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Abstract

Air is a combination of gases that includes 78% nitrogen, 21% oxygen, and trace amounts of other gases. If the
proportion of the gases in the air gets imbalanced, it becomes deadly for people. Rajshahi, is the 6th largest city
once known for having some of the cleanest air in Bangladesh, However, recently, like the rest of the nation,
Rajshahi has also been grappling with unprecedented levels of toxic gases. This study has used Google Earth
Engine(GEE), Sentinel-5P data, and Geographic Information System (GIS) software to assess air concentration
from 2020 t0 2024. Different toxic pollutants have been identified and maps have been created showing their
distribution in the area. It could help to determine if air quality meets local standards and also be helped to select
critical areas where air pollution levels have reached limits. The study has analyzed the concentrations of key
atmospheric pollutants, including sulfur dioxide (SO:), carbon monoxide (CO), methane (CH4), ozone (Os),
formaldehyde (HCHO), nitrogen dioxide (NO2) and aerosol. The pollutants were measured using vertical column
density (VCD), which represents the total amount of a gas in a vertical column of the atmosphere above a specific
location. To extend the analysis beyond past observation, a machine learning-based regression model will be
developed to predict pollutant levels for the years 2025 and 2026. The model will be trained on the 2020-2024
VCD data. The findings can help decision-makers take early action in pollution-prone areas and promote more
sustainable and health-conscious urban planning. A prophet model designed by facebook’s core data science team
has been used for developing linear regression. This helped us to find out the forecast for the next two years. Using
this forecast, taking precautions may become easier and smoother for a better air quality.
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1. Introduction

Rajshahi City has always had better air quality. It is less polluted than other major Bangladeshi cities like Dhaka
and Chittagong. However, the city's air quality has drastically deteriorated in recent years. The air pollution has
increased due to the rapid expansion of industry and urbanization. And it also raised concerns about possible health
problems. Rajshahi's Air Quality Index (AQI) frequently rises above hazardous thresholds throughout the winter.
It especially happened from November to February when a combination of local and transboundary pollution
sources intensifies. The main contributors to this increase in pollution include gases. It is included CO, Os, SO-,
and NO: as well as particulate matter. GIS, or geographic information systems, has become an important tool. It
offered complete geographical analysis of pollutant data and improved air quality assessments. The Air Quality
Index (AQI) is an important indicator. It has helped evaluate the severity of air pollution and its potential effects
on human health. Traditional methods of assessing AQI usually rely on point measurements. It worked from
ground-based monitoring stations. AQIl measurement based on GIS is an important development in environmental
monitoring. GIS has become increasingly important in AQI evaluation with the growth of environmental concerns
and urbanization. A lot of harmful gases are created by vehicles. The spatial viewpoint of GIS made air quality
indicators more precise, useful, and effective. It allows us to understand the elements that contribute to air
pollution. Additionally, it creates focused, research-based initiatives to enhance air quality. Both human health and
air quality are impacted by these gases significantly. The World Health Organization (WHO) has set limits on the
acceptable amounts of contaminants. The mean of NO: is 10 pg/m? per year, and 40 pg/m? is the acceptable daily
limit for SO.. The safe interval for CO is 10,000 pg/ms3 for one hour. For Os, it is 100 pg/m? for eight hours.

The objective of this study is to evaluate AQI readings in different Rajshahi areas. Examined GIS's ability to
aggregate and evaluate air quality data at various geographic scales. Found out the chronological variation of
contaminants of air quality. This study is also focused on forecasting future concentration data using linear
regression. Linear regression was applied to analyze the trend of gas concentration over time here. The slope of
the regression line indicated whether the concentration is increasing or decreasing. The coefficient of determination
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(R?) measured how well the model explains the variation in the data. A higher R2 value suggested that the regression
line fits the data better. On the other hand, a lower value indicated more noise or unexplained variation in the
dataset.

