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ABSTRACT: Land surface temperature (LST) is the key parameter which in land surface processes, energy balance,
crop evapotranspiration, water allocation and planning from small to larger extant on globe. Now a day, LST retrieval
algorithms become a research interest globally using various satellite data at different spatial resolution. In the present
study, the main aim is to retrieve land surface emissivity and temperature over the parts of North India using Radiative
Transfer Equation (RTE) based method and Single Channel (SC) method for the Rabi season using Landsat-8 thermal
infra-red sensor (TIR) data. The main task in LST retrieval is removing the atmospheric attenuation effects and
calculation of land surface emissivity (LSE) with vegetation variability which was incorporated in LSE. So, NDVI was
estimated as proxy of vegetation which is varied with crop cover. Upwelling and downwelling path radiance with
atmospheric transmittance are estimated from MODTRAN model for TIRS. These radiances were incorporated in
estimation of complex process of LSE. RTE and SC algorithms assimilate the thermal radiance measured at sensor
level, accompany with emissivity. Mean LST varied from 302.3°K to 276.5°K and 307.7°K to 282.0°K derived from
RTE method and SC method, respectively for all kind of land covers available in the study area. NDVI values were
compared with respective LST values for understanding the LST association with NDVI. A strong negative correlation
was observed between NDVI and LST (R? = 0.80 for RTE method and R? = 0.84 for SC method), especially in
vegetated areas. However, calculation of emissivity due to change in vegetation with spatial scale is complex and matter
of future research studies.

1. INTRODUCTION

Land surface temperature (LST) is the key parameters for better understanding the physics behind the geo- biophysical
phenomena of the earth surface (Jiménez-Mufioz et al., 2014). In recent years, the applications of thermal data are
significantly increase in all kind of earth observations based research applications like agricultural water management,
water resources management, estimation of crop evapotranspiration, energy balance study, climate change, hydrological
cycle, vegetation monitoring, urban climate and environmental studies, etc. (Kerr et al., 2000; Sobrino et al., 2004;
Anderson et al., 2008; Jiménez-Mufioz et al., 2014). LST varies rapidly with space and time due to heterogeneity of
surface parameters like soil, water, vegetation and because of this ground measurements are not reliable over wide
areas. Remote sensing can assist us to measure LST for entire globe with a fine spatial and temporal resolution rather
than point observations (Liu et al., 2006; Neteler, 2010; Li et al., 2013). Remote sensing satellite-based Thermal Infra-
Red (TIR) data is measured by the on-board satellite radiometer in term of radiances in TIR spectral region. TIR data is
further used for LST retrieval using various radiation and emissivity equation-based methods. The accuracy of LST
retrieval method is the area of research because it is not only dependent on surface/ terrain parameters (temperature and
emissivity) but also on the atmosphere and its characteristics (Prata et al., 1995).

The Landsat projects make available the opportunity for LST retrieval using thermal band since Landsat 4 and 5, had
the Thematic Mapper (TM), following by the Enhanced Thematic Mapper Plus (ETM+) of Landsat 7. The last launch
of Landsat 8 satellite ensures more numbers of spectral bands in this remote sensing data as compare to all previous
Landsat missions such as TM and ETM+. Landsat 8 has two sensors; the Operational Land Imager (OLI) and the
Thermal Infrared (TIR). OLI collects data in eight bands located in visible and near infrared region and short-wave
infrared regions of the electro-magnetic spectrum at a 30 meter spatial resolution add-on an additional panchromatic
band at 15 meter spatial resolution. TIR sensor has two bands located in the atmospheric window between 10 and 12
pum, acquire the TIR radiance at 100 meter spatial resolution, but are resampled to 30 m in delivered data product.

The LST can be estimated by several methodologies or algorithms like LST retrieval with known LSE (single channel
method, multi-channel method, and multi-angle method), LST retrieval with unknown LSE (Simulation techniques and
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stepwise LSE retrieval method, using different methods to deal with the emissivity and atmospheric effects (Qin et al.,
2001; Jiménez-Mufioz and Sobrino, 2003; Li et al., 2013). For the RTE-based method, the atmospheric profile was
extracted from the NCEP (National Centre for Environmental Prediction) data set and used to simulate atmospheric
transmittance, upwelling and downwelling from the MODTRAN (MODerate resolution atmospheric TRANsmission)
model (Yu et al., 2014). For the SC method, a novel algorithm from Sobrino (2004) was used. The land surface
emissivity (LSE) was derived from a NDVI (Normalized Difference Vegetation Index) threshold method (Sobrino and
Raissouni, 2000). The comparison has been made using two LST retrieval methods over a crop prominent terrain of
North India. The aims of this study were: (1) to analyzing these two methods for LST estimation from the Landsat 8
satellite data and (2) to derive a relationship between LST and NDVI for the study area.

