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Abstract

An urban heat island emerged due to micro urban temperature variations are also referred to
as urban heat islands or urban hot spots. The high-rise buildings along the roads form
"Urban Canyons" that inhibit reflected radiation from the built-up surface. Urban heat island
develops over the cities due to man-made activity and the landscape. An understanding of the
urban heat island and its formation is not only helpful in understanding urban thermal
characteristics but also helps in understanding human comfort. A geospatial technique has
the ability to acquire updated and cost-effective data over large regions. For urban
climatology studies, remote sensing and geographic information systems are an important
source of information and an effective methodology. Since 1971, the city of Krishnanagar and
its vicinity have been witnessing rapid urban growth. Due to its dense population, urban
climate and rapid urban expansion, they cause environmental degradation. Appraisal and
Impact of urbanization on micro-climate in the Krishnanagar city complex based on satellite
derived parameters. For the years 1995, 2007 and 2018, several satellite image analysis
approaches such as NDVI, NDWI and NDVI were computed. Significant differences in land
surface temperature were observed between 1995 and 2007, as compared to 2007 and 2018.
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Introduction

Urbanization is accelerating, leading to the rapid expansion of cities. In developing
countries, the demand for built-up land frequently leads to the conversion of vegetated areas
into urbanized land [1, 2]. This Unplanned urbanization and the resulting “Urban Heat Islands”
(UHI) can have significant effect on rates of precipitation [3], human comfort, environment as
well as terrestrial ecosystem [4-6]. Urban Heat Island (UHI) contributes to climate change in
cities and surrounding areas [7-9], as well as the greenhouse effect and the breakdown of the
environmental cycles [10-12].

The urban heat island (UHI) phenomenon effects negative impact due to fast and rapid
urbanisation [13-15]. Because of the loss of vegetation, it is a result of cumulative land surface
temperature (LST). LST play a vital role of surface-atmosphere interactions; it’s played a
crucial role in modelling hydrological, ecological, agricultural & meteorological processes on
Earth surface [16-18]. Anthropologic factors, through changing land use and other activities, are
the fundamental cause of environmental change on the earth [19-21].

Urban sprawl and the resultant Urban Heat Islands (UHI) can have directly affected the
reflectivity or albedo of incoming solar radiation and emissivity [22, 23]. Urban heat island
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studies based on LST is more popular due availability of more satellite sensor data like Landsat,
MODIS and ASTER data [24-26]. Hence this current research attempted to focus on using the
spatial pattern of UHI of Krishnanagar city of West Bengal by using four variable names LST,
NDVI [27, 28], NDBI [29] and NDWI [30].

Using NDVI, we can monitor vegetation health and city climate studies. Built-up areas
are susceptible to NDBI & NDWI is used to monitor the water content in vegetation. Also,
built-up areas are subject to NDBI [31]. All the aforementioned techniques serve as useful
proxy indicators for future urban planning.

Study Area

The study area includes Krishnanagar City and its surroundings in the Nadia district,
which covers an area of approximately 273.19 square kilometer. The study area is located at 23°
22’ 38" north latitude and 88°26'10" east longitude (Fig. 1). The average elevation of the study
area is 17 meter above mean sea level. Nadia district is mostly cover with alluvial plains.
Krishnanagar is classified as having a Tropical Savanna Climate (Kodppen Climate
Classification System, 1984), with a designation of "Aw." The mean annual temperature in the
area is a little about 31°C, with peak temperatures in the summer that sporadically approach or
surpass 34°C. Winter temperatures in Alipur, Kolkata, have risen over the last decade, resulting
in shorter cold spells, according to the Indian Meteorological Department (IMD). The area
receives an average yearly rainfall of around 1400 mm. The post-monsoon season, which lasts
from September to November, follows the region's peak rainy season, which takes place in June
and July. December through the middle of February is winter & March through May is summer,
which means hot and muggy weather. Krishnagar city and surrounding area is the most
urbanised and populated place in Nadia. According to the 2011 Census, the total population of
the city is 314,833, out of which 51% males and 49% females. Scheduled castes account for
35.96 percent of the population, while scheduled tribes account for 5.09 percent.
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Fig. 1. Location map of Krishnanagar City
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Methodology

Determination of emissivity

The surface temperature of terrain is controlled by the apparent emissions. We need
NDVI threshold technique to find out the emissions, which is given by Sobrino, Jiménez-
Munoz and Paolini as follows Equation (1):

