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ABSTRACT

Land surface temperature (LST) represents hotness of the surface of the Earth at a particular
location. Land surface temperature is useful for meteorological, climatological changes, heat island,
agriculture, hydrological processes at local, regional and global scale. Presently many satellite
sensor data are available for calculation of land surface temperature like Landsat 8 and MODIS. In
the present study land surface temperature in Panchkula district of Haryana have been calculated
using Landsat 8 satellite data of 5" May 2019 and 28th October 2019. Already available equations
were used for computation of LST in the study area. LST in the study area varies from 18°C to
56°C. High LST is observed in cultivation land, urban area while low LST is observed in hilly forest
area in the study area. In the study validation of LST could not be done because of not available of
temperature data of studied dates, however, the result gives idea of land surface temperature on a
particular day and location.
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1. INTRODUCTION

Land surface temperature (LST) is the skin
temperature of the surface of the earth and
provides important information about the surface
physical, bio-physical, climatic, environmental
and anthropogenic changes. LST reflects the
land surface water-heat exchange process which
is considerably significant to the study of
environmental change [1]. It is one of the key
parameter in understanding the physics of land
surface processes from local to global scale. LST
changes with a change in climatic condition and
other human activities where the exact prediction
becomes challenging [2]. Land Surface
temperature has identified as a significant
variable of microclimate and radiation transfer

within ~ the atmosphere [3]. Worldwide
urbanization has significantly reshaped the
landscape, which has important climatic

implications across all scales due to the

simultaneous transformation of natural land
cover and anthropogenic surfaces [4]. Land
Surface  Temperature is an  important
phenomenon in global climate change. LST will
increases as the greenhouse gases in the
atmosphere increases [5]. Land surface
temperature is sensitive to vegetation and soil
moisture, hence, it can be used to detect land
use/land cover changes.

1.1 Study Area

In the present study Panchkula District of
Haryana state have been selected for
variability in topography which have been
studied to get relationship between land
surface temperature and elevation. Panchkula
district lies between the geo-coordinates
30°26'N to 30°55' N latitudes and 76°46'E to
77°10'E longitudes and covers 898 km? area

(Fig. 1).
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Fig. 1. Location map of the study area.
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1.2 Objectives

The main objective of the study was to estimate
land surface temperature using Landsat 8
satellite data in the study. The other subsidiary
objectives were following to achieve the main
Objective:

1. To convert TIRS band data to Top of
Atmosphere (TOA) spectral radiance.

2. To calculate Atmosphere Brightness
Temperature

3. To calculate Normalized Difference

Vegetation Index (NDVI).

To generate contour from SRTM DEM.

To explore the relationship between LST,

different land use types and Elevation

Ranges.

6. To calculate the area for
temperature ranges.

oks

different

2. MATERIALS AND METHODS
2.1 Data Used

Landsat-8 OLI (Operational Land Imager) satellite
data of Panchkula district of two dates 5" May,
2019 and 28" October, 2019 (level-l product,
path/row 147/39) was downloaded from Earth
Explorer (www.earthexplorer.usgs.gov) (Table 1).
ArcGIS 10.1 was used for image processing,
image correction, clipping of area of interest,
preparation of vegetation index and estimation of
LST, etc. Landsat 8 metadata of the bands were
used for calculation of LST. Images were
resampled using nearest neighbor method. All the
data were re-projected to Universal Transverse
Mercator (UTM) coordinate system, datum
WGS84, zone 43. Thermal infrared sensor (TIRS)
band 10 was used to estimate brightness
temperature and band 4 and band 5 were used to
generate NDVI.

3. METHODOLOGY

In this study, TIRS band 10 was used to estimate
brightness temperature and band 4 and band 5
were used to calculate normalized difference
vegetation index (NDVI). Stepwise process for
calculation of LST is given below and also shown
in Fig. 1. Shuttle Radar Topography Mission
(SRTM) digital elevation model (DEM) data of
30m resolution was downloaded from USGS
Earth Explorer website and wused for
elevation generation in the study area. In this
study, LST has been calculated using methods
available on USGS webpage
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(http://landsat.usgs.gov/Landsat8_Using_Product
.php).

3.1Step 1. Calculation of Top of
Atmosphere (TOA) Spectral Radiance
[USGS Formula](6)

The satellite data products were geometrically
corrected data set. The metadata of the satellite
image is given in Table 2. In the first step of the
work converted the DN (Digital Number) values of
band 10 to at-sensor spectral radiance using the
following equation:

Top of Atmosphere (TOA) Radiance:

[TOA (L) = M, *Qea* A/

Where

M_ =Band specific multiplicative rescaling factor
from the metadata (Radiance_Mult_Band_x,
where x is the band number).

