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Abstract. Building damage caused by earthquakes is more prevalent in
the sedimentary areas of Yogyakarta City compared to the hilly regions
of Wonosari and Kulonprogo, which have harder soil layers. The
campus of Universitas Sarjanawiyata Tamansiswa (UST) is one of the
campuses located in Yogyakarta City, where the regional geology is
dominated by the Merapi Young Volcanic Deposits Formation. The UST
campus area is vulnerable to earthquakes due to its proximity to an
active seismic zone, making earthquake vulnerability mapping based
on microseismic data an important necessity to support disaster
mitigation efforts. The microseismic method was used in this study,
while data analysis employed the Horizontal-to-Vertical Spectral Ratio
(HVSR). Microseismic measurements were chosen because they have
the advantage of not damaging the surface conditions of the ground,
thus preserving the environment, and are easy to use in urban areas.
The research method stages include survey design, field data collection,
data processing and interpretation, and the creation of earthquake
vulnerability maps. Data points were collected from 7 locations
covering the Universitas Sarjanawiyata Tamansiswa campus area. The
research results indicate that the study area has a dominant frequency
value ranging from 1.10 to 2.74 Hz. Meanwhile, the amplification value
ranges from 1.25 to 2.2. The sediment thickness of the study area
ranges from 32 to 79 meters. The Seismic Vulnerability Index (Kg) of
the study area ranges from 0.57 to 4 on a low to high scale. Based on the
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dominant frequency values, amplification, and seismic vulnerability
index, the areas of the UST campus that are more vulnerable to
earthquakes are the northern, eastern, and central parts, while the
southern part is relatively safer.

Abstrak. Kerusakan bangunan akibat gempa bumi lebih banyak terjadi
di daerah sedimen Kota Yogyakarta dibandingkan dengan daerah
perbukitan Wonosari dan Kulonprogo yang memiliki lapisan tanah lebih
keras. Kampus Universitas Sarjanawiyata Tamansiswa (UST)
merupakan salah satu kampus yang terletak di Kota Yogyakarta, dengan
geologi regional yang didominasi oleh Formasi Endapan Vulkanik Muda
Merapi. Wilayah kampus UST rentan terhadap gempa bumi karena
lokasinya yang berdekatan dengan zona seismik aktif, sehingga
pemetaan kerentanan gempa bumi berdasarkan data mikroseismik
menjadi kebutuhan penting untuk mendukung upaya mitigasi bencana.
Metode mikroseismik digunakan dalam penelitian ini, sedangkan analisis
data menggunakan Horizontal-to-Vertical Spectral Ratio (HVSR).
Pengukuran mikroseismik dipilih karena memiliki keunggulan tidak
merusak kondisi permukaan tanah, sehingga menjaga kelestarian
lingkungan, dan mudah digunakan di daerah perkotaan. Tahapan
metode penelitian meliputi perancangan survei, pengumpulan data
lapangan, pengolahan dan interpretasi data, serta pembuatan peta
kerentanan gempa bumi. Titik data dikumpulkan dari 7 lokasi yang
meliputi wilayah kampus Universitas Sarjanawiyata Tamansiswa. Hasil
penelitian menunjukkan bahwa wilayah studi memiliki nilai frekuensi
dominan berkisar antara 1,10 hingga 2,74 Hz. Sementara itu, nilai
amplifikasi berkisar antara 1,25 hingga 2,2. Ketebalan sedimen wilayah
studi berkisar antara 32 hingga 79 meter. Indeks Kerentanan Seismik
(Kg) wilayah studi berkisar antara 0,57 hingga 4 pada skala rendah
hingga tinggi. Berdasarkan nilai frekuensi dominan, amplifikasi, dan
indeks kerentanan seismik, wilayah kampus UST yang lebih rentan
terhadap gempa bumi adalah wilayah utara, timur, dan tengah,
sementara wilayah selatan relatif lebih aman.

