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Abstract 

 

Urban Heat Island (UHI) effects have increased significantly over time due to changes in land-use patterns and 

elevated land-surface temperatures driven by continuous urban growth. These changes have a significant impact 

on environmental sustainability and urban resilience, particularly in regions where thermal stress patterns have not 

been adequately assessed. This study analyzes the spatial and temporal dynamics of ecological thermal stress in 

Chuadanga, a southwestern district in Bangladesh that consistently records the country’s highest land surface 

temperatures. Landsat 4-5 TM and Landsat 8 OLI imagery from 2004, 2014, and 2024 were used to extract Land 

Surface Temperature (LST). The study reveals significant shifts in land use and land cover (LULC), with settlement 

areas increasing from 8.51% in 2004 to 30.59% in 2024, and agricultural land decreasing from 40.28% to 25.84%. 

Vegetation areas also reduced by 22%. The Urban Thermal Field Variance Index (UTFVI) highlighted a rise in 

regions experiencing high to extreme thermal stress, growing from 13.2% in 2004 to 42.6% in 2024. These findings 

underscore the urgent need for sustainable urban planning and the restoration of green spaces to mitigate UHI 

effects, ensuring long-term ecological balance and urban resilience. 
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1 Introduction 
 

Due to the rapid growth of urban areas and changes in land use, the accelerated expansion of urban regions has 

triggered significant increases in thermal stress and worsened the Urban Heat Island (UHI) effect, causing 

significant threats to environmental sustainability and urban resilience. Although human-driven dynamics of heat 

activities are widespread worldwide, it has become more pronounced and complex, especially in the developing 

countries of South Asia (Seto et al., 2011). Changes in land use and land cover (LULC) also significantly affect 

thermal stress on urban islands. The ongoing development of infrastructure, including transport, urban facilities, 

and utility systems in the regional centres, is altering current land-use patterns. In response, it alters the surface 

heat balance, significantly impacting the Land Surface Temperature (LST). High LST in urbanised regions is an 

alarming factor that can cause adverse effects, damage residential comfort, and undermine natural ecosystems and 

man-made habitats (Fattah & Morshed, 2022). Therefore, a strict, methodical study is inevitable to identify the 

correlation between LULC and LST. Urban temperatures exceed those in rural areas due to human activity, a 

phenomenon known as the UHI. (Heisler & Brazel, 2015). The Urban Thermal Field Variance Index (UTFVI) is 

a landmark indicator used by researchers to quantify surface heat intensity and determine the effect of land-use 

changes on thermal regimes (Khan et al., 2024). Areas with high UTFVI values are characterised by severe thermal 

stress, which negatively impacts local climate parameters such as humidity, air quality, and human comfort (Naim 

& Kafy, 2021). Bangladesh is an epicentre of hasty, unplanned urbanisation in South Asia; the consequences of 

the latter are particularly pronounced in this region (Imran et al., 2021).  The municipalities and towns at the district 

level are experiencing significant changes. Still, UHI studies in Bangladesh have mainly focused on large urban 

centres, such as Dhaka, Chattogram, and Rajshahi, without much attention on the small urban areas that are also 

becoming increasingly vulnerable to climatic extremes (Rahman et al., 2022). Chuadanga, a southwestern district 

in Bangladesh, continues to record the highest land-surface temperatures in the country. Unplanned growth and 

vegetation loss have occurred over recent years, making Chuadanga particularly susceptible to thermal stress, yet 

its thermal environment has been poorly explored. The current research fills this gap by evaluating the influence 

of urbanisation on thermal stress using multi-temporal satellite imagery. It aims to explain the intersection of land-

use changes and LST changes, thereby providing information that could guide UHI mitigation efforts and enhance 

urban resilience through proper planning. 
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2 Materials and methods 

 

2.1 Study area 

Chuadanga is a southwestern district of Bangladesh, lying between the geographical co-ordinates of 23°49′ N and 

88°49′ E. The district has a total area of approximately 1170.87 square kilometres, as shown in Figure 1. It shares 

borders with the Kushtia District to the northeast, Meherpur to the northwest, and Jhenaidah to the south and 

southeast. Over the past few decades, Chuadanga has experienced rapid urban growth, leading to significant 

changes in land-use patterns and increased land-surface temperatures.  

 

 
 

Figure 1.  Study Area (Chuadanga). 

 

2.2 Data acquisition 

Landsat 5 Thematic Mapper (TM) and Landsat 8 Operational Land Imager (OLI) images were obtained from the 

USGS website for 2004, 2014, and 2024. correspond to the path code 137 and row code 043. To evaluate 

spatiotemporal changes in thermal stress in Chuadanga District, one image per year was selected. The acquired 

imagery was processed and analysed in ArcGIS 10.8 to extract Land Surface Temperature (LST) and Land 

Use/Land Cover (LULC) data to explore variations in vegetation cover, land-use changes, and temperature patterns 

in the study area. Table 1 summarises the details of the satellite images used in this study.  

