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ABSTRACT  

Geothermal energy is a renewable energy resource that environmentally friendly and derived from natural processes. Based on data 

from the KESDM in 2020 the geothermal potential in Indonesia is 23,765.5 Mwe and 2,175.7 Mwe has been utilized or 9% of the total 

potential. Therefore, the potential for geothermal energy needs to be carried out through the development of geothermal exploration, one 

of them using remote sensing technology. Remote sensing is a technique to collect information about an object and its environment over 

a long distance without physical touch. Remote sensing techniques used in this research are Land Surface Temperature (LST) and 
Normalized Difference Vegetation Index (NDVI) methods. This method can be an alternative to identify the presence of geothermal 

energy in geothermal exploration and can help to confront exploration challenges in terms of time effectiveness, economic, and 

accessibility to exploration locations. The research location at Toro, Central Sulawesi Province. According to KESDM data from 2017, 

manifestations of Toro hot springs have temperatures ranging from 25－60°C. This study aims to identify the relationship between LST 

and NDVI to Toro hot springs. In conducting LST and NDVI analysis, Landsat 8 OLI/TIRS data was used to determine the distribution 
pattern of surface temperature and the level of vegetation density in the study area. The results of LST and NDVI analysis at the Toro 

hot spring point show a temperature of 23－25°C and high vegetation density conditions with a value of 0.35－0.602691. The 

relationship between LST and NDVI is inversely proportional, so that high vegetation conditions can affect the identification process of 

geothermal conditions because high vegetation absorbs heat energy released by geothermal surface features and causes lower surface 

temperature recording. Therefore, the surface temperature of the Toro hot springs recorded by satellite through the LST method only 

approaches the minimum temperature value from the 2017 KESDM data.  

1. INTRODUCTION  

Along with time, Indonesia's population growth will continue to grow, this will have an impact on energy needs to support daily human 

life and activities (Pusat Data dan Teknologi Informasi KESDM, 2017). According to Pertamina Geothermal Energy (2011), energy 
needs are increasing every year, but this is inversely proportional to the decreasing availability of fossil energy because t he energy is 

included in the category of non－renewable energy. Renewable energy is the right option to replace fossil energy in sustainable energy 

development. Renewable energy is environmentally friendly energy that comes from sustainable natural processes such as geothermal, 

sunlight, wind, water, and biofuels (Media Komunikasi KESDM, 2016). Indonesia has one of the renewable energy potentials with the 

type of geothermal. This is supported by the geographical location of Indonesia, which is located at 3 confluences between active 
tectonic plates, namely the Indo－Australian Plate, the Eurasian Plate, and the Pacific Plate. The meeting of the 3 plates causes the 

formation of many volcanoes in Indonesia which can act as a source of geothermal energy. (Hadiwijoyo, 2011). The geothermal 

potential in Indonesia is 23,765.5 MWe and 2,175.7 MWe has been utilized or 9% of the total potential (KESDM, 2021) 

In carrying out geothermal exploration activities, of course, it will require large costs, a very long time, as well as some accessibility that 

may be difficult to reach. Therefore, a comprehensive survey is needed in order to facilitate the initial analysis in conducting the  
exploration. Remote sensing is a technology or method that is useful for obtaining information from an object and so on without 

touching it directly (Lillesand et al., 2004). The remote sensing technique used in this research is the Land Surface Temperat ure (LST) 

and Normalized Difference Vegetation Index (NDVI) methods. This method can be an alternative to identify the presence of geothermal 

energy in geothermal exploration and help face exploration challenges in terms of time effectiveness, economy and accessibility to 

exploration locations. 

One of the locations in Indonesia that has geothermal potential is Toro, Central Sulawesi. This location has geothermal potential in the 

form of a hypothetical type of 8 MWe and geothermal manifestations in the form of Toro Hot Springs with a temperature of 25－60 °C 

(Direktorat Panas Bumi KESDM, 2017). This study aims to identify the relationship between LST and NDVI to Toro hot springs. In 

conducting the LST and NDVI analysis, Landsat 8 OLI/TIRS data was used to determine the distribution pattern of surface temperature 

and the level of vegetation density in the study area. 

mailto:kamilarisma24@gmail.com


Syawalina et al. 

