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ABSTRACT

Land use / land cover (LULC) has been considered as one of the important bio-physical
parameters and have significant affect on local environmental change, particularly increasing
anthropogenic temperature. Remote sensing images from Landsat series satellites are a major
information source for LULC change analysis. In the present investigation, long term
changes in LULC and its negative impact on land surface temperature (LST) were analyzed
using multi-temporal Landsat satellite images between 2000 to 2016. firstly LULC of the
study area has been classified and temporal changes in land use classes were quantify, and
observed that in most of the land use classes such as vegetation (-1.28 %), water bodies
(-1.65 %), agriculture (-3.52) and open land (-2.43 %) have shown negative change, however
large scale positive changes in built-up area (+8.87 %) has been observed during the analysis,
which is mainly due to continuous urbanization and growth of population in the area. The
classified thermal images from the same period also show mean temperature of the area has
increased by 1.60 °C since last 16 years. The observation from the present study reveals that
due to the large-scale land use change practices in urban and peri-urban area witnessed for
the rising temperature due to loss natural vegetation and other natural resources.
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INTRODUCTION

Rapid and unplanned urbanization is being seen worldwide especially in developing
countries like India. More and more people are opting to stay in urban areas thus fueling
urban growth. The rapid urbanization is posing a threat to the environmental sustainability
and can be judged by observing the correlation between rise in temperatures due to global
warming, reduction of vegetation cover and urban growth in cities (Li et. al., 2010).

The thermal comfort of city inhabitants is directly (Harlan et. al., 2006, Lafortezza et. al.,
2009) and indirectly (Stafoggia et.al., 2008) affected by UHIs. Urban Heat Island (UHIs) not
only effect water use and biodiversity change but also contribute to human discomfort by
increasing the source of death and disease (Basara et.al., 2010). Change in the land use and
land cover are the reason of intense development and change in lifestyle due for better
livelihood which plays important role in global and local change and it affects the earth’s
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natural resources and environment of the surroundings (Alipour et.al., 2003; Amiri et.al.,
2009; Mishra & Rai, 2016; Singh & Rai, 2017; Mishra et.al., 2019). The transformation of
the land from natural landscape to manmade structures such as built —up area includes
industrial, residential, roads networks etc. are affecting the local environment of the region
such as it induces the land surface temperature, climate change, and degradation in many
natural resources. By the end of this century, the average surface temperature of the earth will
rise about 1.1 °C — 6.4°C according to the IPCC report (Saud et al., 2017).

Remotely sensed thermal infrared (TIR) data have been widely used to retrieve land
surface temperature (LST) (Quattrochi & Luvall, 1999; Weng et al., 2004). The recent
development of high-resolution satellite images means that detailed analyses could be
expected. To estimate the thermal condition of land surface by satellite image, it is necessary
to find the relationship between the surface temperature, surrounding topography and land
cover /use (Weng, 2009).

Hence, it is necessary to monitor Land use and Land surface temperature regularly as it is
responsible for the irreversible impact on the ecology and environment of the region. Land
use / Land cover mapping and Land surface temperature extraction has been done effectively
by using multi- temporal satellite data (Li et.al., 2012; Singh et al., 2012 ; Chaudhuri et al.,
2018; Verma et al., 2019). Land use / land cover is an important factor that affects the land
surface temperature directly. The reflectances of the land use class are behaved different
therefore land surface temperature also affected and creating the difference in their values.
Therefore, the relationship between land surface temperature and land use and land cover
should be necessary to investigate the analysis of environmental parameters. The advantages
of using remotely sensed data are the availability of high resolution, consistent and
repetitive coverage and capability of measurements of earth surface conditions (Owen et
al., 1998). Earth observation datasets obtained through satellites give a unique insight into
the change in land use and cover by comparison of satellite imagery taken over a period.

With the advent of remote sensing technology, it is possible to study the impact of land
use/land cover change on urban thermal environments. Images from the Landsat series are
often used to detect spatio-temporal variations of urban impervious surface, vegetation, and
LST (Woodcock & Strahler 1987; Zhang et.al., 2009, Kikon et al., 2016; Singh et al., 2017).
Ability to get high resolution imagery continuously of the area of interest through Remote
Sensing gives constant updates and ability to calculate and predict change in environmental
sustainability of a city. The present study focused on the multi temporal satellite images to
monitor the changes in land use/land cover and its impact and relation to land surface
temperature of the Dadri block of Gautam Budh Nagar, Uttar Pradesh, India.

