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                      Abstract- Monitoring and predicting variations in land surface temperature (LST) and soil moisture index 
(SMI) using remote sensing technology and modeling methodologies has become essential for making 
knowledgeable choices regarding crop production, surface evaporation calculation, identification of 
potential groundwater, and sustain able land use practices. LANDSAT data has opened new possibilities 
for studying land processes through remote sensing. This study aims to estimate LST and SMI in the 
Bharatpur municipality, Chitwan, Nepal using ArcGIS software and Landsat 8 data. The four bands of 
Landsat 8 including band 4, band 5, band 10, and band 11 are used. Running various empirical formulas 
including normalized difference vegetation index, atmosphere radiance, satellite brightness temperature, 
land surface emissivity and using the Landsat bands within ArcGIS, processing on the geographic 
coordinate system (World Geodetic System 1984) and the projected coordinate system UTM (Universal 
Transverse Mercator) zone 45 N,

 
facilitates the estimation of both land surface temperature and soil 

moisture index. 
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Abstract-

 

Monitoring and predicting variations in land surface 
temperature (LST) and soil moisture index (SMI) using remote 
sensing technology and modeling methodologies has become 
essential for making knowledgeable choices regarding crop 
production, surface evaporation calculation, identification of 
potential groundwater, and sustain able land use practices. 
LANDSAT data has opened new possibilities for studying land 
processes through remote sensing. This study aims to 
estimate LST and SMI in the Bharatpur municipality, Chitwan, 
Nepal using ArcGIS software and Landsat 8 data. The four 
bands of Landsat 8 including band 4, band 5, band 10, and 
band 11 are used. Running various empirical formulas 
including normalized difference vegetation index, atmosphere 
radiance, satellite brightness temperature, land surface 
emissivity and using the Landsat bands within ArcGIS, 
processing on the geographic coordinate system (World 
Geodetic System 1984) and the projected coordinate system 
UTM (Universal Transverse Mercator) zone 45 N,

 

facilitates the 
estimation of both land surface temperature and soil moisture 
index. This research concentrates on the ArcGIS raster 
function and raster calculation using Landsat 8 imagery with a 
30-meter resolution captured in October 2021. The 
observation shows the variation in land surface temperature 
ranging from 20.6 ◦C to 33.7°C◦C, while the variation in soil 
moisture index ranged from null to 100%. The land surface 
temperature has a direct impact on land surface evaporation, 
soil moisture, and crop yield. Elevated land surface 
temperatures typically lead to higher rates of surface 
evaporation, resulting in reduced soil moisture levels and 
fertility. Consequently, this can potentially lead to a decline in 
crop production, the extent of which varies depending on the 
type of crop. Moreover, a decrease in soil moisture levels can 
hamper groundwater recharge due to limited water availability, 
further worsening crop productivity and possibly leading to 
agricultural and hydrological drought. However, to some

 
extent, it increases the soil moisture, especially in the hilly 
areas, where it helps to melt the snow. furthermore, LST and 
SMI play a vital role in town and city planning because these 
factors are responsible for surface water & groundwater 
availability, crop production, and regulating local and regional 
climate patterns through their influence on evaporation and 
transpiration. The findings of this study reveal that remote 
sensing combined with GIS methodology utilizing Landsat 8 
imagery and various empirical formulas can effectively assess 
the variation of land surface temperature (LST) and soil 
moisture index (SMI) with high accuracy and also helps to 
reduce time, costs, and labor associated with environment 
assessment.  
Keywords:

 

landsat 8, ArcGIS, normalized difference 
vegetation index (NDVI), top of atmosphere radiance (Lλ), 

satellite brightness temperature (BT), land surface 
emissivity (e).  

