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13.1 � INTRODUCTION

Urban areas are now the preferable living place for about half of the world’s population, this is 
expected to reach two-thirds by 2030 (Zhang, 2016). The increasing statistics of global urbaniza-
tion have had an adverse effect on the micro climate due to the rise in air and surface temperatures 
(Makvandi et al., 2019; Souza et al., 2016). All over the world, this land use land cover (LULC) 
change, especially vegetation, is improvised by impervious cover, for instance, concrete buildings, 
pavements, or asphalt (Makvandi et al., 2019; Fathian et al., 2015). This results in energy absorption 
and radiation that may accelerate local and global problems such as biological hazards (air pollution 
and urban heat islands), concentration of greenhouse gases, and deterioration of public health and 
wellbeing (Lai and Cheng, 2010). However, the increasing temperature of urban areas in the mod-
ern era is a burning issue in many developed and underdeveloped countries. Cities such as London 
(UK), Bolzano (Italy), Madrid (Spain), and Nice (France) in Europe (dos Santos, 2020; Hellings and 
Rienow, 2021); Kumasi (Ghana) and Freetown (Sierra Leone) in Africa (Buo et al., 2021; Mustafa 
et al., 2021); and Tokyo (Japan), Beijing (China), Delhi (India), Mumbai (India), and Kuala Lumpur 
(Malaysia) in Asia (Dutta et al., 2019; Hua and Ping, 2018; Jain et al., 2021; Liu et al., 2021; Siddique 
et al., 2020) are being affected rigorously by land surface temperatures. Also, in less developed 
nations such as Bangladesh, the effect is not negligible, particularly in the mega-city of Dhaka.

According to WB (2013), “Bangladesh will be the most affected country in South Asia by an 
expected 2°C rise in the world’s average temperatures in the next decades, with rising sea levels 
and more extreme heat” (Mirza, 2011). On the other hand, northern parts of Bangladesh have been 
facing drought problems and a reduction in water bodies (Hoque et al., 2020). Past experience has 
revealed that the northwestern part of Bangladesh has gone through critical changes such as land-
scape degradation, river erosion, land use changes, and extensive unplanned human activities (Kafy 
et al., 2021b; Mim and Zamil, 2020). Besides, quick urbanization in recent decades has attracted 
people to migrate to this area, with the city Rajshahi no exception (Kafy et al., 2020; Rahman, 2010) 
as it is one of the warmest regions in northwestern Bangladesh because of its geographical location 
and socioeconomic conditions. This massive rate of haphazard infrastructural development with its 
construction materials is affecting the urban climate, which is influencing district temperature rise 
(Dewan et al., 2021). This is due to the rural–urban migration from the nearby disaster-prone areas 
(river erosion, flood, and drought). Nowadays migrants prefer Rajshahi rather than Dhaka because 
of its low cost of living, employment opportunities, and available municipal services (Hasan et al., 
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2017; Hasan et al., 2022; Rahaman et al., 2021). As a result, vegetation and water reserves are gradu-
ally reduced with the increase of settlements (Kafy et al., 2021a, 2021b).

During the last decade, several research studies regarding LST detention have been conducted, 
however, most of the studies were Dhaka-based (Ahmed et al., 2013; Imran et al., 2021). Several 
early studies have addressed land surface temperature and urban heat islands (Roy et al., 2021). 
However, little importance has been given to the capture sensitivity analysis and the most respon-
sible factors behind the change in land surface temperature (Ferdous and Rahman, 2018) in the 
northwestern part of Bangladesh. Besides, temperature mapping with a physical survey is relatively 
expensive, whereas the use of remote sensing (RS) and geographic information systems (GIS) meth-
ods in land temperature detection are being used a lot by researchers for their simplicity and cost-
effectiveness (Dey et al., 2021; Habibie et al., 2021).

This chapter will deal with investigating the relationship between land surface temperature vari-
ations over land cover by using the normalized difference vegetation index (NDVI), normalized 
difference water index (NDWI), and normalized difference built-up index (NDBI) techniques to 
identify the comfort zones within the study area. In addition, a comprehensive assessment of sen-
sitivity has been carried out to explore which component is more sensitive to heat. The approach of 
remote sensing along with GIS has been followed in bringing up the scenario where satellite images 
(Landsat-5 TM and Landsat 8 OLI) from different years (1995, 2005, and 2019) were used. The 
findings thus provide a guide to the concerned authorities in the development policies for better land 
zoning ways of alleviating warming effects.

