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1. Abstract

The alteration of natural land surfaces because of rapid urbanization has changed the temperatures of cities. South
Asian cities that experience fast urban development such as Rajshahi face heightened susceptibility to thermal
changes. The development pace of cities like Rajshahi in Bangladesh makes them especially sensitive to seasonal
changes which significantly impact urban heat patterns. The research applies quantitative methods to examine how
seasonal changes affect land surface temperature (LST) near Rajshahi City Corporation for a quarter-century span
between 2000 and 2024. Multi-temporal Landsat satellite images (Landsat 5 TM, 7 ETM+) is used to obtain LST
as urban temperature and greenery indicators with remote sensing techniques.The taken seasons were pre-rainy,
rainy and post-rainy/winter periods. Google Earth Engine, USGS and ArcGIS facilitated efficient data processing,
temporal analysis, and spatial visualization. Over the last 25 years, summer land surface temperatures have
increased by almost 7 °C, and winter temperatures have declined, causing the heat contrast of the urban area to
intensify. This evidence suggests the need to implement sustainable urban strategies, such as more urban greenery,
use of reflective materials, and integrated climate-responsive design, to mitigate the heat stress problem in
Rajshahi.
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2. Introduction

Rapid urbanization and land-use transformations have raised the phenomenon of “Urban Heat Island” (UHI) where
large cities register much higher temperatures than the surrounding rural areas has been heightened. This will cause
an increase in the energy demand and will further continue at a macro level with global warming, which is about
to take place in all regions and significantly raise energy demand through heat retention as well as air pollution
and public health problems. In consequence, monitoring LST has been recognized as the key to understand the
thermal dynamics of cities. Spatial and temporal variations of UHI have been reported through different studies
using remotely sensed LST data. For example, Al Kafy et al. (2019) studied UHI variability over 20 year utilizing
Landsat and ASTER images to conclude the land surface warming in Rajshahi, due to urban land use and land
cover changes. More recent study, Rahman & Mark (2025) have examined the variation of winter LST and the
biophysical impacts in Rajshahi, showing the impacts during the winter season. These studies highlighted the
utility of urban thermal and they mobilize urban thermal fluxes to emphasize in certain seasons, leaving a gap in
understanding the seasonal thermal dynamics of UHI over a long-term period. This study addresses the gap by
analyzing long-term seasonal variations in LST over a 25-year period (2000-2024) providing potential findings
on urban management in Rajshahi .By integrating multi-temporal and multi-seasonal observations, the research
seeks to provide potential findings on urban management in Rajshahi. The findings are expected to contribute to
improved climate adaptation and urban sustainability strategies in rapidly developing South Asian cities.
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3. Study Area and Data

Rajshahi City Corporation Area, situated in northwestern Bangladesh, was chosen as the main study zone. It is
characterized by a tropical climate consisting of hot summers, a rainy monsoon period, and mild winters. The
pronounced seasonal contrasts permit a pronounced observation of changes in land surface temperature. To capture
prolonged changes in land surface temperature, a set of multi-temporal Landsat images covering the period from
2000 to 2024 was processed. Observations were obtained from the Landsat 5 (TM), Landsat 7 (ETM+), and
Landsat 8 (OLI/TIRS), all having a 30-meter spatial resolution. To harmonize the analysis, one image was selected
from each of the three principal seasons—summer (March to May), monsoon (June to October), and winter
(November to December)—for every selected year.

An outline of the datasets is given in following Table:

Table 1: Landsat Datasets Used in the study

Year Landsat Sensor Spatial Resolution Seasons Covered

2000 Landsat 7 ETM+ 30m Summer, Monsoon, Winter
2004 Landsat 5 TM 30m Summer, Monsoon, Winter
2008 Landsat 5 TM 30m Summer, Monsoon, Winter
2012 Landsat5 TM 30m Summer, Monsoon, Winter
2016 Landsat 8 30m Summer, Monsoon, Winter
2020 Landsat 8 30m Summer, Monsoon, Winter
2024 Landsat 8 30m Summer, Monsoon, Winter

4. Methodology
4.1 Extracting the Study Area

A national shapefile of Bangladesh, having its administrative wards, was sourced from freely available geospatial
repositories. From this, the wards constituting Rajshahi City Corporation were selected and exported within
ArcMap, thus establishing the precise boundary for the present investigation.