2 

 

2. DATA AND METHOD 

2.1 Data 

Subsection headings should be capitalized on the first letter The research method used is the study of literature and data processing 

consisting of Pre－Processing, Processing, and Map－making. The data used in this study is the type of Landsat 8 satellite imagery data 

obtained via USGS which is on path 114 and row 061. The satellite image data was recorded on October 21, 2019 with data collection 

time at 02:09:50. The data has a solar azimuth value of 112.45°, a solar elevation of 65.22°, and a cloud cover of 7.02%. However, the 
surface condition of the research area is in very low cloud cover. In addition to Landsat 8 satellite imagery data, data from DEM Toro, 

Central Sulawesi is also used. 

2.2 Method  

2.1.1 Pre－Processing 

In the pre－processing stage, radiometric corrections were made to the Landsat 8 satellite image data as the research data. The purpose 
of making radiometric corrections is to correct and minimize surface reflection errors, sunlight direction, weather conditions, 

atmospheric disturbances and other factors that occur when recording satellite image data, so that the resulting information becomes  

more accurate (Ekadinata et al., 2008;  Main et al., 2011). Another use of the correction is to analyze multi－temporal and 

multi－sensory data in interpreting and detecting continuous changes (Kustiyo et al., 2014). To obtain the calculation of the radiometric 

correction can be done with the equation of the algorithm, as follows:  

Lλ = ML * QCal + AL ………………………………….. 1 

Description : 

Lλ  = ToA radiance (Watt/m2.srad.μm) 

ML  = Gain sensor (Radian Multi_ Band x, where x is the band number (obtained from Landsat 8 metadata) 

Qcal  = Quantized and calibrated standard product (DN) pixel value 

AL = Band－specific additive scaling factor of metadata (Radiance_Add_Band_x, where x is the band number (obtained from Landsat 8 

metadata) 

2.1.1 Processing 

At the processing stage, processing of Landsat 8 satellite image data is used as research data to obtain information about the distribution 

of Normalized Density Vegetation Index (NDVI) and Land Surface Temperature (LST) values from the research area. 

Normalized Difference Vegetation Index (NDVI) 

According to Hung (2000), the Normalized Difference Vegetation Index (NDVI) is a standard which is able to compare satellite images  

with a density, biomass, and greenness level. The NDVI value is based on the difference between the maximum absorption of radiation 

in the RED channel and the maximum reflectance in the NIR channel. In Landsat 8 imagery, RED is in band 4 which is the result of 

chlorophyll pigment and NIR is in band 5 which is the result of the effect of leaf cellular structure (Tucker, 1979). To obtain the results 

of the NDVI calculation, it can be done with an algorithm equation, as follows: 

NDVI = (RNIR － RR) / (RNIR + RR).................................2 

Description : 

NDVI  = Vegetation index value 

RNIR  = Infrared light radiation from pixels (obtained from band 5) 

RR  = Red light radiation from pixels (obtained from band 4) 

In analyzing the NDVI of a research area, the classification from Wahyunto (2006) is used, as follows: 

Table 1: NDVI classification (Wahyunto, 2006) 

NDVI Value Description 

1 <NDVI< -0.03 Non-vegetation land 

-0.03 <NDVI< 0.15 Very low vegetation land 

0.15 <NDVI< 0.25 Low vegetation land 
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0.25 <NDVI< 0.35 Medium vegetation land 

0.35 <NDVI< 1 High vegetation land 

Land Surface Temperature (LST) 

Land Surface Temperature (LST) is a condition that is influenced by the balance of the atmosphere, surface energy, thermal properties 

of the surface, and subsurface media, as well as the average surface temperature of a surface described in the coverage of a pixel w ith 

various types of surface types. different (Becker and Li, 1990; Faridah and Krisbiantoro, 2014). 

In obtaining the Land Surface Temperature (LST) distribution in the research area, it is necessary to first calculate the Normalized 

Difference Vegetation Index (NDVI), Proportion of Vegetation (PV), Emissivity (ɛ), Brightness Temperature (BT).  