2. STUDY AREA AND DATA USED

2.1. Study area

The study has been carried out in parts of Western Uttar Pradesh, India. The study area comprises Meerut,
Muzaffarnagar, Baghpat districts of Uttar Pradesh (Fig. 1). Agro-horticulture and agro-forestry are emerging enterprises
of farming system in this region. The dominant cropping system is sugarcane- wheat followed by rice- wheat cropping
system in this area. Sugarcane and wheat are the predominant commercial crops cultivated in this irrigated regions. The
soil of this area is alluvium, coarse to medium in texture and moderately alkaline, appears dark gray indicating high
organic matter content (Danodia et al., 2017).

2.2. Data used

One cloud-free Landsat-8 image of the study area (acquired on 10" December 2014) was downloaded from the USGS
website (http://glovis.usgs.gov/) and analyzed in this study, covering Rabi crop season of 2014-15.
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Figure 1: Location map of study area with Standard False Color Composite generated from Landsat 8 OLI data
(acquired on 10™ December 2014).



In the present study the LULC (Land Use Land Cover) map (Fig. 2), derived using multi-spectral data from Resourcsat-
1 AWIFS sensor, which is available at Bhuvan ISRO’s Geo-portal (www.bhuvan.nrsc.gov.in), was used for

understanding of LST spatial variation with various land cover in the study area.
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Figure 2: LULC map of study area (source: bhuvan).
3. METHODOLOGY
3.1. NDVI estimation

NDVI image shows the vegetation extent of the area by analysing near infrraed and red spectral band data. NDVI is the
index of photosynthetic activity in plant and it is the most commonly used vegetation spectral indices for crop growth
monitoring. NDVI always ranges from -1 to +1 but there are not any distinct boundary for each type of land cover. In
present case NDVI1 is calculated by using band 4 (red band) and band 5 (near infrared band) data of L8 OLI sensors for
assessment of live green vegetation or not (Eg. 1). NDVI can be expressed as (Tucker, 1979):

NIR-R
NIR+R

NDVI =

1)
where, NIR is the reflectance of near infrared band and R is the reflectance of red band.

The NDVI image was further used in NDVI based emissivity assessment and establishing NDVI-LST relationship to
understanding about LST trend of various land covers as NDV|1 varied.

3.2.  Estimation of Land Surface Emissivity (LSE)

LSE is necessary parameter for LST inversion. The emissivity of surface varies with vegetation, soil moisture,
roughness and viewing angles. Three major methods are recommended in literature for LSE estimation for LST
inversion: i) classification- based emissivity method (CBEM), ii) NDVI- based emissivity method (NBEM) and iii) day/

night temperature- independent spectral indices based method (TISI) (Yu et al., 2014). In this study, NBEM was
implemented for LSE estimation using NDVI derived from Landsat 8 OLI data. NDVI was classified in three classes:
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(a.) bare soil: NDVI < 0.2, (b.) mixture of bare soil and vegetation: 0.2 < NDVI < 0.5 and (C.) fully vegetated: NDVI >
0.5. LSE for each of these classes is estimated using the following equation (Sobrino et al., 2004; Yu et al., 2014:
Nikam et al., 2016):

AiPreqa *+ b; NDVI < 0.2
g =1&,B+&,(1-PR)+C 0.2 < NDVI < 0.5 (2)
epi + Ci NDVI > 0.5

Where, preg IS the reflectance of red band, P, is the fraction of vegetation, & and ¢, is the emissivity of soil and
vegetation and a;, b;, C; are the essential coefficients which are discussed in Yu et al. (2014).

3.3.  LST retrieval method

In the present study the LST of the study area has been retrieved using two algorithms namely RTE (Radiative Transfer
Equation) and SC (Single Channel). Brief description of each of this method is given in subsequent sub-sections.

3.3.1. Radiation Transfer Equation method

In this method, TIR band was used for LST estimation from Landsat 8 imagery as the following equation (Sobrino et
al., 2004; Yu et al., 2014):

Lsensor,l = [EZBA(TS) + (1 - Sﬂ.)Ltztm,/l]Tl + LLtm,A (3)

where, Lgnsor 1S the Top of Atmospheric (TOA) radiance, ¢ is the land surface emissivity, B(T;) is the blackbody
radiance given by the Planck’s law and T is the LST, LY, is the downwelling atmospheric radiance, t is the total
atmospheric transmissivity between the surface and the sensor and L!,,, is the upwelling atmospheric radiance.
Therefore, from Eq. (3) it is possible to find T by inversion of the Planck’s law as:

— C1
Ts =

C:
A,ln( 2 +1
5 T l
A (Lsensor,ll_l‘atm_Tl(l_gl)l‘atm)/rlsl

) (4)

where, T is the land surface temperature, A; is the effective band wavelength for band i, C; is 14387.7 um.°K and C, is
1.19104*10% W.um*.m2.sr™.