13.2 � STUDY AREA

Rajshahi district is predominantly an agricultural area (BBS, 2011) and is well-known throughout 
Bangladesh as an educational city. It is located between the latitudes of 24°07′ and 24°43′ north and 
the longitudes of 88°17′ and 88°58′ east. The district’s total area is 2,425.37 km2, with a total of 
633,758 houses and 2,595,197 people (BBS, 2011) This district is bordered on the north by Naogaon, 
on the south by the Padma River and Kushtia district, on the east by Natore, and on the west by 
Chapainawabganj, while Rajshahi City Corporation (RCC) is located on the banks of the Padma 
River (Figure 13.1).

The main sources of income are agriculture (59.35%), non-agricultural laborers (3.36%), indus-
try (0.99%), commerce (14.25%), transportation and communication (4.36%), service (8.97%), 
construction (1.45%), and others (6.74%) (BBS, 2011). Although the district is not industrially 
developed, it has experienced a significant increase in unplanned housing activity in recent years. 
RCC is presently provoked by several commercial activities such as expanding market areas, rap-
idly developing restaurant businesses, and so on, which are impacting the urban land use activity. 
As a result of the increased construction rate to accommodate this high demand, the city is losing 
its green spaces. The climate in Rajshahi is classed as tropical, where the summer is much rainier 
than the winter (BBS, 2011). During the winter season, the minimum and maximum mean tem-
peratures range from 9°C to 14°C. The minimum and highest mean temperatures in the summer 
range from 25.5°C to 38.7°C. In April, the humidity level was around 77%, and in July, it was 
over 88% (BBS, 2011).

13.3 � METHODOLOGY

A systematic approach was adopted to prepare the LULC map from satellite images and analyze 
the sensitivity with different indices. First, this study processed satellite images through an image 
processing system where the radiometric and geometric corrections were used. The supervised clas-
sification technique was adopted for the LULC map which needs prior to accuracy assessment, to 
check whether the result is acceptable or not. This study also considered three different normalized 
indices to understand the land use and land cover scenario. To calculate the land surface tempera-
ture, three different steps namely, conversion of the digital number (DN) values to spectral radiance, 



231Detection of Land Surface Temperature in Northwest Bangladesh﻿

then spectral radiance to top of atmosphere (TOA) brightness temperature, and land surface emis-
sivity (LSE) were used (Figure 13.2).

13.3.1 �R emote Sensing Data

The satellite images were acquired from the United States Geological Survey (USGS) with a 30 m 
resolution and had cloud coverage of less than 10%. Landsat 5 TM and Landsat-8 OLI-TIRS images 
were considered for the years of 1990, 2006, and 2018 respectively that were taken by using 138/43 
path and row (Table 13.1).

13.3.2 �I mage Pre-preprocessing

Both geometric and radiometric corrections have been conducted to process the satellite images for 
further analysis. The geometric correction is confined to the process of geo-referencing of Landsat 
images with the Universal Transverse Mercator (UTM) projection system that was ratified by avail-
ing some known ground points. In this study, 25 ground points were identified from Google Earth 
to transfer images into the Bangladesh Transverse Mercator (BTM) map projection system, having 
the datum of D_Everest_1830 from the World Geodetic System (WGS84).

On the other hand, the reflectance sensor data is influenced by many factors (e.g., atmospheric 
absorption and scattering, in-sensor factors, data processing procedures, etc.) (Teillet, 1986). 
Moreover, these effects need to be addressed to avoid the task becoming complicated (Mas, 1999; 
Turker and Asik, 2002). A radiometric correction needs to capture the absolute surface reflectance 
digital number (DNs) generated from the satellite (Chavez, 1996). The study followed (López et al., 
2016) for the radiometric correction of the satellite images.

