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ABSTRACT: Land Surface Temperature (LST) is an essential climate parameter, related to
surface energy balance. The new instrument which was called Thermal Infrared Sensor
(TIRS) carried on board of the new generation of Landsat 8 captures the temperature of the
Earth’s surface in two bands, band 10 and band 11 with spatial resolution of 100m. The main
objective of this study was to develop a tool making the LST retrieval process quite simple
and automated. In this study, Radiative Transfer Equation (RTE) method has been employed
in ArcGIS Model Builder to retrieve LST from Landsat 8 satellite imagery. The user just
inputs required bands (Band4, Band5, and Band10) and a couple of parameters then the tool
outputs the final LST imagery automatically. The tool first makes the conversions to top of
atmosphere (TOA) radiance and reflectance. Then NDVI is calculated based on NIR and
RED bands reflectances. Land surface emissivity is calculated based on NDVI Thresholds
Method (NDVI-THM) which was developed by Sobrino et al. (2008). Finally, the tool
calculates land surface temperatures in degrees Celsius.
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OZET: Yer yiizey sicakhign (YYS) yiizey enerji dengesi agisindan cok oOnemli bir
parametredir. Termal sensore sahip olan yeni jenerasyon Landsat 8 uydusu diinyanin ylizey
sicakligint 100 m konumsal ¢oziiniirliige sahip termal iki bant (bant 10 ve bant 11) sayesinde
elde etmektedir. Bu ¢alismanin ana amaci YYS hesaplamasini kolay ve otomatik yapan bir
ara¢ gelistirmektir. Bu caligmada gelistirilen ara¢ Landsat 8 uydu goriintiisiinden YYS’ nin
hesaplanmasinda Radiative Transfer Equation (RTE) yontemini kullanilmistir. Kullanici
sadece bant 4, bant 5 ve bant 10 ile birka¢ parametre girdikten sonar YYS otomatik olarak
elde edilmektedir. Bu ara¢ dnce radyans ve yiizey yansimasi i¢in atmosfer iistii doniistimlerini
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yapmaktadir. Normalize edilmis vejetasyon indeksi (NDVI) kirmizi ve yakin kizilGtesi
natlarinin yiizey yansima degerleri kullanilarak hesaplanmistir. Sobrino et al. (2008)
tarafindan gelistirilen NDVI threshols yontemi kullanilarak yer yiizey yaymnirhigi
hesaplanmistir. Son olarak, gelistirilen ara¢ YY S’ n1 °C olarak hesaplamaktadir.

Anahtar Kelimeler: ArcGIS, Model Builder, CBS, NDVI, Yaymirlik

INTRODUCTION

Land surface temperature (LST) is one of the most important parameters in climate change,
evapotranspiration, urban climate, vegetation monitoring and environmental studies. LST can
be described as the temperature of the earth’s surface. As well known, it is not easy to
retrieve land surface temperature for large areas with the help of remote sensing (Li et al.
2013). Several methods have been developed till now but single-channel (SC), split-window
(SW) and radiative transfer equation (RTE) are the most popular methods among them. In the
last couple of decades, many studies have been carried out on thermal analysis using MODIS,
ASTER, Landsat TM/ETM and Landsat 8 data (Li et al 2013, Barsi et al 2003, Cristobal et al
2009, Jiménez-Mufioz, and Sobrino 2008, Jiménez-Mufioz et al 2009, Oguz 2013, Oguz
2015, Oguz 2016a, Oguz 2016b).

In this study, a tool developed by Oguz (2016) in ArcGIS Model Builder was used to
calculate LST from Landsat 8 satellite imagery using the RTE method. The tool requires
band4, band5, and band10 as input to compute the LST automatically.

MATERIALS AND METHODS
Input Data

Landsat 8 satellite imagery acquired on August 31st 2016 (path/row: 172/34) was used as
input data in this study. The temporal resolution of Landsat 8 is 16 days and can be
downloaded from USGS webpage for free (USGS 2016). The instrument has two sensors: the
operational land imager (OLI) and thermal infrared sensor (TIRS). OLI sensor has 9 bands
with 30m spatial resolution (except for panchromatic band) and the TIR sensor has two
thermal bands with 100m spatial resolution as illustrated in Table 1 below (LDUH 2016).
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Table 1 The band characteristics for Landsat 8

