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Abstract

pollutants and determining the effective factors in the concentration of elements of suspended particles, sulfur
dioxide, nitrogen dioxide and ozone, in the city of Tabriz in the long-term average time period (4 years) for
changes in concentration and from the average of two dry and wet periods. In 2022, geographic weighted
regression and clustering of the study area were used for spatial modeling. In this study, out of 8 variables
(normalized vegetation cover, population density, construction density, density density, size of industrial areas,
NTL (night light) and surface temperature, average prevailing wind speed, digital model of height) the digital
model variable of height and average speed were selected Wind was dominant due to multicollinearity or (VIF)
were removed from the model in correlation studies, and the effective factors in pollution elements were
processed and standardized. The results of this study showed that the accuracy of the GWR model is better
compared to the OLS model. By generating coefficients for each of the selected factors in the model, GWR
determines the location of polluting elements and the most influential factor. According to the results of
industrial size density, among the modeled parameters, it had the highest coefficient in the spatial model of the
concentration of pollution elements. K-means clustering method using the map of coefficients obtained with
GWR for zoning the city of Tabriz according to the spatial-temporal relationship of polluting elements with
factors into 6 clustering zones, where zone 1-3 has the largest area and has high influence coefficients in all
four pollutants. In fact, zones 1-3 can be considered in the management of urban policies in pollution control.
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Introduction

The increase in urban population along with the increase in the level of motorization and industrialization has
inevitably led to air pollution and related problems in cities (MatejiceK et al., 2006). The city of Tabriz, as one
of the metropolises of the country, has witnessed increasing growth around it in the last few decades, which
type of growth and development is not by the criteria of urban sustainability, and it is currently facing
instability. issues that can be attributed to air pollution as one of the most important of these. called instability
(Shokri Firouzjah, 2018; Abdini et al, 2014; Ismailnejad et al, 2014). They investigated the air pollution in
Tabriz city. Zhang et al (2023). According to the studies, most studies have focused on the spatio-temporal
evolution of an air pollutant or the difference in the spatial pattern of several air pollutants in a year (Qi et al.,
2022b). Relatively few studies aim to investigate the time-spatial changes of atmospheric pollutants in two dry
and wet periods in a period of 4 years (2019-2022) and specifically model the time-spatial changes of pollutants
with GWR and determine the most important influencing factor in pollution concentration with local
coefficients. generated for each factor with the WGR model, which integrates several air pollutants (Qi et al.,
2022a).

Methodology and Study Area

The city of Tabriz, the capital of East Azerbaijan province and the largest city in northwestern Iran, is located
at the geographical coordinates of 45°50' to 46°36' east longitude and 37°42' to 38°29' north latitude from the
south, it is bounded by the ever-snowy Sahand mountain range, and from the northeast by the Red Pham
mountain.

Research data

Air pollutants and explanatory factor data in this study, air pollutants were investigated by examining the
concentration of air pollutants measured by satellites. In this research, from the maximum 1-hour statistics of
element concentrations during the monitoring days as a monthly average, the unit of the CO parameter is in
ppm, the parameter of suspended particles is in pg/m3 and the rest of the parameters are calculated based on
ppb to evaluate the output results of the concentration of pollution elements obtained from the Sentinel image
and The TROPOMI gauge from the Google Earth engine is raster data, extracted and with the data of five
ground stations (Railway, Raste Kuche, Abrasan, Azerbaijan and Marmar Hotel) from November 2019 to
2022. Research data.

Air pollutants and data processing agents of remote sensing agents

including air pollutants, NTL, population density, DEM, NDVI, and wind speed were collected from GEE.
The layers are divided into two categories: spatial factors and remote sensing. The spatial factors, including
industrial size, were calculated using OSM data with GIS. It was calculated for the region, also the
population layer, DEM, the spatial sum of all pixels within the region, and remote sensing factors using air
pollutant concentration, NTL, NDVI, and wind speed were shown with spatial and temporal averages for
each industrial area.

Analysis of communication using GWR and K-means clustering

This study used the GWR model to examine the spatial and temporal heterogeneity of the effects of
environmental and social factors from multiple perspectives on the concentration of suspended particles, sulfur
dioxide, nitrogen dioxide, and ozone. The model is done by considering local parameters (Chen et al., 2018;
Li et al., 2021). K-means clustering is essential to analyze regional management and policy implications by
describing local influencing mechanisms of pollutant concentrations in different regions.

Results

The temporal and spatial changes of CO and NO2 elements were estimated in two hot and cold periods using
Sentinel 5 images (Fig. 1), and the results show that in the dry period (May to early October (s)), the trend of
changes in CO and NO?2 is almost decreasing and in the wet period, the trend is almost increasing, which
pm.2.5 is the opposite of the trend that increases in the dry period and decreases in the wet period; that the
amount of changes from the winter of 2021 to 2023 has a strong increasing trend compared to the previous
periods. According to Table (1), it has the highest accuracy or in other words, the highest ability in determining
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the behavior of pollution concentration changes. In analyzing the results of the geographic weighted regression
method, the concept of local determination or the R2 Local coefficient is very important. The local weighted
R2 value is between the observed values, which shows how much the model was able to accurately estimate
and how far the observed values are from the estimates.

The trend of element changes in the statistical period
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Fig (1): Changes in elements extracted from Sentinel 5 during dry (S) and wet (W) periods
Table (1): Accuracy comparison between OLS and GWR global model

(S) 03 (S) 03 CO S CoO W NO2_S NO2 W PM.25S PM.25 W
AlCC -33904.72  -34701/67 -33567/97 -42276/36  -51057/25 -57732/58  -51057/25  -9283.12
g R2Adjusted  0/503202 0/307039 5/26 0/921443 0/769824 0/921443 7019/074 0/55851
Sig 0/0003321 0/03199 0/00036 0/00034 3/84880567 0/503202 0/001020 0/03199

. AlCc 3424371  -10508.31 -34311.7 34586.18  57459.12630  0.1912888  28432/071  -10508/31
= R2 0/5761 0/72812 0/6563 0/6939 0/7511512 -1208/36 0/89974 0/72812

© R2Adjusted 0/5721 0/72559 0/65312 0/69107 0/7488013 0/41874 0/8987 0/7255
Conclusion

According to the examination of long-term average changes (average of 4 years for both periods) in both
periods, the high concentration of polluting elements corresponds to the dense urban areas, except for ozone,
which tends to the central and northern areas. In the other three elements, the polluting elements are
concentrated in the form of a flow from the west to the east of the city, which is due to the low altitude of these
areas, which itself is the cause of the persistence of pollution in these areas. According to the standardized
residual in OLS modeling with NTL, denser urban areas had higher accuracy, which was variable in urban
areas during the cold period. The difference between the predicted and observed values was lower in the entire
urban border areas compared to the urban center. In this study, a positive relationship with changes in air
pollutants was also observed in industrial areas. Altitude and wind digital model factors were used in studies
(Qi et al., 2023). K-means clustering method using the map of coefficients obtained with GWR for zoning the
city of Tabriz according to the spatial-temporal relationship of polluting elements with factors into 6 clustering
zones, where zone 1-3 has the largest area and has high influence coefficients in all four pollutants.
Recommendations for future studies Despite the benefits of this study, it should be done to investigate the
relationship between factors and elements in different periods and compare its results for a study area. In the
response variable, there are predictor variables and methods that should be addressed in the future.
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