 

Table 1.  Description of the collected satellite imagery. 
 

Year Sensor Acquired date Shift Path/Row Spatial 

resolution 

Cloud 

Cover 

2004 Landsat 5 TM April 26, 2004  

Day 

138/044  

30m 

 

 

<10% 2014 Landsat 8 OLI April 22, 2014 138/044 

2024 Landsat 8 OLI May 03, 2024 138/044 

 

All data processing and analysis were conducted using ArcGIS 10.8, a GIS-based remote sensing software, 

enabling a comprehensive assessment of the impact of urbanisation on thermal stress and local temperature 

variations. The overall methodology is shown in Figure 2. 
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Figure 2.  Flow chart of methodology approach. 

 

2.3 LULC Classification 

In this study, a supervised classification approach was applied for Land Use Land Cover (LULC) analysis using 

the Maximum Likelihood Classification (MLC) method, which is widely recognized for its accuracy in remote 

sensing. MLC considers the variance and covariance of each class to assign pixels to the most likely class (Shalaby 

& Tateishi, 2007). The classification was performed into six categories as Waterbody, Vegetation, Agricultural 

Land, Settlement, Fallow land, and Bareland. Validation was conducted through visual inspection and comparison 

with Google Earth imagery, with 240 ground truth points collected per year. Classification accuracy was assessed 

using overall accuracy, user accuracy, producer accuracy, and the Kappa coefficient (Pontius & Millones, 2011).  

 

2.4 Land Surface Temperature (LST) Calculation 

Chuadanga, a southwestern district in Bangladesh, continues to record the highest land-surface temperatures in the 

country. Unplanned growth and vegetation loss have occurred over recent years, making Chuadanga particularly 

susceptible to thermal stress, yet its thermal environment has been poorly explored. The current research fills this 

gap by evaluating the influence of urbanisation on thermal stress using multi-temporal satellite imagery. It aims to 

explain the intersection of land-use changes and LST changes, thereby providing information that could guide UHI 

mitigation efforts and enhance urban resilience through thoughtful planning. 

 

2.5 UTFVI calculation 

The Urban Thermal Field Variance Index (UTFVI) was used in this study to measure of the spatial variation of 

thermal conditions in an urban landscape. UTFVI measures the difference between LST and the average 

temperature of a particular region; thus, it offers information on thermal stress and its ecological comfort 

consequences (Shahfahad et al., 2022). Contrary to absolute LST measurements, which measure surface heating 

at specific locations, UTFVI intensifies relative variations that are created due to non-homogeneous land use and 

land cover (Guo et al., 2015). Table 2 shows the relationship between the values of UTFVI and the levels of 

comfort, and the index was calculated as follows: 

UTFVI =
LST−LSTmean

LST
(1)  

Table 2. UTFVI and the corresponding value of comfort level. 

 
UTFVI value < 0 0-0.005 0.005-0.010 0.010-0.015 0.015-0.020 > 0.20 

Comfort level None Low Middle High Very high Severe 

UHI threshold Excellent Good Normal Bad Worse Worst 
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3 Result and Discussion 

 

3.1 LULC change detection 

LULC maps were generated at 10-year intervals using Landsat data and classified into six classes, as shown in 

Figure 3. The classification performance was notably high, with overall accuracies of 86.50%, 88.90%, and 92.00% 

for 2004, 2014, and 2024, respectively. From the analysis of area distribution as illustrated in Table 4, it can be 

seen that settlement areas recorded the most dramatic growth, rising from 98.66 km² (8.51%) in 2004 to 354.52 

km² (30.59%) in 2024, with a net increase of over 255 km². Fallow land also expanded significantly from 154.46 

km² (13.33%) to 298.39 km² (25.74%), marking a 12.42% rise. In terms of specific change, agricultural land 

declined by 42.56% from 2004 to 2014, followed by a more minor increase of 11.68% from 2014 to 2024. These 

findings suggest a persistent trend of urban expansion, contributing to the reduction of green spaces, particularly 

agricultural lands.  

 

 
 

Figure 3.  LULC change in study area 

 

Table 3.  Classification accuracy assessment of LULC. 
 

Year Overall Accuracy (%) Kappa Coefficient User Accuracy (%) Producer Accuracy (%) 

2004 86.50 0.82 87.20 85.80 

2014 88.90 0.85 89.50 88.30 

2024 92.00 0.89 92.50 91.30 

 

Table 4.  Area and net changes for different LULC from 2004-2024 in the study area. 

