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ABSTRACT

The aim of the work was to analyse Land use land cover (LU/LC) changes and their correlation with the
increased Land surface temperature (LST) in Jharsuguda district, Odisha using geospatial techniques and
transformation analysis in ArcGIS 10.4 software. Remotely sensed data from Landsat 8 operational land
imager (OLI) for March 2013 and Landsat 9 OLI for March 2023 were utilized to investigate LU/LC and
LST changes. The satellite data was classified using the maximum likelihood supervised classification
algorithm (MLSC) to derive LULC maps. The overall accuracy of these classified LULC maps was determined
to be more than 85% in both years. In order to obtain LST information from the satellite images, the spectral
radiance model was utilized. The findings of the study revealed a clear correlation between the loss of
vegetation cover (VC) and the expansion of built-up areas, which consequently contributed to an increase
in the urban heat islands (UHI). The LU/LC estimation indicates substantial changes in the landscape over
the past ten years. Specifically, there was a notable net increase in urban area (UA) by 55.12%, while very
dense forest (VDF) experienced a reduction of 49.28%, moderately dense forest (MDF) decreased by 18.60%,
and open forest (OF) by 42.58% as well as non-forest (NF) by 1.76% between 2013 and 2023. Furthermore,
the study observed that the maximum temperature of the city rises from 46.8°C in 2013 to 48.3°C in 2023.
So, the municipal authority can take new decision policies and management to reduce the effects of LST for
sustainable development in the further future.
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Introduction

Land surface temperature (LST) is one of the most
important dynamic surface conditions for under-
standing the earth’s surface energy balance (Rao et
al., 2019; Singh et al., 2020). LST produced from re-
mote sensing data is a unique source of information
for defining urban heat islands (UHI) and has been

widely employed as a UHI indicator in the studies
(Tran et al., 2017). According to Mallick et al. (2008)
and Pal and Ziaul (2017), converting vegetation land
into inaccessible built-up land harms the ecosystem,
hydrological balance, biodiversity, and local cli-
mates. The LST is increasing globally due to land
use and land cover conversion (Song et al., 2018; Liu
et al., 2020; Moisa et al., 2022). More over land use



5220

and land cover (LU/LC) is one of the most impor-
tant parameters for correctly identifying a region
(Rousta et al. 2018). According to Rousta et al. (2018),
rapid surface changes caused by LU/LC alterations
significantly impact the local and regional environ-
ment. Therefore, the most striking characteristic of
the current era of rapid urban and industrial growth
is the establishment of urban heat islands
(Ranagalage et al. 2018a, b). As urban centres con-
tinue to expand, there is a growing concern about
the ecological and environmental implications of
this rapid urban growth (Xian and Crane, 2005). One
of the primary consequences of urbanization on the
local climate is the UHI effect, wherein urban areas
experience higher land surface temperatures than
their rural counterparts (Taha, 1997; Rizwan et al.,
2008; Tran et al., 2017). The UHI effect is attributed
to modifications in land cover, the proliferation of
impervious surfaces, and increased heat generation
from human activities.

Elevated land surface temperatures in urban ar-
eas can have several adverse effects, including al-
tered weather patterns, increased energy consump-
tion, reduced air quality, and potential health risks
for the inhabitants (Meineke ef al., 2014; Plocoste et
al., 2014). Also, studies conducted in different parts
of India confirmed that there is a substantially in-
creasing trend of LST (Das and Angadi, 2020; Chetia
et al,, 2020; John et al., 2020; Saha et al., 2021; Gohain
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et al., 2021; Ashwini and Sil, 2022; Das et al., 2022).
The study aims to explore the relationship between
LST fluctuations and LU/LC transformations using
remote sensing and geographic information system
(GIS) techniques. Integrating LU/LC analysis and
LST assessment will offer a holistic view of the on-
going urbanization process and provide valuable
information for decision-making and proactive mea-
sures to ensure the region’s sustainability and resil-
ient future. The manuscript aims to address (i) the
effect of urbanization on land use land cover
changes over the last decade (2013-2023) in this in-
dustrial district and (ii) to analyse the impact on
LST.