FIGURE 13.1  Study area map.
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TABLE 13.1
Details on Collected Satellite Image

Sensors name
Date of data 

acquired (yy-mm-dd) Time Path Row

Landsat 4–5 Thematic Mapper (TM) 1995-04-18 03:39:25 PM 138 43

Landsat 4–5 Thematic Mapper (TM) 2005-04-13 04:17:43 PM 138 43

Landsat 8 Operational Land Imager 
(OLI)

2016-04-11 04:30:12 138 43

13.3.3 �C alculating Different Indices

The study considered three different normalized indices to understand the land use and land cover 
scenario of the study area. These are the normalized difference vegetation index (NDVI), normal-
ized difference water index (NDWI), and normalized difference built-up index (NDBI) respectively. 
NDVI is the most commonly used vegetation index to indicate a plant’s photosynthetic activity. On 
the other hand, NDWI and NDBI show water bodies and built-up areas accordingly. These three 
indices were calculated by using Equations (13.1), (13.2), and (13.3) given below (NASA, 2015):

	 NDVI NIR Red NIR Red� �� � �� �/ 	 (13.1)

	 NDWI Green NIR Green NIR� �� � �� �/ 	 (13.2)

	 NDBI SWIR1 NIR SWIR NIR� �� � �� �/ 	 (13.3)

FIGURE 13.2  Flow chart of the data analysis.
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Where, bands 3, 4, 5, and 6 are green, red, NIR, and SWIR1 for Landsat 8 OLI, similarly bands 4 
and 3 are NIR and red for Landsat TM 4-5.

13.3.4 �D eriving Land Surface Temperature (LST)

To detect land surface temperature, calculating the digital number (DN) into the top of atmosphere 
(TOA) brightness temperature is essential, followed by the conversion of TOA brightness tempera-
ture into land surface temperature.

13.3.4.1 � Conversion of DN Values to Spectral Radiance
LST is calculated from the thermal band where bands 10 and 11 are the thermal bands for Landsat 8 
and band 6 is the thermal band for Landsat TM 4-5. The digital numbers (DNs) of bands 6, 10, and 
11 were converted to spectral radiance using the Equations (13.4) and (13.5) given below: (NASA, 
2015)

	 L M Q AL cal L» � �.  (For Landsat 8 OLI)	  (13.4)

	 L
V

R R Rmax min min
» � �� � �225

 (For Landsat TM 4-5)	 (13.5)

Where Lλ = Spectral radiance; ML = Radiance multiplicative scaling factor for the band; AL = Radiance 
additive scaling factor for the band; and Qcal = pixel value of band 10 and 11 in DN. Similarly, V 
represents the DN of band 6; Rmax, 1.896(mW×cm−2×sr−1) and Rmin, 0.1534(mW×cm−2×sr−1).

13.3.4.2 � Spectral Radiance to TOA Temperature
Then spectral radiance of bands 10 and 11 of Landsat 8 and band 6 of Landsat TM 4-5 were con-
verted to top of atmosphere (TOA) brightness temperature where TOA was converted to degrees 
Celsius as it was derived in kelvin. The formula is shown below: (NASA, 2015)
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Where, BT refers to top of atmosphere brightness temperature, in Kelvin; Lλ = Spectral radiance; K1 
= Thermal conversion constant for the band; and K2 = Thermal conversion constant for the band.

13.3.4.3 � Calculate Land Surface Temperature
To investigate LST, the value of land surface emissivity (LSE) is needed along with TOA tempera-
ture. The LST and LSE of Landsat 8 OLI and Landsat TM 4-5 can be calculated by the following 
formula (Weng et al., 2004):

	 P NDVI NDVI NDVI NDVImin max minv � � �� �[( ) / ]2 	 (13.7)

	 e P� �0 004 0 986. .v 	 (13.8)

	 LST BT BT p ln e� � � � � �/ /1 »* * 	 (13.9)

Where, e = Land surface emissivity; Pv = Proportion of vegetation; λ = wavelength of emitted radi-
ance; P = h*c/s (1.438*10–2 m K); h = Planck’s constant (6.626×10–34 J s); s = Boltzmann Constant 
(1.38 ×10–23 J/K) and c = Velocity of Light (3 ×108 m/s). ​
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13.3.5 �L and Cover Classification

There are various types of classification methods available to identify the LULC status from RS 
data. Broadly, the methods are supervised and unsupervised classification approaches. The unsu-
pervised classification method is based on the iterative self-organizing data analysis technique algo-
rithm (Lu et al., 2004). On the other hand, supervised classification is based on training sample 
analysis, which is decided by researchers/experts, and this type of classification method is more pre-
cise compared to others to see the accuracy obtained by the MLC method. Considering this benefit, 
the supervised classification method is the most popular and most widely used by many researchers 
(Fonji and Taff, 2014; Islam et al., 2015, 2018; Islam and Sarker, 2016). Having this consideration, 
the study used supervised classification with the maximum likelihood classification (MLC) algo-
rithm for LULC determination by using ArcGIS 10.3 software. The types of LULC found from the 
analysis are listed in Table 13.2.

