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The variation of land surface temperature (LST) in the urban area is depending on the
land use and land cover (LULC) pattern. In a recent period, the changing LULC pattern
is creating a harsh impact on the urban environment by increasing temperature with
the built-up area development. The contradictory pattern of LST has been observed in
the built-up and vegetation-covered surfaces within an urban area. The urban morphology
is also an important determinant of LST variation. The purpose of the present investigation
is to find out the relationships between LST patterns and land use diversity of Contai
municipality area. The LULC pattern and LST have been estimated based on the Landsat
8 (OLI/TIRS) satellite data of 2018. The resultant data sets have been further correlated
to estimate the impact of escalating built-up areas and vegetation cover on LST variation.
The correlation shows that with the increasing built-up density the LST has been
increasing (0.11), whereas, it is reverse with the vegetation density (-0.13). The
municipality town of Contai should maintain buffer areas of vegetation cover surface to
reduce or to stabilize the increasing LST pattern at present.
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Introduction: to establish their settlements in a compact way within
the elongated dune ridges, as the low-lying areas of
the chenier surface have been utilized for agricultural
activities. The natural dune vegetations have been
gradually degraded due to the increasing rate of land
requirements for settlement construction (Wu & Ci,
2002). Therefore, a contrast situation is arising within
the dune landscape through a dramatic reduction of
green space and the same proportion increases of
concrete structures in the form of urbanization (Naveh&

More than 61% of the global population is predicted to
live in the urban areas by 2030 (DESA, 2012), moreover,
about 40% of the world’s population already exists
within the 100 km of the low elevated coastal areas of
East Asia &the Pacific (Barbier, 2015). However, most
of the coastal areas become liable to vulnerability and
are not suitable for the establishment of settlements
(De Sherbininet al., 2007; McGranahan et al., 2007;

Adelekan, 2010). Therefore, people choose the most
suitable position in the coastal areas to build their
settlements. Mostly, the coastal peoples preferred the
dune ridges and more elevated natural levees for their
living place rather than the other coastal landforms
(Nordstrom, 2004). The elevated and undulated dune
ridge tops have been degraded and flattened for
preparing a more suitable place to build a settlement
(Nordstrom, 2004). Moreover, people are compelled

Lieberman, 2013).

The urban morphological structure insists on forming
an urban heat island (UHI) phenomenon and thermal
environment (Ahmed et al., 2014). The spatio-temporal
variation of land surface temperature (LST) in urban
areas depends on the land use and land cover (LULC)
pattern (Gartland, 2008; Emmanuel, 2005). The LULC
pattern controls the rate of evaporation, albedo and
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solar radiation. These factors determine the LST
distribution within an urban area. Several studies stress
the built-up structure and vegetation covers have a
pivotal control in heat disparities and associated LST
variations in an urban area (Oke, 2002; Taha, 1997;
Chudnovsky et al., 2004; Prado & Ferreira, 2005;
Santamouris, 2007; Yang & Li, 2009; Kantzioura et al.,
2012). The proportional distribution of open space,
street orientation, green space and built-up structure
is not concerned in unplanned cities. Therefore, the
UHI effects have been greater apprehensive in
unplanned urban areas rather than planned cities.

The present study has been carried out over the Contai
municipality town which is an unplanned town
concerning the urban planning approach. The urban
morphology emphasizes that the citymaintains very
poor planningin concern of heat distribution and urban
comfort. This town exists in the coastal area mainly
over the dune where maximum settlement has grown
up over the dune and beside the road network line.
The existing open space is composed of sand and
deforested areas are continuously flown from the natural
dune landscape. Housing rules and customs on behalf
of the environment act the healthof the urban
ecosystem did not maintain at the time of built-up
construction.

The present study investigates the relationship
between land use density (built-up area and vegetation)
and temperature distribution throughout the study
area. The prime objective is to search the relation
(positive or negative) between temperature and
vegetation cover density and similarly in case of built-
up area density in Contai municipality.