STUDY AREA

Dadri is an important semi-urban block in Gautam Buddha Nagar District of Uttar Pradesh
State, India. Dadri is located between the geographic latitudes 28°25°-28°40°N and
longitudes 77°30°-78°40’E (Fig.1) and covering an area about 203 Sq.Km. It has an average
elevation of 216 meters (709 ft) and most of the block has flat topography. This plain is
slightly lower in the central part than its eastern and western sides but the general slope is
towards south. Geologically, the region belongs to quaternary alluvium deposits with
variting grade of gravel and sand of recent origin. In summer highest day temperature is
range between 23°C to 45°C with average temperatures of January is 15°C , February is
17°C , March is 23°C , April is 29°C , May is 34°C. Being a part of NCR region, the
temperature is similar to that of Delhi. In the summer, the climate is quite hot and likewise the
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winter is also quite cold. The rains are heavy and widespread. The monsoon starts from the
last week of June and continues till the end of September. The span of summer season is from
March to June and winter season from October to February. The cold waves from the
Himalayan region make the winters chilly and harsh. A temperature goes down to as low as
3 to 4°C in the peak time of winters. The town also faces a problem of fog and smog. More
than 90 % of the annual rainfall occurs in monsoon season. On an average, there are
approximately 40 rainy registered in the region. The whole of district forms alluvial deposits
the exact thickness of which is considerable but not known. The chief soil of the region is rich
loam. Dadri block of Gautam Buddha Nagar district has total population of 1,110,093 as per
the Census 2011.

Fig. 1: Location of the study area
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DATA USED AND METHODOLOGY

Landsat-8 is the latest among the Landsat series of NASA & USGS. The data of Landsat 8
is available in Earth Explorer website at free of cost. In this study, Landsat-8 OLI Images of
pertaining to the study area was used to calculate NDVI and the estimation of LST. Single —
window algorithm method has employed to find out LST in the study area. Vegetation
proportion calculation, emissivity calculation, LST calculation etc. were executed in ArcGIS
10 software platform.

Land use/land cover maps and land surface temperature distribution of the study area are
the two main subsections in which the methodology and data sets used (Table 1 & Figure 2).
The standard methodology of satellite image classification and generation of land surface
temperature (LST) from satellite data is given the Fig. 2. The surface temperature was
mathematically derived and computed in tabular and map forms which identified the land
uses/land covers information from the each of the steps carried out.

Table 1: Data used and its sources

Satellite Data Date Acquired Path & Row Source
Landsat-7 Enhanced Thematic | 08-10-2000 146, 40
Mapper Plus (ETM+) https://earthexplorer.usgs.gov
Landsat-8 09-10-2016 146, 40
Operational Land Imager (OLI)
and Thermal Infra-Red Scanner
(TIRS)

Fig. 2: Methodology of calculation of LULC and LST
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Land Use/Land Cover (LULC) Classification

Land use/land cover classification has been done by using multi-temporal satellite images
(Landsat 7& 8) of year 2000 and 2016. Mapping of LULC has done by using hybrid
supervised classification technique along with GPS survey of Dadri block of Gautam Budh
Nagar, Uttar Pradesh, India (Figure 2). The major categories of LULC are Vegetation,
Agricultural land, Open land, Built-up area and water bodies based on the spectral values.
The Classified maps were verified by performing the accuracy assessment that includes
producer’s and User’s accuracy.

Land Surface Temperature from Thermal Bands

e The land surface temperature (LST) is a good indicator of the energy balance at the
Earth’s surface because it is one of the key parameters in the physics of land-surface
processes on regional and global scales. The land surface temperature (LST)
distribution mapping has been done by using Landsat satellite imageries of year
2000 and 2016. LST in 2016 has been derived from both the bands 10 &11 whereas
other bands are used for the land classification. Basically, there are five steps to be
followed for the extraction of the land surface temperature from the Landsat thermal
bands which are given below

e  Conversion of digital number (DN) to Spectral radiance

e Conversion of spectral radiance to atmosphere brightness temperature

e Generate Normalized Differential Vegetation Index (NDVI)

e Calculate Land surface emissivity (LSE)

e Calculation for Land surface temperature from Kelvin to degree Celsius

i Conversion of digital number to Spectral radiance (L)

The equation given below indicates the spectral radiance that was calculated with digital
number (Nichol & To, 2012):

L;L: RML X Qcal + RA'Oi

Where, L, = Spectral radiance (Watts/ (m? x sr x pm)), Ry = Band-specific multiplicative
rescaling factor, Ry= Band-specific additive rescaling factor, Qcal = Digital number of
a given pixel

ii. Conversion of spectral radiance to atmosphere brightness temperature:

In this step top of the atmosphere brightness temperature was calculated by using spectral
radiance which was derived from