NDVI = (pNIR-pRED)/(pNIR-pRED) 1)

Land Surface Temperature retrieval
The land surface temperature (LST) modified for spectral emissivity was calculated by
Carnahan and Artis (1982) as follows Equation (2),

LST = TB/{(1+(A"TB/p) ‘Ine)} )

where: TB - satellite brightness temperature, A - wavelength of emitted radiance in metre, € -
emissivity.
Conversion of spectral radiance to at-sensor brightness temperature Equation (3),

K2
In(13)+1 (3)

Land use Land Cover Indices

The correlation between LST and LU/LC was determined using the NDVI, NDBI and
NDWI indices [32, 33], which can be highly advantageous in monitoring and analysing the UHI
of the study area. The following equations were used to obtain the LULC indices from satellite-
based images:

TB =

NDVI = (NIR-R) / (NIR + R) (4)
NDBI = (MIR — NIR) / (MIR + NIR) (5)
NDWI = (G - MIR) / (G + MIR) (6)

where the letters G, R, NIR and MIR stand in for the colours green, red, near infrared and mid-
infrared, respectively.

Normalized Difference Vegetation Index:

By utilizing suitable bandcombinations, The NDVI is provided with pertinent vegetation
feature information that helps differentiate between various vegetation features (Equation 4).
Because vegetation responds spectrally to certain band combinations, it maximizes the quantity
of vegetation data found in the total image.

IR stands for infrared light, and R stands for red light. NDVI = This calculation yields a
number that ranges from -1 to +1. High reflectance in the NIR channel and low reflectance (or
low values) in the red channel will result in a high NDVI rating, and vice versa. In actuality, it
creates a consistent method of measuring healthy vegetation by utilizing the difference between
these two bands. Healthy vegetation is seen in areas with high NDVI levels.

Normalized Difference Built up Index:

Normalized Difference Built up is a remote sensing index that uses satellite pictures to
pinpoint populated and metropolitan regions. It makes use of the variation in reflectance values
between the NIR and SWIR spectral bands, where populated regions often have lower
reflectance in the NIR band and higher reflectance in the SWIR band. This indicator is useful
for planning urban areas, keeping an eye on urban sprawl, and assessing how urbanization is
affecting the environment. The range of the NDBI indices is -1 to 1 (Equation 5).

Normalized Difference Water Index:

A remote sensing technology called the Normalized Water Index (NWI) is used to detect
and track water bodies in satellite pictures. Water bodies reflect more in the green band and
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absorb more in the NIR band; therefore, it usually makes advantage of the difference in
reflectance between these two spectral bands. The Normalized Difference Water indicator
(NDWI) is one popular version of the indicator. An indicator called the Normalized Water
indicator (NDWI) is used to identify water features in satellite photography (Equation 6). This
index is helpful for monitoring changes in water bodies, managing water resources, and
researching how drought and climate change affect water supply.

Linear Regression Analysis

We used multiple linear regressions to determine if LU/LC and LST were correlated.
According to [34], it is the use of linear regression with multiple variables (Equation 7).

Yi=p0+ PIXil + B2Xi2 + .oevvren.n, + BrXir + €I @)

Several indices are used for mapping UHI for built-up area by many researchers [35, 36].
Regarding every pixel in the study area, we calculated the Urban Heat Island (UHI) and LULC
index — NDBI, NDWI and NDVI [37]. Using GIS software (Arc-GIS), more than 3,000 random
dots were extracted out of the LST image and their corresponding LULC index principles were
identified. This information was then employed in the linear regression model to ascertain the
association between LU/LC and LST [38, 39].

Results and discussion

Change of Land use/Land Cover in the Study Area

The algorithms involved in grouping or clustering of pixels to similar classes include
unsupervised and supervised classification methods [40-43]. In the unsupervised method, as the
name implies, algorithms are applied on the digital image to segregate pixels of similar DN
values in all the selected bands with distance as the criterion. There are so many methods within
the distance measurement such as Minimum distance, Euclidian distance and Cubical distance.
Each method in its own way measure distance among pixels based on the intensity or DN
values and classifies similar pixels into categories. For each of the three years, LULC maps
were created and then area statistics were determined using the supervised maximum likelihood
classification method shown in figure 2.
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Fig. 2. LULC map of study area in 1995, 2007, 2018
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Spatial pattern of Land Surface Temperature (LST)

