
   Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025      

Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh 

 

2666 

 

Paper ID: 1270 

Influence of Climatic and Environmental Factors on NO₂ Levels: A 

Case Study in Four Major cities of Bangladesh 
 

Sohanur Rahmana, Nikhil Ronjon Roya, S.M. Abrar Siraj Olya, Lowhe Mahafuj Miraja, Md. Tushar Alia 

 
aDepartment of Civil Engineering, Khulna University of Engineering & Technology, Khulna-9203, Bangladesh. 

*Corresponding Author 

(Email: tusharimran3060@gmail.com) 

 

Abstract 

Air pollution remains a growing concern in urban Bangladesh, particularly the rise in nitrogen dioxide (NO2). 

This study explores how NO2 levels are influenced by 12 key environmental factors: Temperature, Precipitation, 

Evaporation, Population Density, Waste, Surface Albedo, AOD, Tree Cover, Wetlands, Croplands, Urban Area 

and Water Body in four major Bangladeshi cities: Dhaka, Chittagong, Khulna, and Rajshahi, using monthly 

satellite data from 2019 to 2023 due to limited ground-based observations. The linear and polynomial regression 

used to examine the nonlinear influence of each environmental factor on NO2. Results indicate that Dhaka 

consistently records the highest NO2 levels, typically above 0.20 µg/m³, driven by heavy traffic, industrial activity, 

and rapid urbanization, while Rajshahi shows the lowest concentrations. Model analysis revealed that temperature 

and precipitation are both positively correlated with NO₂ and statistically significant (p ≤ 0.05). Variable 

importance analysis identified temperature as the dominant driver in Khulna (37%) and Rajshahi (32%), while 

precipitation (72%) and AOD (44%) were most influential in Dhaka and Chittagong, respectively. These findings 

underscore the importance of considering multiple environmental factors to better understand NO2 dynamics and 

offer a valuable foundation for policy development.  
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1   Introduction 

Nitrogen dioxide (NO2) pollution is a rising concern in many fast-growing cities, as it poses serious risks to both 

human health and the environment. To manage this challenge effectively, it's important to understand which 

environmental and weather-related factors are driving NO2 levels—especially in countries like Bangladesh, where 

data and research are still limited. 

A study evaluated the effects of seasonal fluctuation on the atmospheric concentrations of gaseous air pollutants 

(SO2, NO2, O3, CO) and particulate matter (PM2.5 and PM10) in Gazipur city. The peak levels of air pollutants 

were recorded in winter (NO2=45.1 ppb), compared to the post-monsoon (NO2=23.52 ppb), pre-monsoon 

(NO2=33.5 ppb), and monsoon (NO2=13.9 ppb) periods (Mukta et al., 2020). Air pollution causes more than 30% 

of fatalities from ischemic heart disease and stroke, 17% of deaths from chronic obstructive pulmonary disease, 

9% of deaths from lung cancer, and 9% of deaths from respiratory infections worldwide. The World Health 

Organization (WHO) estimates that ambient air pollution killed almost seven million people in 2012, more than 

double previous estimates and more than 10% of all-cause deaths (Maji et al., 2017; Mannucci and Franchini, 

2017). In Bangladesh, automobile and industrial emissions are the two main causes of air pollution. Over 80% of 

people on the planet who reside in cities are exposed to air quality levels beyond WHO-recommended thresholds. 

Due to its detrimental effects on flora and human health as well as its role in environmental acidification, NO2 is 

a significant primary pollutant in the ambient air (Galloway, 1995). The production of photochemical oxidants is 

aided by NOx; the accumulation of tropospheric ozone (O3) and the lifespan of greenhouse gases are facilitated 

by NO2 (HOUGHTON, 1999).  