With the thermal radiance data measured by TIR sensor, accompany with atmospheric parameters, the LST can be
retrieved according to Eq. (4). The atmospheric parameters t, LY, and L%, was estimated from the NCEP datasets
and simulated using MODTRAN model. As for the LSE, it is discussed in the section 3.2.

3.3.2.  The Jiménez-Mufioz and Sobrino’s Single- Channel method

Jiménez-Mufioz and Sobrino (2003) have developed a single- channel method for retrieval LST from thermal band, in
which LST is depicted in following equation:

T, = y[s_l(lpll’sensor + ;) + l»[)3] +4 (5)
With
CaLsensor [A* Nt
Y= {;?WLT [C_1 Lsensor + 4 1]} (6)
6 = —YLsensor + Tsensor (7

where, Tensor IS the at- sensor brightness temperature in °K. The atmospheric functions vy, y, and 3 can be acquired as
a function of the total atmospheric water vapor content (w). Those parameters can be parameterized as a third degree
regression with the thermal band’s wavelength as well discussed in Yu et al. (2014). Those atmospheric functions 1, v
and 3 are unit-less and derived from water vapor content available in atmospheric water column using MODTRAN
model.



4. RESULTS AND DISCUSSIONS

Figure 3 depicted the NDVI image generated using Landsat 8 OLI data of the study area acquired on 10" December
2014. Here, the maximum and the minimum NDVI was 0.79 and -0.59, respectively. Higher value of NDVI shows the
more dense vegetation (forest/orchard) while lower value shows the water bodies. Mean NDVI1 of crop, fallow, orchad,
forest, wateland and urban were 0.39, 0.08, 0.43, 0.43, 0.1 and 0.09, respectively.
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Figure 3: NDVI map generated from Landsat 8 OLI data acquired on 10" December 2014.

LST image defines the skin temperature of surface which can be formulated using various techniques, mentioned above.
In this study, RTE and SC algorithm was used for LST retrieval and a relationship was formulated between LST and
NDVI for both of the methods for Landsat 8 imagery acquired on 10™ December, 2014 (Fig. 4). Mean LST varied from
302.3°K to 276.5°K in RTE derived results whereas it varies from 307.7°K to 282.0°K is SC derived products for all
kind of LULC classes in the study area. The highest mean LST was analyzed for fallow land as 287.4°K and 293.1°K
while the lowest mean LST was analyzed for forest and orchard land as 285.7°K and 290.2°K derived from RTE and
SC method, respectively. Agriculture land had 286.8°K and 291.4°K LST resulting from RTE and SC algorithm.

Healthy vegetation represents vigor and greenness which can be directly correlated with NDVI as well as crop
conditioning. High values of NDVI are depicted the crop, orchard and forest as a result of high levels of green biomass
while low values of NDVI represents the bare soil and urban area. The scatter plot was generated between NDVI and
LST derived from both methods (Fig. 5). Here, LST had a significant negative correlation with NDVI (R? = 0.80 for
RTE method and R? = 0.84 for SC method) for agriculture land class. It means an area which has more vegetation are
having low temperature because available energy are portioning more towards evapotranspiration process, so that LST
will be lesser as compare low vegetation area. Scanty vegetation has also higher LST due to low NDVI value. The
strong negative correlation between NDVI and LST established in the present study is in agreement with previous
studies of Nemani and Running (1989), Sun and Kafatos (2007) and Yue et al. (2007).
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Figure 4: LST images derive from RTE and SC method from Landsat 8 TIR data.
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Figure 5: Scatter plot between LST and NDVI for (A.) RTE, (B.) SC.

5. CONCLUSIONS

The present study was discussed about two techniques: RTE and SC algorithm of LST retrieval. Mean LST varied from
302.3°K to 276.5°K and 307.7°K to 282.0°K, derived from RTE method and derived from SC method, respectively for
the study area. LST had a significant negative correlation with NDVI (R? = 0.80 for RTE method and R? = 0.84 for SC
method) for agriculture land class. Hence, SC algorithm derived LST was more associated with NDVI as compare to
RTE method. In LSE estimation, emissivity is crucial parameter which is varied with different land covers and always a

domain of research for better estimation of emissivity for all kind of land feathers.
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