Qca = corresponds to band 10.

A, =Band specific additive rescaling factor from
the metadata (Radiance_Add_Band_x, where x
is the band number).

[TOA =0.0003342 * “Band 10” + 0.1]

The above equation was solved using the Raster
Calculator tool in Arc Map 10.1.

32Step 2. TOA to Brightness
Temperature (BT) Conversion

The temperature converted from the obtained
thermal radiance from the ground surface at the
satellite level is ~called the brightness
temperature. After converting DN values to
sensor spectral radiance, the TIRS band data
were converted to brightness temperature (BT).
TIRS band data were converted from spectral
radiance to brightness temperature using the
thermal constants provided in the metadata file
(Table 2). and following equation:

BT = (K2/(In (K1/L) + 1)) - 273.15
Where

K, = Band specific thermal conversion constant
from the metadata

(K1_Constant_Band_x, where x is the thermal
band number).

K, = Band specific thermal conversion constant
from the metadata

(K2_Constant_Band_x, where x is the thermal
band number).
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L=TOA

To obtain the result in degree Celsius, radiant
temperature is adjusted by adding the absolute
zero temperature (approx.-273.15°C).

BT = (1321.0789 / Ln ((774.8853 / “TOA”) + 1)) -
273.15

3.3Step 3. Normalised Difference
Vegetation Index (NDVI) Calculation

Normalised Difference Vegetation Index (NDVI)
was calculated using Near infrared (Band 5) and
Red (Band 4) bands. Calculation of NDVI is
required for calculation of proportion of
vegetation (Pv), further, proportion of vegetation
(Pv) is required for calculation of emissivity (€)
and emissivity (€) is required for calculation of
LST. NDVI was calculated using following
equation:

NDVI = (NIR - RED) / (NIR + RED)|
NDVI = (Band 5 - Band 4) / (Band 5 + Band 4)

3.4 Step 4. Proportion of vegetation (P,)
Calculation

Proportional vegetation (Pv) was calculated from

NDVI values obtained in step 3. This proportional
vegetation gives the estimation of area under
each land use/land cover type.

Pv = Square ((NDVI - NDVI min)
/ (NDVI max - NDVI min))

where

Pv = Proportion of vegetation

NDVI = DN values from NDVI image

NDVI min = Minimum DN values from NDVI
image

NDVI max = Maximum DN values from NDVI
image

Pv = Square ((NDVI - 0.216901) / (0.632267 -
0.216901))

3.5 Step 5. Land Surface Emissivity ()
Calculation

Land surface emissivity (LSE) is the average
emissivity of an element of the surface of the
Earth calculated from NDVI. Calculation
of land surface emissivity is required to estimate
LST.

le =0.004 * PV + 0.986|

Table 1. Landsat 8 OLI

Bands

Wavelength (um)

Resolution (m)

Operational Land Imager (OLI)-Built by Ball Aerospace & Technologies Corporation (Nine spectral

bands, including a panchromatic band)

Band 1-Ultra Blue (Coastal Aerosol)

Band 2-Blue

Band 3-Green

Band 4-Red

Band 5-Near Infrared (NIR)

Band 6-Shortwave Infrared (SWIR) 1
Band 7-Shortwave Infrared (SWIR) 2
Band 8-Panchromatic

Band 9-Cirrus

Thermal Infrared Sensor (TIRS)-Built by NASA Goddard Space Flight Centre. Two spectral bands

Band 10-Thermal Infrared (TIRS) 1
Band 11-Thermal Infrared (TIRS) 2

0.43-0.45 um 30m
0.45-0.51 ym 30m
0.53-0.59 um 30m
0.64 - 0.67 um 30m
0.85-0.88 um 30m
1.57 - 1.65 ym 30m
2.11-2.29 uym 30m
0.50 - 0.68 um 15m
1.36 - 1.38 um 30m
10.6 - 11.19 ym 30m
11.5-12.51 ym 30 m

Table 2. Metadata of the Landsat 8 satellite image

Variable Description Value

K1 Thermal constants, Band 10 774.8853
K2 1321.0789
Lmax Maximum and Minimum values of 22.00180
Lmin Radiance, Band 10 0.10033
Qcal max Maximum and Minimum values of 65535
Qcal min Quantize Calibration, Band 10 1

Oi Correction value, Band 10 0.29
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where

€ = Land Surface Emissivity

Py =Proportion

of Vegetation

0.986 corresponds to a correction value of the
equation.