The first step is to calculate NDVI using parameters in the form of values from the Landsat 8 image, namely band 4 and band 5, as  

follows the equation for the NDVI calculation algorithm: 

        NDVI = (RNIR - RR) / (RNIR + RR)................…….…3 

Description : 

NDVI  = Vegetation index value 

RNIR = Infrared light radiation from pixels (obtained from band 5) 

RR  = Red light radiation from pixels (obtained from band 4) 

After processing the data with the NDVI calculation, then the calculation of the Proportion of Vegetation (PV) is carried out  because it 
is to find out a percentage condition of the vertical projection on vegetated land cover in an area (Ramadhan et al., 2021). To obtain the 

results of the PV calculation, it can be done by using the algorithm equation, as follows: 

      PV = (NDVI-NDVImin) / (NDVImax-NDVImin)...............4 

Description : 

NDVI  = NDVI value (Value : -1 < NDVI < 1) 

NDVImin  = Smallest NDVI value 

NDVImax  = Highest NDVI value 

The PV results that have been obtained are used in calculating the Emissivity (ɛ) value. Data processing in obtaining Emissivity (ɛ) is 

useful for minimizing errors in estimating an LST condition with Landsat 8 images used (Ramadhan et al., 2021). 

 ɛ = 0.004 * PV + 0.986…………..…………...……….….5 

Description : 

Ɛ = Emissivity 

0.004  = Average value of emissivity in the dense category 

0.986 = Standard value of open land emissivity  

Then, after the Emissivity (ɛ) calculation results are obtained, it is  necessary to calculate the Brightness Temperature (BT)  value which 
has been corrected previously, because it is electromagnetic wave radiation detected by the thermal sensor from the satellite (Ramadhan 

et al., 2021). For the calculation of Brightness Temperature (BT) can be done using the equation of the algorithm, as follows: 

BT = K2/ln(K1/Lλ+1).................................……….…....6 

Description : 

BT  = Satellite temperature brightness (Kelvin). 

K1  = Constants contained in the metadata band (W/(m2.sr.μm). 

K2  = Constants contained in the metadata band (Kelvin). 
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Lλ  = ToA radiance (Watt/m2.srad.μm). 

Next, an LST calculation is carried out using parameters from the identification of Landsat 8 satellite imagery, namely band 10 and 

band 11. To obtain an LST calculation, it can be done using the following algorithm: 

LST = (BT/ 1 + (λBT/(hc/σ) lnɛ) - 273…………….………..7 

Description : 

LST  = Surface temperature (Celsius). 

BT  = Satellite temperature brightness (Kelvin). 

λ  = Wavelength of radiation (11.5 m). 

h  = Planck's constant (-6.626*10-34 Js). 

c  = Speed  of light (-2,998*108 m/s). 

σ  = Boltzmann's constant (-1.38*10 23 J/K). 

ɛ  = Emissivity. 

－273  = Convert temperature from Kelvin to Celsius 

3. RESULTS AND DISCUSSION 

From the results of the analysis through literature studies and data processing that has been carried out, the results obtained are 

Normalized Difference Vegetation Index (NDVI), Land Surface Temperature (LST) maps. These results will be discussed regarding the 

relationship between NDVI and LST to a geothermal manifestation, namely the Toro Hot Springs (APT).  

3.1 Normalized Difference Vegetation Index (NDVI)  

From the results of the Normalized Difference Vegetation Index (NDVI) analysis of the research area, it can be found that the NDVI 

range value is between 0.00823204－0.602691. The vegetation density level of the research area based on  Wahyunto's (2006) 

classification is dominated by high vegetation density, followed by low vegetation, medium vegetation, and non-vegetated land. So it 

can be observed in Figure 1, that the closer the vegetation index value is to 1, the denser the vegetation level will be and vice versa. 
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Based on the map in Figure 1, the Toro Hot Springs (APT) is located in the research area with high vegetation type conditions . 

 

Figure 1: Normalized Difference Vegetation Index (NDVI) Map of Toro, Central Sulawesi. 

