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environmental parameter to be studied. The
meaning of land surface temperature is the
temperature of earth surface when we directly contact
with it. It is aso called skin temperature of the earth
surface. LST is one of the important factors in global

I and surface temperature (LST) isvery important
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mABSTRACT : To estimateland surfacetemperature (L ST) hasanimportant rolefor agriculture as
well asglobal change of climate, growth of vegetation and glacier melting. It combinesthe results
of all surface atmosphere interactions and energy fluxes between the surface and the atmosphere.
Now-a-days, estimation of temperature of land surfaceis being cal culated with the help of satellite
images containing thermal infrared band. Though land surface temperature derived from satellite,
could be a beneficial complement to conventional land surface temperature data sources. This
research, proposed a methodology for determining land surface temperature through using a
structured mathematical algorithmviz., split window (SW) algorithm. Split window algorithm has
beenused on LANDSAT 8 with operational land imager i.e. OL 1 sensor and thermal infrared sensor
i.e. TIRS dataset of Udham Singh Nagar district. TIRS shows two thermal bandsi.e. band 10 and
band 11. SW approach requires brightness temperature value of both band 10 and band 11 aswell
asland surface emissivity whichiscalculated from OLI bandsi.e. NIR and Red, for the estimation
of land surface temperature. The spectral radiance was determined using thermal infrared bands
i.e. band 10 and band 11. Emissivity was calculated by using normalized difference vegetation
index i.e. NDVI threshold techniquefor which OLI bands 2, 3, 4 and 5 were utilized. SW approach
uses brightness temperature of two bands of thermal infrared, mean and differencein land surface
emissivity for estimating land surface temperature. In this paper, 6 Dec. 2015 date was selected as
an example to show the approach of using SW technique to estimate the LST of Udham Singh
Nagar district of Uttarakhand statein India.
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climate change, vegetation growth and glacier melting.
The study of the LST isvery crucia in monsoon prone
areas. When it rises it causes environmental imbalance
situation such as melting in glacier, reduction in
vegetation, and changein climatic condition of monsoon
areas leading to unpredictable rainfall. The semi-urban
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areas which are in development stage, are afocal point
for social and economic activitiesand dueto which, these
areclosdly related to daily life of human being (Mirzaei
and Haghighat, 2010 and Madlener and Sunak, 2011).

Attention is more and more being given to the
pursuit of more comfortable living conditions in semi-
urban areasin the face of increasing urbanization. Due
to which our interests are growing in the factors that
impact on human ease and well being in cities (Oke,
1982; Quattrochi and Luvall, 1999; Kleerekoper et al .,
2012; Gagoet al., 2013; Santamouris, 2013 and Xiaokang
Kouetal., 2016). Poor air quality isalso responsiblefor
increment in temperature of the earth (Sarrat et al.,
2006) and finally it can boost the energy requirement of
an area(Santamouriset al., 2001; Kondo and Kikegawa,
2003; Kolokotroni et al., 2007; Mirzaei and Haghighat,
2010; Kolokotroni et al., 2012 and Ema et al., 2016).
Increment in temperature can even contribute to human
mortality rates, with thousands of heat-related deathsin
every year (Cleveland, 2007; Ashley and Lemay, 2008
and Godling et al., 2009) and it has been directly linked
to adverse impacts on human health (Tan et al., 2010
and Cheung and Hart, 2014).

Now-a-days, LST is being calculated by using
different images of satellite which are containing thermal
infrared (TIR) band. Therefore, with the help of satellite
images L ST could be auseful complement to traditional
LST data sources. TIR remote sensing technique has
become one of theimportant meansto study the thermal
characteristic of land surface. In thispaper, split window
(SW) approach is used to calculate LST. In this study,
we are using two thermal bands i.e. band 10 and band
11in LANDSAT 8 images and we have used moderate
resolution LANDSAT 8 bands (30m). During the
estimation of LST, werequired operational land imager
(OL1) sensor bands (which are from band number 2 to
band number 5) for determining land surface emissivity
(LSE) withthe help of fractional vegetation cover (FVC).
SW approach combined brightness temperature of band
number 10 and 11 with L SE to estimate LST for each
ground pixelsvector.