I. Introduction 

and surface temperature is the recorded radiative 
skin temperature of the land surface measured in 
the direction of the remote sensor. It refers to how 

hot the surface of a specific location is, where radiative 
skin temperature is the temperature of the Earth’s 
surface as measured by its emitted thermal radiation. It 
is computed by using the top-of-atmospheric brightness 
temperature from the infrared spectral channels of a 
constellation of geostationary satellites where the top-of-
atmospheric brightness temperature indicates the 
temperature of the Earth’s surface as observed from 
space without any atmospheric interference. Advan & 
Jovanovska (2016)identified that LST is a critical factor 
in many studies, including global climate change, 
hydrological and agricultural processes, and urban land 
use & land cover, while Anandababu et al. (2018) state 
that LST is the key factor for calculating the highest and 
lowest temperature of a particular location. Land surface 
temperature affects the rate of evaporation from the soil. 
High LST increases surface evaporation, which directly 
affects the soil moisture condition and may lead to 
drought in a particular area. The Soil Moisture Index 
(SMI) measures the moisture content of the soil at 
various depths, which is prominently influenced by 
precipitation through infiltration. It is a highly changeable 
variable that varies on a small scale depending on soil 
properties and drainage patterns. Entezari et al., (2019) 
insist the soil moisture index plays an essential role in 
managing water and soil resources. It is measured in 
index value, which ranges from 0 to 1, with 0 indicating 
extreme dry conditions and 1 indicating extreme wet 
conditions.  

The land surface temperature and soil moisture 
index can be regularly estimated for a large region using 
remote sensing and GIS techniques. In this case study, 
the estimation of land surface temperature and soil 
moisture index focuses on near-surface soil moisture, 
which is typically the top 5 centimeters or less of the 
topsoil profile. Tajudin et al. (2021) argue that in recent 
years, remote sensing and GIS have emerged as 
advanced and more effective tools for monitoring soil 
moisture index and land surface temperatures. In this 
study, land surface temperature and soil moisture index 
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are estimated using thermal emission, vegetation cover, 
and reflected radiation. Thermal emission is the energy 
released by any object in the form of electromagnetic 
radiation due to its temperature, vegetation cover 
reduces the land surface temperature, and reflected 
radiation from the surface are the factors that directly 
affect the rate of the temperature of the earth’s surface.  

II. Study Area 

Bharatpur municipality is part of Chitwan Dune 
Valley nestled between the range of Mahabharat and 
Siwalik, at the foothills of the Himalayas (Malla and Karki 
2016), which is located in the mid-southern part of 
Nepal. It experiences a tropical to subtropical climate, 
with a variety of weather seasons in a year. The average 
temperature in the area is reported to be 25 ◦C, with 
annual rainfall ranging from 2000 to 2500 mm (Luitel et 
al., 2020). Approximately, 80% of the total annual rainfall 
occurs during the monsoon months between June and 
September (Pant et al., 2021). The municipality is about 
146 km from the capital, Kathmandu, with an area of 
433 km2, with an elevation of 138m – 1178m above sea 
level. According to the National Census 2021, the 
population of this area is 369,377.  

Figure 1 shows the map of Bharatpur 
municipality with physical features consists rivers, 
classified elevation, road networks, and forests. The 

municipality is bounded by two rivers, Narayani from the 
west and Rapti from the south. The topography of the 
southern part is plain and consists of fertile land, while 
the northern part exhibits varying elevations, ranging 
from small to high hills. Land cover analysis reveals that 
the mid southwestern area predominantly comprises 
agricultural land and settlements, whereas forests 
dominate the northern to southeastern regions. 
Bharatpur is also known as the medical city of Nepal 
and has emerged as a key commercial center for the 
Chitwan district and the central region of Nepal. Owing 
to abundant opportunities and facilities, the population 
of the municipality has witnessed notable growth in 
recent years.  

