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ABSTRACT

Land surface temperature is the temperature of the earth’s ground surface and is crucial for climate studies in
different aspects like geology, engineering, phenology etc. Research on urban heat island is mainly dependent upon
the land surface temperature studies and is highly useful from civil engineering perspective. An attempt has been
made here to study the spatio-temporal dynamics of the land surface temperature and associated urban heat islands
in the southern part of West Bengal, India. The authors extracted the major urban heat islands from mean monthly
time series MODIS Land Surface Temperature data sets for the period from 2010 to 2015 and identified the pattern
of change of land surface temperature in the study area. The urban heat island patterns have also been correlated
with the classified land use and land cover information of the same area.
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INTRODUCTION

The land surface temperature of an area is the skin temperature of the ground. Over the past several decades global
process of urbanization has progressed dramatically rapid, thus gave rise to many problems for the urban
environment and climate. When a large fraction of natural land cover in an area is replaced by built-up area, it traps
incoming solar radiation during the day and reradiate at night, the resulting phenomenon is known as Urban Heat
Island (UHI). UHI can be expressed in terms of temperature difference between urban and rural areas [1]. Thus, UHI
was considered as the most well established example of anthropogenic impact on urban climate[2-3]. In recent years
urban heat island (UHI) has become a topic of great interest both among the academicians and the governing bodies.
Researchers throughout the world show their interests in understanding the various aspects of this phenomenon
including its causes [4], impacts [5] and complexity [6]. UHI is increasingly gaining interest as it directly affects
both environmental [7-8] as well as human health [9-10]. UHI puts adverse effects on the environment through
pollution [11], increases the number of smog events [12], higher energy consumptions [13], while from human
health perspectives, it causes high temperature related health problems [14] and affects human comfort [3; 15].
Therefore it is very essential to understand the UHI phenomena and its ill effect on the environment in order to
mitigate this effect to some extent for betterment of environment and human race.

From the above mentioned references, it is evident that several valuable works have been done on urban heat islands
throughout the world. However, few outcomes have been reported from West Bengal, India in this regard despite of
the presence of highly urban and industrial areas specifically in the southern part of the West Bengal. In this paper
an attempt has been made to identify the spatio-temporal pattern of summer time UHI of southern part of West
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Bengal. Also the surface extents of the UHIs have been compared from the land use land cover information of the
area.

MATERIALS AND METHODS

Study Area

The study area encompasses south Bengal and mainly focused on Kolkata, North and South 24 parganas, Purba
Medinipur, Paschhim Medinipur, Birbhum, Bankura, Puruliya, Hugli, Haora and Barddhaman districts. The
latitudinal and longitudinal extents of the area are approximately 22°35" N to 24° N and 85°50" E to 89° E
respectively. Southern part of West Bengal includes densely populated mega city Kolkata and industrial hubs like
Haldia, Kharagpur, Asansol, Durgapur etc as the major urban agglomerations. The study area (West Bengal) is
located about 5 metres above mean sea level and it ranks 14™ as per land area and 4™ in population (India). The
summer time atmospheric temperature of area ranges between 38° C and 45° C.

This high temperature in summer is a combined consequence of high population density and never ending
emission of industries. As urbanisation and industrialisation will continue, it is very important to identify heat
islands because the further increase in population and industries in those areas may lead to bad consequences over
agriculture, living life and climatic cycle.
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Figure 1. Study Area

Database and Methodology

Land surface temperature (LST) of the southern part of the Bengal is estimated from the MODIS monthly LST
images acquired for the period from 2010 to 2015. The data has been freely acquired from NASA Earth Observation
(NEQ) website. The spatial resolution of the data is 11.132 Km (0.1 degree). The data is a geo-referenced product in
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geographic latitude/longitude coordinate system and WGS84 datum plane. Since UHI is distinct in summer season,
only four months from March to June have been considered for the identification and understanding of the dynamics
of UHI for the study area.

The downloaded data were stacked considering four months for each year. After that, data for each year consisting
of four layers have been clipped with the exact boundary of the study area using the ERDAS Imagine software
package. The exact boundary of the study area (AOI) has been digitised and extracted from the published maps of
the Census of India (2011). ArcGIS software package has been used to reclassify the set of images in terms of
different LST classes. After that the classified image of the study area collected from ENVISAT MERIS Globcover
was considered to cross validate the spatial locations of UHIs. The classified data also clipped using the same study
area of interest (AOIl) layer in Erdas Imagine software. The methodology flow diagram (Figure 2) simplifies the
broad framework of the research.