The LST maps of the research region in 1995, 2007 and 2018 were obtained through
data analysis [44]. Figure 3 shows that the LST varied from 24.54°C to 36.43°C in 1995,
24.54°C to 37.43°C in 2007 and 26.91°C to 37.84°C in 2018. The max. temperature increased
by around 0.92°C in 1995 to 2007 and then also increased in the year 2018 by around 0.98°C.
Between 1995 and 2007, the max. temperature enhanced by approximately 0.92°C and then
again by around 0.98°C in 2018. In the subsequent years, meanwhile, the temperature
progressively increases [45]. The Mean Land Surface Temperature in 1995, 2007, 2018 is
shown in figure 4. Low temperature is shown by white tone in the middle of all maps, which
represents the forest area, according to land surface temperature pattern analysis [46]. The
impervious surface of the build-up and bare soil area is represented by a brown patch in the
edges. The urban and agricultural area is represented by the centre yellow region. Due to the
growing shift in land usage in this area, the land surface temperature is steadily rising [47].
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Normalized Difference Vegetation Index (NDVI)

As land surface temperature has a direct relation with vegetation cover, satellite derived
vegetation index (NDVI) was also analysis for possible of UHI [48, 49]. The spatial distribution
of NDVI values in the study area is represented in figure 5. It appeared that in the south-east
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part of the city which represents the forest area has low NDVI values and southern part of the

city observed highest NDVI1 value [50, 51].
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Normalized Difference Built-up Index (NDBI)
The NDBI technique is used for the extraction of built-up area using Thematic Mapper 5
satellite data (TM-5), which is accurate indicator of surface UHI effects was developed [52].
NDBI was the most positively correlated index for the urban land cover analysis. NDBI has a
high spectral value in bare and urban areas (Fig. 6).
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Urban areas have better reflectance in mid infrared (MIR) band of the electromagnetic
spectrum resulting to higher NDBI value. The value of NDBI is increased due to the presence
of dry vegetation in barren land and bare soil areas.

Normalized Difference Water Index (NDWI)

The water content of vegetation is estimated using the leaf area water-absent index, or
the Normalised Difference Water Index (NDWI) [53, 54]. It measures the interaction of liquid
water particles in vegetation with electromagnetic solar radiation. It is extensively used because,
as compared to the NDVI, it is less sensitive to atmospheric scattering effects. The maximum
NDWI value was found in the water content region and the lowest NDWI value was found in
the barren soil land surface area, based on how NDWI is distributed spatially in the study
region. The findings of this study show that from 1995 to 2007, the range of NDWI value
somewhat decreases and then significantly decreases in 2018 (Fig. 7).
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Fig. 7. Spatial model using NDWI in 1995, 2007, 2018
Effect of LST & LU/LC in Urban Heat Island

Linear Regression of LST and LU/LC indices

Linear regression method has commonly used for studying the correlation of LST with
NDBI and NDVI [55]. In this research multiple linear regression was used to find out the
relationship among LST, NDBI and NDVI which are independent variables to assess among the
land surface temperature and land use and land cover (LU/LC) indices (Tables 1, 2, 3 and 4).
After computing their correlation among NDVI, NDBI and NDWI, we discovered that there is a
positive correlation between LST and NDBI, but a negative correlation between LST, NDWI
and NDVI. The result shows that in the study area, the increase in built up area contributes to
the increase in the LST. This illustrates the importance of vegetation in the mitigation of UHI
effect.

Table 1. Shown highest, lowest and Mean Value of various Indices and LST

NDVI NDWI NDBI LST (0C)

YEAR High Low Mean High Low Mean High Low Mean High Low Mean

1995 0.64 -0.28 -0.02 036 -062 -0.34 034 -0.64 0.01 36.43 2454 29.91
2007 030 -0.25 -0.04 033 -044 -032 033 -0.30 0.04 37.43 2454 30.83
2018 0.48  -0.04 0.26 021 -034 -012 012 -033 -011 3784 2691 3181
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Table 2. Indices showing correlation between LST and LULC in 2™ April, 1995

LST NDWI NDBI NDVI

LST 1.000 0.997 -0.998 -0.999
NDWI 0.997 1.000 -0.997 -0.998
NDBI -0.998 -0.997 1.000 0.999
NDVI -0.999 0.997 -0.998 1.000