Figure 2 exhibits the obvious map of types of 
land use & cover, which is created by using the same 
Landsat 8 images in the ArcGIS processed through the 
WGS 1984 geographic coordinated system and UTM 
zone 45 N projected coordinated system. The land use 
& land cover map demonstrates significant agricultural 
land occupying the southwestern region, while forests 
dominate the southeastern to northern areas. The mid-
western section consists of urban or developed areas, 
with water bodies scattered throughout, including two 
rivers in the west and south, as well as small lakes and 
ponds within the municipality. 

                           Source: Ministry of Federal Affairs and General Administration, Government of Nepal. 

Figure 1: Study area map 
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Figure 2:
 

Land use & Land Cover Map of the Bharatpur Municipality.
 

III.
 

Material and Methods
 

a)
 

Data Used 
 The Landsat 8 OLI/TIRS C1 level-1 image with a 

30-meter resolution was obtained from the official 
website of the United States Geological Survey 
(earthexplorer.usgs.gov), with an acquisition date 
recorded in October 2021. The downloaded image is 
used to create the LST and SMI maps with the help of 
some empirical formulas. Landsat image is processed 
through ArcGIS software under the worldwide accepted 
geo-referenced system, World Geodetic System (WGS 
1984) and Projected Coordinate System, Universal 
Transverse Mercator (UTM) 45 N by using four bands of 
Landsat 8 images level 1(band4, band5, band 10, and 
band11), and different empirical formulas shown below. 
The value of LST and SMI must be different in the other 
seasons because the study area has various climates 
and temperatures throughout the year. However, it can 
be useful to represent the land surface temperature and 
soil moisture index of a particular place at a specific 
time. 

 
b)

 
Software Used 

 
•
 

ArcGIS 10.8 
 •

 
LaTeX 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 © 2024    Global Journals

  
  

  
 V

ol
um

e 
X
X
IV

  
Is
su

e 
III

 V
er
sio

n 
I 

  
  
 

  

27

G
lo
ba

l 
Jo

ur
na

l 
of
 H

um
an

 S
oc

ia
l 
Sc

ie
nc

e 
 

-

Ye
ar

20
24

  
 

(
) B

Estimation of Land Surface Temperature (LST) and Soil Moisture Index (SMI) using Satellite Image: A Case 
Study in Bharatpur Municipality, Chitwan, Nepal



  

Figure 3: Flow Chart of Land Surface Temperature and Soil Moisture Index Evaluation.

d) Calculation Process  

i. Normalized Difference Vegetation Index (NDVI) The 
Normalized Difference Vegetation Index (NDVI) 
serves as an indicator to assess the extent of 
vegetation coverage within the study area. The 
index gives a value between -1 and 1 indicating the 

density of vegetation cover. Entezari et al., (2019) 
state that NDVI value 1 indicates extensive 
vegetation, a value close to 0 represents sparse or 
non-vegetated areas, whereas anything less than 
zero denotes water and clouds.  

NDVI = (NIR – Red) / (NIR + Red) [Anandababu et al. (2018), Sahana et al. (2016), Entezari et al. (2019)] NIR (band5) = DN 
values from Near Infrared Band  

Red (band4) = DN values from Red Band  

NDVI = (band5 – band4) / (band5 + band4)  

ii.
 

Top of Atmosphere Radiance (Lλ)
 

Remote sensing tools directly measure 
radiance. Radiance includes radiation reflected from the 
surface, as well as radiation bouncing in from nearby 
pixels and radiation reflected from clouds. Top of 

atmosphere radiance is calculated by using thermal 
bands, which are band 10 and band 11 respectively. 
The formula for top-of atmosphere radiance is obtained 
from (Mission, L., n.d) 

 

Lλ
 
= ML ∗

 
Q(cal) + AL [Anandababu et al. (2018), USGS (Mission, L., n.d)] 

 

where, 
 

Lλ
 
= TOA Spectral Radiance (W atts/(m2 ∗

 
srad

 
∗
 
µm)) 

 

ML= Radiance Multiplicative Band (No.) 
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c) Flow Chart 



For band 10 = 3.3420E-04 = 0.0003342 (value taken from Metadata file)  
For band 11 = 3.3420E-04 = 0.0003342 (value taken from Metadata file)  

Q(cal) = Quantized and Calibrated Standard Product pixel value (DN)  
AL = Radiance Add Band (No.)  