Initially, the corrected images (geometric and radiometric corrected) of each date are compiled 
into a single layer using three bands to create a false color composite (FCC) image to distinguish 
different LULC types like agricultural land, vegetation, and settlement.

13.3.6 �E rror Matrix

The error matrix is one of the best ways to assess the accuracy of satellite images for land use 
land cover analysis as it aims to assess the effectiveness of sampling for land cover classification 
(Hasan et al., 2020; Hasan et al., 2023; Rwanga and Ndambuki, 2017). For the error matrix, a 
satellite image of April 2019 has been selected where 160 ground points were chosen. Google 
Earth was used as a reference source for ground truthing. Table 13.3 presents the error matrix 
of the land cover classified image of 2019 that shows the relationship between ground truth data 
and the corresponding classified data. The columns of the table represent produced value (map 
makers’ point-of-view, selecting a sample for the land cover) and the rows express observed value 
(user’s point-of-view, how accurately land class is presented on the ground). For accuracy assess-
ment, the study considered the producer’s and user’s accuracy, commission, and omission errors, 
overall accuracy, and Kappa coefficient followed by (Rwanga and Ndambuki, 2017) that have 
been derived from the error matrix.

13.4 � RESULTS

13.4.1 �A ccuracy of the Study

The land covers derived from the analysis and the land covers from Google Earth are well-matched 
with better accuracy. The result shows that the producer Accuracy (PA) ranged from 100% to 0.63% 
whereas the user accuracy (UA) was found at 98% to 80% (Table 13.4). Water bodies and vegetation 

TABLE 13.2
Land Cover Types

Land cover type Description

Built-up Area Mainly all infrastructure. Such as residential, commercial, mixed-use, and industrial areas, 
settlements, road networks, pavements, etc.

Water Body Ponds, wetlands, marshy land, low land, and swamps.

Vegetation Trees, natural vegetation, mixed forest, gardens, parks, and playgrounds.

Agricultural Agricultural lands, vacant land, open space, and crop fields,
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are found to be more accurate both for PA and UA. High commission error (CE) in this study is 
found for built-up areas (20%) and high omission error (OE) for agriculture (37%). That means that 
overestimation was incorrectly included for the built-up area while sampling, on the other hand, 
underestimation was evaluated for agricultural land cover. Besides, overall accuracy is found at 89% 
and the Kappa coefficient is measured at 0.85 that illustrates preferable accuracy for each land cover 
classification in its field of interest according to Fleiss et al. (2004) (Fleiss et al., 2004).​

13.4.2 �T emperature Difference between Urban and Rural Areas

RCC is considered an urban area, whereas the other 9 Upazilas are supposed to be rural areas. 
These classifications have been done on the basis of some criteria (e.g., land cover type, popula-
tion size, and municipality services). The temperature difference between urban and rural areas is 
identified in the study area due to their land cover differences. For instance, the amount of concrete 
and bitumen and the existence of greenery and water bodies. The maximum land cover of the urban 
area is the built-up area where a plethora of vegetation, agricultural land, or water bodies are found 
in the rural part of Rajshahi or vice versa.

Figure 13.3 illustrates that the temperature difference between urban and rural areas varies by 1° 
to 2° for each type of land cover, where for every land class, the rural area temperature is lower than 
the urban due to the absorption of heat by built-up areas. More specifically, the mean temperature 
in built-up areas is 31.87°C and in rural areas it is 32.82°C. Similarly, the mean temperatures are 
30.39°C and 31.35°C for vegetation, 29.90°C and 31.61°C for agricultural land, as well as 29.77°C 
and 30.89°C for aquatic land.

