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Abstract

Air quality has become a critical environmental concern in Bangladesh, driven by enhanced urbanization,
industrialization, and emissions from vehicles. In this context, the present study investigates the spatio-temporal
variations in air quality and the evolution of urban spaces in three major districts—Dhaka, Rajshahi, and
Chittagong—over the past 11 years (2013-2023). Dhaka and Chittagong, which are relatively more urbanized and
industrialized than Rajshahi, are the areas of interest. Satellite-based data of significant air quality parameter
(AOD) were obtained with the assistance of Google Earth Engine and presented in time series chart. The result
reflects deteriorating air quality, as well as increasing levels of pollutants. Urban sprawl is investigated by detecting
LULC(Land use and Land cover) from Google Earth Engine. Result shows that urbanization and industrial
activities are strongly correlated with high rates of pollution. ArcGIS results provide graphical representations of
intensity levels of pollutants, and they show a very high gap between highly industrialized cities and less urbanized
areas. This work presents a general assessment of air quality trends in Bangladesh, with an emphasis on exploring
the imperative of policy intervention to address pollution, particularly in Dhaka and Chittagong. By combining
remote sensing and GIS-based analysis, the study offers a robust methodology for air quality monitoring and
management that can be utilized to inform environmental policy in other developing nations with comparable
challenges. It also promises future research into the source of air pollution and specific mitigation planning.
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1 Introduction

Bangladesh is one of the most polluted countries in the world and has become an air pollution hotspot due to its
large population and their activities (Emberson et al., 2009). Air quality in Bangladesh is also influenced by the
long-range transport of pollutants, industrial emissions and biomass burning from surrounding regions. As a result,
the country experiences severe air pollution that mainly consists of aerosol particles (Ali et al., 2017; Almazroui,
2019)

Aerosols affect the global climate system in several ways and are now seen as an important factor in climate change
(Alpert et al., 1998). These are solid or liquid particles ranging from 0.001 to 100 um that remain suspended in the
atmosphere. They have strong effects on air quality, visibility, climate and human health through radiation forcing
(Bilal et al., 2019; Han et al., 2013). To overcome the problem of spatial limitations, satellite datasets are used to
observe the distribution of aerosols at regional and global scales (Tariq et al., 2021). Aerosol optical depth (AOD)
is the main parameter for aerosol measurement as it shows a strong correlation with particulate matter (PM2.5 and
PM10), which are the most harmful pollutants for human health. Satellite remote sensing provides an effective
method to monitor the distribution of aerosols both locally and globally (Holben et al., 2001). At present, several
satellites are used for estimating AOD, including the Moderate Resolution Imaging Spectroradiometer (MODIS)
onboard Terra and Aqua, and the Advanced Very High-Resolution Radiometer (AVHRR) (Kaufman et al., 1997).
Urban growth and changes in land use land cover (LULC) also play an important role in air quality in major cities
like Dhaka. The spread of built-up areas is linked with higher industrial activities, traffic and energy use, which
increase pollutant levels. By combining LULC data with air pollution indicators such as PM2.5 concentration, it
is possible to identify pollution hotspots and understand how different land cover types influence pollutant
distribution. This knowledge is important for shaping sustainable urban planning policies that can help reduce
pollution and improve air quality (Mahmud et al., 2023).

In Bangladesh, major studies examine urban growth and air pollution separately, often focusing only on Dhaka.
Few have combined Aerosol Optical Depth (AOD) data with spatio-temporal urban growth analysis, and almost
none have compared multiple major cities such as Dhaka, Chittagong, and Rajshahi. This gap limits a
comprehensive understanding of how urban expansion influences air quality.

This study investigates the spatio-temporal trends of urban growth and AOD in the three cities, providing a clearer
picture of their changes over time. The findings aim to support urban planners, environmentalists, and
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policymakers in addressing urban and environmental challenges effectively. Using Landsat 8 and Sentinel-2
imagery alongside MODIS aerosol products, the study aims to: (i) identify spatio-temporal patterns of land use
and land cover (LULC), (ii) monitor variations in AOD, and (iii) provide actionable data for sustainable land use
management and air quality improvement strategies.