: Census of India ENVISAT MERIS
Time Series MODIS
LST Images

(2011) Maps Globcover Data

Digitization

[ Stacking and Identification J

of Summer Months

l Classified Landuse/
( R . Validation Landcover Data
Time Series Mean -
kSummer Month Data
J

s ~
Reclassification into Urban Heat Islands
L Thermal Classes
7

Figure 2. Methodology Flow Chart

In order to study the temperature values of the different month of particular years it was observed that the four
month summer data shows a large variance with respect to data of remaining months from mean LST value, but
these four month data has a very low variance value so we decided to choose these four month data for the finding
of UHI. Then the mean of summer data of each individual year were calculated using modeller in ERDAS
IMAGINE 9.2 and then these image outputs were reclassified into thermal classes using ArcGIS 10 software. We
collected ENVISAT MERIS Glob Cover data. In the mean time we collected and digitized the census India map of
south Bengal to locate our study area then by the use of two above set of mention data we obtained the south Bengal
land use/land cover classified data. Again using this classified data along with reclassified mean summer data
(thermal classes) we drew the comparison among the mean LSTs (year wise) to identify UHI within our AOI. The
methodology is shown below in the form of flow chart.
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RESULTS AND DISCUSSION

As a good indicator of the earth’s energy balance at the surface of the earth, LST controls the physics of the land
surface processes directly or indirectly both on global and regional scale. It integrates the surface atmospheric
interactions and energy fluxes between the atmosphere and the ground surface. The reclassified area gives the
number of pixels contained in each temperature range. It has been observed that the temperature values of the four
summer months have less variance with the mean summer temperature values. The mean summer temperature of the
study area for 2010 to 2015 was calculated using the modeler tool of Erdas Imagine software package. The range of
temperature adopted is below 30°C, 30-35°C, 35-40°C and 40°C onwards. Here it would be more relevant to draw
the comparison among the class 4 area values as this class is high temperature range (Table 1).

Table 1. Year wise land surface temperature values for the highest land surface temperature class
Year Area in Sq. Km.
2010 16481.36

2011 991.36

2012 1239.20

2013 7806.96

2014 15985.68

2015 247.84

The maps generated (Figure 3) show the spatio-temporal dynamics of the land surface temperature. The prevailing
aridity shows the high land surface temperature in and around Puruliya district. The years 2010 and 2014 show high
spatial distribution of the very high temperature class probably due to environmental and climatic reasons. The
results also reveal a four yearly cyclic pattern of LST change in the study area. However, it is clear from the figure
3; two heat islands have evolved in and around Kolkata and Haldia areas surrounded by cooler temperature regime.
These two are the possible results of high urbanisation and industrial development in those areas.
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Figure 3. Spatio-Temporal Pattern of the Land Surface Temperature
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The land use and land cover data of the area depicts mostly cultivated and irrigated lands (fig. 4). Some patches of
forested lands can also be seen. Mangroves dominate at the lower parts of South 24 Parganas district. Four urban
areas can be distinctly located at Kolkata — Howrah, Barddhaman — Asansol — Durgapur, Kharagpur — Medinipur
and Haldia. These four areas are of primary concern from UHI point of view. However, among these four urban
agglomerations, only two — Kolkata — Howrah and Haldia areas can be visible as UHIs at the coarse spatial
resolution from the thermal images. The prevailing aridity and small scale of the data are probably hindering the
visibility of the other two urban regimes and heat islands. However, high spatial resolution thermal images at the
larger scale may isolate them as heat islands.
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Figure 4. Land Use and Land Cover

CONCLUSION

The present research demonstrates the importance of thermal remote sensing as a valuable source of temperature
information for cities and urban agglomerations. However, the scale of the images is the first and foremost criteria in
this regard to fill up the gaps of lack of information. The paper indentifies the spatio-temporal changes of LST in
this area. It also pinpoints the impact of summer months on LST. However, for a large area the coarser resolution
images may be used to identify probable UHIs. After that, the high resolution satellite images with thermal bands
may be applied to see the small urban heat islands within an urban area. In this way, the temperature characteristics
of the cities can be identified in relation to the urban land use and expansion. The relevance of such studies is not
immediately obvious and deserves closer inspection.
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