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ABSTRACT 
 

Introduction: Land Surface Temperature (LST) is a significant climatic variable and defined as 
how hot the "surface" of the Earth would feel to the physical touch in a particular location. A spatial 
analysis of the land surface temperature with respect to different land use/cover changes is vital to 
evaluate the hydrological processes.  
Methods: The objective of this paper is to assess the spatial variation of land surface temperature 
derived from thermal bands of the Landsat 8 Operational Land Imager (OLI) and the Thermal 
Infrared Sensor (TIRS) by using split window algorithm.  
Place and Data: The study was conducted in Lalgudi block of Trichy District, Tamil Nadu, India. 
The block has diverse environment like forest area, barren land, river sand bed, water bodies, dry 
vegetation, cultivated areas (paddy, sugarcane, banana etc.) and settlements. Landsat 8 satellite 
images for four selected scenes (December 2014 & January 2015 and December 2017 & January 
2018) were used to estimate the LST.  
Results: The spatial and temporal variation of Normalized Difference Vegetation Index (NDVI) and 
LST were estimated. The average NDVI values of cropped fields varied from 0.3 to 0.5 in all the 
scenes. The maximum value of LST ranging from 35 to 40°C was recorded in river sand bed. 
Subsequently, semi-urban settlements in the central part of Lalgudi block exhibited higher 
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temperature ranging from 28 – 30°C. The LST of paddy crop and sugarcane was in the range of 23 
to 25°C. The water bodies exhibited LST around 20°C. The coconut plantations, forest area and 
Prosopis juliflora showed LST value ranging from 24 – 29°C. This kind of block level monitoring 
studies helps in adopting suitable policies to overcome or minimize the problems triggered by 
increase in land surface temperature. 
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ABBREVIATIONS 
 

LST :  Land Surface Temperature 
NDVI : Normalized Difference Vegetation Index 
SW : Split Window Algorithm 
OLI : Operation Land Imager  
TIRS : Thermal Infrared sensor 
 

1. INTRODUCTION  
 

Land Surface Temperature (LST) is a significant 
climatic variable and defined as how hot the 
"surface" of the Earth would feel to the physical 
touch in a particular location [1]. It is the skin 
temperature of the earth surface that depends on 
the amount of sunlight received by any 
geographical area. Apart from sunlight, LST is 
also affected by the land cover, which leads to 
change in land surface temperature. The 
variations in land surface heat fluxes affect the 
ecological environment and hydrological 
processes [2]. It also has a direct impact on 
vegetation of that location. 
 

LST plays a direct role in estimating long wave 
fluxes and an indirect role in estimating latent 
and sensible heat fluxes [3]. Soil moisture 
estimation [4] and evapotranspiration modeling 
[5] can be done based on LST for estimating the 
crop water requirement and planning efficient 
water management strategies in a regional scale. 
Hence knowledge on spatial and temporal 
variation of LST is essential. 
 

With the advent of satellite images and digital 
image processing techniques, now it is possible 
to calculate spatial variation of LST. Landsat 8 
satellite images comes with two different sets of 
images that are from the Operational Land 
Imager (OLI) sensor with nine bands (band 1 to 
9) and Thermal Infrared sensor (TIRS) with two 
bands (band 10 and 11) [6]. These images help 
in mapping spatial extent, land surface 
temperature, vegetation cover and chemical 
composition of the surface.  
 

Many researchers used different algorithms to 
estimate LST from remote sensing images [7] 
such as Split-Window algorithm (SW) [8,9], Dual 
Angle algorithm (DA) [10,11], Single-Channel 

algorithm (SC) [12,13]. An attempt was made to 
detect the change of land surface temperature in 
relation to land use land cover change and fractal 
vegetation cover in some selected phases at 
English Bazar Municipality of Malda, West 
Bengal, India [14]. The study also investigated 
the temperature characters in different vegetation 
density zones, water depths, built up zones over 
selected time periods. A study was conducted to 
assess the impact of land cover change (LCC) 
on LST, using Landsat TM 5, Landsat 8 
TIRS/OLI and Digital Elevation Model (ASTER) 
for Spiti Valley, Himachal Pradesh, India [15]. 
Land surface temperature in relation to Land use 
types and geological formation in northeast 
Jordan using split-window algorithm was 
estimated [16]. A review about the progress in 
estimation of LST from TIR and suggested 
directions for future research on the subject was 
presented [17]. 
 