From Figure 13.4, it has been found that the southern and southwestern parts of the urban area 
are concentrated on built-up areas, and the northern and northeastern parts are covered by other 
land use types (Figure 13.4, A2). On the other hand, high temperatures have been observed in the 
southern and southwestern areas and lower temperatures in other parts of the city (Figure 13.4, 
A1). Consequently, a proportionate relationship exists between surface temperature and LULC. 
Likewise, Godagari, Paba, Durgapur, Puthia, and Charghat Upazilar rural areas seem to be hotter 

TABLE 13.3
Error Matrix

Land use class Water body Built up area Agricultural land Vegetation Row total

Water body 40 0 1 0 41

Build up area 0 40 10 0 50

Agricultural land 0 0 25 3 28

Vegetation 0 0 4 37 41

Column Total 40 40 40 40 160

TABLE 13.4
Accuracy Assessment

Land class UA PA CE OE OA Kappa

Water body 0.98 1 0.02 0 0.89 0.85

Built up area 0.80 1 0.20 0

Agricultural land 0.89 0.63 0.11 0.37

Vegetation 0.90 0.93 0.10 0.08
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than the other Upazilas (Figure 13.4, B2) where there is a corresponding relationship between sur-
face temperature and LULC as in urban areas (Figure 13.4, B1).

13.4.3 �A nalysis of Comfort Zone

The temperature variation from 1995 to 2019 has been identified both for urban (RCC) and rural 
(Other Upazilas except RCC) areas to understand the comfort zone (Brändle et al., 2015). To do that, 
temperatures are divided into four classes, where temperatures up to 15°C are considered a cool 
area, 16–25°C as a comfort zone, 26–32°C are treated as warm, and more than 32°C as an uncom-
fortable area. This study found that the temperature values ranged from 23°C to 40°C. Figure 13.5 
illustrates that maximum areas of Rajshahi district are in the warm zone all over the study period, 
having no cool zone. A small portion of a comfortable zone was found in Baghmara Upazila in 
1995, whereas most of the areas of Tanore, Godagari, Paba, and Charghat were found to be uncom-
fortable areas until 2005. But in the year 2019, the spatial distribution of comfort zones showed a 
reduction in uncomfortable hot zones whereas Rajshahi City Corporation gave the inverse result.

Table 13.5 illustrates that the warm zone decreased by 88.57 km2 in 2005 and again increased to 
200.15 km2 in 2019. However, the area of comfort zone was in a decreasing trend all over the study 
period, which decreased to 0.84 km2 in 2005 and no comfort zone was available in the year of 2019. 
Though the very hot zones decreased in 2019, RCC followed a reverse trend in this case.

13.4.4 �R elation between LST and Different Indices

Figure 13.6 shows the temperature difference between various Upazilas of Rajshahi in the year 
2019, where the highest minimum temperature was found in Rajshahi City Corporation and the 
lowest in Puthia. Figure 13.7 shows that Rajshahi City Corporation, treated as an urban area, is 
found built-up concentrated (395.001 km2) where a small amount of agricultural and vegetated 
areas, as well as water bodies, are available. Besides, a large amount of agricultural land is found in 
Godagari, Tanore, Mohonpur, and Baghmara Upazila, where the maximum vegetation is in Bagha 
Upazila.

NDVI’s highest value varies from 0.74 to –0.19, whereas NDWI and NDBI vary from 0.65 to 
–0.33 and 0.33 to –0.74. The NDVI value is found high in several areas (e.g., Mohanpur, Baghmara, 

FIGURE 13.3  LULC-wise temperature difference between urban and rural areas in 2019.



237Detection of Land Surface Temperature in Northwest Bangladesh﻿

FI
G

U
R

E 
13

.4
 

L
ST

 a
nd

 la
nd

 c
ov

er
 o

f u
rb

an
 a

nd
 r

ur
al

 a
re

a,
 (A

1)
 L

ST
 o

f u
rb

an
 a

re
a,

 (A
2)

 L
an

d 
co

ve
r o

f u
rb

an
 a

re
a,

 (B
1)

 L
ST

 o
f r

ur
al

 a
re

a,
 (B

2)
 L

an
d 

co
ve

r o
f r

ur
al

 a
re

a.