4.2 Image Procurement and Initial Processing

Landsat scenes for the target intervals of 2000, 2004, 2008, 2012, 2016, and the forthcoming 2024 were obtained
through the USGS Earth Explorer web interface. The archive comprised Landsat 5 TM, Landsat 7 ETM+, Landsat
8 OLI/TIRS, and Landsat 9 OLI/TIRS, as detailed in Table 1. The selection focused on images exhibiting less than
20 per cent cloud cover, possession of thermal infrared bands, and accompanying metadata (MTL) files. All scenes
were subsequently cropped to the Rajshahi City boundary employing the ArcMap “Extract by Mask” function.

4.3 LST Retrieval for Landsat 5 TM & Landsat 7 ETM+
For Landsat 5 and Landsat 7, LST extraction was done by obeying the following steps (Sabrino et al., 2004):

a. Conversion of Digital Number to Radiance

LMax)—LMinj
"~ QCALMAX—-QCALMIN

L, * (QCAL-QCALMIN) + LMin,

L, = Spectral radiance (W/m?-sr-pum)

LMax = Maximum spectral radiance (W/m?-sr-pm)

LMin = Minimum spectral radiance (W/m?-sr-pm)

QCAL = Quantized calibrated pixel value in DN

QCALMAX = Maximum quantized calibrated pixel value (255)
QCALMIN= Minimum quantized calibrated pixel value (1)

b. Conversion of Radiance to Brightness temperature
Kz

K4 '
IH(H-H)

T= K1, K2 = sensor-specific calibration constants
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c. Conversion of Degree Kelvin into Degree Celsius, C= K-272.15

4.4 LST Retrieval for Landsat 8
For Landsat 8, LST extraction was done by obeying the following steps (Twumasi et al., 2021)

a. Conversion to Top of Atmosphere (TOA) Radiance: L; = ML*Qq,+AL-0; ,
here L; =0.0003342*Band10+0.1-0.29

Where, L, =TOA special radiance (Watts), Q.,;= Quantized and calibrated standard product pixel values
ML=Radiance multiplicative Band (No.), 0;= Correction value for band 10 is 0.29
AL=Radiance Add Band (No.)

b. Conversion of Top of Atmosphere (TOA) to Brightness Temperature (BT)
Kelvin (K) to Celsius ( °C ) Degrees BT=( l(l,f—fﬂ) )-273.16, K;,K, =Constant Band (No.)
Y

NIR—RED

c. Determining Normalized Difference Vegetation Index (NDVI), NDVI= NRIRED

Where, RED= DN values from the RED band
NIR=DN values from Near- Infrared band

d. Land Surface Emissivity (LSE):
PV=((NDVI — NDVI,;,)/(NDV I 0 — NDVIin))?

Where, PV= Proportion of Vegetation
LSE= 0.004*PV+0.0986

e. Determination of LST:

_ BT
LST= (1+(A*%)*zn(5))
Here, C,= 14388 ym K

The values of A for Landsat 8: For Band 10 is 10.8 & for Bans 11 is 12.0

4.5 Classification and Statistical Analysis
LST images were used to classify the temperature and determining mean LST. The derived LST maps were
classified and analyzed to quantify seasonal mean temperatures, standard deviations, and long-term trends.

