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ABSTRACT

Indonesia possesses significant geothermal
potential due to its geographical location
situated among three active tectonic plates.
The vast geothermal potential has led to a
portion of it being underexploited due to the
difficulty in identifying the exact locations
field of geothermal potential. Hence,
exploration activities are required to discover
these potential geothermal sites without
direct field explorations. The geothermal
potential that needs further development lies
in the Gedongsongo area, District,
Semarang, Central Java, specifically on the
southern slopes of Mount Ungaran. This
research aims to map the surface temperature
and estimate geothermal potential areas in
the study area using Landsat 8 satellite image
data. The analysis of surface temperature
mapping can utilize remote sensing by
leveraging thermal images from satellite data
using the Normalized Difference Vegetation
Index (NDVI) method, Land Surface
Temperature (LST) method, and Fault
Fracture Density (FFD) method. The overlay
results of these three parameters produced a
geothermal potential map in the areas of
Candi Village and Kenteng Vilage,
indicating  several areas  predicting
geothermal potential. In Candi Village, three
potential geothermal areas were identified
with high and very high potential levels,
having a moderate lineament density ranging
from 1.07 to 1.8 km2, with ground surface

temperatures ranging from 21 to 26 °C. For
the potential areas in Kenteng Village, two
potential geothermal areas were found with
high and very high potential levels, showing
a density of 1.8 to 5.78 km2, and ground
surface temperatures ranging from 21 to 26
°C.

Keywords: Gedongsongo, remote sensing,
vegetation density, land surface temperature,
fracture density

INTRODUCTION

Indonesia has great geothermal potential
because of its geographic location between
three active tectonic plates, namely the
Eurasian plate, the Indo-Australian plate and
the Pacific plate. The impact of the meeting
of these three plates makes Indonesia one of
the regions with high geological activity in
the world [1]. Part of this potential comes
from the ring of fire that crosses Indonesia,
which is one of the potential geothermal
sources. Geothermal energy itself is heat
energy produced from within the earth.
Indonesia has geothermal potential reaching
40% of the total geothermal energy in the
world, or around 29,000 MW and Indonesia
is a country with very high volcanic potential
[2].

Based on data from the Geological Agency,
only 8.9% or 2,130.6 MW of geothermal
potential in Indonesia has been utilized and
there is still a lot of geothermal potential that
has not been utilized [3]. This is because
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exploration activities to find geothermal
potential locations are very difficult to carry
out in the field. Apart from that, equipment
costs are expensive and exploration activities
take a long time, so to optimize the
development and utilization of geothermal
energy, exploration activities are needed to
find geothermal potential location points
without carrying out exploration activities
directly in the field.

This geothermal manifestation has appeared
in various places, one of which is in
Gedongsongo in the Mount Ungaran area.
Gedongsongo Temple has geothermal
manifestations such as fumaroles, hot
springs, hot soil and altered rocks [4]. Mount
Ungaran was formed as a result of volcanic
tectonic movements in the northern part of
the North Serayu Mountains and has a height
of 2,050 meters above sea level. This area
needs to be developed further because it is a
geothermal prospect area with geothermal
potential of 50 Mwe [5].

Geothermal exploration activities that are
easy to carry out without having to come
directly to the research area are by using
remote sensing applications. Remote sensing
methods simplify exploration problems such
as time efficiency, economy and ease of
exploration locations. Remote sensing can
have the ability to provide important
information about various things, including
vegetation, lithology, geological orientation,
and changes in heat sources based on energy
absorption by rocks and the composition of
the earth's surface [6].

Remote sensing satellite data can be used to
identify land surface temperature, namely by
using Landsat 8 imagery. The data used for
the process of identifying land surface
temperature as a geothermal prospect zone
uses Landsat 8 satellite imagery, namely
vegetation density, land surface temperature
and lineament density. To identify LST, the
digital value is converted into a radian value,
then the radian value is converted into
temperature units which can provide more
specific information about land surface
temperature.

For this reason, satellite image data
processing can be used as initial data for
geothermal exploration by displaying the
condition of the earth's surface in various
types of views, conditions and scales.
Landsat satellite imagery can be used to map
and display geological, lithological and land
structures on the surface [7]. Therefore, this
research was conducted to map land surface
temperatures to determine the existence of
geothermal  prospect  zones  around
Gedongsongo which were measured using
Landsat 8 imagery. This research can help
identify large areas, at affordable costs, and
requires a relatively short time to develop
geothermal resources.