2. Literature review

LULC change and effects of UHI in the urban areas are
now an emerging issue in the global climate change
scenario (Sahana et al., 2019). Such kind of studies has
been carried out mainly in the major populous cities in
the tropical areas as well as in the world (Farina, 2012;
Hokaoet al., 2012; Mohan et al., 2012; Grover& Singh,
2015; Kikon et al., 2016; Wang et al., 2016). Also, very
little concentration has been given in the municipality
towns in the Indian perspectives (Pal& Ziaul, 2017;
Ziaul& Pal, 2018; Das& Das, 2020; Ziaul& Pal, 2020).
Moreover, in the global climate change and SLR
situation, the coastal areas are prone to more
vulnerable, and the coastal towns will be faced with
harsh impacts shortly. The tremendous population
pressure over the coastal land will create the escalating
landscape dynamism to provide a potential level of

resource and suitable land for settlement areas
(Baechler, 1998; Raleigh&Urdal, 2007;
Lambin&Meyfroidt, 2011). The process and degree of
land use transformation in the core area and its periphery
is an important aspect to understand the future urban
growth and the related impact of UHI (Shi et al., 2012).

The satellite image base LULC classification is now
productive ways of finding out the land use dynamism.
Depending on the image type and resolution, the
enhanced level of LULC products has come out through
which the land use dynamism easily can analyse (Li
&Yeh, 2004; Deng et al., 2008; Chander et al., 2009;
Markham et al., 2014; NASA, 2016; Bouaziz et al.,
2017). The LST is also estimated from the satellite
images (Yuan& Bauer, 2007; Rajeshwari& Mani, 2014;
Wang et al., 2015) with the land use patterns in the
urban areas.

3. Study area

In 1958 the Contai town was established as a municipal
corporation in Purba Medinipur District, West Bengal
at about 10 km landward position of the present-day
shoreline of the Bay of Bengal (Fig. 1). Initially, this
town was set up over the dune ridge which is expanded
in the eastern and western side of the dune ridge also
in the low-lying swale landscape of the chenier surfaces
(Paul, 2002). The average elevation of the dune ridge
surface is about 11.5 m, whereas, the chenier surface
belongs to 6 m. Geologically, the sand dune was formed
during the Late Holocene period as recent dune
formation with the composition of medium-grained sand
(Jana & Paul, 2018). The low-lying swale surface was
formed during the Middle Holocene period as Panskura
formation with the composition of the fine sand, silt
and clay materials. In the geomorphological
perspective, the entire area has been situated with
the dune landscape (east-west), ancient tidal
depositional surface (in the north of dune ridge) and
Holocene tidal depositional surface (in the south of
dune ridge). Since establishment, the administrative
boundary and the number of wards have been increased
temporally like 14 (in 1991), 18 (in 2001), 20 (in 2011)
and 21 (in 2018). As per 2018, the study area exists
with 14.35 km? geographical area (Fig. 1). The total
population of the municipality area is 92226
(2011census). However, the main town has been
covered within the wards 0of9, 10,11, 13and 15, 16, 17
and 19 with a total population 0f 36931 (2011 census).
The market and retailing along with cashew nut
processing based economic prosperities bringing the
high rate of a concretization in a concentrated pattern
in the main urban centre and its surroundings.
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Becoming a coastal town, Contai is fair, being neither
hot nor too cold. The highest mean monthly
temperature is found in summer i.e. 34° C in April to
May and the temperature goes down in winter 19° C.
This town and its surrounding area face about 5 -6
cyclonic activities in a year due to the nearer location
of Bay of Bengal(Singh et al., 2001). The major portion
of'the land area has been covered by agricultural land,
settlement and sand-dunes. This town has great
importance on behalf of the tourism and commercial
trading in southern West Bengal (Das et al., 2013).

4. Materials and methods
4.1. LULC classification

The objective of this study is to clarify the relation
between LST distribution and land use density in the
Contai urban area. To assess this relationship, the
Landsat 8 (OLI/TIRS) satellite image of 27 January 2018

has been classified through ENVI 5.2 software. Before
classification, the Fast Line-of-sight Atmospheric
Analysis of Hypercubes (FLAASH) atmospheric
correction has also been done after the radiometric
corrections (ENVI, 2009). The FLAASH model is used
to remove or minimize the influence of atmospheric
noise from the object reflectance. The radiometric
correction of the OLI sensor has been done on the
satellite image of Landsat 8. In this process, the Digital
Numbers (DNs) have been converted to radiance value
for the Landsat 8 image using the Eq. 1.1 (Chander et
al., 2009; Markham et al., 2014; Mishra et al., 2014).