Automobiles, brick kilns, diesel generators, and factories are the primary sources of air pollution. Carbon 

monoxide (CO), hydrocarbons (HC), photochemical oxidants, such as ozone (O3), NOx, sulfur dioxide (SO2), lead 

(Pb), and suspended particle matter (SPM) are the pollution species that affect Bangladesh's transportation 

systems.  Rapid urbanization and industrial growth have greatly contributed to the worsening of air pollution 

worldwide (Butt et al., 2017; Thanvisitthpon et al., 2024). Research examines the levels, trends, and spatial 

distribution of the key pollutant NO₂ in Houston, USA, over a seven-year span (2018–2024), utilizing both 
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ground-based and satellite data. Findings reveal a notable increase in NO₂ concentrations, with annual averages 

rising by 7.3% (Alam et al., 2025). 

NO2 levels in Munich, Germany, and Stockholm, Sweden, had average values of 28.8 μg/m³ and 18.5 μg/m³, 

respectively (Lewné et al., 2004). In Dhaka, Bangladesh, NO2 concentrations were notably higher during the dry 

season (55.33 ppb) than in the wet season. In Dhaka, high temperatures and humidity during the summer 

contribute to the formation of secondary PM₂.₅, with NO2 playing a significant role (Ghahremanloo et al., 2021).  

Air pollution has emerged as a major environmental threat to urban sustainability and public health, with the 

COVID-19 outbreak offering a clear opportunity to emphasize the impact of human activities on air quality. NO2 

levels saw a notable rise of 37.3% in 2021 and 20.6% in 2022. These findings highlight a significant increase in 

NO₂ concentrations compared to 2020, pointing to a concerning upward trend in air pollution. Emissions from 

vehicles, industrial processes, and power generation are the primary sources of air pollution in densely populated 

cities, leading to increased risks of respiratory illnesses, cardiovascular conditions, and environmental harm 

(Eckhoff, 2009). 

Despite the growing concern over urban air pollution, studies exploring the combined influence of atmospheric, 

environmental, and climatic parameters on NO2 levels remain scarce which particularly in data-constrained 

regions like Bangladesh. To bridge this gap, the present study analyzes 60 months of data (2019–2023) across 12 

key parameters using both linear and polynomial regression models to identify the most influential factors driving 

NO2 concentrations at the city level. The findings offer valuable insights for urban planners and policymakers, 

enabling targeted, data-driven strategies for air pollution mitigation tailored to the unique environmental profiles 

of individual cities. 

2   Materials and Methodology 

2.1   Study Area  

NO2 is a highly toxic danger gas that comes into our atmosphere from many sources, such as automobiles, trucks, 

buses, power plants, and industrial processes. In this study work, four urban areas of Bangladesh have been 

considered, which are evident from Figure 1, i.e., the most industrialized and populated parts of the country, 

therefore being a certain source of NO2 emissions. The capital city, Dhaka, is famous for rapid urbanization and 

the issues of high NO2 concentration due to immense traffic congestion, industrial effluent run-off, and extensive 

building constructions.  

 
 

Figure 1. Location of 4 most industrialized cities in Bangladesh 

 

Bangladesh stood second in the world in 2024 to experience the worst air pollution, and Dhaka stood third as the 

world's most polluted location (https://en.prothomalo.com/environment/pollution/mh80ic3f62). Chittagong, the 

main sea port and major international trade and industry center, contributes about 12% of Bangladesh's GDP. 

Chittagong produces 40% industrial production, 80% foreign trade, and 50% taxation income 

(https://en.wikipedia.org/wiki/Chittagong). Khulna, a major industrial city in southwestern Bangladesh, is known 

for its shipbuilding, jute, and seafood industries. Khulna is also impacted by environmental issues like cyclones, 

salinity intrusion, and climate change effects that are putting pressure on the issue of air quality management. 

