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Dust is a phenomenon with significant environmental impacts across
various aspects of human life, including agriculture, economy, health,
and more. The purpose of this study is to investigate and predict the
dust phenomenon in Kermanshah. Meteorological data with a 3-hour
resolution for the statistical period (2000-2020) from the Kermanshah
station was obtained from the Meteorological Organization. First, the
dust data were normalized, and then Artificial Neural Network (ANN)
models were used to predict dust concentration, while the Adaptive
Neuro-Fuzzy Inference System (ANFIS) was employed to analyze and
predict the time series of dust occurrence in MATLAB software. The
findings revealed that the maximum predicted dust concentration,
related to the minimum dew point with the highest Pearson correlation
with dust, was estimated at 3451.23 pg/m3. Additionally, the results of
the time series prediction using the ANFIS model showed that the
linear bell membership function with grade 3, during both the training
and testing stages, was the most effective input function among other
membership functions. According to the forecasting models, the highest
probability of maximum dust occurrence in the next 20 years in
Kermanshah is 94%. Based on the aforementioned studies, sufficient
information was gathered to conduct this research. The phenomenon of
dust, particularly in western Iran and the city of Kermanshah, has
consistently posed significant challenges for the residents of these
areas. This phenomenon is influenced by specific atmospheric
conditions that cause irreparable damage annually, leading to
respiratory issues and deteriorating air quality. Therefore, it is essential
to pay serious attention to the issue of dust.
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Introduction

The phenomenon of dust storms is one of the most damaging natural disasters in arid regions of
the world, especially in Iran, causing numerous environmental problems in these areas(Zolfagari et
al., 2011). It is also one of the dangerous climatic phenomena that annually inflict significant
damage to the environment, roads, buildings, and urban air quality. Dust is considered an air
pollutant and is measured alongside other atmospheric pollutants. Dust storms are destructive
climatic phenomena on synoptic maps influenced by climatic elements such as pressure,
cloudiness, precipitation, relative humidity, wind, temperature, and evaporation. The aim of this
study is to investigate and predict the dust phenomenon in Kermanshah city. Meteorological data
with a 3-hour resolution from 2000 to 2020 was obtained from the national meteorological
organization for Kermanshah station. Initially, dust data was normalized; then using Artificial
Neural Networks (ANN) models for predicting dust concentration and Adaptive Neuro-Fuzzy
Inference System (ANFIS) for error checking and time series prediction of dust occurrences were
conducted using MATLAB software. The findings indicated that the maximum predicted
concentration of dust relates to minimum point Shabam with the highest Pearson correlation with
dust at approximately 23/3451 micrograms per cubic meter. Additionally, time series prediction
results utilizing ANFIS model showed that a linear bell-shaped membership function with degree 3
designated itself as having the best input function among other membership functions during
training and testing phases. Based on predictive models, it was concluded that there is a 94%
likelihood for maximum dust events occurring in Kermanshah over the next 20 years.

Material and Methods

In this study, an assessment and prediction of dust storms in the city of Kermanshah were
conducted. For this purpose, data from a 20-year period (2000-2020) regarding dust were utilized.
Meteorological data with a 3-hour resolution were obtained from the Kermanshah meteorological
station. To compare PM10 concentrations, Google Earth Engine data and MODIS AOD (Aerosol
Optical Depth) products were used alongside data obtained from the Kermanshah Environmental
Protection Agency. To predict PM10 concentration, an Artificial Neural Network (ANN) method
was employed. Additionally, for error checking and time series prediction of dust storm
occurrences, an Adaptive Neuro-Fuzzy Inference System (ANFIS) model was applied. In this
study, all dust storms with a maximum 3-hour PM10 concentration greater than 200 pg/ms3 were
selected for analysis. The Pearson correlation coefficient was used to explore significant
relationships between the maximum level of PM10 on days when dust storms occurred and the
average, maximum, and minimum values of all related parameters, including PM10, air pressure
(P), air temperature (T), dew point temperature (Td), relative humidity (RH), visibility (Vis), wind
speed (WS), and wind direction (WD) over the two days prior to storm occurrence.The results of
this research could help identify patterns affecting the occurrence of dust storms and provide useful
tools for better crisis management in regions impacted by similar climatic phenomena.

Result and Discussion

The hourly classification of PM10 is presented to demonstrate the impact of dust storms on
meteorological parameters. Due to the 3-hour variations in average meteorological data, PM10 was
classified at that specific time. An increase in PM10 concentration primarily leads to an increase in
wind speed from 2.7 to 5 meters per second and a change in wind direction from 148 to 240
degrees, while relative humidity decreases from 46.63% to 24%. The level of dust storm (LDS) and
a further increase in temperature occurred from 11.2°C to 21°C, accompanied by a rise in air
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pressure from 1010.5 hPa to 1015.9 hPa. Most dust storms occurred within the DS class and were
concentrated in the Ziba Park area. The general characteristics (maximum and minimum) of hourly
meteorological parameters, horizontal visibility, and PM10 levels two days prior to the dust storm
day are displayed separately for each station . At all three stations—Ziba Park, Standardization
Office, and Oil Company—an increase in PM10 concentration resulted in decreasing trends for
horizontal visibility, wind speed, temperature, dew point temperature, and relative humidity.
However, air pressure showed an increasing trend during these three days. At the two stations, Ziba
Park and Oil Company , it was shown that the highest correlation between dust levels and
meteorological parameters occurred at the Ziba Park station, which recorded a total of 25 dust
storms. Factors contributing to the favorable results at Ziba Park include: Since its installation,
PM10 concentrations at Ziba Park station have been recorded with high precision, down to tenths
and hundredths after the decimal point. The station is located away from busy urban areas,
reducing interference from local pollution sources.

Conclusion

Natural hazards in various regions of the Earth have damaging effects on living organisms, both
directly and indirectly. In the present study, modeling and predicting dust hazards in Kermanshah
city were evaluated using Artificial Neural Network (ANN) and Adaptive Neuro-Fuzzy Inference
System (ANFIS) models. Initially, a statistical analysis of dust levels at the Kermanshah station
was conducted, followed by an investigation into the possibility of simulating dust concentration
using ANN models and forecasting time series data related to dust using ANFIS. According to the
results obtained from the designed ANN neural network, the maximum predicted dust
concentration, corresponding to the minimum dew point, is estimated to be 3451.23 micrograms
per cubic meter. The ANFIS model demonstrated a high capability in predicting dust levels at
Kermanshah stations, with approximately 94% confidence in its predictions. This result indicates
that the established structure for the model—with four membership functions and hybrid training
methods—provides a suitable framework for forecasting dust levels in the studied region. The
method used in this research has been regarded as appropriate for monitoring, analyzing, and
comparing results across most studies conducted on this topic. The tracking and simulation of dust
storms in Kermanshah city confirmed an acceptable level of accuracy for the model. Utilizing
three-hourly data on maximum and minimum values of all parameters—including PM10
concentration, air pressure, air temperature, dew point temperature, relative humidity, horizontal
visibility, wind speed, and wind direction—highlighted their roles and importance in assessing and
predicting dust levels.
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