BT =K,/ In (Ky/ L, +1) -272.15

Where,

BT= Top of the atmosphere brightness temperature,

L, = Spectral radiance (Watts/ (m2 x sr x um)), K; & K, = are two calibration constants
prior to launching (For Landsat 7 the K; and K, values are 607.76 & 1260.56 respectively
whereas for Landsat 8, the constant values of K; and K, in band 10 are 774.88 & 1321.08
respectively and for band 11 values are 480.88 & 1201.14 respectively).

iii. Generate Normalized Differential Vegetation Index (NDVI)

It is standardized vegetation index which is calculated by using near infra-red and red
bands. The formula used for the calculation of the NDV1 is given below:
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NDVI= (NIR- RED)/ (NIR+ RED)

Where, NIR= DN values Near Infra Red Bands & RED= DN values of Red bands

iv. Calculate Land surface emissivity (LSE)

Land surface emissivity (LSE) show the average emissivity of an element of the land
surface which is calculated from the normalized Differential vegetation index (NDVI).
Formula given below used for calculation of LSE:

Land Surface Emissivity (LSE) = 0.004 x PV + 0.986

Where, PV = Proportion of Vegetation which is derived from the given formula:

PV = [(NDVI — NDVlin) / NDVlpay + NDVI i) P

Where, NDVI= Normalized Differential Vegetation Index value,

NDVlin & NDV | ey = Minimum and Maximum values of the NDVI

V. Calculation for Land surface temperature from Kelvin to degree Celsius

Land Surface Temperature (LST) is the radiative temperature that is calculated from the
formula given below:

LST = (BT/1) + W x (BT / 14380) x In (LSE)

Where, BT= Top of the atmosphere brightness temperature (°C), W= wavelength of
emitted radiance, and LSE = Land surface emissivity

RESULT

Spatial changes in Land Use/Land Cover

Spatial distribution of the land use/ land cover (LULC) and its changes from 2000 and 2016
have been classified and mapped (Figure 3).There are various method used in carrying out
supervised land cover such as the box classifier (parallelepiped), the Minimum Distance to
Mean (MDM) and the Maximum likelihood method. However, the maximum likelihood
method was chosen because a weighting which helps to minimise errors that may arise due to
misclassification can be applied during the classification process.

The major LULC classes are built-up area, vegetation cover, agricultural land / Fallow
land, open area and water bodies. The spatial distributions of each class of LULC in last 16
years (Table 2) and classified maps indicate that the major positive changes are in built-up
area of 9 %. The area of the built-up is increased from 7 km? to 25 km? from 2000 to 2016
total change in area of 18 km? Whereas remaining classes show negative change, major
negative changes are observed in agricultural and open land classes which are 3 % and 2 %
respectively from 2000 to 2016. The total change in agriculture land in 2000 was 160 km?,
whereas it decreased to 153 km? in 2016. The area of the open land also decreased from
12 km? to 7 km? with 4.9 km? area from 2000 to 2016. Another majorly affected class was
vegetation cover which show change in area of about 3 km?,
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Fig. 3: Land Use/Land Cover Change of the Study area 2000 & 2016
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Table 2: Spatial Changes in Land Use / Land Cover from 2000 & 2016

2000 2016 Change
LULC classes Area Area Area (%)
Area (sg.km) | Area (%) (sg.km) Area (%) (sq.km)

Vegetation 16.41 8.08 1385 6.80 236 128
Water bodies 7.53 3.71 4.20 2.06 -3.33 -1.65
Agriculture land 159.99 78.71 153.29 75.19 6.7 -3.52
Built-up 6.88 3.39 24.99 12.26 18.11 +8.87
Open land 12.45 6.12 7.52 3.69 -4.93 -2.43
Total Area 203.27 100 203.86 100

Land Surface Temperature (LST)

The land surface distribution of the study area of 2000 map shows that, the highest
temperature of 35°C lies near the built-up/ settlement area and the lowest 25°C in the class of
vegetation cover, hence it indicates the difference of about 10 °C. Rise in temperature can be
observed in the class agriculture land and open land area where the soils are open and
emitting high heat radiations (Figure 5, Table 3 & 4). It is observed from the study the area
under the range of 27- 30°C cover the maximum area that is around 107 km? Other class in
2000, which covers the maximum area of 65 km? that ranges between 25-27°C and greater

than 35°C in temperature covers only 0.05 km? of the area (Table 3).

In 2016, the minimum and maximum land surface temperature observed in the study was
26°C and 37°C respectively with the mean of 31°C. The result shown that there is straight
increase of 2°C maximum temperature and 1°C minimum temperature in last 16 years
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(Figure 6, Table 3 & 4). If we consider the vegetation distribution for this year it is sparely
distributed and region has more agricultural patches than vegetation covers. The land surface
temperature (LST) distribution for 2016, the maximum surface area covered by temperature
ranging 33 -35°C that is 96 km?areas, and the area covered by the class which is greater than
35°C covers 64 km? of the total area, whereas lower temperatures exist only in patches
around the vegetation cover.