Rajshahi is known as the "Silk City" because of the existence of a renowned silk industry. Rajshahi is one of the 

four cities, and it has relatively lower concentrations of air pollutants like NO2 than the other cities The four cities 

https://en.prothomalo.com/environment/pollution/mh80ic3f62
https://en.wikipedia.org/wiki/Chittagong
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are industrializing very fast, and with their industrialization comes the increase in atmospheric concentration of 

NO2 step by step, causing serious public health and environmental issues. 

2.2 Data Sources & Methods 

This study used satellite data on the spatiotemporal variation of NO2. The Sentinel-5P satellite’s TROPOMI 

instrument provided the tropospheric column concentrations of offline NO2 (COPERNICUS/S5P/OFFL/L3_ 

NO2).  

The descriptive statistics & Linear regression was used to capture complex interaction of 12 variables with NO2 

concentration. Variable importance helps us understand how much each feature or predictor affects the accuracy 

of a model. In the first equation, we measure this by looking at how much the model’s error increases when we 

shuffle the values of one variable, compared to the error with the original data, averaged over several shuffles. 

The second equation then scales these importance values so we can compare them easily across all variables. 

VI =
1

K
∑ MSEpermutation

k

K

k=1

− MSEorginal
k … … … … … … … … … … … … … … (1) 

VINormalized =
VI

∑ VI
p
j=1

 … … … … … … … … … … … … … … … … … … … … … (2) 

Where, K, MSEpermutation
k , MSEorginal

k  and VI are number of permutations, model error with original data, model 

error with permutated data and variable importance respectively. 

 

Table 1. Linear Regression Statistics of Parameters 
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3. Results and Discussion 

To examine the impact of environmental and anthropogenic factors on NO2 concentrations in four major 

Bangladeshi cities, descriptive statistics and linear regression were applied (Table 1). The analysis included 

variables such as temperature, precipitation, evaporation, population density, waste generation, AOD, surface 

albedo, land cover types, and urban extent. In Dhaka, most variables showed no significant correlation with NO2, 

except evaporation (p = 0.020). In contrast, Chittagong revealed strong significance for temperature (p < 0.001), 

evaporation (p = 0.030), and urban area (p = 0.050), reflecting its rapid urban expansion. Khulna showed 

significant links with temperature, albedo, and urban area, while Rajshahi exhibited significance for temperature, 

precipitation, and albedo. Temperature emerged as the most consistently influential factor across all cities, 

highlighting its role in photochemical activity and pollutant dispersion. The insights indicate that climate-

vulnerable and land-management policies are crucial in urban air pollution mitigation strategies, particularly in 

the context of NO₂ emissions in rapidly urbanizing regions of Bangladesh. 

Figure 2 shows the average monthly and yearly concentrations of NO2 levels (in µg/m³) of four major cities in 

Bangladesh, namely Dhaka, Chittagong, Khulna, and Rajshahi for the time period of 2019 - 2023. Compared to 

these four cities, Dhaka continuously records the maximum level of NO2, typically greater than 0.20 µg/m³, due 

to heavy traffic, industrial activities, and increase in urbanization. Whereas, Rajshahi recorded the lowest 

concentration levels, which stayed below 0.10 µg/m³ overall probably due to fewer car and industrial emissions. 

 
 

Figure 2. NO2 Trends in Four Major Cities in Bangladesh from 2019 to 2023. 

 

There was an explicit trough in the NO2 concentration in 2020, particularly between March and June, coinciding 

with national lockdowns due to COVID-19 that limited transport and industrial operations. Since 2020, NO2 

concentrations rose steadily, especially for Dhaka and Chittagong, and reached or even passed pre-pandemic 

levels by 2022–2023. Seasonal variations are reflected in monthly propensities, where lower levels usually occur 

in the monsoon months (June–August) due to atmospheric dispersion and rain and higher levels in the dry winter 

months (November–February), when pollutants tend to accumulate. This type of tends is reflected in both 

geographical variations in the air quality and climatic and anthropogenic factors affecting NO2 pollution in 

Bangladeshi urban areas. 

