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

Paper ID: 431

Impact of Land Use/Land Cover Changes on Land Surface
Temperature in Khulna City, Bangladesh

*S. M. Khan'?, S, Akter®

13Institute of Water and Flood Management (IWFM), BUET, Dhaka, Bangladesh (1816021 @wre.buet.ac.bd)

1b)nstitute of Water and Flood Management (IWFM), BUET, Dhaka, Bangladesh (1816019@wre.buet.ac.bd)

Abstract

Urban expansion and land use change have increasingly shaped local climates in rapidly growing regions,
including Khulna City, Bangladesh. This study assesses the impact of Land Use/Land Cover (LULC) changes on
Land Surface Temperature (LST) over the past two decades using multi-temporal Landsat imagery from 2004,
2014, and 2024. The results reveal a significant increase in built-up areas, from 61.69 km? in 2004 to 105.31 km?
in 2024, reflecting rapid urban growth. To accommodate this urbanization, agricultural and vegetated lands have
decreased significantly over the last two decades. However, water bodies and inundated lands in Khulna City have
grown over time, likely due to the increasing popularity of “ghers”, a type of fish farming pond often used
seasonally. The LST maps reveal a noticeable temperature rise, with values ranging from 14.25°C to 27.72°C in
2004. By 2014, temperatures had increased to 26.32°C to 38.82°C, and by 2024, some areas reached 39.50°C. This
rise in temperature is attributed to urbanization, industrial development, and deforestation, intensifying the urban
heat island effect. These findings highlight the need for sustainable urban planning and green infrastructure to
mitigate temperature increases and promote climate resilience in Khulna.
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1 Introduction

Cities are facing higher urbanization problems in developing countries than developed countries, and the
proportion of urban growth is estimated in medium and small-sized cities (McKinney, 2002; Rahman et al., 2018).
The rapidly growing urban population significantly changes the land use / land cover (LULC) and creates negative
impacts on urban land surface temperature (LST) (Bahi et al., 2016). Urbanization is one of the primary drivers of
land use and land cover (LULC) changes, which significantly alter the local climate, especially in rapidly growing
cities. This phenomenon has been well-documented globally, with studies highlighting the substantial effects of
urbanization on land surface temperature (LST), leading to the creation of urban heat islands (UHI) and
exacerbating climate change impacts (Kaiser et al., 2022). The relationship between LULC changes and LST has
been explored in various urban contexts, emphasizing the critical role of remote sensing and Geographic
Information Systems (GIS) in monitoring and analyzing these dynamics.

In the case of Bangladesh, several studies have focused on the impacts of urbanization on LST in cities such as
Dhaka, Rajshahi, and Chittagong. For instance, Rakib et al. (2020) demonstrated the significant increase in LST
in Mymensingh City due to rapid urban growth, which resulted in a marked decrease in vegetation and water bodies
(Rakib et al., 2020). Similarly, Kafy et al. (2020) found that urban expansion in Rajshahi over two decades led to
an increase in LST by 13°C, driven by the conversion of vegetation and agricultural lands into built-up areas,
further intensifying the UHI effect. In Abuja, Nigeria, Awuh et al. (2019) conducted a correlation analysis and
found a strong relationship between LULC changes and LST, with built-up areas exhibiting the highest
temperatures, highlighting the detrimental impact of unplanned urbanization on the local climate (Awuh et al.,
2019).

Khulna City, located in southwestern Bangladesh, has experienced rapid urban expansion in recent years,
accompanied by significant changes in land use and land cover. While urban areas have expanded, agricultural and
vegetated lands have diminished, leading to an increase in surface temperatures. The proliferation of fish farming,
locally known as "ghers," has also contributed to the growth of water bodies, which have altered the local thermal
dynamics.

The UHI effect in Khulna, like other cities in Bangladesh, has been exacerbated by the rapid loss of green spaces
and increased built-up areas. A study by Leya et al. (2022) reveals that rapid reduction of green spaces and
increased built-up areas in Khulna city have led to a near 2°C rise in land surface temperature over the past 5 years,
emphasizing the need for urgent climate adaptation and improved urban planning.

This study aims to assess the impact of LULC changes on LST in Khulna City over the past two decades, using
multi-temporal Landsat imagery from 2004 (Landsat 5), 2014, and 2024 (Landsat 8). The findings of this study
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will contribute to the growing body of knowledge on the environmental impacts of urbanization in Bangladesh and
provide valuable insights for sustainable urban planning and climate resilience strategies in the region. By
understanding the spatial and temporal variations in LST, this research aims to inform policy decisions that address
the challenges posed by climate change and urban growth in Khulna City.