LITERATURE REVIEW

Remote Sensing

Remote sensing refers to scientific methods
and scientific analysis techniques that allow
users to obtain data information about objects
on the earth's surface without having direct
interaction with the object being observed
[8].

The remote sensing system mechanism
begins by recording the appearance of the
earth's surface by analyzing electromagnetic
radiation. When an object emits energy, the
sensor  will collect  and record
electromagnetic radiation at a long distance
without touching the object. The sensor will
record, then the information will be sent and
processed into digital image data [9].

Landsat 8 image

Landsat or better known as land satellite is
an example of the first remote sensing
satellite launched by NASA in the United
States in 1972 with the name ERTS-1 (Earth
Resources Technology Satellite-1). Landsat
is divided into two, namely the first
generation (experimental) which includes
Landsat 1-3 and the second generation
(operational) which includes Landasat 4-8
[10].

Landsat 8 has the ability to record images at
various spatial resolutions. Landsat 8 uses
two passive sensors, namely: OLI and TIRS
[11]. Landsat 8 with 11 bands makes it
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capable of collecting 400 image scenes in
one day of recording. This makes Landsat 8
have 150 times more than Landsat 7 which
only has 7 bands [12]. When analyzing
Landsat image data, each band must be
combined to obtain an image representation
that meets the analysis objectives.

Normalized Difference Vegetation Index
(NDVI)

Vegetation density is a parameter that is
widely used to visualize the level of health,
vegetation density and greenness. Vegetation
density is a value that can be calculated by
comparing the brightness of band 4 (red
band) and band 5 (near infrared band). The

NDVI value is determined using the
following equation [2].
__ (NIR-RED)
NDVI = (NIR+RED) ()

where, the RED value is red bands 4 and NIR
is near infrared band 5. Vegetation density
has an NDVI1 value range of -1 to 1, a value
of -1 indicates a classification of very low
density and an NDVI value of 1 indicates it
is classified as a high level of vegetation
density.

Land Surface Temperature (LST)

Land surface temperature is a condition that
is controlled by the balance of energy,
thermal  properties, and atmospheric
conditions at the surface [13]. Surface
temperature calculations utilize radiation
temperature value data obtained from
satellite reflectance at band 10 and band 11
from the TIRS sensor for Landsat 8 imagery.
To convert digital values from band 10 into
spectral radiance ( L;), the equation used is
as follows: [14].

Ly=M,x)+4, (2
in the equation, L,represents reflectance,

while M; namely radiance or reflectance
multiplicative band x, where x is the band

namely the digital number value. Then the
reflectance value is converted to the
Brightness Temperature equation.
Calculation of the Brightness Temperature
value uses the following equation [15].

K>

Ky
In<L1+1)

BT = - 273 ©)

where, BT is brightness temperature (K),
Lynamely To A spectral radiance (Watt/m?
srad um), K;,K, that is conversion constant
in the thermal band.

The average emissivity of the earth's surface
is calculated based on the NDVI value. After
that, the vegetation fraction or PV value can
be calculated using the following equation
[16].

(NDVI-NDVIpin) ] @)
(NDVImais+NDVImin)

PV =|

where, PV is the value of proportion of
vegetation, NDVI is the NDVI1 value at each
pixel, NDVI,;, namely minimum NDVI
value, NDV I, 415 1S maximum NDVI value.
The NDVI value is very responsive to
vegetation conditions, therefore, identifying
these conditions can be estimated using
equation 2.4, expressed as follows [17].

LSE=mXPV+n (5)

where, LSE is Land Surface Emissivity, PV
is proportion of vegetation, m is a constant
value of the standard deviation of surface
emissivity (0.004), where n the vegetation
emissivity value is reduced m(0.986).

Then, find the Land Surface Temperature
(LST) value using the following equation
[16].

BT

BT = sy ©

Where, LST is Land Surface Temperature
(°C), is pPlanck’s constant (1.438 x 10 2 mK
), BT is Brightness temperature (K), LSE is

number, A, namely radiance or reflectance | and Surface Emission. and 1is the
add band x, where x is the band number, Q.4
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wavelength of radiation emitted in the radian
band ( um).

Geological Lineaments

Straightness or Lineament is the proximity of
a surface line pattern that can be
distinguished and mapped and reflects
subsurface conditions [18]. The
morphological impression on the lineaments
visible on the earth's surface is caused by the
influence of geographic forces from within
the earth. The morphological expression
recorded by images is an orientation in
remote sensing [19].