For band 10 = 0.00001 (value taken from Metadata file)  
For band 11 = 0.00001 (value taken from Metadata file)  

iii.   Satellite Brightness Temperature (BT)  
Satellite Brightness Temperature (BT) is calculated by using thermal bands, which are band 10 and band 11 

respectively.  

BT = K2/ln((k1/Lλ) + 1) − 272.15 [Avdan and Jovanovska (2016), Tajudin et al. (2021)] (converting kelvin to degree Celsius)  
where,  
BT = Top of atmosphere brightness temperature in degrees Celsius  

Lλ = T OA Spectral Radiance (W atts/(m2 ∗ srad ∗ µm))  

K1 = Constant band (N0.)  
K2 = Constant band (N0.)  

For Landsat 8,  

Band 10, K1 = 774.89 & K2 = 1321.08 (value taken from metadata file)  
Band 11, K1 = 480.89 & K2 = 1201.14 (value taken from metadata file)  

iv. Cell statistics  
Calculate the mean brightness temperature for the study area by using the brightness temperature of both 

bands 10 and 11. 

v. Portion of Vegetation (Pv)  
Pv = ((NDVI - NDVImin) / (NDVImax - NDVImin))2[Anandababu et al. (2018), Tajudin et al. (2021)] NDVI = DN values from NDVI 
images  
NDVImax = Maximum DN values from NDVI images  
NDVImin = Minimum DN values from NDVI images  

vi. Land Surface Emissivity (LSE)  
It is an average emissivity of an element of the earth’s surface, calculated from NDVI values. e = 0.004* Pv 

+ 0.986 (correction value for Landsat image, Cv) [Anandababu et al. (2018), Tajudin et al. (2021)]  

vii. Land Surface Temperature (e)  
LST = BTmean/(1 + (λ ∗ BTmean/ρ) ∗ ln(e)) [Entezari et al. (2019), Rajendran and Mani (2015)] λ = Wavelength of emitted 
radiance = 10.895 µmk  

ρ = h ∗ c/σ = 1.4388 ∗ 102M k = 14388µk  

σ = Boltzmann constant (1.38 ∗ 10−23J/K)  

h = Planck’s constant (6.626 ∗ 10−34Js)  

c = Velocity of light (2.998 ∗ 108m/s)  

viii. Soil Moisture Index (SMI)  
SMI = (LSTmax - LST) / (LSTmax - LSTmin) [Tajudin et al. (2021)]  
LSTmax = Maximum surface temperature for given NDVI  
LSTmin = Minimum surface temperature for given NDVI  

To begin with the land surface temperature and 
soil moisture index assessment in the Bharatpur 
municipality, the Landsat 8 image was obtained from the 
official website of the United States Geological Survey, 
earthex plorer.usgs.gov. The file consists of 11 bands of 
Landsat and metadata file in mtl format. Among them, 
we need only band 4, band 5, and thermal bands 10 & 
11 for GIS processing and some values from the 
metadata file. GIS processing includes various 
mathematical computations performed using the raster 
calculator tool. This tool is typically located within an Arc 

toolbox, under Spatial Analyst tools, within the Map 
Algebra section.  

