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Abstract - One of the most essential parameters for any climate model is land surface temperature, which is also
regarded as an important indicator for the assessment of global energy balance and hydrologic modeling. The Imphal-
Iril River catchment is the present study area where agricultural land (16.5%) and forest (73%) are the most prevalent
Land Use Land Cover (LULC) classifications. The main objective of this research is to assess the spatial variation of
land surface temperature (LST) across various land use types within the catchment by using satellite-based normalized
difference vegetation index (NDVI) and land surface emissivity (LSE). LST was derived using ArcGIS 10.3 from the
thermal infrared sensor (TIRS) Band 10 of Landsat 8 imagery for three different periods, namely 22 November 2018, 8
December 2018, and 9 January 2019. The present study used 45 in situ observations for various land uses and the
MODIS LST product to validate the computed LST. The results reveal that LST estimated from Landsat 8 has an
excellent correlation with in situ LST observation data. The study also observed that a negative relationship exists

between NDVI and LST for all periods. The spatial patterns of LST were assessed across three time periods to gain

insight into surface temperature fluctuations in the area.
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1. Introduction

The temperature of the Earth's surface, which may be
measured when it comes into direct contact with a
measurement device, is known as land surface temperature
(LST). LST, often referred to as the "skin temperature" of
the Earth's surface, plays a vital role in urban climate
research [1]. It significantly influences the Earth's
physical, chemical, and biological systems, making it an
essential parameter in environmental studies [2]. LST is
widely used in a number of scientific research activities
and is a crucial variable for detecting surface temperature,
particularly in urban areas, calculating energy
consumption in buildings, and assessing heat-related
problems [3]. LST is connected to surface energy and
water balance and has primary importance in a wide range
of applications such as urban climate, climate change,
vegetation monitoring, and hydrological cycles. Air
temperature and LST are important indicators in the study
of climate change, hydrology, energy balance, and
biodiversity. Several variables influence LST, including
vegetation, soil moisture, elevation, terrain, topography,
and so on [4]. LST is sensitive to a wide range of land
surface attributes and may be utilized for collecting
information and data on various LULC classes [5]. It may
also be used for monitoring agricultural drought by giving
surface temperature data for the region [6]. With the
growing realization of the significance of LST, many

methods for estimating it have been developed.
Radiometric temperature is derived from the surface-
emitted radiance and calculated using the radiative
emission equation. It is identical to the thermodynamic
temperature for isothermal surfaces. Because satellite
remote sensing provides a repeating synoptic picture of the
Earth's surface in short intervals, it is an important tool for
monitoring the LST of a region [7]. Urbanization has been
highlighted as one of the major contributors to climate
change, causing a serious environmental concern [§, 9].
Agricultural areas, water bodies, and barren land have all
been drastically reduced owing to significant population
growth [10]. Landsat 8 carries two onboard sensors: the
Operational Land Imager (OLI) and the Thermal Infrared
Sensor (TIRS). While ground-based surveys can yield
highly precise information, they are often labour-intensive,
expensive, and challenging to conduct, making remote
sensing a more practical and widely favored alternative
[11, 12]. In regional-scale research, remote sensing
techniques are presently capable of offering extensive
spatial and temporal coverage [13]. Ultilizing remote
sensing techniques alongside geographic information
systems (GIS) has become a key method for detecting and
analyzing environmental changes over time [14].
Researchers worldwide frequently rely on remote sensing
data to assess land surface temperature and surface
emissivity with accuracy and efficiency. A variation in
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LST is observed when vegetation region is converted into
non-vegetative usage, and it has contributed a direct
impact on global warming [15, 16]. With extensive spatial
coverage and frequent revisit capabilities, satellite
observations provide the ability to measure LST globally
at a pixel-based average scale [17]. An increase in LST
significantly impacts the climatic patterns of monsoon-
dominated countries, often resulting in unpredictable
rainfall. This disruption in precipitation patterns can
adversely affect vegetation growth and distribution across
the Earth's surface [18].

Earlier, LST was estimated using a few ground-based
sample points, with values interpolated into isotherms to
represent an area. With the advancement of remote
sensing, thermal satellite data now allows for more
accurate, efficient, and large-scale LST estimation. LST is
extensively utilized across multiple disciplines. It plays a
crucial role in estimating evapotranspiration, examining
climate variability, understanding hydrological processes,
evaluating vegetation conditions, investigating urban
thermal environments, and supporting environmental
studies. [19]. Thermal remote sensing technology has
increasingly become a valuable tool in precision
agriculture, aiding in the detection of crop water stress,
identification of plant diseases, and efficient management
of irrigation practices [20, 21].