Lo =(M,xQ)+ A, coooeeeere. (1.1)

where L, is the spectral radiance, M, is the radiance
multiplicative scaling factor for the band, A, is the
radiance additive scaling factor for the band, and Q_, is
the pixel value in DN of the level 1 (L1) product image.
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Fig. 1 : Location map of the Contai municipality area
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Reflectance rescaling coefficient factor is used to
convert the Top of Atmospheric (TOA) planetary
reflectance of multispectral bands of the satellite data.
The Eq. 1.2 is considered to switch the spectral radiance
to TOA reflectance for Landsat data (NASA, 2016).

_ (nxL, xd”)
” (ESUN, xcos9,)

where, P, is the unit less planetary reflectance, which
is the ratio of reflected versus total power of energy
(NASA, 2016); L, is the spectral radiance at the sensor’s
aperture (at satellite radiance); d is the earth-sun
distance in astronomical units (provided with Landsat
8 metadata file; ESUN, is the mean solar exo-
atmospheric irradiances; 0_ is the solar zenith angle in
degrees, which is equal to[](0, =90°-60,) , where 6,
is the sun elevation; ESUN is the (1 X d?) X radiance
maximum and reflectance maximum.

So, the Landsat 8 images are made available with band-
specific rescaling factors which allow for the straight
conversion from Digital Number (DN) to TOA
reflectance. On the other hand, the property of the
atmosphere (i.e. Disturbance on the reflectance that
varies with the wavelength) should be considered to
calculate the reflectance at the surface (Eq. 1.3), which
is described by the land surface reflectance (p) (Moran
etal., 1992).

B {mx(L, —L,)xd"}
[T, <{(ESUN, xcos0, x .} +E,,|

where L is the path radiance; T, is the atmospheric
transmittance in the viewing direction; T, is the
atmospheric transmittance in the illumination direction;

E,,..is the down welling diffuse irradiance.
jown

p

The supervised classification techniques, Spectral
Angle Mapping (SAM) and Support Vector Machine
(SVM) algorithm are applied in the Landsat image of
2018 of the selected area for the LULC classification
(Pal & Mather, 2004, 2005; Bouaziz et al., 2017). In this
study, based on the spatial coverage of the study areas,
about 15 points of each class were demarcated
depending on the on-field knowledge for the LULC
classification. Based on the requirement the five LULC
classes have been extracted. The classified images
(2018) were further validated with the field verification,
and the LULC classification was finally considered for
this study when the classification was more than 89
percent accurate based on the Kappa coefficient (Smits
etal., 1999). Moreover, year to year LULC conversions
has been estimated using a conversion matrix (Li &Yeh,
2004; Deng et al., 2008).

4.2. Density estimation

The settlement and vegetation density have been
estimated of the entire study area after dividing the
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Fig. 2 : Grid map of Contai municipality area with ward and grid numbers.
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entire municipality area into 88 grids adopting the
Fishnet tool in ArcGIS 10.4 software (Fig. 2). Every grid
areais 0.25 km2 except the grids of the fringe areas of
the municipality. These grids have been overlapped
with the LULC and intersect to get individual grid
information i.e. the amount and density of targeted
land use. The settlement (SD) and vegetation (VD)
density information are calculated by Eq. 1.4 and 1.5,
respectively.

where the area under settlement (Sag) and vegetation
v,) with a grid area (A).

4.3. LST estimation

The grid-wise LST has been estimated from the Landsat
8 (TIRS) satellite data of 27 January and 19 May 2018
using the mono window algorithm in ERDAS Imagine
14 software (Wang et al., 2015). Grid-wise temperature
information is collected from the selected two images
for winter (27 January 2018) and summer (19 May 2018)
seasons.

The estimated grid-wise results of the settlement and

vegetation density and temperature distribution the
respective maps are prepared through the kernel
density method in ArcGIS 10.4 software.

5. Results and discussions
5.1 LULC type

LULC is the most important factor for the variation of
the LST. Particularly in the urban areas, it has a significant
impact on the local level diversity of the LST. In the
Contai municipality area, the LULC classification of 2018
reveals the five major LULC classes (Fig. 3). The
vegetation cover is significantly higher in the eastern
side over the sand dune and in the fringe areas of the
sand dunes. The settlement areas have been
concentrated in the central part as well as in the middle
portion of the dune ridge. However, the settlement
areas have been extended in the low-lying parts of the
study area. The vacant areas have also been sparsely
distributed in the dune ridges. The agricultural land
has been extended in the eastern and western side of
the sand dune in the low-lying areas. The water bodies
have been mainly located in the dune fringe areas. The
areal coverage of the different LULC parameters has
been shown in Table 1, which indicates the dominance
of agricultural land (6.60 km?) and vegetation cover
(4.90 km?). However, the settlement area has been
low (2.21 km?) in comparison to the vegetation and
agricultural land area, but it has a great impact on the
LST variation in the dune belt.
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Fig. 3 : LULC types of the Contai municipality area during 2018.
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Table 1. Land use and land cover types in Contai in 2018.