Fig. 5: LST of year 2000 Fig. 6: LST of year 2016
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Table 3: Land surface temperature with minimum, maximum and mean value

Years
Temperature (°C) 2000 2016 Change (°C)
Min 24.64 25.93 129
- 13 703 1.90
Mean 29.88 3148 -0
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Table 4: Area Distribution of Land Surface Temperature

Class (LST) 2000 (sq. km.) 2016 (sq. km.)

<25 1.84 -

25-27 64.9 0.3
27-30 107.5 8.4
30-33 24.9 34.6
33-35 3.6 95.7
>35 0.05 63.8

DISCUSSION

In general, urbanisation is the main driving force of LULC changes which consequently
increases the LST. This study further confirms that the change in surface temperature are
mostly a consequence of LULC change due to rapid population growth which is also
evidenced by our change analysis using satellite based land cover classification. It may be
mentioned that the change in NDVI pattern also coincides with the LULC change pattern
(Jalan & Shamrma, 2014). This study support the notion that the LULC change is associated
with the changes to green cover and is related to vegetation or agriculture. The significant
indicators modulating LST are surface level soil moisture content and vegetation cover in the
area (Kalnay & Cai, 2003). Changes to these can modify the soil thermal properties and
evapotranspiration (Sharma et.al., 2017). It is known that rise in the soil moisture leads to rise
in the soil thermal capacity, conductivity and inertia thereby slowing the rise in the LST. In
addition, surface heat fluxes such as the Latent Heat Flux (LHF) and Sensible Heat Flux
(SHF) get modified with changes to land use. LHF (SHF) increases (decreases) with
increasing vegetation leading to a decrease in LST (Weng et. al., 2004; Su et. al., 2010;
Zong-Ci et.al., 2013; Pielke et.al., 2010; Jiang et.al., 2015; Jain et. al, 2017; Pandey et. al.,
2017; Sharma et.al., 2017; He et.al., 2017). The important cause for the retrieved higher LST
values than the actual values is the effect of the surface roughness which is not taken into
consideration when retrieving the LST value (Pal & Ziaul, 2017). Study says that the LST is
mainly influenced by the land surface structure, water content and chemical composition (Siu
& Hart, 2013). According to Bokaie et al. (2016), who confirmed that, in order to improve
the outcomes of LST, the temperature of every part of the vegetation-ground system must be
taken into account. Additionally, the different canopy structures may also react as a factor in
affecting the surface temperature. The results show that the non-vegetated areas have
a positive influence on the increasing temperatures in urban areas. These observations are
consistent with Zhao et al. (2011) and Connors et al. (2013) who analysed that non-vegetated
areas have an impact in increasing the LST of urban area.

Relationship between Land Use with LST

The study is based on the thermal signature of the each class of land use that is essential to
understand the relationship between land surface temperature and land cover (Weng et al.,
2004). Hence, a comparison between LULC and LST has been done by comparing selected
sampling points of the LULC with LST values. The average temperature of each land use
class was calculated by averaging the values of pixel of a particular land use class (Singh
et.al., 2017). The result indicates that highest LST value found in built-up, agriculture and
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open land class, while the lowest was observed in the vegetation cover and water bodies. This
is due to the heat emission from open and complex built-up. In other words, built-up land has
a tendency to retain the heat longer than other land cover classes such as barren land on the
outskirts that does not retain heat for long time.

CONCLUSION

The work based on assessment of multi temporal satellite images to for land use/ land cover
mapping and its impact and relation to increasing land surface temperature (LST) of the
Dadri block of Gautam Budh Nagar, Uttar Pradesh, India has clearly shown that the
urbanization and land use change practices are the major drivers for increasing land surface
temperature and local environment. The built-up, agricultural land, vegetation, open land and
water bodies are the major classes and classified images shown drastic changes in built-up
area around 9 %, whereas other classes such as agricultural, vegetation and open land also
decreased by 3 %, 1.3 % and 2 % respectively. The study shows that the land use/land cover
and LST have a strong relationship. In addition, the study found that the vegetation area and
water bodies have a negative relationship with the land surface temperature. The LST was
highly influenced by the built-up, very sensitive to vegetation. Higher LST observed in areas
with less vegetated and high built-up and vice versa. The present work shown that that earth
observation datasets extracted from satellite imageries provides accurate and
comprehensive information on effects of Land use, Vegetation Cover and Urbanisation on
the environmental sustainability of urban and suburban environment. Remote Sensing and
associated technologies like GIS offer tools which can accurately map and estimate
changes in various factors impacting the environmental vulnerability of an area. Use of
such tools is an inescapable requirement for modern day management of both urban and
non-urban areas.
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