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Abstract

This study examines long-term land cover transitions and their impact on surface temperature rise in Gazipur,
Bangladesh, over a 36-year period (1988-2024), utilizing QGIS-based land cover change detection and thermal
data analysis. We aimed to quantify the extent of land cover change and its correlation with land surface
temperature (LST) intensification. Our study revealed a significant expansion of built-up area, which primarily
replaced wetlands (270.41 km?), vegetation (229.43 km?), and agricultural land (44.40 km?). We found that these
transitions to built-up surfaces are associated with the highest increases in land surface temperature (LST), with
mean increases of 6.39°C in former wetlands, 6.35°C in former agricultural zones, and 5.81°C in previously
vegetated areas. Notably, areas that remained built-up throughout the period (216.35 km?) exhibited substantial
temperature intensification, with a mean LST of 6.18°C and a maximum of 15.5°C, highlighting the compounding
thermal impact of persistent urban surfaces. The finding indicates that urban growth is the primary driver of
enhanced Urban Heat Island (UHI) effects in this rapidly industrializing region. This study provides a reliable
spatiotemporal backbone for developing climate-resilient urban planning strategies to mitigate UHI vulnerability
in similar contexts.
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1 Introduction

The world is currently experiencing increased urbanization, and it is projected that urban land will grow by up to 171 percent
by 2050, primarily in the Asian and African regions (Seto et al., 2012). This estimated expansion in built territories is associated
with rises in mean summertime city air temperatures as well as 0.5-3°C, mainly because of the conversion of vegetated surfaces
to impermeable states and the following decline in the process of evapotranspiration (Seto et al., 2012). An analysis of existing
South Asian satellite-based and ground station data on temperature shows that megacities with high population density are
continuously recording surface temperatures on average 10-20°C higher than rural locations in urban heat-island (UHI)
emergence during heatwaves, which are worsened by the production of waste heat and the loss of green and blue spaces (Imran
et al., 2018).Bangladesh is recorded as one of the most climate-threatened countries in the world, with a population of about
162 million people. Rapidly transforming land use as well as fast-growing urban areas are highly characterized in the divisional
capitals within this territory (Haque & Ahsan, 2019). The physical growth of Chattogram is growing at an average rate of about
3.5 km? a year, which is accompanied by rising land surface temperature, with the mean temperatures rising to 25.8 regarding
land surface temperature in 2018, in comparison with 20.2 in 1990 (Rahman et al., 2020). Analysis in Dhaka determined that
there was a strong negative relationship between the NDVI (vegetation index) and LST and a positive relationship between the
built-up areas and LST it is a fact that the significance of green cover in controlling urban heat should not be overlooked (Islam
etal., 2017). Gazipur is the third-largest urban conurbation in Bangladesh today and a crucial industrial corridor along the path
north of Dhaka, and since its citywide upgrade in 2013, it has been urbanized significantly. The examination conducted between
1993 and 2023 demonstrates that the overall amount of rural land to head into urban settlement in the metropolitan area of
Dhaka is approximately 339 kmz?, and 139 km? of lost water bodies and vegetation is in Gazipur (Rahman & Sultana, 2022).
Lately, Gazipur, which has been on the northern fringe of Dhaka city, has turned into one of the fastest-evolving areas in
Bangladesh, owing mostly to its outstanding industrial relevance and its location in the megacity corridor of Dhaka (Islam et
al., 2023) The district has become a center for textile manufacturing, logistics, and residential expansion leading to
unprecedented land use change over the last four decades. This transformation has replaced ecologically sensitive zones such
as wetlands and floodplains, traditionally critical for natural cooling, with dense built-up areas and impervious industrial
surfaces (Hossain et al., 2021) Existing surface climate research in Gazipur remains fragmented or limited to short time frames,
leaving a substantial knowledge gap in understanding the spatiotemporal impact of multiple land cover transitions especially
among wetlands, agriculture, vegetation, and persistent built environments on LST increase. The current study aims to clarify
the geographic and time relations between long-term land-cover changes and land-surface temperature (LST) escalation in
Gazipur, Bangladesh, further paying attention to the consequences of the extension of the built-up areas. A 36-year continuum
(1988-2024) of remote-sensing imagery, elaborated through land-cover classification and change-detection functionality within
QGIS, captures the systematic replacement of wetlands, vegetated lands, and agricultural sectors by urban fabrics. The
conversion dynamics that resulted are then compared across the thermal-band data in order to gauge the intensification of the
LST. Regional areas that have experienced long-standing built-up configuration are given particular attention in order to reflect
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the built-up strain henceforth created. Through this isolation of causation, the research develops a full-fledged body of
knowledge concerning the contribution of rapid urbanization to urban heat island (UHI) effects in fast-growing places. Such
derived spatiotemporal metrics emerge as an important empirical foundation to devise heat-resilience indicators in metropolitan
Bangladesh, orienting the deliberate implementation of green corridors, cool-roofing systems, water distribution, and permeable
paving. This study aims to (i) quantify all land cover transitions among wetlands, agriculture, built-up areas, and vegetation in
Gazipur from 1988 to 2024, and (ii) measure the land surface temperature (LST) changes associated with each transition type.
By doing so, the results identify the localized processes between the findings that integrate with the patterns of the UHI across
the South Asian continent, thus serving to improve climate-adaptive urban planning in other developing cities with nominally
similar designs.