Despite significant advancements in remote sensing
techniques, accurate estimation of LST remains a
challenge due to limitations such as atmospheric
interference, surface emissivity variability, urban
heterogeneity, and coarse spatial resolution of satellite
data. Moreover, existing models often lack reliability
across diverse land cover types and climatic conditions.
This study aims to overcome these challenges by
developing enhanced techniques for precise and high-

resolution LST estimation through the integration of
remote sensing and GIS approaches. This study focuses on
the integration of multi-temporal satellite imagery with
high-resolution GIS-based analysis to estimate land
surface temperature in a complex terrain. The main
objective of this study is to estimate Land Surface
Temperature (LST) using the thermal band of Landsat 8
satellite imagery. The computed LST is verified through
comparison with ground measurements and the MODIS
daily LST dataset. Additionally, the relationship between
LST and the Normalized Difference Vegetation Index
(NDVI) within the study area is analyzed.

2. Study Area

Manipur lies in the northeastern part of India and is
recognized for its diverse landscape and ecological
significance. The state is geographically situated between
latitudes 23.83°N and 25.68°N and longitudes 93.03°E and
94.78°E. It focuses on the Imphal-Iril river catchment,
which covers nearly 1,830 square kilometres and
experiences an average yearly rainfall of approximately
1,467 mm. As shown in Figure 1, the region includes a
range of elevations from 732 m to 2,676 m and is
traversed by two significant rivers, namely the Imphal and
Iril rivers that flow through the basin. The hilly regions are
predominantly covered with medium to dense tropical
deciduous forests. The catchment area comprises various
land cover types, such as croplands, forested areas, human
settlements, exposed soil, and surface water bodies. The
livelihood and economic stability of many residents in
Manipur are closely tied to agricultural activities, with
more than 75% of the population employed in agriculture
and its related sectors, and the state experiences a humid
climate, although it is marked by seasonal water scarcity
[22].
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Fig. 1 Geospatial context of the study site
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Table 1. Description of Landsat-8

Band No. Designation Wavelength Spatial Resolution
2 Blue 0.45-0.51 pym 30 m
3 Green 0.53-0.59 uym 30m
4 Red 0.64 —0.67 um 30 m
5 Infrared 0.85—-0.88 um 30 m
10 Thermal Infrared 10.6 —11.19 pm 30 m

Source: USGS

3. Data Used
3.1. Multispectral Data

The multispectral remote sensing images of Landsat
8(OLI+TIRS) of the study area were collected from the
USGS Earth Explorer site. Landsat-8 satellite imagery
provides spatial data with a revisit cycle of every 16 days,
offering consistent temporal resolution for monitoring
changes over time. This study utilized satellite imagery
from three separate dates: 22 November 2018, 8
December 2018, and 9 January 2019 (daytime, Level-1G
product, path/row 135/42 and 135/43). The LST was
derived using the Thermal Infrared Sensor (TIRS) Band
10 of Landsat 8 through ArcGIS tools. The NDVI was
calculated from Landsat 8 OLI data using Band 5 (Near
Infrared) and Band 4 (Red). All datasets were reprojected
to the Universal Transverse Mercator (UTM) coordinate
system, specifically WGS-84, having zone 46N.

3.2. In-situ Data

A Spectrum soil thermometer was employed to
record in situ LST across various land use categories. For
each observation period, forty-five ground sampling
points were selected using a random sampling approach,
ensuring representation of all land cover types. These on-
site soil temperature readings were utilized to validate
satellite-derived LST and to create a continuous LST
surface for the study region. The portable soil
thermometer facilitated real-time surface temperature
measurements at a soil depth ranging from 0 to 5 cm.
Prior to data collection, the device was calibrated, offering
a measurement accuracy of plus or minus 1.8 °C.

3.3. MODIS LST Data

The MODIS MODI1Al1 data product was
additionally utilized to verify the estimated LST. These
datasets can be freely accessed through the USGS archive
at https://lpdaac.usgs.gov/. While the nominal spatial
resolution of this product is 1 km, the actual resolution
applied in this study corresponded to a grid size of
approximately 1,200 km. The data is then resampled to 30
m resolution to achieve homogeneity with Landsat 8
imaging data. MODIS LST daily data from three different
periods were used: 22 November 2018, 8 December 2018,
and 9 January 2019.

4. Methodology

Figure 2 presents the flowchart outlining the
procedure for estimating LST. This methodology is
implemented using Landsat 8 satellite data with the
support of ArcGIS tools and analytical techniques. The

brightness temperature is derived from Band 10 of the
TIRS, while the Normalized NDVI is computed using
Bands 4 and 5 from the Operational Land Imager (OLI).
A detailed explanation of each step involved in generating
the LST is provided in the following section.