One way to identify geological structures is
to carry out lineament density analysis.

Lineament maps provide information on
fault and fracture density anomalies. The
greater the level of density of the structure,
the greater the level of permeability.
Therefore, areas with high lineament density
anomalies have the best permeability [20].

MATERIALS & METHODS

This research took the study area of Candi
Village, Bandungan District, Semarang,
Central Java, which has geothermal
manifestations, namely hot springs and
fumaroles. The data sources used are Landsat
8 data which can be accessed on the USGS
(United State Geological Survey) website,
and DEMNAS data on the BIG website. The
research location can be seen in Figure 1.

MAP OF RESEARCH LOCATION IN
THE GEDONGSONGO AREA
SEMARANG DISTRICT

LEGEND

—— Village Boundaries
Bridges
Local Road

e River

Source :
1 Geospatial Information Agency
2. Google Eartn

3 Langsat &

Map Coordinate System

Projection Transverse Mercator

Grid System Unworsal Transvorse Mercator
Datum WGS 1984 Zone 49 S

INSET

““Kf%’f‘f\ﬂﬁ
S ;W
Ai}“*i

A ? 02 04 08

Figure 1. Map of Research Area

1. Stages of Research Implementation
Some of the steps used in this research
include:

a. Study of literature

The process of searching for reference
information and reviewing theories related to
the research subject to be carried out. The
aim of this literature study is to obtain
information to strengthen the problem being
studied and provide a theoretical basis for
further research.

b. Data collection

Downloading Landsat-8 imagery is done via
the official USGS website. The downloaded
image is selected based on path/row
recording time, and image brightness quality
that is appropriate to the research area.
Download DEM data via the official BIG
website.
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c. Data Pre-Processing

The data pre-processing stage is carried out
by radiometric correction of satellite image
data and image cropping.

i. Radiometric Correction

Radiometric  correction  functions to
eliminate radiometric errors in the image and
improve the overall quality of the image.
Additionally, radiometric correction is also
useful in multitemporal and multisensor data
analysis for interpretation as well as
continuous change detection [21]. In image
processing, radiometric correction converts
data from digital number (DN) format to
radians, then convert it into a reflectance
value, except for the thermal band which is
converted into a brightness temperature
value (BT) [22].

ii. Image Cropping

Image cropping is done to obtain an image
that only covers the research area. The goal
is to reduce the time and resources required
to carry out the analysis process. Image
cutting process with reference to the
administrative boundaries of Semarang
Regency taken from the RBI map in Shp
(shapefile) format with a scale of 1:25,000.
Image cropping can be done using image
processing software.

d. Data processing

The data processing stages are carried out
after obtaining all the necessary data. The
research data that has been downloaded is
then processed using ArcGis software to
determine ground surface temperature and
lineament density.

i. Land Surface Temperature

The purpose of this data processing process
is to extract LST (Land Surface
Temperature) values in the research area.

ii. TOA Radiance Value

Radiance value is important in satellite image
analysis because it can be used to calculate
various parameters, one of which is land
surface temperature.

iii. Brightness Temperature Value
Brightness Temperature used to measure the
temperature of objects or the earth's surface
at the time satellite images are recorded,
which is called potential temperature.

However, this potential temperature is not
always the same as the actual temperature
when the measurement is taken, because the
temperature can change over time and
depends on various factors such as the time
of shooting, weather conditions, and so on.
iv. Normalized Difference Vegetation Index
value

The NDVI algorithm is used to obtain
vegetation density values in an area. This is
done by comparing the near infrared
reflectance (NIR) value from band 5 and the
red reflectance (Red) from band 4 in satellite
images, where areas with healthy vegetation
have higher NDVI values.

v. Emissivity Value

The nature of the material, surface texture,
surface condition, temperature, and other
factors greatly influence the emissivity value
of an object. In analyzing the earth's surface
temperature using remote sensing data,
emissivity is an important component in
converting the thermal radiation value
received by the sensor into temperature.

vi. Land Surface Temperature (LST) Value
The LST value is obtained if the Brightness
Temperature value and emissivity value have
been obtained. After the LST value is known,
continue to create a land surface temperature
map based on the LST value obtained from
the extraction process from previous image
processing.