This study attempts to analyze the spatial 
variation of land surface temperature by using 
split-window algorithm from Landsat 8 satellite 
images for various land use/cover in Lalgudi 
block. 
 

2. MATERIALS AND METHODS  
 

2.1 Study Area 
 

Lalgudi block, located at Tiruchirapalli District, 
Tamil Nadu, India was selected for this study. 
The latitude 10.87 and longitude 78.83 are the 
geo-coordinate of the Lalgudi block (Fig. 1). The 
northern part of Lalgudi block has dense dry 
vegetation and barren lands. The southern part is 
bounded by River Coleroon. The Lalgudi Town is 
located at the central part of the block. Most of 
the inner part of the Lalgudi has cultivated areas 
where paddy, sugarcane, banana and other 
vegetables are grown. 
 

2.2 Image Selection 
 

Landsat 8 is the most recently launched satellite 
of the Landsat series. The Landsat 8 satellite 
images were downloaded from the USGS Earth 
Explorer website. To maintain homogeneity in 
dataset, two pairs of images of December 05, 
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2014 & January 22, 2015 and December 29, 
2017 & January 30, 2018 were acquired. The 
period of images taken was based on paddy 
cultivation season. Table 1 presents image 
acquisition date, solar elevation angle and zenith 
angle for the Landsat 8 data products used. The 
projection of satellite images is Universal 
Traverse Mercator (UTM) and the UTM zone of 
satellite images used is as follow as: 
UTM_ZONE = 44. The path and row of satellite 
pass is 143 and 52 respectively. The images 
were selected such that there is no or               
minimum cloud cover (Table 1) in order to avoid 
error. 
 

2.3 Computation of Land Surface 
Temperature (Ts) 

 

Land Surface temperature (Ts) is an important 
parameter in understanding the exchange of 
energy between the earth surface and the 
environment. LST was calculated from the 
thermal band (band 10 and 11) radiance values 
of the Landsat 8 image. The equation for 
estimation of surface temperature is as follow: 
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The radiance ρb of the thermal band (band 10) 
was calculated from Equation 2. The constants 
K1 and K2 for band 10 are 774.8853 and 
1321.0789 which was taken from the metadata 
file. The surface emissivity (εs) was calculated 

from equation 3. The radiance (ρb) was 
calculated from the pixel values of different 
bands (DNb) using the following equation: 
 

 , , *b rad b rad b bAdd Mult DN             (2) 

 

where Addrad,b is additive and Multrad,b is 
multiplicative terms related to different band 
radiance. The values of Addrad and Multrad terms 
of band 10 are 0.10000 and 3.3420E-04. 
 
 
Surface emissivity (εs) is the ratio of the thermal 
energy radiated by the surface to the thermal 
energy radiated by a blackbody at the same 
temperature. It is given by: 
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             (3) 

 
Thus, the surface emissivity was empirically 
derived from NDVI. NDVI is the ratio of difference 
in reflectivity of near-infrared (NIR) band and red 
band to their sum. The expression for estimation 
of NDVI is given by 
 

NIR RED
NDVI

NIR RED





             (4) 

 

In Landsat 8 image, the near infrared is band 5 
and the red is band 4. Using Raster Calculator 
tool in ArcGIS, NDVI raster was obtained.  
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Fig. 1. The location of study area – Lalgudi Block 
Table 1. Meta data of Landsat 8 image used 

 

S. No. Acquisition date 
(yyyy/mm/dd) 

Solar elevation 
angle (degrees) 

Solar azimuth 
angle (degrees) 

Cloud cover in 
image (%) 

Cloud cover in 
study area (%) 

1 2014-12-05 49.38 146.60 2.46 0.77 

2 2015-01-22 48.22 138.31 0.01 0.00 

3 2017-12-29 47.08 144.18 23.15 0.40 

4 2018-01-30 49.39 135.62 0.17 0.00 
Source: Metadata file downloaded along with the Landsat 8 Image 

 
A ground truth survey was conducted to identify 
the present land use/cover in Lalgudi block 
during the month of September, October and 
November, 2018. The previous year land 
use/cover details was collected through interview 
with the farmers during the time of survey. The 
latitude and longitude of the places visited, was 
also noted using a Global Positioning System 
(GPS). A point shapefile was prepared in ArcGIS 
using the latitude, longitude and land use/cover 
collected at the survey. The LST values for the 
known land use/cover points were extracted to 
those points, from the spatial map of LST, 
estimated from the above stated algorithm. Using 
that point LST values, the variation of LST for 
each land use/cover were compared graphically. 
 