2 Method
2.1 Study Area

The study areas for this research are three major districts of Bangladesh: Dhaka, Rajshahi, and Chittagong (Fig.
1). Dhaka (23.8103°N, 90.4125°E), located in the north-central region, is the capital and one of the most densely
populated mega-cities in the world. It faces severe urban challenges, particularly high levels of air pollution, with
elevated concentrations of carbonaceous species such as black and organic carbon. Chittagong (22.3569°N,
91.7832°E), situated in the southeast, is a major port city with significant industrial activities contributing to air
quality degradation. In contrast, Rajshahi (24.3745°N, 88.6042°E), located in the northwest, is less urbanized
compared to Dhaka and Chittagong, with lower population density and industrialization.
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Figure 1. Study Area map
2.2 Data Collection and Processing

For determining spatial change, the study utilized multiple remote sensing and ancillary datasets to analyze land
use/land cover (LULC) changes and air quality in the study area. Landsat 8 Collection 2 Tier 1 Surface Reflectance
(LC08/C02/T1_L2) imagery was used for the years 2013 and 2018, while Sentinel-2 Surface Reflectance
(COPERNICUS/S2_SR) imagery was employed for 2023. All images were filtered by the area of interest (AOl),
acquisition date, and cloud cover thresholds (<10% for Landsat and <1% for Sentinel-2), and all spectral bands
were selected for analysis. Landsat imagery had a spatial resolution of 30 m, whereas Sentinel-2 offered finer
resolution at 10 m. For air quality assessment, MODIS Aerosol Optical Depth (AOD) data from the
MCD19A2_GRANULES product were used. Ancillary data included land cover training points for four classes—
Buildup, Vegetation, Water, and Bare land—as well as administrative boundary shapefiles for accurate AOI
delineation.

For preprocessing and LULC classification, Landsat and Sentinel-2 images were cloud-masked, filtered, and
clipped to the AOI, and median composites were generated to reduce noise. Land cover training samples were used
to train a Random Forest classifier (ee.Classifier.smileRandomForest) in Google Earth Engine. The trained model
was applied to the satellite composites to produce LULC maps for 2013, 2018, and 2023.

For getting time series chart, Google Earth Engine (GEE) was used to analyze urban expansion and air quality
trends from 2013 to 2023. Urban growth was derived from the MODIS Land Cover product (MCD12Q1), where
urban/built-up pixels (Class 13) were extracted and converted to area (km?) to generate annual urban growth trends.
Air quality was assessed using MODIS Aerosol Optical Depth (MCD19A2), scaled to represent AOD values. High
AOD events (AOD > 0.5) were identified and aggregated annually to estimate poor air quality frequency. Time-
series charts of both urban area and AOD were produced to visualize long-term changes.
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3 Results & Discussion

3.1 Outputs from ArcGIS
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Figure. 3.1.1: LULC of Dhaka
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Figure.3.1.2: LULC of Chittagong
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Figure. 3.1.3: LULC of Rajshahi

The spatiotemporal analysis of Land Use and Land Cover (LULC) for Dhaka, Rajshahi, and Chittagong between
2013 and 2023 reveals significant changes in land cover patterns, particularly in terms of urban expansion (buildup
areas) and reduction in vegetation and bare lands. Dhaka experienced substantial urban growth over the decade. In
2013, built-up areas (red) were already dominant in the eastern part of the region, but by 2018 and further in 2023,
urban sprawl extended noticeably westward and into the southern parts. The buildup area expanded at the expense
of vegetation (green) and bare land (yellow), indicating rapid urbanization and land conversion. Vegetation,
although still present, saw a consistent decline in both central and peripheral zones, while water bodies remained
relatively stable throughout the period.
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Chittagong's LULC analysis reveals a steady increase in urban areas, particularly in the central region around the
city core. In 2013, built-up areas were concentrated and surrounded by extensive vegetation and bare land. By
2018 and more so in 2023, urban areas expanded significantly, replacing both vegetation and bare land. Despite
this urban growth, the hilly terrain in the east and north retained substantial vegetation cover. The water bodies
remained largely unchanged.

Rajshahi showed a marked transformation in its land cover, particularly between 2013 and 2018. The 2013 map
indicates a large proportion of bare land (yellow) in the western zone, which was largely converted into vegetation
(green) by 2018. However, by 2023, an increase in built-up areas is visible, especially in the central and northern
parts. This suggests a shift from agricultural or fallow land to vegetation initially, followed by urban development
in the latter part of the decade. The water bodies (blue) remained relatively stable, with some slight variations
along the riverbanks.

Across all three cities, a consistent trend of urban expansion is observed, with buildup areas increasing substantially
from 2013 to 2023. Dhaka exhibited the most aggressive urban sprawl, followed by Chittagong and then Rajshahi.
Vegetation cover decreased in all cities, most notably in Dhaka and Chittagong, while bare lands were
progressively converted to either vegetation or urban areas, especially in Rajshahi. Water bodies remained
comparatively stable, with only localized changes.