4.1. Conversion into Radiance

The data from Landsat 8 TIRS Band 10 (thermal
band) was transformed into spectral radiance using the
radiance rescaling coefficients provided in the
accompanying metadata file. This spectral radiance was
then used to calculate the brightness temperature [23, 24].

Spectral radiance, LA = ML * Qcal + AL @)

Where Qca is the Pixel value (DN), Miand Ap are
rescaling coefficient values.

4.2. Brightness Temperature

With the conversion of DN values to sensor spectral
radiance, the TIRS band 10 data is then converted to
brightness temperature (BT) using the thermal constants
provided in the metadata file, as shown in Equation (2)

[24, 25].
T = K2 @)
In[(k1/LA)+1] — 273.15

The thermal constants K1 and K2, associated with
Landsat 8 TIRS Band 10, are available in the metadata file
accompanying the satellite imagery. To convert the
calculated brightness temperature from Kelvin to Celsius,
absolute zero (approximately - 273.15°C) must be
subtracted from the temperature values.

4.3. NDVI Calculation

The NDVI is calculated using Landsat imagery by
applying a formula that divides the difference between the
near-infrared (NIR) and red (RED) bands by their
combined total, as represented in Equation (3) [26].

NIR-RED
NIR+RED

NDVI =

A3)

NDVI is one of the most widely adopted vegetation
indices derived from satellite imagery for assessing
vegetation cover across a region [27]. The values range
from -1 to +1 and are computed by taking the normalized
ratio of the difference between the Near-Infrared (NIR)
and Red bands for each pixel. An NDVI value of zero
typically corresponds to water bodies. Values below 0.2
generally indicate areas with little to no vegetation, such
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as bare soil. Surfaces with NDVI values below 0.5 are
considered to have full vegetation coverage. When NDVI
values fall between 0.1 and 0.5, the land surface is
interpreted as being a mixture of vegetation and bare soil
[28].

4.4. Proportion of Vegetation

The next step is to compute proportional vegetation
(Pv) using the information obtained from NDVI values.
This proportional vegetation provides an estimate of the
area covered by each land cover class.

Landsat 8 (OLI+TIRS) Data

Pre-processing data

TIRS (Band 10)

Conversion DN value
to Spectral Radiance

Spectral Radiance to
Brightness Temperature

Land Surface Temperature
(LST)

OLI Band 4 and Band 5

Conversion DN value
to Spectral Radiance

NDVI using Band 4
and Band 5

Proportion of
Vegetation

Determination
of LSE

In-situ LST
| (Soil Thermometer)

Validation
Fig. 2 Data processing flow chart for LST

The fraction of vegetation and bare soil cover is
estimated using NDVI values from reference (or pure)
pixels. For global-scale analyses, standard NDVI values
are typically set at NDVIv = 0.5 for fully vegetated
surfaces and NDVIs =0.2 for bare soil. However, in high-
resolution agricultural imagery, the NDVI value for dense
vegetation (NDVIv) can be significantly higher, often
reaching 0.8 or even 0.9. The proportion of vegetation
cover (Pv) is then determined using the formula presented
in Equation (4). [29].

(NDVI-NDVIs)

Pv = [(NDVIV—NDVIS)

1? “4)
4.5. Computation of Land Surface Emissivity (LSE)

LSE plays a key role in detecting emitted radiation
and transferring thermal energy to the atmosphere [30].
Natural surfaces typically exhibit variability in LSE due to
their heterogeneous characteristics, which are mainly
influenced by surface texture and the type of vegetation
present. The emissivity of vegetated areas is significantly
affected by factors such as plant species, growth stage,
and vegetation density [31]. In comparison to terrestrial

MODIS LST

surfaces, the emissivity of water surfaces is nearly
constant. In this study, the NDVI threshold method was
applied to calculate the emissivity of various land uses in
the 10-12 um range using Equation (5) [32].

Aad = €y NDVI < NDVI; 5)
ewPy + €a (1 - Py) + Ci, NDVI, < NDVI > NDVI,
gat Cy,  NDVI>NDVI,

Where ev and es denote the emissivity values of
vegetation and soil, respectively, while C represents
surface roughness, assigned a constant value of 0.005.
When the NDVI is less than 0, the surface is classified as
a water body and is given an emissivity of 0.991.