2 Methodology
2.1 Study Area
The research territory consists of Gazipur district, which faces the northern border of Dhaka, Bangladesh, while
situated between 23°50’ N to 24°20’ N latitude and 90°10" E to 90°40' E longitude (Banglapedia, 2024). The
bordering regions of this district include Mymensingh and Kishoreganj to the north, along with Narsingdi to the
east and Tangail to the west, followed by Dhaka—Narayanganj to the south (Banglapedia,2024; Wikipedia, 2024).
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Figure 1. Study Area (Shapla et al., 2015).

2.2 Data Acquisition

This study uses multi-temporal geospatial data in interrogating land cover and land use (LULC) patterns and the
subsequent effects that determine the surface temperature patterns. The two main data involve classified LULC
raster coverage files and their land surface temperature (LST) raster data, which are based on the satellite images
of 1988 and 2024. The LULC classification was carried out using ArcGIS, wherein the supervised classification
processes were done on the satellite images to define the landscape in four major land cover classes, namely forest,
agriculture, urban, and water. The resulting layer was exported into GeoTIFF (.tif) layers that would be used to
analyze them. Such raster layers were then imported into QGIS to be spatially analyzed and change detected. The
layers provided to the QGIS were examined, reprojected to the common coordinate reference system (CRS), and
resampled to guarantee spatial compatibility and congruence in pixel-based modus operandi. This workflow is
displayed in Figure 2.

Data LST LST LST Land Cover
Acquisation Derivation Derivation change Change
for 1988 for 2024 Detection Analysis
Land cover 2f q Map
Integration and Layout

Figure 2. Working Procedure
2.3 LST Derivation

In the context of a project that aims to investigate the behavior of the Land Surface Temperature (LST) over time,
two raster products of LST products produced by the successive Landsat imagery were used to trace interannual
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variability of various land cover classes. Before delivering such datasets to the QGIS working environment, several
preprocessing tasks were performed, which involved orthorectification and radiometric correction of the layers of
LST themselves. To transform the satellite thermal results to LST estimations, the process was integrated through
the QGIS Raster Calculator, and everything was done under the precise description of a workflow. The thermal
band digital numbers were converted to radiance using the equation-1:

Radiance ggg = (W * Band619gg@1 + Lppin )

where Lmax and Lmin are the radiance multiplicative and additive scaling factors, obtained from the satellite
metadata. Conversion of Spectral Radiance to Brightness Temperature (Kelvin-Celsius) using Equation-2:

K>

LSTyap = | ———2—— | —273.15 (2)
ln((Radianie1988)+1>

where K1 and K2 are sensor-specific thermal calibration constants.

2.4 Land cover Change Analysis

In the current analysis, two categorized LULC products have been used: one based on the satellite imagery
produced in 1988 and another using 2024 data. The four main classes of the land cover in each product included
Wetlands (1), Agriculture (2), Built-up (3), and Vegetation (4). The data set of 1988 was generated by the use of
supervised classification algorithms in ArcGIS and saved as GeoTIFF (.tif) format. The dataset of 2024 was based
on the same workflow, in ArcGIS, and again, it was saved as GeoTIFF. Change detection was conducted using the
Raster Calculator tool in QGIS. A mathematical expression was applied to encode the transitions between classes
into unique two-digit values, following the formula

Changeyq, = (""LULC_2024""x10) + ""LULC_1988"" -

This equation-1 generated a new raster in which each pixel value represents a specific land cover transition from
1988 to 2024. For instance, a pixel value of 12 indicates a change from Wetlands (1) in 1988 to Agriculture (2) in
2024, while a value of 44 indicates no change in Vegetation.The visualization of the land-cover change map was
achieved through a single-band pseudo-color renderer. The different transition codes were given unique coloring
and labels, thus making interpretation easy. A college legend was built that embraced all the 16 changes that can
come about between its four land-cover classes.