1. INTRODUCTION

Indonesia is located at the intersection of
three major tectonic plates:

2021). Damage to buildings caused by
earthquakes is also influenced by local site

the Indo- effects (Juarzan et al., 2023; Hesti et al., 2021;

Australian Plate to the south, the Eurasian
Plate to the north, and the Pacific Plate to the
east. Additionally, the Indonesian
archipelago is traversed by the Pacific Ring
of Fire, a chain of volcanic mountains. These
two factors make Indonesia one of the
countries with a high level of seismic activity,
both tectonic and volcanic. Areas prone to
earthquakes are geographically relatively
close to subduction =zones (plate
boundaries). The Special Region of
Yogyakarta is one of the regions in Indonesia
that is close to a subduction zone. In addition
to subduction zones, there are also faults on
land, such as the Opak Fault, which increase
vulnerability to earthquakes (Purnama et al.,
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Satria et al., 2020).

One geophysical method that can be used
to map potential damage from earthquakes
is the microseismic method. This method
utilizes microtremor recordings, or low-
amplitude ground vibrations originating
from both natural sources and human
activity. In microtremor studies, it is quite
common to keep frequencies below 1 Hz,
because the instruments used for tremor
data acquisition are broadband
seismometers  capable of  detecting
frequencies in the range of 0.2 Hz - 100 Hz.
This frequency range is crucial because it
allows the detection of the dominant local
ground frequency, which plays a major role
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in determining how much earthquake wave
amplification can occur in a region. The
results of this analysis, such as the HVSR
(Horizontal to Vertical Spectral Ratio) curve,
can be used to map seismic vulnerability
zones and form the basis for earthquake-
resistant building and spatial planning.
Microseismic measurements were chosen
because they have the advantage of not
damaging the surface of the ground, thus
preserving the environment, and are easy to
use in urban areas (Putra & Saputra, 2022;
Satria et al., 2020).

The microseismic method has been used
by previous researchers, such as in studies
by Riswandi et al. (2023) which uses
microseismic data to map earthquake hazard
zones using Probabilistic Seismic Hazard
Analysis (PSHA) and peak ground
acceleration (PGA). In addition to this
research, Perdhana and Nurcahya (2019)
conducted research using the microtremor
method in Bantul and Klaten Regencies,
Central Java. In addition, research on the
vulnerability of multi-story buildings in the
campus area has also been conducted by
Putra and Saputra (2022). Penelitian
terhadap kerentan gempa pernah juga
dilakukan di ruangan Prodi Pendidikan
Fisika UST oleh (Prabowo et al., 2020). The
study used Floor Spectral Ratio (FSR)
analysis, comparing the results with the
classification applied in SNI 2002 on
earthquake-resistant building design. The
study showed that the microseismic method
can be used to indicate the vulnerability of
buildings and areas to earthquakes. This
study improved on previous research by
using microseismic data in the campus area
of Universitas Sarjanawiyata Tamansiswa in
Yogyakarta for microzonation.

Universitas Sarjanawiyata Tamansiswa
Yogyakarta is one of the campuses located in
the city of Yogyakarta. Universitas
Sarjanawiyata Tamansiswa (UST)
Yogyakarta is an educational institution
located in a densely populated area with a
high level of human activity. As a campus that
is developing with various building
infrastructures, it is important to know the
level of seismic vulnerability in this area as
an effort to mitigate and plan for safe
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construction against earthquakes. By
mapping earthquake vulnerability using
microseismic data, it is hoped that initial
information can be obtained regarding zones
that are potentially susceptible to
earthquake wave amplification, so that the

results can be used in disaster risk
management within the campus
environment.

The Universitas Sarjanawiyata

Tamansiswa in Yogyakarta is situated on a
young Merapi volcanic deposit formation
composed of sedimentary rocks.
Additionally, the campus area is adjacent to
a river basin. River basins indicate regions
rich in sedimentary rocks (Moechtar, 2021).
This adds to the vulnerability caused by
earthquakes in the campus area of
Universitas Sarjanawiyata Tamansiswa in
Yogyakarta. Based on this description, the
researchers aim to map or microzone the
campus area of Universitas Sarjanawiyata
Tamansiswa in Yogyakarta using the
microseismic method. They also aim to
identify the thickness of the sediment
beneath the surface of the campus of
Universitas Sarjanawiyata Tamansiswa in
Yogyakarta. Mitigation efforts are often only
implemented after a disaster occurs. It is
hoped that the mapping of earthquake-prone
areas can be used as a form of mitigation or
disaster response before a disaster occurs.
As one of the higher education institutions
located in an area prone to earthquakes, it is
important to ensure that the campus has an
adequate mitigation system in place.