2. Lineament Density Data Processing
Data processing uses DEMNAS data to
obtain lineament extraction using software
Global Mapper 23 and ArcGIS 10.8. The
fault fracture density (FFD) method is used
to determine geothermal areas based on
lineament density. Lineaments here are
considered as weak planes associated with
faults and cracks in reservoirs that appear on
the surface in the form of manifestations such
as fumaroles or hot springs. The analysis
results are in the form of a lineament density
map.

This method produces lineaments that are
related to the structure and reflection of
topographic features such as the straightness
of rivers, valleys, faults and fractures, as well
as the emergence of geothermal
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manifestations [23].

The parameters of lineament density, land
surface temperature, and vegetation density
are overlaid to map the geothermal heat of

the Gedongsongo area. This is done using
scoring and weighting which can be shown

in Table 1.

Table 1. Scores and Weighting [24]

Parameter

Clasification

[72)
Q
o
=
@

Weight

No Vegetation

Very Low Density Vegetation

Mormalized Dence Vegetation Index (NDVI)

Low Density Vegetation

Moderately Density Vegetation

Highly Density Vegetation

20%

9-14°C

14-17°C

Land Surface Temperature

17-19°C

19-21°C

21-26 °C

40%

Dense of Lineament

Very Low

Low

Moderate

High

QB (WIN|RP(ARIWIN PPN (W| (0

Very High

40%

1. Data analysis method

Data analysis was obtained from the results
of data processing consisting of land surface
temperature maps, vegetation density maps,
and lineament density maps. This data
analysis was carried out to identify
vegetation density maps, land surface
temperature maps, and lineament density
maps through an image interpretation
process to see color changes. The results of
overlaying vegetation density maps, land
surface temperature maps, and lineament
density maps, were then analyzed and
mapped to obtain information on the level of
geothermal potential in the research area.
Furthermore, information about the level of
geothermal potential in the research area is

presented in the form of reports and maps
that explain in detail the results of the
analysis.

RESULT AND DISCUSSION
1. Analysis Normalized

Vegetation Index (NDVI)
Based on the density of vegetation in the
research area shown by the NDVI map
(Figure 2), the maximum NDVI value was
obtained, namely 0.61 and the minimum
NDVI value was -0.0003. NDVI value is
positive (+) indicating the area has
vegetation, while the NDVI value is negative
(-) indicating the research area has surface
water or clouds [25] .

Difference

MAP OF NORMALIZED DIFFERENCE
VEGETATION INDEX AROUND
GEDONGSONGO- SEMARANG DISTRICT

LEGEND

village boundaries
Normalized Difference Vegetation Index
B o vesetstion
P veryLow Density-Vegetation
Low Density-Vegetation
I voderatly Density-Vegetation

I iy Density-Vegetation

Figure 2. Vegetation Density Map
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The results of NDVI image processing
produce information about the density
distribution. In the processing results,
various different color classifications are
shown based on the level of vegetation in the
study area. These colors are caused by
reflectance from vegetation imaging in the
study area. Areas with high vegetation
density usually have low surface
temperatures, and vice versa. This is assumed
to be because the tendency for temperatures
to decrease is influenced by low vegetation
density. Vegetation density can be indicated
as one of the potential factors for geothermal
manifestations below the surface. Vegetation
with high density has lower geothermal
potential than vegetation with low density
[26].

2. Analysis Land Surface Temperature

(LST)

Land Surface Temperature (LST) is the
average surface temperature of an object as
an initial exploration to identify any
anomalies in the research area, where high
land surface temperatures can be used as a
reference in detecting geothermal potential to
determine the existence of geothermal

potential. because land surface temperature is
related to subsurface geothermal sources.
Surface temperatures in the study area range
from 9°C to 2 6°C and in the Gedongsongo
hot springs area the surface temperature is
14°C to 17°C. In Figure 3 LST map, various
different color classifications are shown
based on surface temperature levels in the
study area.

According to the results of Landsat 8 image
data processing, it can be seen that the
distribution of land surface temperatures in
most of the study area ranges from 19°C to
21°C, with low temperatures of 9°C to 17°C
thought to be caused by cloud cover. The
highest temperature found at several points in
the study area was 21°C to 26°C, it is
estimated that this area is a residential area or
an area related to geothermal system activity.
Ground surface temperature is higher in an
area, then in that area it is suspected that there
is a geothermal anomaly [27]. Subsurface
geothermal manifestations can indicate the
presence of geothermal anomalies that can
affect the surface temperature of the land in
the area. With geothermal manifestations in
the research area, a review can be carried out
to determine geothermal potential.