Table 3. Indices showing correlation between LST and LULC in 4"April , 2007

LST NDWI NDBI NDVI
LST 1.000 998 -1.000 -0.997
NDWI 0.998 1.000 -.998 -0.997
NDBI -1.000 -0.998 1.000 0.996
NDVI -0.997 -0.997 0.996 1.000
Table 4. Indices showing correlation between LULC and LST in 14"April, 2018
LST NDWI NDBI NDVI
LST 1.000 -0.932 0.976 -0.984
NDWI -0.932 1.000 -0.858 0.942
NDBI 0.976 -0.858 1.000 -0.943
NDVI -0.984 0.942 -0.943 1.000

A copious regression among LULC and the LST indices was done in 1995, 2007 and
2018, which is helpful in evaluating the thermal conductivity of the surroundings based on land
use and land cover of the landscape. The regression models that were generated throughout the
research are listed below (Figs. 8, 9 and 10). The unit of Land Surface Temperature is degree

Centigrade.

LST =-5.440 NDVI + 7.539 NDBI -2.316 NDWI + 30.783 (1995)
LST =-24.304NDVI -15.499 NDBI -10.138 NDWI + 30.086 (2007)
LST =-12.309 NDVI + 4.817NDBI +-5.275 NDWI + 35.336 (2018)
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Fig. 8. Scatter Diagram Showing Correlations among LULC and LST indices in 1995
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The Co-efficient, t-statistics, P-value, standard error and coefficient of determination
(R?) are all listed in Tables 5, 6, 7 respectively. The large value of the coefficient has a strong
linear relationship of the regression model for all three years 1995, 2007 and 2018. In all cases,
the value of “P” is close to zero, indicating that the indicators represent significant changes to
the produced model. The coefficients of NDVI and NDW!I have a large magnitude in 1995,
indicating that they have a significant influence on LST. In 2007, the value of the NDW!I, NDBI
and NDVI are about equal. However, in 2018, the value of NDVI and NDWI is significantly
more than that of value of NDBI.
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Table 5. Regression Analysis Parameters in 2"April, 1995

Approximate  Standard error t- Value P Value R?
Constant 30.783 0.068 450.505 0.00
NDWI -2.316 0.683 -3.392 0.00
NDBI 7.539 0.817 9.226 0.00 0.993
NDVI -5.440 1.243 -4.376 0.00
Table 6. Regression Analysis Parameters in 4"April, 2007
Approximate Standard error t- Value P Value R?
Constant 30.086 .260 30.086 0.00
NDWI -10.138 3.845 -10.138 0.00
NDBI -15.499 13.126 -15.499 0.00 0.995
NDVI -24.304 13.469 -24.304 0.00
Table 7. Regression Analysis Parameters in 14" April, 2018
Estimate Standard error t- Value P-Value R?
Constant 35.336 .383 92.169 0.00
NDWI -5.275 1.593 -3.311 0.00
NDBI 4.817 2.615 1.842 0.00 0.999
NDVI -12.309 2.051 -6.001 0.00

Hotspot Analysis for Land Surface Temperature (LST)
According to the hotspot analysis the drastic changes of LST observe from 1995 to 2007

and it is slightly decreased in the year 2018 which shown in figure 11.
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In the years 2007 and 2018, a large heat island formed that covered almost the whole
central urban area, as well as barren soil and the surrounding area. This heat island is shown in
the east part of the study area. On the other hand, from 2007 to 2018, the cold zone in the
Krishnanagar area's west and south-west has gradually disappeared [56-58].

Conclusions

The findings of this study reveal an increase in UHI impacts in the research area between
1995 and 2018 and numerous differences could be detected. Low LST value were found in the
green regions, especially in the southwestern section of the research area, whereas high LST
clusters were detected in built-up and densely populated areas. The formation of UHI in the
study area is owing to a loss in vegetation cover as well as the increase of built-up areas. As a
result, vegetation cover is a critical feature in preventing direct solar radiation exposure of the
ground surface. Through evaporation, an increase in vegetation cover aids in the creation of a
cool island effect.

As a result, future landscape and urban reforestation, particularly in Krishnanagar UHI
hot spot region, is necessary. Parkland, tree cover and vegetation cover should be increased in
different location like in school, hospital, temple, Government office to minimize UHI effect.

The findings of this study may aid in better understanding of the emergence of UHI in
Krishnanagar city and its surroundings. Urban planners and policymakers should pay more
attention to preventing or controlling the emergence of UHI in these urban areas. In the future,
new green urban development is expected to be developed in Krishnanagar, West Bengal, to
reduce adverse UHI consequences, according to this study.
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