238 ﻿Handbook of Climate Change Impacts on River Basin Management

FI
G

U
R

E 
13

.5
 

Y
ea

r-
w

is
e 

co
m

fo
rt

 z
on

e 
sc

en
ar

io
 o

f 
R

aj
sh

ah
i d

is
tr

ic
t, 

(A
) 

19
95

, (
B

) 
20

05
, (

C
) 

20
19

.



239Detection of Land Surface Temperature in Northwest Bangladesh﻿

Tanore, Godagari Upazila) having low temperatures. Similarly, RCC and Godagari Upazila fall 
under lower NDWI values with higher temperatures. With the increase in NDWI value, the pres-
ence of water bodies increases and temperature decreases, as well as NDVI (with respect to vegeta-
tion). On the other hand, with respect to NDBI, RCC, and the adjacent areas of Paba, Puthia, and 
Charghat that are close to the city corporation area, the northwest portion of Godagari and Tanor 
are found to have high values of NDBI and temperature.

13.4.5 �I ndices Sensitivity to Temperature

A simple application of the correlation coefficient can be exemplified by using data from a sample of 
348 points that were selected from different places in the RCC shown in Figure 13.8. All of the indi-
ces (e.g. NDVI, NDWI, and NDBI) are continuous and skewed with the response to temperature. 
From Pearson correlation analysis between indices and LST, the resulting correlation coefficients 
are –0.80 (NDVI), –0.88 (NDWI), and 0.88 (NDBI) respectively. In this case, all of the indices are 
strongly correlated with temperature, i.e., high positive and negative correlation. Where two indices 
(NDVI and NDWI) correlation coefficients are similar and lead to the same conclusion, the NDBI 
reveals different statistical conclusions. According to Hinkle et al. (2003), the correlation coefficient 
between 0.70 to 0.90 or −0.70 to −0.90 has a high positive or negative correlation where the above 

TABLE 13.5
Area Distribution in km2 of Comfort Zone of Rajshahi District in 
1995, 2005, and 2019

Temperature category
Area (km2),

1995
Area (km2),

2005
Area (km2),

2019

Cool – – –

Comfortable 6.15 0.84 –

Warm 1684.16 1595.59 1793.74

Uncomfortably hot 509.39 603.28 405.97

Rajshahi
City

corporation

Puthia
Thana

Paba
Thana

Mohonpur
Thana

Godagari
Thana

Durgapur
Thana

Charghat
Thana

Baghmara
Thana

Bagha
Thana

Tanore
Thana

Highest 37.22 37.01 38.15 35.29 38.91 36.98 35.79 36.38 35.47 36.79

Lowest 27.38 26.28 26.73 26.17 26.44 26.71 27.23 26.4 27.35 26.41
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FIGURE 13.6  Highest and lowest temperature difference of different upazila of Rajshahi district in 2019.
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or below value range demonstrates a very high or moderate correlation. In this study, the correlation 
coefficient value between NDWI, NDVI, and temperature was found to be –0.81 and –0.88 respec-
tively, which depict a highly negative correlation. On the contrary, the NDBI value is found at 0.88, 
which means it is highly positively correlated with temperature. Therefore, with an increase in the 
NDBI value, temperature increases, and with a decrease in the NDBI value, temperature decreases. 
Reverse situations have been found in the case of NDWI and NDVI.

FIGURE 13.8  Correlation coefficient analysis between LST and three different indices (NDVI, NDWI, and 
NDBI).
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FIGURE 13.9  Average field temperature of the study area.

To understand the above relationship, a field survey was conducted in RCC on the different land 
covers to cross-check the sensitivity to temperature. Figure 13.9 shows the temperature value for 
four different land covers where built-up areas have the highest value (33.37°C). On the other hand, 
the value is 29.13°C for vegetation, 27.97°C for water bodies, and 31.30°C for agricultural land.