Materials and Methods

Study area profile

The study area Jharsuguda popularly known as
power house of Odisha is one of the northern lo-
cated districts of the state Odisha. It is the industrial
economic hub, lies between 83° 27" to 84° 23' east lon-
gitudes and 21° 31' to 22° 03' north latitude having
geographical area of 2114 Sq. Km., occupies 1.36% of
the total state’s area (Fig. 1). The district shares its
border with Sundargarh district in north, Sambalpur
district in east, Bargarh district in south and
Chattisgarh state in west. The district has a mean
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Fig. 1. Study area map of Jharsuguda district
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elevation of 230 to 250 meters above sea level, and it
experiences a predominantly hot and humid climate
from March to June, while the months from October
to February are characterized by colder weather. In
2020, the district recorded an actual annual rainfall
of 1875.0 mm, which was higher than the normal
rainfall of 1362.8 mm. As of the 2011 census, the to-
tal population of the district was 5.80 lakhs, account-
ing for 1.38% of the state’s population. The level of
urbanization stands at 39.89% of the total district
population as against the 3.30% in the state Odisha.
The population density of the district is 274 persons
per Sq. Km. slightly higher of 270 persons per Sq.
Km. of the state (District statistical hand book,
Jharsuguda, 2020).

Satellite data used

For this research, previous ten years of data (2013
and 2023) were selected. In this period, two Landsat
Multi spectral satellite data were acquired from the
United States Geological Survey (USGS) domain to
estimate the changes in LU/LC and LST dynamics
in the study area. All of these images were down-
loaded (Table 1) for the month of March to prevent
the influences of seasonal variations (Al Rakib et al.
2020; Faisal et al. 2021; Kafy et al. 2020). In the image
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downloading process, maximum cloud coverage
was set to less than 10% for ensuring a realistic esti-
mation of LULC and LST. However, across the
study region, it was near to zero percent. No addi-
tional geo-correction or image processing required
for the pre-processing of images since there were no
radiometric and geometric distortions in Landsat
Satellite data.

Land cover classification

The study used appropriate band combinations to
generate band composites for all the Landsat im-
ages. These band composites were employed to se-
lect training samples representing various LU/LC
classes, following the spatial analyst toolset in
ArcGIS 10.4 Software clarified by Trolle et al. (2019).
The Landsat images collected for 2013 and 2023
were classified into six main LU/LC classes: VDF,
MDF, OF, NF, built up and Water bodies (Table 2).
The Maximum Likelihood Supervised Classification
(MLSC) technique was used to estimate the LU/LC
maps, approximately 25 training samples were se-
lected for each LU/LC class. These training samples
served as representative examples of the respective
classes and were used to train the MLSC algorithm
for accurate classification.

Table 1. Description of the images acquired from Landsat satellite sensors (https://earthexplorer.usgs.gov)

Satellite Date of Sensor Path/ Band No. Spectral range  Spatial
data acquisition Row Landsat 8/9 (Wavelength resolution
um) (m)
Landsat 8 26" March, 2013 OLI/TRIS 141/045 Band 1 - Coastal /aerosol 0.43-0.45 30
Landsat9 11%* March, 2023 OLI/TRIS 141/045 Band 2 - Blue 0.45-0.51 30
Band 3 - Green 0.53-0.59 30
Band 4 - Red 0.64-0.67 30
Band 5 - Near Infrared (NIR) 0.85-0.88 30
Band 6 - Shortwave Infrared (SWIR) 1 1.57-1.65 30
Band 7 - Shortwave Infrared (SWIR) 2 2.11-2.29 30
Band 8 - Panchromatic 0.50-0.68 15
Band 9 - Cirrus 1.36-1.38 30
Band 10 - Thermal Infrared (TIRS) 1  10.6-11.19 100
Band 11 - Thermal Infrared (TIRS) 2 11.50-12.51 100