2 Study Area

Khulna is the third-largest city in Bangladesh and one of the key industrial and commercial metropolitan areas in
the country. With a population exceeding 1.5 million (BBS, 2022) and covering an area of approximately 150
square kilometers, Khulna is a significant urban hub. The city is situated in the southwestern part of Bangladesh,
along the banks of the Rupsha and Bhairab Rivers, while the Mayur River marks its western boundary. To the
south, Sundarbans, the world's largest mangrove forest, lies within the delta region. With an average daily
maximum temperature exceeding 30°C, Khulna ranks among the warmer districts in Bangladesh.

The geographical location of Khulna is shown on Fig. 1.
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Figure 1. Khulna Metropolitan City

3 Methodology

The study deals with multi-temporal Landsat 4-5 Thematic Mapper (TM), and Landsat 8 Operational Land Imager
(OL) satellite images obtained from US Geological Survey (USGS) website where path is 137 and row is 44 for
the study years of 2004, 2014 and 2024. All the images contain 30m spatial resolution. To avoid the seasonal
variation all the Landsat images were downloaded maximum one-month interval (Kafy et al., 2019). Images were
captured from cloud-free environment with maximum cloud cover upto 5 percent for preparation of LULC and
LST distribution maps (Kafy et al., 2019). LULC was done using supervised maximum likelihood algorithm in
ArcMap 10.8. Classification, distribution and mapping of LST were also conducted in ArcMap 10.8.

3.1 Land Use Land Cover (LULC) Classification
For LULC, the study area was classified into four categories namely: Developed Area, Agricultural Land,
Waterbody and Vegetated Land. The accuracy assessment of land use classification was applied. For the accuracy
of LULC maps, 300-400 training points were randomly selected for each map to accurately assess the situation.
Details of LANDSAT Bands are shown in Table 1:

Satellite Date of Sensor Path/Row Bands Spectral Range Spatial Resolution
Images Acquisition (Wavelength pm) (M)
Landsat5 April 26, 2004 ™ 137/44 1 0.45-0.52 30

2 0.52-0.60 30

3 0.63-0.69 30

4 0.76-0.90 30

5 1.55-1.75 30

6 10.40-12.50 120 resampled to 30
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7 2.08-2.35 30

Landsat 8 April 22,2014 & OLI 137/44 1 0.43-0.45 30
April 26, 2024 2 0.45-0.51 30

3 0.64-0.67 30

4 0.53-0.59 30

5 0.85-0.88 30

6 1.57-1.65 30

7 2.11-2.29 30

Table 1. LANDSAT Image Details

3.2 Estimation of Land Surface Temperature (LST)

LST was calculated for the three representative years of 2004, 2014 and 2024. For 2004, Landsat 5 TM and were
used while Landsat 8 OLI were used in calculating LST of 2014 and 2024. Specifically, The digital numbers (DN)
from the acquired dataset's thermal band (Band 6 for Landsat 5 TM and Band 10 and 11 for Landsat 8 OLI) were
used for the LST estimation. Firstly, Eqn. (1) and Eqn. (2) were calculated with spectral radiance () of the Landsat
5 TM and Landsat 8 OLI bands, respectively. In degree Celsius, L) was utilized to determine the LST using
the Eqn. (3).

Ly (LANDSAT 5 TM) = Lyip + gor=gi— x DN (1)
L (LANDSAT 8 OLI) = ML x DN + AL (2)
LST = = ~273.15 (3)

1+ (Ax 2 ) *In(e)

Where ML (0.0003342) is considered as a multiplicative rescaling factor (different for each band) and AL (0.1) is
an additive scaling factor (different for each band). The satellite metadata file collected the information for Landsat
TM, Liax, and Limin. The wavelength of radiance (1) emissions is 11.5 um (Kumar et al., 2012; Ullah et al., 2019).

p="2t=1438 x 10 - 2mK (4)
Where, h is the Plank's constant having a value of 6.626 x 1073 Js, ¢ is the light velocity, which is equal to

2.998 x 103 ms™2 and is the Boltzmann constant (5.67 x 10 Wm?k* i = 1.38 x 102 JK™") Eqn (4); ¢ is the land
surface emissivity which ranges in between 0.97 and 0.99.