13.5 � DISCUSSIONS

The study was carried out to determine the consequences of land cover changes on land surface 
temperature in Rajshahi district for the year 2019. Furthermore, chronological changes in tempera-
ture have been found in the years 1995, 2005, and 2019. Previous studies regarding LULC and LST 
(Ahmed et al., 2013; Imran et al., 2021; John et al., 2020; Kafy et al., 2020; Raja, 2012) were helpful 
in leading as well as comparing the results of the study. High temperatures in built-up areas, and 
contrariwise sloping temperatures in agriculture, vegetation, and water bodies have been fabricated 
in this study, which coincides with previous research (Ahmed et al., 2013; Imran et al., 2021; John 
et al., 2020). Dey et al. (2021) reported that in Rajshahi district, the buildup area has increased by 
14.78% while greenery space has decreased by about 6.27% since 1990. Kafy et al. (2021b) added 
that about 3.35 % of the area in Rajshahi will be more than 35°C due to the conversion of urban 
areas by 2039. Nevertheless, the study results show that 18% (396 km2) of the study area was built-
up areas in 2019, among which almost 50% of the built-up area was in RCC. These concrete-con-
centrated urban areas led to the increase in LST, while Imran et al. (2021) revealed similar results 
in Dhaka, Bangladesh.

The southern part of Rajshahi (especially the RCC area) experienced substantial growth in settle-
ment areas, leading to the LST. Urban expansion occurred due to population growth in Rajshahi city 
due to a higher birth rate and migrated people from rural areas to urban areas for the sake of better 
livelihood (Kafy et al., 2021c, 2021d). Sometimes this is due to natural or anthropogenic disasters 
(river erosion, flood, drought, scarcity of employment, etc.). As Kafy et al. (2021a) argued, most of 
the water bodies and greenery turned into settlements from 1990 to 2019.

On the other hand, with respect to the comfort zone of Rajshahi, the uncomfortable zone was 
decreased by about 4.70%, though the warm area was increasing at an alarming rate (9.06%) from 
1995 to 2019 (Figure 13.10). The study also found that the number of comfortable zones (between 
15–25°C) decreased by 0.3% where RCC (urban areas) gradually turned into warm to uncomfort-
ably hot areas. A corresponding trend of temperature shifting was identified by Imran et al. (2021) 
in Dhaka city of Bangladesh where the temperature increased by 0.24°C per year, while Pal and 
Ziaul (2017) found an increase of 0.11°C per year in West Bengal, India.
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Further, regression analysis of the study resulted in a positive accordance between LST and 
NDBI but a negative kinship between LST and the other two indices (NDVI and NDWI). The 
analysis shows that LST increased with the increase in built-up areas (NDBI) or vice-versa. On the 
other hand, LST decreased when vegetation (NDVI) and water bodies (NDWI) increased in trend 
or vice-versa. Likewise, Imran et al. (2021) identified similar results from the perspective of LST 
and different land cover indices that testify to the LST sensitivity to indices.

The findings of this chapter thus suggest that urbanization is the forward driver for LULC and 
LST respectively. However, without pledging a better decentralization policy, it is hard to control 
the unplanned built-up areas in Rajshahi because they gradually increase their major opportunities 
and services (e.g., education, medical facilities, jobs) (Farhana and Mannan, 2018).

13.6 � CONCLUSIONS

The study reveals the relationship between the land cover and surface temperature in the Rajshahi 
district of Bangladesh, where the temperature difference between the concrete concentrated (urban) 
and agriculture, vegetation, and water concentrated (rural) has been clearly identified. This relation-
ship is further clearly identified by linear regression analysis between different indices of NDVI, 

FIGURE 13.10  Gain and loss of comfort zone (A) 1995 to 2005 and (B) 2005 to 2019.
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NDWI, NDBI, and LST. The temperature difference between the urban and rural areas is almost 
1°C to 2°C. Most of the land in the urban area is wrapped in rock or asphalt, and these construc-
tion materials are the main reasons for increasing urban temperature, especially in RCC. However, 
the highest temperature difference between the urban and rural areas was found in the agricultural 
land (1.71°C), where 1.01°C in the built-up area, 0.98°C in vegetation, and 1.12°C in the water body. 
Besides, to find a comfortable zone, it is notable that the hot zone (15°C to 25°C) has been on an 
increasing trend from 1995 to 2019, irrespective of LULC. It is partially supposed to be the reason 
for LST due to climate change, though further research ought to be needed to confirm it. From the 
findings of the study, policymakers in Rajshahi ought to be concerned about urbanization and future 
urban growth. An environmentally friendly proper guideline is thus needed both for horizontal and 
vertical expansion where green roofs, climate-friendly construction materials, and extensive tree 
plantation may reduce the urban microclimate warming effect.
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