2.Study Area

Rajshahi, one of the largest urban centers in Bangladesh and situated near the Indian border, provides an important
context for examining transboundary environmental challenges such as air pollution. Unlike Dhaka, which has
undergone extensive urbanization, Rajshahi is experiencing comparatively recent urban growth. This makes the
city a suitable case study for investigating the early stages of urban development and their implications for air
quality. Recent increases in vehicular traffic, compounded using substandard fuel, outdated vehicles, and frequent
congestion, have contributed to elevated concentrations of NO: and CO. Analyzing these trends in Rajshahi can
yield insights into the environmental consequences of varying levels of urbanization and inform the development
of policies tailored to cities at different stages of growth.
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(https://diva-gis.org/data.html )

3. Methodology

Here we analyzed two types of visual data. The strength of these gas concentrations in our target area is depicted
on spatial maps. We retrieved our data using Google Earth Engine (GEE), which offers average gas concentration
measurements every nine days, the minimal amount of time required to generate a valid average. The dataset
covers the period from January 1 to December 31, 2020. We generated numerous averages for each gas and
selected maximum and minimum levels based on AQI medians (measured in mol/mz2). To improve accuracy on
spatial maps, GEE has given numerous data points to each coordinate in the research region. The system took
daily observations and averaged the concentrations (in mol/m2) across the year. These numbers were then loaded
into ArcGIS, which generated maps depicting the distribution and intensity of gas concentrations. The same
approach was used for both the 2020 and 2023 datasets.

The linear regression approach is then applied to determine the trend line of gas concentrations. Linear regression
is a straightforward statistical approach for determining the connection between one dependent variable (for
example, gas concentration) and one or more independent variables (for example, time, temperature, and
humidity). The model attempts to fit a straight line (or plane with multiple variables) through the data points so
that the discrepancy between the actual data values and the anticipated value from the line is minimized. For
visualization, Matplotlib was used. It is a comprehensive Python library for creating static, animated, and
interactive visualizations. For forecasting data Facebook Prophet model was used here. It is an open-source Python
library offering an intuitive, automated approach to capturing trends, seasons, and exceptional events in time series.
It was developed by Facebook's Core Data Science team. The "Prophet Equation™ is given by trends, seasonality,
and holidays.

y(t) = g(t) +s(t) + h(t) + e(t)
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here,

g(t) = trend (changes over a long period of time); s(t) = seasonality (periodic or short-term changes); h(t) = effects
of holidays to the forecast; e(t) = the unconditional changes that are specific to a business or a person, or a
circumstance. It is also known as the error term; and y(t) = forecast.

4. Results and Discussions

Assessing air quality is a vital tool for understanding how human activities and climate factors impact our
atmosphere. In this study, we used data from Sentinel-5P (ESA), MODIS, and Copernicus to explore trends in air
pollution—specifically focusing on nitrogen dioxide, carbon monoxide, aerosols (AOD), and other atmospheric
chemicals
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Table 1. Compilation of results obtained from the images of concentration range of gases
Gas Concentration Concentration
(2020) (2024)
High value Low Value High Value Low Value
S0O2 0.000278462 -1.21215e-05 0.000262977 2.41513e-05
CH4 1.95337e-06 1.84952¢-06 1.96604e-06 1.92339¢e-06
HCHO 0.000221505 0.000165966 0.000252076 0.000193366
UV Aerosol -1.14623 -1.3857 -0.18591 -0.396785
NO2 9.35371e-05 7.56531e-05 0.000107051 8.01989e-05
03 0.122212 0.121552 0.125413 0.124827
CoO 0.045098 0.0432024 0.0471779 0.0441847

Then the graphs show the linear regression trend of gas concentration (median values) over time (2019-2027).
Here, the data for 2026 and 2027 were predicted using the Prophet model, which utilized previous data. For
example, the slope of the regression line indicates an increasing trend with R? = 0.62, meaning the model
moderately explains the variation, while some noise is present.
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5. Conclusions

According to the spatial study done with GIS mapping, there were significant differences in the quality of the air.
It pinpointed particular regions with higher pollutant levels. Research on temporal trends and variations in air
quality was done across time. It sheds light on seasonal trends and possible sources of pollution. The reliability of
the results was increased. It was done by combining satellite observations with data from ground stations.
Furthermore, it confirmed the AQI determined by satellite and highlighted the necessity of integrating remote
sensing. With the Forecast by Prophet model and the Linear regression trend of the median of any gases, the
predicted concentration of the gases for the next two years can be found. These predictions will be helpful to take
safety measures two years before the air deterioration.

Overall, this review enhanced awareness of Rajshahi City's air quality concerns. It was also a useful resource for
legislators and environmental bodies. The findings can help guide targeted initiatives to reduce pollution and
improve public health. It will also promote sustainable urban growth. From the table above it is obtained that range
of concentrations of SO2, CH4, HCHO, UV Aerosol, NO2,03,CO has increased in the air to a significant number.
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