2. LITERATURE REVIEW

The Special Region of Yogyakarta (DIY)
has four regencies and one municipality,
namely Kulonprogo Regency, Bantul
Regency, Sleman Regency, Gunung Kidul
Regency, and Yogyakarta Municipality. The
DIY Province is located at the intersection of
tectonic plates and active volcanoes. The
campus area of the  Universitas
Sarjanawiyata Tamansiswa (UST) in
Yogyakarta is one of the campuses located in
the city of Yogyakarta. The UST campus is
dominated by young volcanic rock
formations. Based on Figure 1, the geology
of the study area is located in a young



JGE (Jurnal Geofisika Eksplorasi) 11 (02) 2025, 83-94

volcanic deposit formation consisting of tuff,
volcanic ash, breccia, agglomerate, and lava

flows that cannot be separated (Handayani
etal, 2019; Listyani, 2020).
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Figure 1. Geological Map of Daerah Istimewa Yogyakarta Regency (DIY) (Rahardjo et al., 1995).

3. RESEARCH METHODS

Microseismic data was collected at seven
measurement points within the Universitas
Sarjanawiyata Tamansiswa campus, with a
distance of 10 meters between each point.
Measurements were taken using the
microseismic  method with  Lenartz
seismometers, geological compasses, and
GPS devices. The Lenartz broadband
seismometer has an operational frequency
range from 0.2 Hz - 100 Hz, allowing it to
accurately record very low to high ground

vibrations in microseismic studies and
earthquake monitoring. The HVSR
(Horizontal to Vertical Spectral Ratio)

method is a microseismic (microtremor)
signal technique used to identify the local
dominant frequency (f;) and amplification
(Ao) of alocation. This method compares the
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spectrum of the horizontal component to the
vertical component of ground vibrations.
The standard operating procedures for these
instruments were based on the SESAME
European research project, with a
measurement duration of 30 minutes for
each point (Bard et al., 2004; Chatelain et al.,
2008). The 30 minutes duration was chosen
because it is able to produce stable,
representative  data and  minimize
interference, and is in accordance with
standard practices in microseismic analysis
using the HVSR method. This study was
conducted at the Universitas Sarjanawiyata
Tamansiswa Campus in Yogyakarta, which is
bounded by coordinates -7.802000° to -
7.800800° South Latitude and 110.391500°
to 110.393100° East Longitude, as shown in
Figure 2.
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Figure 2. Microseismic Measurement Points at the Universitas Sarjanawiyata

Tamansiswa Campus.

The research method used in this study
was microseismic data collection with HVSR
(Horizontal to Vertical Spectral Ratio)
analysis. The processed data has complied
with the SESAME (2004) criteria, including:
(1) determining that the HVSR analysis
results are considered valid if the curve
shows a clear and sharp peak, with a stable
dominant frequency value (f,) in the range of
0.1 to 10 Hz; (2) and an amplification factor
(Ap) of at least 2; (3) Peaks that are too
shallow or too high (>5) need to be re-

evaluated because they can be influenced by
noise or non-contrasting  geological
conditions. The microseismic processing
scheme using HVSR analysis is shown in
Figure 3. The data was processed using
Geopsy  software. Microseismic data
processing using the HVSR (Horizontal to
Vertical Spectral Ratio) method produced
dominant frequency values (fo),
amplification factors (Ao) from the HVSR
curve, and Seismic Vulnerability Index (Kg).
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Figure 3. Microseismic data processing scheme.
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In general, the HVSR equation used for

microseismic processing is shown in
Equation 1.
vsr 2 Ve (T + A (1)’
A () )

With AEW, ANS, and AZ representing the
amplitude spectrum of the east-west, north-
south, and vertical components, respectively.
The resulting spectrum is used to determine
the dominant frequency. The HVSR method
eliminates measurements from the bedrock
layer to obtain the sediment basin transfer
function (Bodin et al., 2001).