LULC type Area (km?)
Vegetation 4.90
Bare land 0.17
Agricultural land 6.60
Water 0.46
Built-up/Settlement 2.21

5.2. Built-up density

The result shows that highly dense (0.75/km?) built-up
areas remained within the ward number of 9, 15, 16,
17 and 19. Whereas, the lowest density (0.03/km?)
found in the fringe areas of ward number 1, 2, 20, 6 and
12 (Fig. 4). High dense built-up areas are concentrated
around the Central Bus Stand located in ward 19 and
Supper Market area located in ward 9 and 15. The low
density is found in the dune margin and far fringe areas
of the municipality.

5.3. Vegetation density

The density of vegetation covers shows a reverse
scenario with the built-up density, which indicates those
areas (wards) have high built-up density and becomea

less vegetation cover. The high density of vegetation
cover (0.74/km2) has been found in ward number 1, 2,
3,21 and 7 (Fig. 5).

5.4. Variation of LST

The resultant LST variation reveals that the highest
temperature (36.99 °C) found in ward number 17 and
lowest (32.31 °C) in ward number 2 during the summer
season in Contai municipality area. In the ward 9, 13,
14,15, 16, 17, 18, and 19 temperature is higher than
the ward number 1, 2, 3, 4, 5, 6, 7 and 20 (Fig 6a).

As a whole, similar result is found during the winter
season. But temperature is high in winter in some
additional wards like 1, 2, 3, 4, 6, 12, and 20. Those
wards that are warmer in summer become the same in
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Fig. 4 : Variation of built-up density in the Contai municipality area.
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Fig. 6 : Temperature distribution during the summer (a) and winter (b) seasons in Contai municipality area.

winter (Fig 6b). Only the highest temperature
decreases in the winter season from 36.99 °C to 20.04
°C and lowest from 32.31°Cto 18.87 °C in comparison
to summer season temperature.

5.5. Relation between the density of settlement and
vegetation with LST

The correlation between the density of built-up and
LST shows a positive trend (0.11) in summer season.
The higher LST has resulted in the areas of a higher

density of built-up areas, whereas, it lower in the low-
density areas (Fig. 7a). The correlation between the
density of vegetation and LST shows a negative trend (-
0.13) in summer. The negative correlation indicates
with the higher vegetation density the LST becomes
lower than the surrounding low vegetation density areas
within the Contai municipality area (Fig. 7c). Such type
of relation has also resulted in the other studies in the
other urban areas of West Bengal (Pal &Ziaul, 2017;
Choudhury et al., 2019; Dhar et al., 2019;
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Hoque&Lepcha, 2019) and many other areas around
the world (Armson et al., 2012; Santamouris, 2013).
Moreover, the relation between the density of built-up
and LST shows a mildly negative trend (-0.03) in summer
season (Fig. 7b) and the density of vegetation and LST
shows positive trend (0.09) in winter season(Fig. 7d)
(Sun &Kafatos 2007;Guha &Govil, 2020).
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for a significant level of increase of the vegetation cover
area. Moreover, the rooftop areas have also been
utilized for gardening, which may be the way to
minimize the excessive LST. The urban planning is
needed to be strictly implemented in the municipal
areas for further construction of new settlements. There
must be an estimated ratio between the built-up areas
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Fig. 7 : The relationship between the density of settlement (a) and (b);density of vegetation (c) and (d) with LST.

6. Conclusion

At present, the heat distribution concept in an urban
area is a big issue. Several factors are responsible for
that spatio-temporal variation of LST, among those, the
LULC pattern is one of the most important of them.
Green cover and built-up areas are major responding
factors to LST. The present study analyses this concept
in the Contai municipality area. The present study
reveals the highly-dense built-up areas have recorded
the highest LST, which is lowest in the high density of
vegetation cover areas in summer season. In recent
time, the vacant areas of the dune have been afforested
through a social forestry programme which responsible

and vegetation cover areas of the coastal municipality
town of Contai, as many hazards of the coastal belt and
the sandy tract of urban set up will create more trouble
in the near future to stabilise the increase rate of LST.
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