The two procedures in QGIS were done to evaluate changes in land cover over time using quantitative
measurements. The Raster Layer Unique Values Report created pixel counts in each of the transition classes and
thus allowed consideration of the numerical size of change per pixel. Second, the Semi-Automatic Classification
Plugin (SCP) package to calculate the total area (in square meters) of each transition was used (Class Area in the
SCP), whereby the total amount of change could be determined at the scale of the study area. The comparison of
these values provides an overall evaluation of the extent and pattern of land cover change all over the area of
examination.

All raster calculations were executed in QGIS’s Raster Calculator, ensuring an efficient and reproducible workflow
for generating the final LST maps. During the next level of analysis, the processed LST data were superimposed
with a categorized Land Use/Land Cover (LULC) shapefile to estimate territorially differentiated thermal features.
The Zonal Statistics tool in QGIS was then used to get summary statistics to include the maximum, minimum, and
mean LST of each land cover category. This quantitative methodology allowed reducing the question about
temperature variability and thermal behavior within separate land-cover classes, and then it led to similar analyses
in the sphere of environmental and urban heat.

3 Results & Discussion

This section presents the quantified land cover transitions and associated land surface temperature (LST) changes
in Gazipur from 1988 to 2024, addressing the two primary research objectives established in this study.

Land Cover Transition Analysis

As was observed in the land cover change analysis of Gazipur between 1988 and 2024, there is massive
development of built-up areas at the cost of wetlands, agricultural fields and vegetated areas which essentially
changes the patterns of the local surface temperature. Table 1 provides a summary of all 16 possible transitions of
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land cover between the four classes and the thermal impact of them. Changes in land to built-up settings have an
extreme positive correlation with the advancing Land Surface Temperature (LST), and it signifies the condition of
the Urban Heat Island (UHI) impact due to urban growth.

Table 1. Analysis Results

From - To Area (S. km) Mean ALST(°C) Min. ALST(°C) Max. ALST(°C)
Wetlands-Wetlands 33.1938 5.66 1.06 10.68
Wetlands-Agriculture 84.1032 6.25 0.67 8.65
Wetlands-Built-up 270.4131 6.39 0.67 14.11
Wetlands-Vegetation 105.1389 4.36 1.08 7.91
Agriculture -Wetlands 10.7262 5.49 241 9.74
Agriculture -Agriculture 0.2574 5.48 3.75 7.40
Agriculture-Built-up 44.4006 6.35 1.13 15.30
Agriculture-Vegetation 0.8865 5.25 2.48 10.08
Built-up-Wetlands 13.8762 5.41 1.64 10.81
Built-up-Agriculture 109.0116 5.54 2.48 8.37
Built-up-Built-up 216.3546 6.18 -0.62 15.50
Built-up-Vegetation 149.5422 4.77 0.90 8.98
Vegetation -Wetlands 5.8536 4.55 -0.83 11.36
Vegetation -Agriculture 324.0477 4.54 -0.36 8.36
Vegetation -Built-up 229.4316 5.81 -2.10 14.71
Vegetation -Vegetation 221.4891 4.14 0.74 9.87

Major Land Cover Transitions and Thermal Impacts

As shown by the spatial analysis in Table 1, the most significant land cover changeto have occurred in the study
area is the development of wetlands into built-up areas, which covers about 270.41 km? (54.6 percent of all wetland
loss). In this transition, we observed the highest mean LST change of 6.39°C, with a maximum temperature
increase of 14.11°C. These values give good empirical support on the huge thermal impact of the fake substitution
of cool wetland surfaces with everlastingly covered urban surfaces. Traditionally, wetlands offer evaporative
cooling and regulate the temperature at the local level, which makes them very significant in UHI mitigation in
tropical areas.°C.

Similarly, the agricultural land cover to built-up (44.40 km?) had significant thermal amplification, and the average
increase in LST was 6.35°C, and the maximum increase in LST was 15.30°C the highest among all categories of
transition.
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Figure 3. Land cover change associated Temp. Change

Although the agricultural land lacks the same thermal insulation property as the wetlands, it has vegetative cover
and soil moisture sufficient to moderate the surface temperatures. Destruction of these agricultural buffers by urban
sprawl leads to large domestic changes in temperature that contributes to urban thermal stress.

