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Abstract

Land surface temperature (LST) can be described as the temperature of the earth’s surface and it is most important parameters in
climate change, evapotranspiration, urban climate, vegetation monitoring and environmental studies. LST, calculated from remote
sensing data, is used in many areas of science such as; hydrology, agriculture, forestry, oceanography etc. The main objective of this
study was to develop a model making the LST retrieval process quite simple and automated. This model developed using the ArcGIS
Desktop 10.3.1 with the Model Building. Without the model, the process of retrieving LST is very long, and it is susceptible to many
mistakes. In this model when user inputs required bands (4,5 and 10) of Landsat-8 data then the model calculate automatically LST
and display output. The model first makes the conversions to top of atmosphere (TOA) spectral radiance. Then NDV1 is calculated
based on band 4 and 5 (NIR and RED) reflectance. Then using the TOA and NDVI model calculates brightness temperature (BT) and
Proportion of Vegetation respectively. After that it calculate Land Surface Emissivity with the help of NDVI and Proportion of
Vegetation and finally, the model calculates land surface temperatures in degrees Celsius. The findings highlight the capabilities of
GIS modelers for such spatial estimation. The developed model can be helpful to field engineers and researchers for using Landsat-8
images for direct estimation of LST, to be used for different other studies to derive LST based products.

Keywords: : LANDSAT-8 data, Land surface temperature (LST), ArcGIS Desktop

Landsat 8 data (Ibrahim and Abu-mallouh, 2018). In this

Introduction paper developed tool is effortless and does not require
any background knowledge so scientists and even field
Land surface temperature (LST) is one of the most engineers can use it very easily in their project work and
important parameters in climate change, for different researches. The model introduced in this
evapotranspiration, and urban climate, vegetation paper has been developed using ArcGIS Desktop 10.3.1
monitoring and environmental studies. LST can be with the Model Building tool available in the ArcGIS.
described as the temperature of the earth’s surface. As Without the model, the process of retrieving LST is very
well known, it is not easy to retrieve land surface long, cumbersome and error prone and it is susceptible to
temperature for large areas with the help of remote many mistakes. The model presented in this paper is
sensing (Guillevic et al., 2018; Celik et al., 2019). In the used for calculating the LST of a given LANDSAT 8
land surface processes, LST is a key parameter, it not image data with the input of the fourth (red wavelength),
only acting as an indicator of environment change, but fifth (near infrared (NIR) wavelength), and tenth
also due to its control of the upward terrestrial radiation, (thermal infrared sensor (TIRS) wavelength) bands.
and subsequently, the control of the surface sensible and
latent heat flux exchange with the atmosphere (Sun, Materials and Methods
2008). Remote sensing is beneficial for understanding Input Data
the spatiotemporal land cover- land use change in
reference to the essential physical properties in terms of Landsat 8 satellite imagery acquired on 23 — JAN-20
the surface radiance, intensity and emissivity data. LST, (path/row: 148/44) was used as input data in this study.
calculated from remote sensing data, is used in many The Landsat 8 is one of the Landsat series satellites of
areas of science such as; hydrology, agriculture, forestry, NASA (National Aeronautics and Space
oceanography etc. For the determine the problem related Administration). This satellite has 16 days repeat cycle
with the environment obtaining surface temperatures and period. At the website of USGS (United States
using them in different analysis is important (Orhan and Geological Survey) Earth Explorer Landsat-8 data is
Yakar, 2016; Kaya et al., 2015- 2017). Within the last available free of cost. This instrument has two sensors:
few decades, many studies are administered on thermal the operational land imager (OLI) and thermal infrared

analysis using MODIS, ASETR, Landsat TM/ETM and sensor (TIRS). OLI sensor has total 9 bands and each
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band with 30m spatial resolution (except for
panchromatic band- 15m spatial resolution) and the TIR
sensor has two thermal long wave infrared bands with
100m spatial resolution as shown in Table 1 below
(Department of the Interior U.S. Geological Survey,
2016).

Study Area

Panam canal command area was selected as the study
area in this research work. It comes under the periphery

Table 1. The band characterizes of LANDSAT-8

Coastal/Aerosol

1

2 30 Blue
3 30 Green
4 30 Red
5 30 NI

6 30 SWi
7 30 SwWi
8 15 Panchromatic
9 30 Cirrus
10 100 LWI
11 100 LWI

of Panchmahal district, lies between latitudOe 22°27’ to
22°48’ N and longitude 73°24° to 73°32° E. It contains
two climatic regions; the northern part of the command
comprises subtropical wet climate. It has a total length of
canal about 99.73 km and area of about 2312 km2
(231200 ha). It has a Cultural Command Area of about
36405 ha. Landsat 8 satellite imagery acquired on 23 —
JAN-20 (path/row: 148/44) was downloaded from USGS
website. Figure 1 below illustrates the location of the
study area with Landsat 8 satellite imagery.

0.433-0.453

0.450-0.515 1925
0.525-0.600 1826
0.630-0.680 1574
0.845-0.885 955
1.560-1.660 242
2.100-2.300 82.5
0.500-0.680 1739
1.360-1.390 361
10.30-11.30 -
11.50-12.50 -

BDharoi Dam

Legend

Landsat-8 OLI : 23-Jan-2020

Panam Command Area

2P anam Dam
&

01020 40 Kilometers
——t—

Fig. 1. Landsat-8 image covering study area with Panam command area boundary

Methodology

From the Landsat-8 digital data; Red, NIR and TIRS
bands were used for generate Model of LST and steps
described by (Avdan and Jovanovska, 2016) (Oguz,