Normalized Difference Vegetation Index (NDVI) 
is calculated by using band 4 and band 5 from the 
Landsat image. Band 4 corresponds red light spectrum 
(visible red) also called the red band, which is absorbed 
by chlorophyll in vegetation. On the other hand, band 5 
corresponds to near-infrared light (NIR), which is 
reflected by vegetation. The vegetation cover is 
calculated by using the empirical formula given above 
(Section 3.4, i).  
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Top of Atmosphere Radiance (Lλ) and Satellite 
Brightness Temperature (BT) are calculated for both 
thermal bands 10 and 11 respectively. The values of ML, 
AL, K1, and K2 are taken from the metadata file to identify 
both (Lλ) and BT, where Q(cal) is the standard product 
pixel value of both bands 10 and 11 respectively. As 
shown in the flow chart, a mean value of brightness 
temperature is calculated from both bands. Mean 
brightness temperature is used to calculate the Land 
Surface Temperature (LST) for more accuracy.  

Both Portion of Vegetation (Pv) and Land 
Surface Emissivity (e) are calculated correspondingly 
from NDVI values. Both land surface emissivity (e) and 
mean brightness temperature (BTmean) with other 
standard values such as the wavelength of emitted 
radiance, Boltzmann constant, Planck’s constant, and 
velocity of light are used to identify land surface 
temperature. The empirical formulas for Land Surface 
Temperature and Soil Moisture Index are previously 
stated in the calculation process section.  

After applying the given formulas and 
processing the Landsat 8 image through GIS software 
using the raster calculator tool, the study area’s final 
maps depicting land surface temperature and soil 

moisture index were generated. These maps were then 
presented, analyzed, and discussed in detail in the 
results section.

 

IV.
 Results

 

a)
 

Normalized Difference Vegetation Index (NDVI) 
 

The Normalized Difference Vegetation Index 
(NDVI) serves as an indicator of vegetation presence. 
Landsat image bands 4 and 5 are employed to calculate 
this index. The result shows the presence of water 
bodies, null vegetation, and partially dense vegetation in 
the study area. Figure 4 shows the vegetation cover in 
the study area where a large part is dominated by a 
green color indicating dense vegetation including 
forests, cultivated fields, and nurseries. Notably, this 
dense vegetation is particularly prominent in the eastern 
region and has 74% of the total area. The yellow-shaded 
area indicates the area has partial to negligible 
vegetation cover, which consists of 23% of the total 
study area and typically represents bare land and urban 
area as referenced in Figure 2. Additionally, the red spot 
area typically lacks vegetation, indicating water bodies 
including rivers and lakes, accounting for 3% of the total 
area as referenced in Figure 2. 

 

Figure 4: Normalized Difference Vegetation Index (NDVI) Map for October 2021.

b) Land Surface Temperature (LST)  
The land surface temperature and soil moisture 

index range has been determined in the study area 
following GIS analysis. Figure 5 illustrates the land 
surface temperature variation in the Bharatpur 
municipality in October 2021. High land surface 

temperatures were observed in densely inhabited 
lowland areas, while low surface temperatures were 
found in high-altitude areas in the north and underwater 
regions as referenced in Figure 1 and Figure 2 
respectively. The map of the land surface temperature 
groupings is presented in Table 1 for a better 
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understanding of the places, which could be useful for 
the selection of crops for farming, fish farming, and land 
use planning. The larger part of the area has 
temperatures between 25◦C and 28◦C, constituting 
approximately 56%, followed by temperatures between 

23◦C and 25◦C, accounting for about 32%. To overview 
the above results, it can be concluded that the study 
area exhibits an average temperature of land is 
approximately 25◦C. 

Table 1: Land Surface Temperature Classes with Area in Square Kilometers. 

S.No. LST Classes in ◦C Area (km2) Area (%) 

1 30.00 – 33.71 0.92 0.21 

2 28.00 – 30.00 33.28 7.67 

3 25.00 – 28.00 240.38 55.38 

4 23.00 – 25.00 137.84 31.76 

5 20.67 – 23.00 21.56 4.98 

 

Figure 5: Land Surface Temperature Map of Bharatpur Municipality. 