3.2 Land Surface Temperature (LST) 

From the results of the analysis through the literature study and data processing that has been carried out, the LST  map (figure 2) is  

obtained which represents the temperature level of the research area with temperature values ranging from 17.3738－27.2241°C. With 

the LST method, it can be seen that the surface temperature distribution of the research area is associated with geothermal 

manifestations such as the Toro Hot Spring which is at a temperature of 23－25°C. The higher the temperature on a surface, the more 

likely an area has geothermal potential (Zhang, 2012). 



Syawalina et al. 

6 

 

 

Figure 2: Map of Land Surface Temperature (LST) Toro, Central Sulawesi. 

3.3 Relationship Between LST (°C) and NDVI 

From the results of the correlation between LST and NDVI, that the relationship between LST and NDVI is almost close to negative 

linear regression, where if observed in table 1, information is obtained on LST conditions in the research area with NDVI in the range of 

0.35－1 at a temperature of 15－23 °C and The NDVI range below 0.35 is at a temperature of 23－27°C. So, if in an area the vegetation 

level is higher, the temperature will decrease (Maharani et al., 2021). 

 

 

Figure 3: Correlation between LST (°C) and NDVI in the research area (Toro, Central Sulawesi). 
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3.4  Relationship Between Toro Hot Springs (°C), LST (°C) and NDVI 

It can be observed in Figures 1 and 2 the location of the manifestation point is in high vegetation conditions with a temperature range of 

23－25°C. However, if it is associated with data from ESDM (2017), the temperature conditions of Toro Hot Springs have a range of 

25－60°C. From this, it is found that high vegetation conditions can affect the identification process of geothermal conditions because 

tall vegetation absorbs heat energy released by geothermal surface features and causes lower surface temperature recording. 

 

Figure 4: Correlation between Toro Hot Springs (°C) , LST (°C) and NDVI in the research area (Toro, Central Sulawesi). 

4. CONCLUSION 

From the results of LST and NDVI analysis at the Toro hot spring point show a temperature of 23－25°C and high vegetation density 

conditions with a value of 0.35－ ̶0.602691. The relationship between LST and NDVI is inversely proportional, so that high vegetation 

conditions can affect the identification process of geothermal conditions because high vegetation absorbs heat energy released by 

geothermal surface features and causes lower surface temperature recording. Therefore, the surface temperature of the Toro hot springs 

recorded by satellite through the LST method only approaches the minimum temperature value from the 2017 KESDM data. 

REFERENCES  

Becker, F., and Li, Z.L.: Temperature－Independent Spectral Indices in Thermal Infrared Bands, Remote Sensing of Environment,  

32, (1990), 17－33. 

Direktorat Panas Bumi KESDM.: Potensi Panas Bumi Indonesia Jilid 2, Kementerian Energi dan Sumber Daya Mineral Jakarta,  

(2017). 

Ekadinata, A., Dewi, S., Hadi, D., Nugroho, D., and Johana, F.: Sistem Informasi Geografis Untuk Pengelolaan Bentang Lahan  

Berbasis Sumber Daya Alam, Yudhistira, Bogor, (2008). 

Faridah, S. A. N., and Krisbiantoro, A.: Analisis Distribusi Temperatur Permukaan Tanah Wilayah Potensi Panas Bumi  

Menggunakan Teknik Penginderaan Jauh di Gunung Lamongan, Tiris－Probolinggo, Jawa Timur, Berkala Fisika, 17(2),  

(2014), 67－72. 

Verma, A., and Pruess, K.: Enhancement of Steam Phase Relative Permeability Due to Phase Transformation Effects in Porous Media, 

Proceedings, 11th Workshop on Geothermal Reservoir Engineering, Stanford University, Stanford, CA (1986).  

Hadiwijoyo, R. (2011). Geothermal A Green Solution, Jakarta Post,  

https://www.thejakartapost.com/news/2011/01/26/geothermal-a-green-solution.html. Retrieved January 1, 2022. 

Hung, T : MODIS Application in Monitoring Surface Parameters. Institute of Industrial Science, University of Tokyo,  

Tokyo, (2000). 

https://www.thejakartapost.com/news/2011/01/26/geothermal-a-green-solution.html


Syawalina et al. 