Built-up surfaces were the second-largest type of transition, as 229.43 km2 were converted to vegetated areas. This
shift produced an average of 5.81°C in LST and a maximum of 14.71°C. Although this conversion is just a little
less than wetland and agricultural conversions, the conversion shows the massive cooling impacts made by
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vegetation by evapotranspiration and shading. The disappearance of cover vegetation is a significant decrease in
the natural thermal regulation of the territory.

One significant observation of this research study is the cumulative thermal effect in those regions that had still
been built up all through the 36-year period. Analyzing Figure 3, the patterns of land surface temperature (LST)
sensors give evidence of the fact that even areas that continue to have a persistent urban land cover recorded
significant warming. Regions that were built-in during the study period, 216.35 km?, had a mean LST change of
6.18°C and peak temperatures of 15.50°C.

Spatial Visualization of Land Cover Change and Thermal Patterns
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Figure 4. Land cover and LST map

The detailed visualization presented in Figure 4 represents how Gazipur has changed throughout 36 years of the
study period. Subfigure 4(a) is the base land cover distribution in 1988, where wetlands, vegetation, and
agricultural land are prevalent with little built-up regions. Figure 4(b) represents the situation in 2024, which shows
extensive growth of the built-up territories across the area. Subfigure 4(c) plots the spatial patterns of land cover
changes, and thus it is easy to determine the spatially localized areas where water bodies were converted to built-
in land and agricultural land was converted to urban areas, as well as where vegetation was changed to impermeable
surfaces. Table 1 quantifies these transitions in detail.

The respective changes in land surface temperature (LST) are depicted in subfigure 4(d), which indicates that the
extreme change in temperature was experienced in regions that were transformed into built-up lands. It is worth
noting that wetland and vegetation conversions to built-up surfaces showed the largest increases in LST, which
proved that land cover change is a significant contributor to urban heat. The direct causality between built-up
expansion and intensification of UHI is confirmed by the spatial relationship between patterns of urbanization and
thermal hotspots.

Comparison with Regional Studies

The results are in line with and corroborate findings of past regional studies. As (Dewan and Yamaguchi 2009)
found, rapid urbanization in Dhaka was, in addition to the increasing temperature, covered by the process of
wetlands and vegetation replacement by heat-trapping substances. We quantify this relationship in the current
study, and our findings indicate that wetland-to-built-up transitions in Gazipur lead to thermal impact, which is in
terms of 6.39°C in mean LST, which are specific metrics that can determine the thermal impact.

As was reported by (Rahman et al.2020) and (Hasan et al. 2021), the growth of impervious surfaces in peri-urban
regions like Savar and Gazipur drastically grew in relation to LST and ecological degradation. These findings are
supported by our results and offer detailed 36 years of time depth and transition-specific thermal measurement.
The highest LST gain of 15.30°C in the agricultural-to-built-up transformation in this research is higher than that
which was earlier recorded, meaning that in recent years there has been a rapid increase in the intensity of thermal
changes.The scale of land cover change recorded in this paper (544.24 km?, translated to built-up areas in other
categories) is one of the fastest urban changes in South Asia. Such a rate of transformation, together with the
thermal implications, clearly states the desperate necessity of active climate-adaptive urban planning in the fast-
developing region.
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4 Conclusion

This study has demonstrated that the rapid, long-term expansion of built-up areas is the primary driver of surface
temperature intensification and enhanced Urban Heat Island (UHI) effects in Gazipur, Bangladesh. Our analysis
from 1988 to 2024, reveals that the conversion of natural and agricultural landscapes especially wetlands and
vegetation directly correlates with significant increases in land surface temperature (LST). The data shows that
these transitions resulted in LST increases of over 6°C in former wetlands and agricultural zones, highlighting the
critical thermal benefits of these natural features. Also, a notable discovery is that the cumulative thermal effect of
urban surfaces that endure leads to thermal play. Although some areas had been built up in the whole study period,
the average increase in the LST was high (6.18 °C), showing that the UHI effect does not remain the same but
continues to rise in the period with established urban cores. The current paper provides a reliable spatiotemporal
model to evaluate the susceptibility of UHI in fast-growing industrial areas. Through intensive mapping and
quantification of changing land cover and its resultant thermal impacts, this will provide a science-based input to
specific climate-robust urban planning. In resisting the growing problem of UHI, the priority of urban strategies is
proposed to focus on maintaining and restoring natural landscapes and green infrastructure because such nature is
irreplaceable in cooling the urban environment and the development of a sustainable and inhabitable city.
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