for optimal management can ultimately contribute to advancing more sustainable and
cost-effective operations. The proposed final model can be used for daily estimation of PM10 particles.
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