B METHODOLOGY
Study area and data used :

US Nagar is a famous district of the Uttarakhand
state, it isin thetarai region of Kumaon divison. Total
geographical areaof thisdistrict isabout threethousand

fifty five sg. km. and in aerially it ranks ninthinitsown
state. It is situated between latitude 28° 53" N to 29° 23'
N and and longitudes 78° 45' E to 80° 08' E. The study
areafallsinsurvey of India(SOIl) Topo sheet (Quadrangle
Maps) Nos. 53K, O, P and 62D. The overal literacy
rateis64.86%. Agricultureisthe primary occupation of
the people as it justifies the title of “Chawal ki Nagari”.
About 64% of the total work force involved in farming.
Total areas under Rabi, Kharif and Zaid crop are 97973,
139928 and 8580 ha, respectively.

Landsat-8 is one of the Landsat series of NASA.
The data of Landsat-8 is available in Earth Explorer
website at free of cost. In the present study, the TIR
band number 10 and 11 were used to estimate brightness
temperature and OL| spectral bands 2, 3, 4 and 5 were
used to determine normalized difference vegetation index
(NDV1). Landsat-8 provides metadata of the bands such
as thermal constant, rescaling factor value etc., which
can be used for calculating LST. In 2013, the new
Landsat serieswas|unched whichiscalled Landsat data
continuity mission (LDCM) or simply Landsat-8. This
new generation included the new TIR sensor (TIRS).
Its resolution has been given in Table A. The major
difference between the new TIRS and the thematic
mapper (TM) or enhanced thematic mapper (ETM)
sensors is the existence of two thermal infrared bands
in the atmospheric window between 10 and 12 pm.

Table A : Sensorsand their resolutions

Sensor No.of  Resolution  Path/Row Date of
bands (m) acquisition

Operational land 9 30 145/040 6" Dec

imager (OLI) 2015

Thermal infrared 2 100

sensor (TIR)

Environment for visualizing images (ENVI) is a
image processing software and has been used in this
study. ENVI combinesanumber of scientific a gorithms,
alot of which are contained in automated, wizard-based
approach that walks users through complex tasks. SW
approach uses brightness temperature of two bands of
TIR, mean and difference in L SE for estimating LST of
an area. The SW approach usesthefollowing algorithm;

LST = TB,+C, (TB,TB,) + C, (TB,-TB, )+ C, + (C,+C,8,)
(1- €) + (C.+Ce,) De (D]
where, LST isin%K, from C; to C are split window
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co-efficient values (Skokovic et al., 2014; Sobrinoet al .,
1996 and 2003 and Zhao et al., 2009) givenin Table B,
TB,,and TB,, are brightness temperaturein °K of band
10 and band 11, respectively, € is mean LSE of TIR
bands, e, is the atmospheric water vapor content (g/
cm?) and Ag is differencein LSE.

TableB : SW constant values

Split window constants Value
Co -0.268
C 1.378
C, 0.183
Cs 54.300
Cs -2.238
Cs -129.200
Cs 16.400

Brightness temperature (T,): is the microwave
radiation radiance traveling upward from the top of
Earth’s atmosphere. Te calibration process has been
donefor converting thermal DN values of thermal bands
of thermal infrared to T .. Thetop of atmospheric (TOA)
spectral radiance of (L) was needed for finding T, of
an area. T, for both the TIR bands was determined by
using thefollowing formulg;

K,

TB:—% )
ey
ELA

ni
T 2]

where, K and K, are thermal conversion constant
and it varies for both TIR bands, LA is TOA spectral
radiance and it was determined by multiplying
multiplicativerescaling factor (MRF), whichis0.000342,
of TIR bandswithitscorresponding TIR band and adding
additiverescaling factor (ARF), whichis0.1, withit.