Band Number Band Width Description Resolution (m)
Band 1 0.435-0.451 Coastal/Aerosol 30
Band 2 0.452 - 0.512 Blue 30
Band 3 0.533-0.590 Green 30
Band 4 0.636 - 0.673 Red 30
Band 5 0.851 -0.879 NIR 30
Band 6 1.566 - 1.651 SWIR-1 30
Band 7 2.107 -2.294 SWIR-2 30
Band 8 0.503 - 0.676 Pan 15
Band 9 1.363-1.384 Cirrus 30
Band 10 10.60 - 11.19 TIR-1 100
Band 11 11.50-12.51 TIR-2 100
Study Area

Diyarbakir was selected as the study area in this research. Diyarbakir is located in the
southeastern part of Turkey and the second largest city after Gaziantep in the southeastern
Anatolia region. The city was founded on the banks of the Tigris River. Diyarbakir is also a
tourism destination. Diyarbakir!s city walls and archaeological excavations are of great
historical importance. The city has a population of about 1.6 million according to 2015
census. The climate in Diyarbakir is classified as continental, summers are very hot, but
winters are cool and rainy. The long term average annual temperature and precipitation were
15.8 °C and 490 mm respectively (TSMS 2016).

Landsat 8 scene with path/row: 172/34 acquired on 31st August 2016 was downloaded from
USGS (2016) website. Figures 1 below illustrates the location of the study area with Landsat

8 satellite imagery.
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Figure 1. Location map of the study area
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The Method

Since the RTE method was found as the most accurate method by (Yu et al 2014, it was
employed in this study.

Cn
I, = - (1)

&
5 | Lzen — 1, —tll — &,
TE

Aln

A

]+1

where Ts is the land surface temperature, A is the effective band wavelength, Isen is the
thermal radiance at sensor level, lu is the upwelling atmospheric radiance, Id is the down-
welling atmospheric radiance, t is the atmospheric transmissivity, € is the land surface
emissivity, and c1 and c2 are constants.

loen = [eBr, + (1= D)lglr+ 1, @
where B (T _s ) corresponds the radiance of plank’s law.

Land surface emissivity is calculated from Landsat 8 VNIR bands based on Fractional
Vegetation Cover (FVC) for a given pixel (Sobrino et al 2008).

NDVI — NDVI,
FVC = ] ?)

~ Inpvi,—NDVI,

where NDVIs and NDVIv correspond to NDVI values for bare soil and vegetation
respectively. Emissivity values were calculated based on FVVC value as follows:

FVC=0 £=0.979-0.04p, .4
0=FVC =1 £=0.971(1-FVC)+0.987 FVC
FvC=1 £=0.99

where p_red corresponds to reflectance in the red band (Skokovic et al 2014). The flow
diagram of the model is illustrated in Figure 2 below.
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Figure 2. Flow diagram of the model

RESULTS AND DISCUSSION

In this study, the tool developed by Oguz (2016) was employed in order to calculate LST
from Landsat 8 imagery automatically. The input menu interface of the tool is illustrated in
Figure 3 below.
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Figure 3. Input menu interface of the tool
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Landsat 8 scene with path/row: 172/34 acquired on 31st August 2016 was used for the
demonstration purposes. As shown in Figure 3 above, only three bands (band 4, band 5, and
band 10) are required to run the model successfully.

The final LST map of Landsat 8 scene is calculated automatically as illustrated in Figure 4
below after inputting required bands into the LST tool. 44 °C and 15 °C were found to be the
highest and lowest temperatures in the scene respectively. Northern part of the scene was
found to be the hottest part due to the bare land/rock formation, and southern part of the scene
was found to be the coolest due to the agricultural areas.
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Spatial Distribution of LST in Diyarbakir
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Figure 4. Spatial distribution of LST for the Landsat 8 scene

Afterwards, LST analysis for central district of Diyarbakir was carried out. The final LST
map for the central district of Diyarbakir was illustrated in Figure 5 below.
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Spatial Distribution of LST in Diyarbakir District
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Figure 5. Spatial distribution of LST in the central district of Diyarbakir

As seen in Figure 5 above, the hottest part of the district was found to be the rock formation
depicted as red color. Blue toned color represents agricultural land covered with green

vegetation and water surfaces.
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CONCLUSIONS

Land surface temperature is an important parameter in thermal studies. It is not easy to
calculate accurate LST in urban thermal environment. Thus, the RTE method has been used
in this study due to the high accuracy of the model compare to others. This tool automates the
LST calculation and might be helpful to people interested in thermal analysis.
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