3. RESULTS AND DISCUSSION 
 
The spatial and temporal variation of NDVI and 
LST are presented in Fig. 2 and 3 respectively 
for the four selected scenes. The southern part of 
the study area is bounded by the River Coleroon 
and hence negative values of NDVI was 
observed in the southern part of all the scenes 
(Fig. 2). The NDVI values for water bodies 
ranges from -0.07 to -0.09 [18]. The river sand 
bed and standing water in the pits resulted in 
negative values of NDVI in the southern part. 
Subsequently, the LST was higher in the river 
sand bed and comparatively lesser in the pits 
with standing water. This is clearly indicated in 
the images by pale yellow color patches in the 
southern part of LST maps (Fig. 3). Similarly, the 
LST was higher in the northern part (Fig. 3) 
where barren land and dry vegetation exists. The 
dry vegetation includes cactus, prosopis etc. 
Likewise, fallow land exhibited a maximum LST 
(29.2°C) in the study conducted at Malda [14]. 
The LST value of a lake located in the eastern 
part of Lalgudi was around 20°C when water is 
available (Fig. 3a and 3b). The LST increased in 
December 2017 (Fig. 3c) and January 2018 (Fig. 
3d) images because of the presence of water 

weeds on the surface of water. The value of 
NDVI also simultaneously increased for the                  
lake in those respective scenes (Fig. 2c and 2d). 
It was reported that the LST of water bodies            
was higher compared to LST of water hyacinth 
[14]. 
 
The scenes used in this study falls in the active 
tillering (December 2017), panicle initiation 
(December 2014 and January 2018) and dough 
stage (January 2015) of samba season paddy 
crop respectively. In all stages of paddy, the LST 
was in the range of 23 to 25°C. Similarly LST of 
sugarcane was also in the range of 23 – 25°C. 
The average NDVI values of sugarcane and 
banana fields varied from 0.3 to 0.5 in all the 
scenes. 
 
In December 2017 and January 2018 scenes, 
the LST of Banana was comparatively higher 
than LST in December 2014 and January 2015 
scenes (Fig. 4) because, in December 2017 and 
January 2018, there existed newly planted 
banana plants. The combined effect of soil and 
young banana plants was the reason behind the 
increase in LST. The coconut plantations, forest 
area and Prosopis juliflora exhibited similar trend 
(Fig. 4) of LST value ranging from 24 – 29°C. 
This was greater when compared to LST of the 
paddy crop. 
 
The semi-urban settlements in the central part of 
Lalgudi block exhibited higher temperature (28 – 
30

°
C) compared to the cropped surface. It was 

also reported that a dominant built up land 
experienced LST greater than 31.5°C [14]. The 
maximum value of LST ranging from 35 to 40°C 
was recorded in the river sand bed. Similarly it 
was noticed that asphalt and concrete gave             
the highest surface temperatures, while 
vegetated surfaces gave the lowest [19]. Bare 
soil gave surface temperatures that lie between 
those for pavements and plant-covered surfaces 
[19]. 

 



 
a) December 2014 

 

 
c) December 2017 

Fig. 2. Spatio-temporal variation 

 
a) December 2014 
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b) January 2015 
 

 

 
 

d) January 2018 
 

temporal variation of NDVI in Lalgudi block 
 

 

 

 
b) January 2015 
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c) December 2017 

 
 

d) January 2018 

 
Fig. 3. Spatio-temporal variation of LST in Lalgudi block 

 

 
 

Fig. 4. LST variation of different surfaces in lalgudi block 
 

4. CONCLUSION 
 

A mathematical approach was used to estimate 
the LST from brightness temperature calculated 
from thermal bands of TIRS sensor and land 
surface emissivity and NDVI derived from optical 
bands of OLI sensor.  LST was diversified due to 
positional influence of the existing land use/cover 
of Lalgudi block. A discrete difference in LST was 
identified in different land use/cover. The 
transformation of wetland into urban land, 

exchange of land between orchard and 
agricultural land etc. are some vital causes 
behind land surface temperature change which 
may be avoided. Green belt can be implemented 
in the areas having higher land surface 
temperature. This kind of block level monitoring 
studies helps in adopting suitable policies to 
overcome or minimize the problems                
triggered by increase in land surface 
temperature. 
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