3.6 Step6. Land Surface Temperature
(LST) Calculation

Land Surface Temperature (LST) is the radiative

temperature which was calculated using Top of
Atmosphere brightness temperature, wavelength

TIRS Band 10

onversion of Digital Numbe

values fo At- Sensor Spectral
radiance

Conversion of Spectral

Band 4(Red)

of emitted radiance and Land Surface Emissivity.
LST was calculated using following equation:

ILST = (BT /1) + W * (BT / 14380) * Ln (E)

Where

LST=Land Surface Temperature (°C)

BT = Top of atmosphere brightness temperature
(°C)

W = Wavelength of emitted radiance

E = Land Surface Emissivity

It should be noted that LST is not equal to the air

temperature.
Band 5(NIR)
¥
Calculation of NDWVI

-
Calculation of
Proportional Vegetation
Cover

L

Determination Of LSE
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Fig. 2. Flowchart for LST calculation
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4. RESULTS AND DISCUSSION
4.1 Brightness Temperature

Brightness Temperature map of 5" May 2019
shows that the temperature ranges from
25.46°C to 56.73 °C (Fig. 3). while brightness
temperature map of 28" October 2019 shows
that the temperature ranges 18.32 to 33.47°C

(Fig. 4).

7683 E
1

4.2 Normalized Difference Vegetation
Index (NDVI)

NDVI map for 5th May 2019 shows that the NDVI
value ranges between -0.24 to 0.56 (Fig. 5).
while NDVI map for 28th  October 2019
shows that NDVI ranges between -0.13 to 0.53
(Fig. 6).
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Fig. 3. Brightness temperature map (5" May,2019)
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Fig. 4. Brightness temperature map (28th October, 2019)

4.3 Land Surface Emissivity (LSE) study area for 5" May 2019 ranges from 0.98 to
0.99 and for 28" October 2019 LSE ranges 0.98

LSE was calculated for 5" May 2019 and 28" to 0.99.

October 2019 (Fig. 7 and Fig. 8). LSE in the
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Fig. 5. NDVI map (5th May, 2019)

4.4 Land Surface Temperature

Land Surface Temperature (LST) has been
derived using Brightness Temperature and LSE
In the study area on 5" May, 2019
maximum area (279.21 sq km) was falling under
LST range 39-41°C and minimum area (67.61 sq

54

km) was falling under LST range 25.47-34°C
(Fig. 9. and Table 3). In the study area on 28"
October, 2019 maximum area (433.52 sq km)
was falling under LST range 24-26°C and
minimum area (1.77 sq km) was falling
under LST range 27-33.48°C (Fig. 10. and
Table 4).
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Fig. 7. Land surface emissivity map (5th May, 2019)
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Fig. 9. Land surface temperature (5" May, 2019)

Table 3. Area covered under different LST ranges (5" May, 2019)

Sr. No. LST (°C) Range Area (Sq.km) Percentage (%) of Total Area
1 25.47-34 67.61 7.53
2 34-37 157.19 17.51
3 37-39 232.88 25.93
4 39-41 279.21 31.09
5 41-56.76 161.11 17.94
Total 898.00 100.00
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Fig. 10. Land surface temperature (28" October, 2019)

Table 4. Area covered under different LST ranges (28" October, 2019)

Sr. No. LST (°C) Range Area (Sq.km) Percentage (%) of Total Area
1 18.32-22 22.33 2.49
2 22-24 319.55 35.58
3 24-26 433.52 48.28
4 26-27 120.83 13.45
5 27-33.48 1.77 0.20
Total 898.00 100.00
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High land surface temperature areas have been
observed mainly in cultivated land, scrub land,
river course, and built-up land. While low LST
areas are found in forest land and water body in
the study area. (Fig. 11). On 5™ May, 2019 LST
more than 40°C at few selected locations is
shown in Fig. 12.

4.5 Relationship between Elevation, LULC
and LST

In the study one sample of each major land
use/land cover class in each elevation range has
been selected for LST for 5" May 2019 and 28"
October 2019 (Table 5) for relationship analysis.
The study shows inverse relationship between

elevation and LST i.e. as elevation is increasing,
LST is decreasing in the study area on both
dates satellite data i.e. 5" May, 2019 and 28
October, 2019. The study also shows that due to
seasonal changes LST has been observed
decreasing. For all the land use/ land cover
classes on 28" October 2019 as compared to 5"
May 2019 LST data (Fig. 13). Relationship
between elevation and LST is also shown in Fig.
14. Where digital elevation model (DEM)
generated from SRTM 30 m resolution draped on
Google Earth satellite data to depict the 3D view
of the terrain in which LST is decreasing as

elevation increasing. This may be due to
inversion of temperature with height in
atmosphere.