5. Results & Discussion
5.1 Seasonal Temperature Trends (2000-2024):

Seasonal temperature values indicate a significant thermal transition in Rajshahi. Summer has also shown
significantly higher temperatures, with the mean LST increasing by around 7°C, from 25.17°C in 2000 to 32.03°C
in 2024, with an extreme value of 34.66°C recorded in 2008. On the contrary, both monsoon and winter have
declined by nearly 5°C each, with the mean declines of 23.98°C to 18.74°C and 20.78°C to 15.39°C,
respectively. This points to the summers becoming increasingly more sweltering with very little respite from the
two cooler periods, following the city's thermal environment's growing disproportion.
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5.2 Growing Thermal Gaps: Seasonal Temperature Differences Between Summer, Monsoon, and Winter

Table 2: Mean LST of 3 seasons

Seasonal Mean LST ® Summer

Year | Summer | Monsoon | Winter 40
(C) | (9 (:C) 30 DA g et Moncoon
2000 | 25.17 23.98 20.78 S ey ® Wi
2004 | 24.90 22.65 21.98 = 20 et
2008 | 34.66 | 22.53 22.06 ol T Linear
2012 | 25.18 21.97 20.99 g (Summer)
2016 | 31.20 19.89 18.26 0 Linear
2020 33.16 21.54 18.13 1996 2000 2004 200$ 2012 2016 2020 2024 2028 (Monsoon)
2024 | 32.03 | 18.74 15.39 _ o o
Figure 1: Seasonal Mean LST Variation (2000-2024)
Table 3: Seasonal LST Difference Seasonal LST Change from Summer to Monsoon &
Year | Summer — Summer — _ 150% Summer to Winter — e
Monsoon winter 5 Monsoor
(%) (%) © 100%
2000 5 21 j‘; Summer
2004 | 10 13 R e | Dttt | M | winter
2008 | 54 57 g I . I ‘
2012 15 20 o\o 0% ......... (L;r:len?:-ne'
;8;8 gz ;é 2000 2004 2008 Y;g}Z 2016 2020 2024 Vonsoor
2024 71 108 Figure 2: Seasonal LST Difference (2000-2024)

The summer-to-monsoon comparison increased from 5% in 2000 to 71% in 2024, and the difference between
summer and winter more than doubled from 21% to 108%. By 2024, summer temperatures were more than double
winter temperatures, an example of the way urban surfaces and constructions concentrate the heat and alter the
seasonal pattern. Those trends would cause the residents to oscillate between hotter summers and colder winters
even more acutely, straining their comfort, energy use and urban life.

5.3 Persistent Urban Heat: Evaluating the Urban Heat Island Effect Through Temperature Range

Table 4: Summer LST (%) Difference Percentage Difference Between Summer
(2000-2024) 100% Minimum LST & Maximum LST
Year | Summer | Summer | % 3 °
Max min difference o 0%
Q) (9 8o | e
2000 | 30.05 15.82 90 S | el
2004 | 29.60 16.10 46 g 40% . SR L S ) PS
2008 | 39.93 27.93 30 o o ® )| ®
2012 | 28.35 22.39 21 °
2016 | 36.70 25.13 32 0%
2020 | 40.59 24.37 40 1996 2000 2004 2008 2012 2016 2020 2024 2028
Year
2024 | 38.51 24.76 36 @ % diff summer  ceceeeee Linear (% diff summer)

Figure 5: Interannual Variation of Summer LST in Percentage
UHI is still present, as an intrinsic property of Rajshahi. Summer maximum/minimum gap in LST was 90% in
2000, 21% in 2012 and 36—40% for 2024. This indicates that interannual effects may have an impact to ameliorate
UHI, but that man-made surfaces store and re-emit heat, which hold on to a warmer temperature for the city than
its surrounding, especially during summers. The findings underscore the need for targeted urban heat mitigation
strategies.
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5.4 Intensifying Extremes: Heat Waves and Cold Waves Across Two Decades

Max & Min Temperature (2000-2024)
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It’s much the same story even with temperature extremes.
This trend corresponds to the spread in terms of the change

38.51
during winter: relative to 2000, minimum LSTs were in
2000 13.65°C cooler, while in 2024 they were 8.29°C
cooler, spreading the temperature out towards winter while
*iﬂummer the summer is simultaneously heating up in the future, in
8.29 o 2008 39.93°C & in 2020 40.59°C, hotter summer, yet colder
O Winter winter which increased the frequency of heat (2008,2020) &
Min cold (2000, 2024) wave. And the direction the trend is clear
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Figure 3: Identification of Heat & Cold Wave

and it is not just in tune with the climate but also with a
greater proportion of urban expansion, less green cover and
more human influences.