The seismic vulnerability index is
obtained using input parameters of
dominant frequency (fo) and amplification
factor (Ao), with the following equation
(Nakamura, 1989; 2000):

Kg = Ao?/ fo (2)

Where, Kg is the seismic vulnerability
index, Ao is the amplification factor, and fo is
the dominant frequency. The results of the
microseismic data processing are then used
to create earthquake vulnerability maps.

The HVSR method produces a dominant
frequency (fo) that is directly related to the
sediment thickness above the bedrock. The
recorded resonance occurs because Rayleigh
waves are trapped between the surface and
the underlying hard layer boundary. If the
shear wave velocity (Vs) is known, the
sediment thickness (H) can be calculated
using the following empirical formula:

h=2% 3)

Where, h is the sediment thickness (m), V;
is the shear wave velocity (m/s) and fo is the
dominant frequency of HVSR (Hz).
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4. RESULTS AND DISCUSSION

Earthquakes cause damage to buildings
due to seismic wave amplification (Jannah et
al, 2024; Putri et al, 2017). According to
Nakamura (2000) seismic wave amplification
occurs due to impedance contrast between
sediment layers and bedrock layers. Based on
previous research from Purnama et al
(2021), buildings that suffered damage due to
earthquakes had an amplification value of at
least 4. In general, there are four types of
curves that indicate the geological conditions
of the area (SESAME, 2004). The first type of
curve is a single peak, the second is a double
peak, the third is a flat curve, and the fourth is
a multi-peak. Differences in the peaks on the
HVSR curve generally indicate seismic
impedance contrasts at different depths
within the subsurface structure. This is
closely related to the complexity of the local
stratigraphy, such as the presence of multiple
layers with different physical properties (e.g.,
a soft layer above a stiffer layer, or between
sediments of varying densities).

In this study, the differences in peaks and
frequencies were not significantly different.
The main peak (dominant frequency) usually
reflects the resonance between the soft soil
and the underlying bedrock. However, if
there is more than one layer with significant
impedance contrast, the HVSR curve may
show more than one additional peak. This
could be related to local resonances in
shallow or intermediate layers, or the effects
of complex structures such as fractures or
thin bedding. The frequency range of 0-20 Hz
was chosen because it is the optimal and
relevant range for identifying the dominant
ground frequency and avoiding distortion
due to high noise outside this range. The
results of HVSR data processing are shown in
Figure 4.
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point 7.

Figure 4a to Figure 4g are HVSR curves
processed using Geopsy software with the x-
axis representing the dominant frequency
and the y-axis representing the amplification
value. Based on (SESAME, 2004) The HVSR
curve in the study area shows a single peak
(measurement points 5 and 6), a flat curve
(measurement points 2 and 4), a multi-peak
(measurement point 7), and a double peak
(measurement points 1 and 3). Figure 4
shows the amplification values obtained as
follows: measurement point 1 is 2.01,
measurement point 2 is 1.25, measurement
point 3 is 2.1, measurement point 4 is 1.42,
measurement point 5 is 2.2, measurement
point 6 is 1.5, and measurement point 7 is
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2.07. The HVSR curve at measurement point
5 has a higher amplification value compared
to the amplification values of the 6 HVSR
curves at other measurement points.
According to the research (Purnama et al,
2021), buildings that collapsed due to the
2006 Yogyakarta earthquake had an
amplification value of at least 4. Based on
this, it is predicted that the Universitas
Sarjanawiyata Tamansiswa campus will not
experience building damage or collapse in
the event of an earthquake. The HVSR curve
in the Universitas Sarjanawiyata
Tamansiswa campus area shows the same
pattern, indicating that there are geological
similarities in the study area.
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Based on the HVSR curve obtained, a map
was then created based on the dominant
frequency, amplification, and seismic
vulnerability index. The dominant frequency
is the frequency that appears frequently,
marked by a large amplitude value
(Kornhuber et al,, 2017; Su et al., 2018). The
distribution of dominant frequency values
for the Universitas Sarjanawiyata
Tamansiswa campus area is shown in Figure
5. Figure 5 shows the dominant frequencies
in the Universitas Sarjanawiyata
Tamansiswa Campus area. Low frequencies
are mostly located in the north, east, and
center of the campus with a range of 1.1 to
1.22 Hz. Meanwhile, medium frequencies
range from 1.22 to 1.42 Hz. The high
dominant frequencies have a range of 1.42 to
2.74 Hz. The dominant frequency values also

indicate sediment thickness, with high
dominant frequencies indicating thin
sediment layers and low dominant

frequencies indicating thick sediment layers
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(Li et al., 2019). This dominant frequency
value correlates with earthquake damage to
buildings, as shown by research Wibowo and
Huda (2020). Based on the dominant
frequency values, we can estimate the
sediment thickness using the equation used
by (Satria et al., 2020).