Land SurfaceTemperature
(May 2019)

L8Tin*C
| LS
| EBy
Clsr-m
[ ERT

D [District Boundary

(b) Built up Area (Amravati

(d) Near Dullopur Village

| R
i

Area

Fig. 11. (a) Land surface temperature in the study area, (b) Google Earth Satellite image of built
up area (Amravati Enclave) as shown in box in figure (a), (c) Morni Hill Forest Area as shown in
box in figure (a), (d) Dullopur village area as shown in box in figure (a)
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Fig. 12. LST more than 40°C in the study area at few selected locations. High LST areas are
marked in red on the Google Earth satellite image and highest LST (56.70 °C) area in yellow
polygon in the study area which may be due to some burning activity on 5" May, 2019 at that
location

4.6 Study Limitations and Difficulties

This study examined the relationships between
LST, different land use types and Elevation
Ranges. After retrieving the LST, the results
needed to be verified to ensure the correctness
of the results. There are Two common methods
for verifying the result: The first is a to compare
the retrieved LST with the MODIS LST product,
called the cross-comparison method. The
advantage of this method is that MODIS
surface temperature products are free and easy
to obtain. The disadvantage is that MODIS
surface temperature products data may loss in
some areas, and because the spatial resolution
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is not high, the correctness of the retrieved
results can only be roughly verified. The second
method is to compare with ground observation
data. The advantage of this method is that it is
simple and accurate. The disadvantage is that it
is tough and expensive to obtain verification
data, and it is not feasible for studying past
surface temperatures, because it is impossible to
return to the time of satellite overpass to
measure accurate surface temperature. Since
the data of MODIS LST products in this study
area are missing, and the air temperature
data for the local meteorological station
were not available at the specific time of the
study area.
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Table 5. Relationship between elevation, LULC and LST

Elevation (m) May 2019 and October 2019 Land Surface Temperature (LST) (Degree Celsius) of one sample of each major Landuse/ Land
cover class in each elevation range in Panchkula District

Bulitup Land Water Body Forest Land Cultivated Land Scrub Land River Course

May Oct. May Oct May Oct May Oct May Oct May Oct
288-400 43.86 28.21 38.52 26.3 39.12 24.01 54.05 28.06 44 .42 28.48 445 27.71
400-550 41.7 27.43 36.96 24.23 38.45 23.91 44.09 27.7 41.46 26.39 43.34 27.43
550-700 41.53 26.7 37.61 23.38 37.28 22.85 43.03 27.03 40.6 25.82 415 27.11
700-850 39.1 25.98 36.61 24.41 35.62 22.57 41.73 26.13 40.93 25.86 41.91 26.05
850-1000 36.1 23.33 33.06 22.54 30.89 21.22 36.71 24.08 37.48 23.28 39.11 23.85
1000-1500 35.86 22.13 33.18 21.64 27.28 19.07 38.12 21.65 33.41 21.7 30.41 20.67

Relationship Between Elevation, LULC and LST

60 Elevation (m)
50

6 40 | m 288-400
E; 30 = 400-550
E 20 T u 550-700

10 +
m 700-850

0 |

May Oct.  May Oct | May Oct | May Oct | May Oct  May Oct 1 850-1000

Bulitup Land | Water body | Forest Land | Cultivated | Scrub Land |River Course | 410001500
Land

LULC Classes

Fig. 13. Relationship between elevation, LULC and LST in the study area

62



Kumar and Kumar; JGEESI, 24(10): 47-66, 2020; Article no.JGEESI.66425

Classified Elevation Map of Panchkula District "'E

Legend
Panchkula_DEM
VALUE (m)

I ::cs - 400
I <o - 550
[ s50- 700

[ ] 700-850
I 50 - 1,000

.5
" Kilometers - 1,000 - 1,548

Fig. 14. Relationship between Elevation and LST. Fig. 14 (a). represents classified elevation ranges generated from SRTM 30 m DEM while Fig. 14
(b) is a satellite view of the box area on Fig 14 (a). in Fig. 14 (c). LST is draped on satellite image for 3D view and in Fig. 14 (d). contour at 100m
interval draped on LST and satellite image for 3D view
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5. CONCLUSIONS

Highest LST has been observed in cultivated
land on 5™ May 2019 and scrub land on 28" Oct
2019. Lowest LST has been observed of water
body on 5" May 2019 and forest land on 28"
October 2019. LST of all the land use/land cover
classes on 28" Oct 2019 is lower than
LST 5" May 2019 land use/land cover classes
due to seasonal variation. The study also shows
that as the elevation increases, LST is
decreasing in the study area. The study can be
used to monitor the land surface temperature
variation of various land use/land cover classes
in the study area. The methodology can be
replicated for large urban areas for delineating
heat islands like hot work industries; thermal
springs, seismic movement, volcanic
activity, coal mine fire, stubble burning and forest
fires.
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