LI =M, xQcal +A, (3)

where, LA isin watts per (m? x srad x pm), M is
band specific MRF (radiance multi band 10 or 11), Q_,
is band 10 or 11 image and A, is band specific ARF
(radiance add band 10 or 11). Tofind LST it isnecessary
to calculate the LSE of the region. L SE was estimated
using NDVI threshold method and formula is given
below;

LSE = e (1-FVC) + g, x FVC 4

where, e and ¢, arethe soil and vegetative emissivity
values of the corresponding bands. Emissivity valuesare
giveninTableC.
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Table C : Emissivity of bands
Emissivity Band 10 Band 11
€ 0971 0.977
& 0.987 0.989

Here FVC was estimated for a pixel and FVC for

an image was calculated by
NDVI -NDVIs

V= Noviv-npvis ®)

Where, NDVIs is NDVI re-classified for soil
NDVIvisNDVI re-classified for vegetation. OLI bands
2,3, 4and 5may belayer stacked and NDV | isestimated
using ENVI IP software. The output value of NDVI
ranges between -1 and +1, it may vary from one region
to other. To get NDVIs and NDV v, the NDVI image
was reclassified into soil and vegetation, the classified
datawere used to find out FVC. After generating LSE
for both the bands of TIR, the mean and difference LSE
was found as;

- (810 + s11)
g= tn) (6)
De = elO 11 (7)
where, ¢, and ¢,, are LSE of band 10 and 11,

respectively. Finally, the LST in°K wasdetermined using
SW approach.

Atmospheric water vapor content (g,) :

Water vapor content of region is the function of
relative humidity (RH). Relative humidity isavailableat
many observatories. In this study, weather forecasting
website worldweatheronline.com has been used and
got the RH, absolute pressure and temperature of the
present day and present time when satellite passed over
the region. Although values of the present time RH,
absolute pressure and temperature is not available on
above mentioned website, so to get the values of the
present time RH, absolute pressure and temperature at
which study has been performed, interpolation technique
has been used and following steps are needed for this;

Equilibrium vapor pressure (e* ) :
The below formulawas used to determine the €* ;

217.502* T §

¢, =(10007+346x10° P)x  (61120)et207 05 (8)
where, T isthedry bulb temperature expressed in
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°C, P isthe absolute pressure in mili-bar and €*isin
mili-bar. Thisformulawas given by Buck. Atmospheric
water vapor content is measured in hecta-pascal or in
mili-bar. To convert it into gram per cube centimeter, a
constant 0.098 ismultiplied in the mili-bar value of water
vapor content. Water vapor content has been calculated
using thefollowing relationships;

RH = 62 24 100 9)
ew ﬂ

B RESULTS AND DISCUSSION

Inthisstudy, LST was cal culated by applyinga SW
structured mathematical algorithm and it has been
described in earlier methodology. SW uses brightness
temperature of TIR band 10, TIR band 11, mean and
difference in LSE for estimating LST of an area. The
values of thermal conservation constantsi.e. K, and K,
andrescaing factorsi.e. M  and A have beengivenin
Table 1 and 2, respectively for band 10 and band 11 and
these values are obtained from the metadata file of the
imagery provided by the image provider website i.e.
https://earthexplorer.usgs.gov

Table1: Valuesof thermal conservation constants ‘

Thermal conservation constants Band 10 Band11l
K1 0774.885 0480.888
K 1321.079 1201.144
Rescaling factor Band 10 Band 11
M 0.000342 0.000342
AL 0.1 0.1

To calculate LSE, it is very important to calculate
FVC and it is dependent on NDVI of soil aswell as of
vegetation and its values have been determined by the
Quick Sats option of the ENVI 4.7 image processing
software and givenin Table 3. For calculating the value
of e,, we have used the values of RH, absolute pressure
and temperature of the day (6" December 2015) and
time (10:42:48) when satellite passed over the study area
by applying the Equations 2.8 and Equation 2.9 and it
has been givenin Table 4.

Table3: NDVI valuesfor soil and vegetation

NDVI for soil
NDVI for vegetation

0.000993
0.354073

Table 4 : Calculation for water vapor content (e,) of the day 6"

December 2015 at 10: 42: 48 of I ST

Parameters Values
Temperature (T) (Recorded) 21°C
Relative humidity (RH) (Recorded) 41 %
Absolute pressure (P) (Recorded) 1019 milibar
Equilibrium vapor pressure (€ ) (Cal culated) 24.965 milibar
Atmospheric water vapor content (e,)(Calculated) 1.0031 g/lcm®

The flow steps which have been considered to
calculatefinal value of LST in ENVI 4.7 software with
the help of TOA radiance, T, NDVI, FVC, LSE, mean
of LSE and difference of LSE using the Equations 1
through 7 and Tables C through 3 have been given
systematically in Table 4. Colour mapping green-blue-
red-white in ENVI software has been used to give the
different colorsto al the temperature rangesi.e. green,
purple, red, white and black to show the LST of different
regionsof the US Nagar district. L SE for band 10, band
11 of LANDSAT 8 (without ENV colour mapping) and
LST (with ENVI colour mapping) of US Nagar district
has been shownin Fig. 1, 2 and 3, respectively.