 

LULC Category 

2004  
2014 

2024 
2004-

2014 

2014-

2024 

2004-

2024 

Area 

(km²) 

Area 

(%) 

Area 

(km²) 

Area 

(%) 

Area 

(km²) 

Area 

(%) 

 

(% change) 

 

(% net 

change) 

Waterbody 15.21 1.31 10.78 0.93 18.94 1.63 -0.38 0.70 0.32 

Vegetation 417.14 35.99 379.85 32.77 162.05 13.98 -3.22 -18.79 -22.01 

Agricultural Land 466.89 40.28 268.18 23.14 299.51 25.84 -17.14 2.70 -14.44 

Settlement 98.66 8.51 122.51 10.57 354.52 30.59 2.06 20.02 22.07 

Fallow Land 154.46 13.33 377.07 32.53 298.39 25.74 19.21 -6.79 12.42 

Barren Land 6.77 0.58 0.73 0.06 25.72 2.22 -0.52 2.16 1.63 

 

3.2 LST change detection 

The Land Surface Temperature (LST) analysis indicates a clear warming trend across the study area, as shown in 

Figure 4(a). Maximum LST rose from 36.05°C in 2004 to 49.02°C in 2024, while the mean increased from 27.78°C 

to 39.11°C. The time series in Figure 4(b) further illustrates these changes, with maximum, minimum, and mean 

LST rising by 13.0°C, 10.2°C, and 11.3°C, respectively. This steady increase reflects intensified urban thermal 

stress, driven mainly by urbanisation and the loss of vegetation. The results underscore the strong link between 

land use changes and rising surface temperatures in the region. Statistically, the mean LST increased at an average 

rate of nearly 0.56°C per year over the two decades. Such a consistent upward trajectory highlights not only the 

intensification of the urban heat island effect but also the growing risks for ecological balance and human thermal 

comfort. 
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(a) 

 
(b) 

   

Figure 4.  (a) LST map of the study area; (b) Time series chart of LST 

 

3.3 Relationship between LULC change with LST 

The interaction between land-use/land-cover (LULC) changes and land surface temperature (LST) explains the 

extensive impact of urbanisation on the local thermal regime, as demonstrated in Figure 5. From 2004 to 2024, the 

percentage of settlement areas increased by 8.51% to 30.59%, and the maximum LST rose by 34.86 °C to 48.66 

°C, indicating a strong urban heat island effect. On the contrary, the vegetation cover reduced by 22.01% and the 

agricultural territory by 14.44% with the maximum LSTs changing to 34.46 °C to 47.30 °C and 32.46 °C to 47.57 

°C, respectively. There were only slight variations in water bodies and barren land; however, barren land always 

had higher temperatures than water bodies. All these observations indicate that intensive urban growth and the 

resulting loss of vegetative cover have had a direct, positive impact on surface heating in the study region. 

 

 
 

Figure 5.  LST of different LULC Classes 

 

3.4 Variation of UTFVI 

Figure 6 shows clear oscillations in thermal comfort over time, as described by the Urban Thermal Field Variance 

Index (UTFVI), consistent with increasing levels of stress. The range of UTFVI in 2004 (-0.40805 to 0.229305) 

was much larger than in 2014 (-0.2337 to 0.218525), indicating a slight reduction in the extreme levels of stress. 

The lowest point is now -0.3061, and the highest point is -0.202256, indicating a slow but steady increase in urban 

heat effects. Table 5 also shows that the none (< 0) category occupied 601.46 0 km 2 in 2004, decreased to 549.31 

0 km 2 in 2014, and increased to 623.40 0 km 2 in 2024. In contrast, the zones with strong and stronger stress 

increased significantly over this period. All these trends support the growing influence of urbanisation on thermal 

stress and underscore the need for green infrastructure to reduce heat and improve comfort. 

 

 
 

Figure 6. Spatial distribution of UTFVI 
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Table 5.  Area (km²) distribution of UTFVI in the study area 
 

Year None Weak Middle  Strong  Stronger  Strongest  

2004 601.46 0 144.4 0 0 414.8 

2014 549.31 36.1 36.2 35.8 35.6 467.8 

2024 623.4 35.4 33.8 33.1 31.9 403.1 

 

 

4 Conclusion 
 

This study examined urban-induced thermal stress phenomena in Chuadanga, focusing on LULC changes, LST, 

and UTFVI from 2004 to 2024. The findings show a significant increase in LST from 31.8 °C in 2004 to 38.5 °C 

in 2024, which can be explained by urban sprawl and the loss of vegetative and agricultural land. The area under 

substantial to extreme thermal stress increased by 13.2 to 42.6 per cent from 2004 to 2024, worsening the urban 

heat island effect. These developments clearly indicate a strong link between high-rate urban development and 

worsening ecological comfort in the district. Predictions suggest that if current trends continue, over 30% of the 

area will experience high temperatures. The results highlight the need for sustainable urban planning, including 

restoring green spaces and incorporating green infrastructure to reduce the effects of UHI and enhance the city's 

resilience. However, the study is limited in that it examines a period of three discrete years and relies on satellite 

imagery, which is not sufficient to identify fine-scale land-use changes. More frequent data points, ground 

temperature measurements and an analysis of climate change and other stressors on the environment should be 

used in future research. To gain more generalised information on the policy, the investigation should be extended 

to regions with similar patterns of urbanisation. 
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