— K 5
Tz ]n(f—;-l—l) (5)

Where Ty is the satellite brightness temperature, and the constants K, and K, values for Landsat 5 are 607.7 and
1260.6, respectively, and for Landsat 8 the values are 774.9 and 321.07, respectively (Ullah et al., 2019)

4 Result Analysis

4.1 Land Use Land Cover

The Land Use and Land Cover (LULC) analysis of Khulna City from 2004 to 2024 reveals a dramatic
transformation driven by urbanization. The developed area increased significantly from 61.69 km? in 2004 to
105.31 km? in 2024, an expansion of 43.62 km?, reflecting the city's rapid growth due to population increase,
industrialization, and infrastructure development. This urban sprawl has led to a marked reduction in agricultural
land, which decreased from 62.32 km? to 26.38 km?, a loss of 36 km?2, as farmlands were converted into residential
and commercial zones. Although waterbody areas increased from 4.43 km? to 15.07 km?, this small gain can be
attributed to people transitioning from farming to fish farming and the expansion of fish farming ponds or “gher”
systems. The most concerning change, however, is the steep decline in vegetated land, which fell from 22.13 km?
in 2004 to just 3.81 km? in 2024, a reduction of 18.32 km?2. This loss reflects the pressure of urban expansion on
green spaces, contributing to reduced biodiversity, more intense urban heat island effects, and a decline in
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environmental quality. These trends emphasize the need for careful urban planning to balance development with
environmental sustainability, as the increasing loss of agricultural and natural land raises concerns about the long-
term ecological and social consequences for the city.
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Figure 2. Land Use Land Cover of Khulna City
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Figure 3: Changes in Land Use Patterns over the years.

4.2 Land Surface Temperature

The Land Surface Temperature (LST) maps for Khulna in 2004, 2014, and 2024 reveal a notable rise in
temperatures over the two-decade period. In 2004, the LST values ranged from 14.25°C to 27.72°C, with cooler
areas predominating, particularly in rural or less developed regions. However, by 2014, temperatures had increased
substantially, with values ranging from 26.32°C to 38.82°C, indicating a clear warming trend. This shift can be
attributed to factors such as urbanization, industrial development, and deforestation, all of which contribute to the
urban heat island effect, where built-up areas retain heat more than rural regions. By 2024, the temperatures had
further escalated, with values reaching as high as 39.50°C in certain areas, reflecting the continued urban expansion
and associated land-use changes, including increased construction, transportation, and energy consumption. The
concentration of high temperatures in urban areas underscores the intensifying effects of the urban heat island
phenomenon, with urban regions absorbing and retaining more heat. This progressive temperature rise highlights
the growing challenges related to public health, energy demand, and environmental sustainability, emphasizing the
need for sustainable urban planning and climate adaptation strategies to mitigate the impacts of rising temperatures
in Khulna.
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Figure 4. Land Surface Temperature of Khulna City

5. Discussion

Land Use/Land Cover (LULC) and Land Surface Temperature (LST) map comparison of Khulna City shows a
clear correlation of urbanization with rising temperatures. The LST map in 2004 has notably low temperature areas
(14.25°C - 20.99°C), reflecting a less urbanized city with extensive agricultural and vegetative cover. Nevertheless,
by 2014, the LST map depicts a significant increase in temperatures (26.32°C - 38.82°C), particularly in the more
urban areas, signifying the onset of the urban heat island (UHI) effect due to urbanization and industrialization.
The LULC map for 2014 indicates significant expansion of constructed land at the expense of agricultural and
vegetated land, which is accountable for raising the LST. By 2024, LST values continue to rise, with the maximum
temperatures (35.68°C - 39.50°C), with the greatest rises reported in the urban areas. This increase is largely due
to the expanding area of impervious surfaces such as roads and buildings that absorb heat and retain it. The 2024
LULC map suggests an even greater area of developed land, decreasing still further the area of agricultural and
vegetated land. The expansion of urban land has led to the replacement of natural cooling processes like water
bodies and vegetation with artificial heating, which makes the UHI effect more pronounced. By reducing the
amount of greenery, the evapotranspiration cooling effect has diminished, whereas increased impervious surfaces
have led to more heat retention. Although worldwide climatic change may be the cause of overall warming, the
extreme land use changes observed in Khulna point to urbanization as the cause of increased temperatures. This
research places much importance on the requirement of sustainable urban planning in a bid to mitigate the effects
of urbanization, preserve greens, and reduce the urban heat island.

6 Conclusion

Land Use/Land Cover (LULC) and Land Surface Temperature (LST) map comparison of Khulna City shows a
There exists a clear trend of increasing surface temperatures at Khulna. The large-scale loss of cultivated and
vegetative lands, replaced by developed surfaces, has heightened the urban heat island effect, leading to rising land
surface temperatures. Greening of cities with green spaces and vegetation must be practiced to mitigate the effects
of the UHI. In addition to urban parks, green roofs, and green drainage systems, their incorporation could reduce
the increase in temperature. To synchronize urban growth with environmental sustainability, for instance, by
increasing green infrastructure and heat mitigation technology, measures should be taken. It is essential to continue
monitoring and modeling the trends in LST and LULC to achieve the long-term effects of urbanization and to
organize more effective strategies for climate change adaptation. This analysis provides important insights into the
land use change and rising temperatures, which can inform urban planning and policy development for sustainable
cities in the future.
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