MAP OF LAND SURFACE TEMPERATURE
AROUND GEDONGSONGO
SEMARANG DISTRICT

LEGEND

village boundaries

Land Surface Temperture Value

Figure 3. Land Surface Temperature Map

3. Lineament Density Analysis
Lineaments are formed as a result of
geological processes recorded by remote

sensing images. The results of DEMNAS
data processing determine the lineament
density which correlates the density level of
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geological structures with the density and
permeability levels of the research area.
After interpretation, a lineament density map
or FFD was created which is shown in
Figure 4. The research results show the
lowest value is 0 - 0.4 km/km 2 and the
highest value is 2.96 - 5.78 km/km?. High
lineament density values are distributed in
the east and west, while low lineament
density values are distributed in the
northwest and southeast. A high lineament
density value indicates that the area has good
permeability.

Straightness is a surface topographic
characteristic that indicates the presence of
weak zones [28]. Map straightness density
shown in Figure 4. The trend of lineament
orientation in this area has a northeast —
southwest orientation. Straightness controls
the density level in the research area. The
tighter the alignment, the better density value
is also greater, which means the permeability
level of the area is also greater. To determine
the weakest zone as a geothermal
manifestation, lineament density mapping is
used to indicate the permeable zone in the
research area [29].
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Figure 4. Lineament Density Map

5. Geothermal Potential Mapping

This research carried out geothermal
mapping using Landsat 8 image data in the
Gedongsongo area. Gedongsongo's

geothermal potential can be exploited further
because it is located on the slopes of Mount
Ungaran, where manifestations in the form of
fumaroles, hot springs and alteration rocks
are often found around the Gedongsongo
area.

Geothermal manifestations occur on the
ground surface as indicated by signs of

geothermal activity below the surface.
Geothermal detection mapping is obtained
from the overlay of NDVI, LST and
lineament density parameters for initial
detection of geothermal presence in the
research area using scoring and weighting
techniques [26].

Determining geothermal potential areas uses
parameters such as density, permeability,
LST value, NDVI value and the presence of
manifestations. NDVI values have a good
correlation with LST values.
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Figure 5. Geothermal Potential Map

In Figure 5, the area with hot springs is
located at the top of Candi Village, where
this area has a high level of geothermal
potential. The vegetation density in this area
is included in the non-vegetation density with
a ground surface temperature ranging from
14 - 17 °C, which indicates that the area has
a low ground surface temperature
classification. This happens because the
density of vegetation in the area can be in the
form of water, residential areas, open empty
land or areas with damaged vegetation
conditions. This area also has a high
lineament density, which ranges from 1.8 —
2.96 per km?, which indicates that in this area
there is good permeability because the
lineaments control the density level in the
study area, so the tighter the straightness,
then the density value is also greater, which
means the permeability level of the area is
also greater.

Based on the map analysis carried out in
Figure 5, there are similarities between
geothermal potential areas and the potential
results from Saraswati's research in
2019[30]. In this research, geothermal
potential areas were found in Gedongsongo,
namely in Kenteng Village and Candi
Village. Based on the geothermal potential
areas which can be seen in Figure 5, the
Candi Village and Kenteng Village areas
have several areas that have high and very
high levels of potential.

There is an estimate of the geothermal
potential area in Candi Village which has
three geothermal potential areas with high
and very high potential levels which have a
moderate lineament density value of 1.07 —
1.8 km?, with a ground surface temperature
of 21-26 °C. For the potential area in Kenteng
Village, there are two geothermal potential
areas with high and very high potential levels
which have a density value of 1.8-5.78 km?,
with a ground surface temperature of 21-26
°C. According to research by Saraswati
(2019)[30], an energy calculation of 81,604
MW was obtained, where this value will later
be subtracted from the total estimated
geothermal energy from potential areas with
non-potential areas so that the energy vyield
obtained in Candi Village and Kenteng
Village is 25,059 MW.

CONCLUSION

1. Mapping of land surface temperatures in
the area around Gedongsongo is spread
across most of the study area, ranging
from 19°C to 21°C, with low temperatures
of 9°C to 17°C thought to be caused by
cloud cover. The highest temperature
found at several points in the study area
was 21°C to 26°C, it is estimated that this
area is a residential area or an area related
to geothermal system activity.

2. The results of the geothermal potential
map based on vegetation density, ground
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