Sediment thickness in the study area
ranges from 32 to 79 meters. Sediment
thickness is obtained by dividing the
sediment velocity by 4 times the dominant
frequency. Sediment thickness is calculated
using the average Vs30 value for Yogyakarta
City, which is 115 m/s (Muzli et al,, 2016).
Seismic wave amplification is the peak value
of the HVSR curve. According to (SESAME,
2004) and (Nakamura, 2000) Amplification is
the impedance contrast between the
sediment layer and the bedrock layer. The
amplification value for the Universitas
Sarjanawiyata Tamansiswa Campus area is
shown in Figure 6.
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Based on Figure 6, it is known that areas
with  high amplification values are
dominated in the northern part of the
campus and in the middle of the campus. The
highest amplification value is 2.2 at
measurement point 5. Low amplification is
mostly located in the southern part of the
campus with a range of 1.25 to 1.42 Hz.
Meanwhile, moderate amplification has a
range of 1.42 to 2 Hz. High amplification
values have a strong correlation with
earthquake-induced damage, according to
research from (Nakamura, 2000) and
(Bessason & Bjarnason, 2016). Microseismic
measurements were conducted at the
Universitas Sarjanawiyata Tamansiswa
Campus in Umbulharjo District. Based on
data on building damage caused by the 2006
Yogyakarta earthquake from Marjuki and
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Yogafanny (2008), Umbulharjo subdistrict is
the area that suffered the most severe
damage in the municipality of Yogyakarta.
Umbulharjo subdistrict suffered severe
damage to 4,875 buildings and 2,552
buildings collapsed. According to research
Purnama etal. (2021), Umbulharjo has a high
amplification value compared to other
subdistricts. The amplification value is
consistent with previous research results,
partly because the microseismic
measurements were taken during quiet
periods. As in the research from (Heidari et
al, 2014) which shows the amplification
values calculated on holidays, indicates good
agreement with previous research results,
meaning that industrial noise can be
minimized.
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Based on the amplification values and
dominant frequency values obtained, we can
create a seismic vulnerability index (kg) for
the Universitas Sarjanawiyata Tamansiswa
campus area, as shown in Figure 7. The
seismic vulnerability index can be used to
provide recommendations in regional
planning so as to minimize the level of
damage that will occur. As in the research
conducted by (Febriani et al., 2013) who
conducted research in earthquake-prone
areas in the city of Bengkulu. Based on
Figure 7, the seismic vulnerability index (kg)
in the UST Campus area ranges from 0.5 to 4.
The relatively high kg values, indicated by
red, are located east of the campus near the
river, ranging from 3 to 4, while the central
part of the campus has moderate kg values,
shown in orange, ranging from 1.7 to 3. The
low kg values, indicated by green to blue, are
located south of the UST campus, ranging
from 1.3 to 1.7. Based on the dominant
frequency values, amplification, and seismic
vulnerability index values, it was determined
that the UST campus areas at risk of
earthquake vulnerability are the northern,
eastern, and central parts of the campus.
These areas have low dominant frequency
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values, high amplification, and high seismic
vulnerability indices.

5. CONCLUSION

An earthquake vulnerability map for the
Universitas  Sarjanawiyata Tamansiswa
campus in Yogyakarta has been created
based on physical parameters, namely
dominant frequency, amplification, and
seismic vulnerability index. The UST campus
has a low dominant frequency value in the
north, ranging from 1.1 to 1.22 Hz. This
indicates the presence of fairly thick
sediments. Meanwhile, high amplification
values are observed in the northern, eastern,
and central parts of the campus, ranging
from 2 to 2.2. The seismic vulnerability index
in the northern, eastern, and central parts of
the campus is relatively high, ranging from 3
to 4, while the southern part has a lower
index, making it safer.
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