Land Surface Temperature
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Figure 4: LST Map Depicting Heat wave (2008, 2020) & Cold Wave (2000, 2024) in Rajshahi City Corporation

5.5 Spatial and Anthropogenic Drivers of Urban Heat

Table 5: Seasonal Standard Deviation Temperature

Year | Summer | Monsoon Winter
Std Std Std
deviation | deviation deviation
Q) G G

2000 | 1.94 0.76 1.51

2004 | 2.46 0.72 1.70

2008 | 1.46 0.63 1.52

2012 | 0.86 1.47 2.78

2016 | 1.59 1.43 0.58

2020 | 1.77 2.64 0.74

2024 | 1.45 0.68 1.89

As we can see in the assessment of the spatial variability of
temperature, heat is not evenly distributed throughout the city.
The variability of SD values for summer, from 0.86°C to 2.45°C,
once again indicate the particular area of the city that is
experiencing more intense heat. Monsoon again seems to be the
most consistent element, although 2020 with the maximum of
2.64°C shows the SD due to anomalous weather fluctuations. On
the other hand, winter has exhibited the largest variability, with
the maximum of 2.78°C recorded in 2012. The phenomenon can
be attributed to the difference in vegetation, indigenous moist,
and urban landscape. Consequently, one cannot depend on the

city-wide scores, given the exposure of the areas of the city, on a case-by-case basis.
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In 2000, Rajshahi had a population of 678000, which increased to 984000 in 2024. Population growth resulted in
significant urbanization. The variation in constructed area and impervious coverage combined with the reduction
of greenery and extensions of anthropogenic heat releases increase UHI in summer, monsoon, and winter but with
increased intensity in all three seasons and more so in summer. The ultimate population increase adds to summer
LST maxima and variation in ranges between seasons; however, it's apparent in monsoon and winter warming but
frequency of cold wave increased. Therefore, correlating population changes with thermal intensification during
specific seasons indicates how this urbanized region is easy to predict. Thus, it requires intensive heat mitigation,
sustainable developmental efforts, and green infrastructure development to ensure better urban climatic response.

6.Conclusion

The research analyzed the 25 years of temperature shifts in Rajshahi from 2000 to 2024 using satellite data. The
result shows a clear warming pattern and reveals a clear warming trend, with summer LST increasing by nearly 7
°C, from 25.17 °C in 2000 to 32.03 °C in 2024, including an extreme peak of 34.66 °C in 2008. Meanwhile
monsoon and winter readings actually dropped about 5 °C each. So summers got way hotter while winters cooled
off making the seasonal gap larger. Back in 2000 summer heat was already 21% higher than winter but now it's
double that gap which really shows how unbalanced things are getting. This shift is largely driven by urban
expansion, vegetation loss, and the spread of impervious surfaces, which intensify heat storage and release. More
concrete less trees and green spaces basically trap heat better especially during those scorching summers The
observed UHI effect can endure significantly as built-up areas had absorbed and emitted more heat than vegetated
sites especially in summer. The result underlines the necessity of sustainable urban development i.e. planting of
greenery, reflective and heat insulating materials, cool roofing, climate intensity adapted landscape planning in
consideration of the high increment of urban population and its heat production due to the process of urbanization.
Concerted initiatives of researchers, municipal authority and decision makers will be necessary to turn these
outcomes into workable urban planning for Rajshahi city that can alleviate heat stress and contribute to sustainable
development and thermal comfort of Rajshahi urban people in the future.
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