3.2 Time Series Charts

3.2.1 AOD Charts

The temporal variation of Aerosol Optical Depth (AOD) from 2013 to 2023 shows distinct trends across Dhaka,
Chittagong, and Rajshahi. Dhaka exhibits moderate fluctuations, with AOD values ranging between 100 and 158,
peaking in 2021 (157.9) and showing overall variability influenced by rapid urbanization, industrial emissions, and
traffic congestion. Chittagong, being a coastal industrial hub, maintains comparatively lower AOD levels (63—
115), though occasional spikes (100.2 in 2018 and 115 in 2022) reflect industrial activity and port-related
emissions. In contrast, Rajshahi consistently demonstrates the highest AOD values among the three cities, ranging
between 150 and 206, with a notable peak in 2022 (206.7). This elevated trend may be attributed to the city’s
geographical setting, seasonal biomass burning, and dust transport from surrounding semi-arid regions. Overall,
the analysis highlights a spatial gradient in aerosol loading, with Rajshahi being the most polluted, Dhaka showing
intermediate but fluctuating conditions, and Chittagong maintaining relatively lower AOD levels.
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Figure 3.2.1: AOD of Dhaka
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Figure. 3.2.2: AOD of Chitttagong
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Rajshahi AOD
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Figure. 3.2.3: AOD of Chittagong
3.2.2 Urbar Area Growth Charts

The analysis of urban expansion from 2013 to 2023 reveals significant spatial differences across Dhaka,
Chittagong, and Rajshahi. Dhaka shows the most pronounced growth, with its urban area increasing steadily from
225 km? in 2013 to 259.2 km? in 2023, reflecting rapid urbanization and population pressure in the capital.
Chittagong exhibits moderate expansion, rising from 104.9 km2 to 106.2 km2 over the same period, indicating
limited but consistent urban growth influenced by industrial and port-related development. In contrast, Rajshahi
shows minimal change, with its urban area fluctuating slightly around 45 km2 and reaching 45.8 km2 in 2023,
highlighting its relatively stable and less urbanized character compared to the other divisions. Overall, Dhaka’s
urban growth far outpaces Chittagong and Rajshahi, underscoring its central role in Bangladesh’s urban
development.
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Figure. 3.2.4: Urban Area of Dhaka
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Figure. 3.2.5: Urban Area of Chittagong
Urban Area Growth(Rajshahi)

- 46,5 455 455 455 4551 4551 45.55 45.55 4555 45.55 8

455 ® Q@ o=—=C o ®
gx“’»“é’«\?é@@f&w”@w”’
_‘E ,\,@ ,\,@ ,\,@ ,\,\’b ,\;\’b W S S S \,\?’ \,\?’
5 Years(2013-2023)

Figure. 3.2.6: Urban Area of Rajshahi
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4 Conclusion

The spatiotemporal analysis of LULC, AOD, and urban expansion between 2013 and 2023 for Dhaka, Chittagong, and Rajshahi
highlights the profound impact of urbanization on land cover and air quality in Bangladesh’s major cities. Dhaka experienced
the most rapid and widespread urban growth, with built-up areas expanding significantly at the expense of vegetation and bare
lands, reflecting intense population pressure and developmental activities. Chittagong showed moderate but steady urban
expansion, largely driven by industrial and port-related development, while Rajshahi exhibited relatively stable urban patterns
with limited growth.

The LULC trends were closely linked to aerosol dynamics, as indicated by AOD variations. Rajshahi consistently recorded the
highest AOD values, influenced by its geographic setting, dust transport, and biomass burning. Dhaka displayed fluctuating but
moderately high AOD levels, primarily shaped by traffic congestion, industrial emissions, and construction activities.
Chittagong, despite being an industrial hub, maintained comparatively lower AOD levels, though occasional spikes reflected
localized industrial and port-related emissions.

Overall, the findings suggest that rapid urbanization, particularly in Dhaka and Chittagong, is contributing to vegetation loss
and increasing air quality concerns, while Rajshahi faces persistent challenges from high aerosol loading due to both natural
and anthropogenic factors. These insights emphasize the urgent need for sustainable urban planning, stricter emission control,
and enhanced green space conservation to mitigate the environmental impacts of urban growth and improve air quality across
Bangladesh’s urban centers.
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