Table 2. Descriptions of LULC classes

LULC Classes Description

VDF Forests with a canopy cover of more than 70%

MDF Forests with a canopy cover between 40% and 70%

OF Forests with a canopy cover between 10% and 40%

NF Areas that do not meet the criteria for any of the above forest types
Built up Residential, commercial and industrial services, transportation network
Waterbodies River, wetlands, lakes, ponds, and reservoirs
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In order to assess the accuracy of the classified LU/
LC maps, available field data coordinates and
google earth images to establish 150 ground truth
points were taken. Kappa statistics and Confusion
Matrix, recognized as reliable indicators for image
classification accuracy, were employed in the accu-
racy assessment of the classified LU/LC maps
(Congalton and Green, 2008; Foody, 2002; Pontius Jr
and Millones, 2011; Story and Congalton, 1986).

Estimation of LST

The LST was estimated using the digital numbers
(DN) of the thermal bands (Band 10 in Landsat 8-9
OLI/TIRS). The spectral radiances (A) of the Landsat
8-9 OLI/TIRS bands were computed at the prelimi-
nary phase. L, was used to derive the LST in Degree
Celsius using the top of atmosphere brightness tem-
perature followed by normalized difference vegeta-
tion index (NDVI). Finally, LST was analysed using
land surface emissivity and proportion of vegeta-
tion.

Results

LU/LC and accuracy assessment

To analyse the LU/LC patterns during last ten
years, the MLSC algorithm was applied for the

Table 3. Result of the accuracy of the classified images
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present study. User accuracy, producer accuracy,
overall accuracy and kappa coefficient were esti-
mated to examine the classification accuracy. Over-
all accuracy of 88.66% for 2013 and 85.33% for 2023
demonstrated an excellent result with kappa coeffi-
cient of 0.84 was observed (Table 3). The classifica-
tion result identified two significant changing pat-
terns during the study period. One is gradual in-
crease in the built-up area and a significant decrease
in the vegetation cover. As illustrated graphically
(Fig. 2 and 3) and statistically over the last decade
+55.12% of the built-up area was increased, result-
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LULC Classes 2013 2023
Prod. Acc. (%) User Acc. (%) Prod. Acc. (%) User Acc. (%)

VDF 82.14 88.46 85.71 85.71
MDF 95.45 100.00 79.17 90.48
OF 94.12 76.19 85.71 81.82
NF 85.00 85.00 78.95 83.33
Built up 91.67 78.57 93.10 81.82
Waterbodies 79.49 91.18 86.11 88.57
Overall Accuracy (%) 86.66 85.33
Kappa Coefficient 0.84 0.82
Table 4. Statistics of LULC classes of the study area in Sq. Km. and percent
LULC Classes Area 2013 Area 2023 Change in LULC

Sq. Km. (%) Sq. Km. (%) 2013-2023(%)
VDF 240.45 11.37 121.95 5.77 -49.28
MDF 205.79 9.73 167.51 7.92 -18.60
OF 165.71 7.84 95.16 4.50 -42.58
NF 731.37 34.60 718.48 33.99 -1.76
Built up 441.69 20.89 685.17 3241 55.12
Waterbodies 328.98 15.56 325.74 15.41 -0.99
Total 2114 100 2114 100
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Fig. 3. LULC map of 2023

ing -49.28%, -18.60%, -42.58, -1.76 and - 0.99% de-
crease in VDF, MDF, OF, NF and waterbodies re-
spectively from 2013 to 2023 (Table 4).

Land surface temperature (LST)

The analysis of LST revealed a notable transforma-
tion of lower recorded temperature zones in 2013
into higher temperature zones in 2023, which indi-
cates a significant impact on local microclimates due
to changes in land cover. Specifically, the maximum
temperature of the city experienced an upward
trend, rising from 46.8 °C in 2013 to 48.3 °C in 2023.
Moreover, an increasing trend of temperature in the
range of 22 °C to 37 °C and 46 °C to 49 °C was ob-
served and on the contrary decreasing trend seen in
37 °C to 46 °C may be for the weather condition of
that particular day for which the satellite data was
downloaded (Table 5, Fig. 4 and 5). This rise in
maximum temperature highlights the urban heat
island effect and underscores the importance of ad-
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Fig. 5. LST map of 2023

dressing the environmental consequences of un-
planned urban growth and land use changes in the
region.