The bar chart illustrated in Figure 3 the normalized variable importance of twelve environmental and 

anthropogenic parameters impacting tropospheric NO2 levels across Dhaka, Chittagong, Khulna, and Rajshahi, 

derived from Gradient Boosted Regression Models. The differential importance patterns underscore the complex 
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interplay of local climatic, demographic, and land-use factors modulating urban air quality in these heterogeneous 

urban environments. In Dhaka, precipitation emerges as the overwhelmingly dominant predictor, accounting for 

approximately 71% of the model’s explanatory power. This dominance suggests the critical role of wet deposition 

and atmospheric cleansing processes in modulating NO2 concentrations in Dhaka’s humid subtropical climate 

(Ali et al., 2025). Temperature, evaporation, and population density (PD) show comparatively minor 

contributions, reflecting their secondary influence relative to hydrometeorological controls. 

 

 
Fig. 3. Variable importance on NO2 concentration over the four major cities in Bangladesh 

Chittagong presents a contrasting profile where AOD and Albedo collectively contribute over 60% of variable 

importance. This reflects the coastal city's exposure to particulate matter and surface reflectance effects 

influencing photochemical NO2 production and dispersion (Ali et al., 2024). The high importance of PD and 

albedo underscores the anthropogenic and surface energy balance factors shaping pollutant dynamics in this 

region. Khulna’s NO2 variability is primarily governed by temperature (36%), followed by evaporation and 

precipitation, aligning with its tropical climate where temperature-driven photochemical reactions predominate 

(Joy et al., 2024). The moderate influence of urban area and PD suggests localized emission sources also play 

notable roles. 

In Rajshahi, precipitation (32%) and cropland cover (23%) are key predictors, indicative of the interplay between 

agricultural emissions and seasonal rainfall patterns influencing NO2 levels (Hasan et al., 2025). The urban area 

and AOD also show moderate importance, reflecting mixed rural-urban characteristics. These findings highlight 

that NO2 concentrations are shaped by distinct regional climatic regimes, land-use practices, and emission profiles. 

The variable importance trends emphasize the need for city-specific air quality management strategies that 

integrate local meteorology, urbanization patterns, and ecological context. 

4. Conclusions 

Air pollution remains a growing concern in urban Bangladesh, with NO2 emerging as a major pollutant due to 

increased vehicular emissions, industrial activity, and rapid urban expansion. This study investigates how NO2 

levels are influenced by 12 key environmental and anthropogenic factors—temperature, precipitation, 

evaporation, population density, waste generation, surface albedo, aerosol optical depth (AOD), tree cover, 

wetlands, croplands, urban area, and water bodies, across four major cities: Dhaka, Chittagong, Khulna, and 

Rajshahi. Monthly satellite data (2019-2023) were utilized due to limited availability of ground-based 

observations. Linear and polynomial regression analyses were applied to capture both linear and nonlinear 

relationships. 

Results show that Dhaka consistently exhibits the highest NO2 levels, often exceeding 0.20 µg/m³, while Rajshahi 

maintains the lowest levels (<0.10 µg/m³). Significant positive correlations (p ≤ 0.05) were found between NO2 
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and both temperature and precipitation. Variable importance analysis using Gradient Boosted Regression 

highlighted temperature as the dominant factor in Khulna (37%) and Rajshahi (32%), while precipitation (72%) 

and AOD (44%) played key roles in Dhaka and Chittagong, respectively. A key limitation of this study is the 

reliance on satellite-derived NO2 and environmental data, which may lack finer spatial resolution and localized 

accuracy. Future research should integrate ground-level monitoring, higher-resolution datasets, and additional 

factors such as wind speed and atmospheric pressure. These findings offer a data-driven foundation for city-

specific air quality policies in rapidly urbanizing regions of Bangladesh, some of the initiatives created are the 

Bangladesh Clean Air Project (BCAP) and the Clean Air, Healthy Dhaka Program. 
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