Fig. 2: LSE for band 11
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‘TabIeS : Systematic calculationsof L ST with ENVI software

Systematic  Parameter Generalized formula Formula used in band math of ENV| software

steps Band 10 Band 11 Band 10 Band 11

1 TOA 3.3420e-4%(B10)+0.1000 3.3420e-4x 3.3420e-4xfloat(bs0)+0.1000 3.3420e-
Radiance (Bn)+01000 4><f|oat(b11)+01000

2 Brightness  1321.079/alog(774.885/(TOA  1201.144/alog(480.888  1321.079/alog(774.885/float(TOA 1201.144/alog(480.888
temp. (TB) of BlO)+1) /(TOA of Bll)+l) of Bl())+l) /ﬂOaI(TOA of Bu)"’l)

3 NDVI ((NIR)-(R))/((NIR)*+(R)) (float(bs)-float(has))/(float(bs)+float(bs))

4 FvC ((NDV1)-(0.000993))/( 0.354073-0.000993)) (float(NDV1)-(0.000993)/(0.354073-0.000993))

5 LSE (0.971x (1-(FVC of (0.977x (1-(FVC of (0.971x (1-float(FVC of (0.977% (1-float(FVC of

Blo))+0.987x ( FVC of Bm) Bl]_))+0.989x (FVC of Blo)))+0987><floaI(FVC of BlO) Bu)))+0989><float(FVC
Bll) of Bn)

6 Mean of ((LSE of Bio)( LSE of Bu))/2 (float(LSE of Bio)+float(LSE of B11))/2
LSE

7 Difference (LSE of Bao)~(LSE of Buy) float(L SE of Byo)-float(L SE of Byy)
of LSE

S

s

TANDSAT 6 Drec 2015

A et arasL
2 m 1 2 a
s
g L ST 1T o T s w oA an

Fig. 3:

Land surface temperature of Udham Singh Nagar

Summary and conclusion :

In this paper we proposed a methodology for
retrieving LST of US Nagar district, Uttarakhand, by
applying a structured mathematical algorithm viz., SW
approach. S agorithm is used on LANDSAT 8 OLI
sensor and TIRS sensor dataset. TIRS exhibit two
thermal bands 10 and 11. SW approach requires T, vaue
of both band 10 and 11 as well as L SE which has been
calculated from OLI bands (i.e. NIR and Red) for
estimation of LST. The spectral radiance was estimated
using TIR bands 10 and 11. Emissivity was calculated
with the help of NDVI threshold technique for which
OLI bands 2, 3, 4 and 5 were used. SW approach used
T, of twobands of TIR, mean and differencein LSE for
estimating LST.

There are following conclusions are drawn from
the results of the study;

— Thestudy clearly revea sthat asthe region had
more vegetative cover therefore, the LST in part was
low and the surrounding area with barren lands,
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uncultivableland and urban areas experienced high LST
value.

— The maximum and minimum temperature was
foundto be300°K and 292 °K, respectively in US Nagar
on 6" December 2015.

— There is a temperature difference of 8 °K in
maximum and minimum temperature of US Nagar on
6" December 2015.

— Theoutput revealsthat LST ishighinthebarren
regionswhereasit waslow in the hilly regions because
of vegetative cover.

— Asthe SW approach uses both the TIR bands
(i.e. band 10 and band 11) and OLI bands 2, 3, 4 and 5,
therefore, LST generated using them is more reliable
and accurate.

— Finaly, it was concluded that SW approach can
be used for estimating LST using LANDSAT 8imagery
whichishaving multiband OLI and TIR images.
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