2017; Zaharaddeen, et al., 2016; Jeevalakshmi,et al.,
2017) were used to generate the model. The major steps
are:
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i) Converting digital numbers (DN) to top-of-the-
atmosphere (TOA) radiance, ii) Conversion of radiance
to at-sensor brightness temperature, iii) Calculation of
Normalized Difference Vegetation Index (NDVI), iv)
Computation of Proportion of Vegetation (PV), V)
Estimating the surface emissivity using an empirical
relationship based on the NDVI, and vi) Calculating LST
using the simplified Plank’s law.

i) Top of atmospheric spectral radiance

In the first step of LST estimation, band 10 from
Landsat-8 OLI data has been used for estimation of top
of atmospheric (TOA) spectral radiance (LA):

LA= M} % Qe+ 4; - Q; Eq.1

Where, LA=Top of atmospheric spectral radiance,
M,=Band-specific multiplicative rescaling factor, Q. =
Band 10 image, A, =and-specific additive rescaling
factor, Q; =correction for Band 10.

ii) Conversion of Radiance to at Sensor Temperature
Conversion of radiance to at-sensor temperature is
carried out to estimate the brightness temperature using
the thermal constants which are given in Landsat-8
metadata file:

Kz

BT =————
(&, /Li)+1

—273.15 Eq.2

Where, BT= Brightness temperature, K; and K, =Band-
specific thermal constants, LA=Top of atmospheric
spectral radiance

iii) Calculation of Normalized Difference Vegetation
Index (NDVI) for Emissivity Correction

The amount of vegetation present can be estimated using
NDVI and it can also be used to infer general vegetation
condition. The NDVI is required for computing the
Proportion of Vegetation (Py) which is highly related
with NDVI, and emissivity (&) should be calculated,
which is related to the Py:

NiBR(band 5)-Riband 4
NIR(band5)+Riband 4

NDVI = Eq.3

Where, NDVI=Normal Difference Vegetation Index,
NIR = Near-infrared band (Band-5), R = Red band
(Band-4)

iv) Computation of Proportion of Vegetation (Py)

_ {NDVI-NDVI; 2
Py = (".’ﬂ[’!v—.-".'ﬂ[’.l,) Eq.4
Where, P,= Proportion of Vegetation, NDVI=Normal
Difference Vegetation Index, NDV1,=0.5, NDVIs=0.2.
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v) Estimating the surface emissivity (LSE) using an
empirical relationship based on the NDVI
For calculating LSE in to the model when the NDVI
value is less than 0, it is classified as water, and the
emissivity value 0.991 is considered. For NDVI values
between 0 to 0.2, it is classified that the land is covered
with soil and there is no vegetation, and the emissivity
value 0.996 is considered and the NDVI value is greater
than 0.5, it is classified to be covered with vegetation
assigned, and the value of 0.973 is considered. In last
values between 0.2 and 0.5 are classified mixtures of soil
and vegetation covers the emissivity can be calculating
following,

£;= g1 Py + £, (1 —P,) 4+ C; Eq.5
Where, &= Land Surface Emissivity, P,= Proportion of
Vegetation, €,,=0.973, £;,=0.996, C,=Surface
roughness (0.005)

vi) Land surface temperature Computation
Land surface temperature (LST) is computed using the
following equation:

BT

=T oET. 1
{1+[‘T_1u£;¢_j

T, Eq.6

Where, T.=land surface temperature (°C), BT=Brightness
temperature, &= Land Surface Emissivity, A= limiting
wave length (10.895), p = 1.438 x102 m. To accomplish
the above estimation, an algorithm was developed in
ArcGIS 10.3.1. For estimation of LST for any other
Landsat -8 image for any other date, the same algorithm
can be executed. The different steps involved in
development of the algorithm are presented in Figure 2.

Results and Discussion

The developed algorithm using the ArcGIS was applied
for the estimation of LST from Landsat-8 imagery
automatically as the modeler shown in Figure 3 & 4. For
the demonstration purpose Landsat-8 satellite imagery
acquired on 23-JAN-2020 (path/row: 148/44) was used
in this study. Only three bands of study area (band 4,
band 5, and band 10) are required to run model
successfully. The final LST map of Landsat 8 imagery is
calculated automatically as shown in Figure 5 after
inputting required bands four, five and ten into the
model. 26.08 °C and 16.42 °C were found to be the
highest and lowest temperatures in the scene,
respectively. For one of the stations where the maximum
and minimum temperature were collected as 29 °C and
14 °C, the LST using the modeler was obtained as 19.16
°C, that can be to the minimum temperature obtained for
the day.
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( LANDSAT-8 Satellite Data )

TIRS Data

Thermal Infrared (Band 10)

Top of atmospheric
spectral radiance

Brightness Temperature
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NDVI = (NIR -RED) /
(NIR + Red)

Proportion of
Vegetation

Surface Emissivity

Land Surface Temperature (LST)

Fig. 2. Flow chart of LST retrieval model

Fig. 3. Developed model using ArcGIS 10.3.1
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Fig. 4. Input menu of developed model using ArcGIS 10.3.1
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Conclusions

The model created in ArcGIS Desktop 10.3.1, estimated
the LST for the selected datasets over the study area. The
model was created using TIRS band 10 and visible and
near infrared bands of LANDSAT 8. Brightness
temperature is calculating using Band 10 and NDVI,
emissivity of different land cover types, derived from
Band 5 and Band 4 of LANDSAT 8. When user inputs

required bands (4,5 and 10) of Landsat-8 data in input
menu then the model calculate automatically LST and
display output. LST is an important parameter for
thermal studies therefore many researchers to get to the
LST values easy and they can apply them in a number of
researches and project works. The model presented in
this paper produced quite good results and can be
considered satisfactorily.

Panam Canal Command Area

Legend (°C)

<VALUE>
. [
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Fig. 5. LST acquired on 23 — JAN-20 (path/row: 148/44)
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