8 

 

KESDM, 2021, Siaran Pers – Badan Geologi Kementerian ESDM dan PT Geo Dipa Energi (Persero) Tandatangani Nota  

Kesepahaman Terkait Panas Bumi. Available  

https://ebtke.esdm.go.id/post/2021/08/31/2948/badan.geologi.kementerian.esdm.dan.pt .geo.dipa.energi.persero.tandatangani.nota.

kesepahaman.terkait.panas.bumi, Retrieved January 1, 2022. 

Kustiyo, Dewanti R, and Lolitasari, I.: Pengembangan Metoda Koreksi Radiometrik Citra SPOT 4 Multi－Spektral dan Multi－ 

Temporal Untuk Mosaik Citra. Pusat Teknologi dan Data Penginderaan Jauh, LAPAN, Indonesia, (2014). 

Lillesand, T. M., Kiefer, R. W., and Chipman, J. W.: Remote Sensing and Image Interpretation, John Wiley and Sons, (2004). 

Maharani,  A., Salsanur,  V.,  Hilal,  A.,  and  Aprilian,  Y.: Preliminary  Interpretation  for Geothermal  Potential  Area  Using   

DEM  And  Landsat  OLI  8  in  Mount  Endut.  Bulletin  of Scientific Contribution: Geology, 19(1), (2021), 35－46 

Main, R., Cho, M.A., Mathieu, R., O’Kennedy, M.M., Ramoelo, A., and Koch, S.: An Investigation Into Robust Spectral Indices  

for Leaf Chlorophyll Estimation. ISPRS Journal of Photogrammetry and Remote Sensing, 66, (2011): 751－761. 

Media Komunikasi KESDM.: Program Strategis EBTKE dan Ketenagalistrikan, Jurnal Energi Media Komunikasi Kementerian  

Energi dan Sumber Daya Mineral, (2016). 

Pertamina Geothermal Energi. (2013). Potensi Panas Bumi Indonesia Sangat Besar.  

https://www.scribd.com/document/193218581/3-Geothermal-PGE  , Retrieved January 1, 2022. 

Pusat Data dan Teknologi Informasi ESDM.: Kajian Penyediaan dan Pemanfaatan Migas, Batubara, EBT Dan Listrik, Pusat Data  

dan Teknologi Informasi Energi dan Sumber Daya Mineral Kementerian Energi dan Sumber Daya Mineral, Jakarta Barat,   

(2017). 

Ramadhan, R. F., and Saputra, R. A.: Identifikasi Area Prospek Panas Bumi Menggunakan Integrasi Citra Landsat 8 OLI/TIRS dan  

DEM: Studi Kasus Batu Bini, Kalimantan Selatan. Swara Patra, 11(2), (2021), 37－50. 

Tucker,  C.J.: Red  and  Photographic  Infrared Linear  Combinations  for  Monitoring  Vegetation. Remote  Sensing  of   

Environment,  8, (1979),  127–150. 

Wahyunto,  W.: Pendugaan  Produktivitas  Tanaman  Padi  Sawah  Melalui  Analisis  Citra Satelit, Informatika Pertanian,  

Departemen Pertanian, Bogor, (2006). 

Wang, C.T., and Horne, R.N.: Boiling Flow in a Horizontal Fracture, Geothermics, 29, (1999), 759－772.  

Zhang,  G.,  Dong,  J.,  Xiao,  X.,  Hu,  Z.,  and  Sheldon,  S.: Effectiveness  of  ecological  restoration projects in Horqin Sandy  

Land, China based on SPOT－VGT NDVI data. Ecological Engineering, 38(1),  (2012), 20－29. 

 

https://ebtke.esdm.go.id/post/2021/08/31/2948/badan.geologi.kementerian.esdm.dan.pt.geo.dipa.energi.persero.tandatangani.nota.kesepahaman.terkait.panas.bumi
https://ebtke.esdm.go.id/post/2021/08/31/2948/badan.geologi.kementerian.esdm.dan.pt.geo.dipa.energi.persero.tandatangani.nota.kesepahaman.terkait.panas.bumi
https://www.scribd.com/document/193218581/3-Geothermal-PGE