c) Soil Moisture Index (SMI)  
The soil moisture index map shown in Figure 6 

demonstrates that areas with higher altitudes and water 
bodies surrounded by forests have greater soil moisture 
levels as referenced in Figure 1 and Figure 2 
respectively. Additionally, regions with dense forest 
cover on low-lying terrain have good moisture conditions 
aligning with observations from Figures 1 and 2 
respectively. Conversely, low-lying regions characterized 
by built-up areas have a lower moisture content as 

referenced in Figure 2. In total, more than 50% of an 
area has more than 50% moisture content in the soil, 
which depicts a large part of an area has a wet condition 
and a few areas have a dry to slightly moist condition. 
However, the analysis was done just before winter and 
after the monsoon season (October). So, there will be a 
high chance of decreasing moisture content in the 
spring and summer seasons. The range of soil moisture 
index from very low to very high and their area are 
shown in Table 2, respectively. The result shows that 

Estimation of Land Surface Temperature (LST) and Soil Moisture Index (SMI) using Satellite Image: A Case 
Study in Bharatpur Municipality, Chitwan, Nepal
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most of the area has an SMI value of 40% to 80%. The 
division of soil moisture index 0% to 100% is useful for 
land use practice because it plays a crucial role in 

supporting plant growth, maintaining the fertility of the 
soil by providing water for irrigation, and groundwater 
recharge. 

Table 2: Soil Moisture Index Classes with Area in Square Kilometers. 

S.No. SMI Classes in Range Area (km2) Area (%) 

1 0.8 – 1.0 25.05 5.77 

2 0.6 – 0.8 255.25 58.82 

3 0.4 – 0.6 136.1 31.36 

4 0.2 – 0.4 17.47 4.02 

5 0.0 – 0.2 0.11 0.03 

 

Figure 6: Soil Moisture Index Map of Bharatpur Municipality. 

V. Conclusion 

The estimation of land surface temperature and 
soil moisture index using remote sensing and GIS 
techniques has successfully identified the variation of 
these two climatic factors over the study area. The result 
shows variations in the land surface temperature across 
the municipality from 20.6◦C to 34.7◦C. At the same time, 
the soil moisture index indicates some parts of the study 
area are waterlogged and some areas have water 
drought. The results indicate the inverse relation 
between land surface temperature and soil moisture 
index, where a higher land surface temperature area has 

a low soil moisture index and low land surface 
temperature has a high soil moisture index. However, 
the relation between these could be reversed in different 
locations, particularly in high altitude areas, where high 
land surface temperature facilitates the snow melt, 
leading to increased soil moisture despite the high 
temperature. The obvious picture of these two 
environmental facilitates environmental monitoring 
including heat distribution and moisture conditions over 
the study area and integrating them enables a drought 
monitoring system by identifying locations with high 
temperatures and low soil moisture levels. In addition, a 
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combined analysis of these two environmental factors



 helps to identify the heat-prone, water scarcity, and 
waterlogged areas, which enables a guide to make 
decisions regarding town planning, agriculture planning, 
crop selection, and irrigation scheduling across the 
area.

 The outcome results derived from this 
technique demonstrated that this model can estimate 
the variation of both land surface temperature and soil 
moisture in the shortest time and with acceptable 
accuracy over a large geographical area. Landsat 8 
OLI/TIRS C1 level 1 is used to determine the thermal 
and environmental characteristics of the land surface 
environment. The distribution of Land Surface 
Temperature (LST) and Soil Moisture Index (SMI) across 
the study area was determined through a 
comprehensive process including normalized difference

 vegetation index, satellite brightness temperature, the 
portion of vegetation, and land surface emissivity. The 
findings of this investigation illustrate how the technique 
achieves a higher degree of precision when evaluating 
land surface characteristics.  

In a nutshell, this study demonstrates the 
effectiveness of remote sensing and geographic 
information system tools in understanding ground 
surface environmental dynamics. These modern 
methods not only allow for greater depth of knowledge, 
but also significantly reduce the time, cost, and 
manpower for environmental assessments. 
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