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PM concentrations in Ahvaz, Iran. Daily meteorological data, including
temperature, wind speed, wind direction, horizontal visibility,
precipitation, and relative humidity, along with PMjo concentration data,
were collected for the period 2011-2023 from the Iran Meteorological
Organization and the Khuzestan Department of Environmental Protection.
Following data preprocessing, the Kolmogorov—Smirnov test was applied
to assess the normality of the data distributions. Given the non-normal
distribution of the data, Spearman’s rank correlation coefficient and
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Kendall’s Tau-b correlation coefficient were employed to examine the
Accepted relationships between PMjo concentrations and meteorological
2024/09/26 parameters. Statistical analyses and modeling were performed using SPSS
Published and the Python programming language in the Spyder environment. The
correlation analysis revealed significant associations between PMjg
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concentrations and the meteorological parameters. Specifically, PMjo
exhibited significant positive correlations with temperature (0.284 and
0.187) and wind speed (0.094 and 0.061), while significant negative

2026106722 correlations were observed with horizontal visibility (-0.408 and -0.300),

wind direction (-0.048 and -0.034), precipitation (-0.159 and -0.125), and
Kevwords: relative humidity (-0.259 and -0.173). Subsequently, a Multilayer
AiryPolluti(.)n Perceptron (MLP) artificial neural network was employed to predict PM
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Ahvaz.

concentrations. The network architecture consisted of an input layer with
six neurons corresponding to the meteorological parameters, three hidden
layers with 16, 32, and 64 neurons, and an output layer. The model
evaluation results indicated that the MLP neural network achieved
acceptable performance in predicting PM concentrations in Ahvaz, with
prediction errors remaining within an acceptable range across the training,
validation, and testing stages.

Cite this article: Bosak, Atefeh., Hejazizadeh, Zahra., & Heydari Tashekaboud, Akbar. (2026). Analysis and Prediction
of PM10 Concentrations Based on Meteorological Parameters Using a Multilayer Perceptron (MLP) Neural
Network in Ahvaz, Iran. Applied Researches in Geographical Sciences, 26 (81), 1-27. DOLI:
http://dx.doi.org/10.66224/jgs.26.81.12

@_ @ @ © The Author(s). Publisher: Kharazmi University
DOI: http://dx.doi.org/10.66224/jg5.26.81.12



mailto:Heydariakbar@gmail.com
http://dx.doi.org/10.66224/jgs.26.81.12
http://dx.doi.org/10.66224/jgs.26.81.12
http://orcid.org/0000-0001-7863-3762
http://orcid.org/0000-0003-3677-8044
https://orcid.org/0000-0003-4703-2598

5

GeographicalSciences,
Print ISSN: 2228-7736 Online ISSN: 2588-5138 \ j
htps:/Vjgs khwac.ir/ e

@] Journallof/AppliediResearchesiin

Karaom Ustversity

| Extended Abstract \

Introduction
Air pollution, due to its detrimental impacts on the environment and human health, is

considered a serious threat to the Earth and living organisms (Shams et al., 2023). Aerosol
particles are a major component of air pollution. These fine particles, ranging from 1 to 100
nanometers, can carry toxic gaseous compounds, infectious diseases, minerals, and more.
Their small size allows them to penetrate the bloodstream and lung tissues, posing significant
health risks to humans and other living beings (Asaei-Moamam et al., 2023). PMgparticles
are one type of air pollutant aerosol that are considered hazardous due to their association with
carcinogenic elements such as dioxins, furans, benzo(a)pyrenes, and heavy metals (Shams et
al., 2023). The increase in pollutant concentrations is due to natural sources, human activities,
and chemical reactions (Yukago et al., 2020). According to statistics from the World Health
Organization, air pollution levels increased by approximately eight percent between 2008 and
2013 (Shams et al., 2023).

Materials and Methods

This study aimed to assess the status of PMio atmospheric pollutants using various
meteorological parameters and to predict future time steps of this pollutant using the multilayer
perceptron (MLP) neural network model. The meteorological data were obtained from the
National Meteorological Organization, and the PM o data were received from the Khuzestan
Department of Environment. After processing and refining the data, meteorological
parameters including visibility, wind speed, wind direction, relative humidity, temperature,
precipitation, and PM;o pollutants were selected for a 12-year period (2011 to 2023). The
hourly data were converted to daily data and preprocessed. The normality of the data
distribution was assessed using the Kolmogorov-Smirnov test with SPSS software, which
indicated that the data were non-normally distributed. Therefore, non-parametric methods
were chosen for the statistical analysis. The Spearman and Kendall Tau-b correlation
coefficients were used to examine the correlation between the variables. Additionally, Python
was used to plot the time series graphs of the pollutants. To predict future PMolevels, an MLP
neural network model was used, implemented in Python with the Spyder environment. The
general steps to create the MLP neural network model were as follows:

1. Importing necessary libraries.

2. Reading the data file.

3. Preprocessing the data.

4. Converting the data to the required format using the supervised function.

5. Splitting the data into training and testing sets.
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6. Normalizing the data.

7. Constructing the MLP neural network model.

8. Predicting and evaluating the model.

Nel

. Rescaling the predictions back to the original data format.

10.Plotting graphs to compare actual and predicted results.

11.Forecasting future values.

For the MLP neural network, after splitting the input data into training and testing sets in an
80:20 ratio, the designed model included three hidden Dense layers with ReLU activation
functions, containing 16, 32, and 64 neurons hierarchically. The output layer used a linear
activation function. The model was compiled using the MSE loss function and the Adam
optimizer, with EarlyStopping to prevent overfitting. The model was trained for a maximum
of 3000 epochs with batch sizes of 64, and evaluated using the loss function, Mean Squared
Error (MSE), Average Mean Error (AME), and Root Mean Squared Error (RMSE). Finally,
the predicted values were rescaled and presented as a forecast of PMjg levels for the next 31
days in graphical format.

Results and Discussion
Using Python, the statistical information of the data was extracted and presented in tables for

analysis. The Spearman correlation coefficient results showed a positive and significant
correlation between PM o and meteorological data such as wind speed and temperature, with
correlation coefficients of 0.094 and 0.284, respectively, at a 99% confidence level. Negative
and significant correlations were found between PM;o and other meteorological variables,
including visibility (-0.408), wind direction (-0.048), precipitation (-0.159), and relative
humidity (-0.259). The Kendall Tau-b correlation coefficient results were like those of
Spearman, with PM o having negative correlations with visibility (-0.300), wind direction (-
0.034), precipitation (-0.125), and relative humidity (-0.173), and positive correlations with
wind speed and temperature at 0.061 and 0.187, respectively, at a 99% confidence level. The
performance of the MLP neural network showed that the MSE for the training set was 0.0034
and for the validation data was 0.0012. For the test set, the validation accuracy was
mse mlp=0.0048 and val loss=0.0012, indicating a suitable performance of the neural
network model. The error function values and mean squared error for the next 31 future time
steps demonstrated the MLP neural network model's acceptable performance in predicting
PMjg levels in Ahvaz.

Conclusion
The results of this study indicate a significant direct or inverse correlation between

meteorological data and PMo. There are negative and significant correlations between PM
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and parameters such as precipitation, relative humidity, visibility, and wind direction at a 99%
confidence level, and positive and significant correlations with temperature and wind speed at
a 99% confidence level. The MLP neural network results showed that the network provided

satisfactory performance and acceptable predictions for future PMjolevels in Ahvaz.
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