Table 5. Classified LST of the study area in Sq. Km. and Percent

LST Classes(°C) Area 2013 Area 2023 Change in LST
Sq. Km. (%) Sq. Km. (%) 2013-2023(%)
22-25 257.75 12.19 276.08 13.06 711
25-28 73.79 3.49 93.75 4.43 27.06
28 -31 113.97 5.39 229.85 10.87 101.68
31-34 246.79 11.67 374.73 17.73 51.84
34-37 381.90 18.07 409.89 19.39 7.33
37 -40 500.20 23.66 324.05 15.33 -35.22
40-43 410.03 19.40 224.10 10.60 -45.35
43 - 46 129.58 6.13 124.87 591 -3.64
46 - 49 0 0.00 56.68 2.68 56.68
2114 100 2114 100
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Discussion

Jharsuguda district, located in the western region of
Odisha, has witnessed considerable changes in its
land use land cover over the last decade due to in-
creasing urbanization and industrialization. The
district’s strategic location and economic potential
have attracted a surge in population, resulting in the
expansion of urban areas and transformation of the
surrounding landscape (Ranjan et al., 2021). This ur-
banization process often leads to changes in land
cover, such as converting natural and agricultural
lands into built up areas which, in turn, can pro-
foundly impact the local climate and environment.
Ranjan et al. (2021) and Sahu et al. (2022) studied
how vegetation cover changes in different years
from 1995 to 2020 using only LU/LC practices in
Jharsuguda District. We used both LU/LC and LST
to assess the consequence of urbanization. Areas
with more built-up lands are often warmer than
their surroundings. Our finding on built up area has
experienced higher LST is similar with other previ-
ous researchers like Tran ef al. (2017), Karakus,
(2019), Simwanda ef al. (2019), Hassan et al. (2021)
and Ullah et al. (2023).

Due to increased mining area with an annual
change of +0.03%, the vegetation cover of
Jharsuguda district continuously decreased with an
annual change of -0.04% from 2006 to 2018 (Ranjan
et al. 2021). Sahu et al. (2022) also got same result in
decrease of vegetation from 1995 to 2020. The
present study also revealed the same trend of in-
creased built-up area by 243.48 Sq. Km. over the last
decade from 2013 to 2023 and the increasing trend
of LST seen in more built-up areas.

The changing trend of LST in Jharsuguda district
revealed that urbanization significantly helps in the
formation of UHL This approach reduces vegetation
cover, agricultural land and non-forest space. So, as
a result of urbanization, there are fewer cool and
cold locations and more hot and extremely hot areas
(Hassan et al. 2021). The development of industrial
estates, small workshops, resulting decrease of a
large amount of natural vegetation cover, provides
an optimal environment for the birth and spread of
UHIs in this district. Emissions from these industrial
land uses now contribute to the temperature en-
hancement between the industrial chain and the sur-
rounding environment. To minimize the impact of
UH], it is vital to consider the proper ratios of open
space and green areas in cities.
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Conclusion

The findings of this research will provide valuable
insights into the extent that the rate of urbanization
in the district and its implications for the local cli-
mate and environment gradually increasing. Larger
vegetation cover is divided into smaller fragmented
patches of varying sizes are often separated by non-
forest areas, such as agricultural fields, roads or ur-
ban areas tends to habitat loss, disruption of ecologi-
cal processes, increased vulnerability to distur-
bances and reduced ecosystem services. This isola-
tion can prevent species from moving between frag-
ments, leading to a reduction in gene flow and
biodiversity. Furthermore, understanding the spa-
tial patterns and trends of urbanization and its asso-
ciated land surface temperature changes will assist
stakeholders, policymakers, urban planners, and
environmentalists in formulating effective strategies
for sustainable urban development, conserving
natural resources, and mitigating the adverse effects
of the UHI effect. The conclusion of the study will
also contribute to the growing body of knowledge
concerning the complex relationship between ur-
banization, land use and the local climate.
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