For NDVI values ranging from 0 to 0.2, the land is
categorized as bare soil with an emissivity of 0.966.
NDVI values between 0.2 and 0.5 indicate a mix of
vegetation and soil cover. Surfaces with NDVI greater
than 0.5 are considered fully vegetated and are attributed
an emissivity value of 0.973.
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4.6 Derivation of LST

LST is estimated using the brightness temperature
derived from Band 10 of the thermal infrared sensor and
computed LSE, which is also derived from Pv and NDVI
[33, 34]. As a result, LST can be calculated using
Equation (6).

TB

LST = 14+(A *BT/ p)In(e)

(6)

Where, TB represents the brightness temperature in
degrees Celsius, 4 denotes the wavelength corresponding
to Band 10, ¢ stands for land surface emissivity, and p is a
constant with a wvalue of 1438 x 10> mK.

5. Results and Discussion
5.1. Analysis of computed LST and observed LST

LST for the three selected dates was derived from
Landsat 8 satellite imagery and is illustrated in Figure 3.
On 22 November 2018, areas classified as settlements
exhibited noticeably higher LST values compared to
regions under agriculture, vegetation, and forest cover.

The cooler surface temperatures recorded in agricultural
zones during this time are attributed to higher soil
moisture content. On 8§ December 2018 and 9 January
2019, both settlement and agricultural regions
demonstrated elevated LST, whereas forested and
vegetated zones maintained lower temperatures. The rise
in LST across agricultural lands is likely due to reduced
moisture levels and the absence of farming activity,
leaving the soil bare and fully exposed to solar radiation.

To assess the accuracy of the estimated LST, a total
of 45 ground-truth data points were collected across the
three dates and compared with the satellite-derived
temperatures, as depicted in Figure 4. The results revealed
a strong positive correlation between the field
observations and the estimated LST, with coefficient of
determination (R?) values of 0.65, 0.69, and 0.78 for 22
November 2018, 8 December 2018, and 9 January 2019,
respectively, and showing a possible difference of plus or
minus 2°C.
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Fig. 4 Scatter plot of observed and estimated LST

5.2. Comparison of Derived LST with MODIS-LST

The computed LST from the thermal band of Landsat
8 was compared with the daily Global 1 km Terra MODIS
LST data product. MODIS (MOD11A1) LST layers for
three different periods were extracted. The estimated LST
is plotted against each other using 45 relevant sites, which
are shown in Figure 5. The plotted graph revealed a low

value of R? for all three time periods since the spatial
resolution of MODIS LST data is quite coarse (1 km), and
LST layers estimated from Landsat 8 thermal band seemed
to have a resolution of 30 m. From the regression model,
R? values for 22 November 2018, 8 December 2018, and 9
January 2019 are 0.42, 0.51 and 0.49, respectively. Every
pixel in the MODIS LST image represents an area of 1 km
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x 1 km, but each image in the Landsat 8 image covers only
an area of 30 m x 30 m and causes scaling effects. As a
result, the estimated LST from Landsat 8 and the MODIS
LST product cannot be completely matched to the

corresponding pixel value. Thus, less correlation between
the computed LST and the MODIS LST data product is
observed in all periods.
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Fig. 5 Plots the graph of MODIS LST vs Estimated LST

5.3. Correlation between LST and NDVI

To analyze the strength of the relationship between
NDVI and LST, forty-five NDVI values representing
various land use types were plotted against the
corresponding computed LST values. As illustrated in
Figure 6, the results indicate a notable inverse correlation

between NDVI and LST, with R? values recorded as 0.30,
0.49, and 0.36 for 22 November 2018, 8 December 2018,
and 9 January 2019, respectively. This suggests that as
NDVI increases, indicating denser vegetation, the
associated LST tends to decrease. Conversely, lower
NDVI values correspond to higher surface temperatures.
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Fig. 6 Graph of NDVI - LST for 22 November 2018, 8 December 2018 and 9 January 2019

6. Conclusion

In this study, LST distribution maps were generated
using Landsat 8 TIRS satellite imagery with the aid of
ArcGIS 10.3. The methodology involved calculating
brightness temperature from Band 10 of the TIRS sensor
and estimating surface emissivity based on land cover
types, utilizing both visible and infrared bands from
Landsat 8 data. The derived LST values were validated
against ground-based measurements obtained with a
Spectrum portable soil thermometer and the MODIS daily
LST product. The validation results demonstrated a strong
correlation between the estimated and observed LST
values, indicating the reliability of this approach for
regional or large-scale LST mapping. Additionally, the
analysis showed a meaningful inverse relationship
between LST and NDVI, confirming that vegetation cover
influences surface temperature. Future research can apply
similar methods across different seasons to better
understand temporal variations in LST.
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