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Abstract: In 2018, Lombok Island was hit by a series of
destructive earthquakes. According to Indonesian Meteo-
rological, Climatological, and Geophysical Agency data,
about 1,973 felt earthquakes (M > 3) which shaken Lombok
were recorded during August 2018 with three earthquakes
with the largest magnitude of 6.9 Mw, 6.8 Mw, and 6.2
Mw. National Board for Disaster Management reported
about 555 deaths, 1,833 people injured, and 186,010
houses damaged as a result of Lombok earthquake on
August 5th, 2018. A number of seismometers were placed
on Lombok Island from August 3rd, 2018 to October
19th, 2018 to monitor the aftershock events. There are
17 stations that record seismicity in Lombok consisting
of 10 broadband sensors and 7 short period sensors. In
this study, we used the Horizontal-to-Vertical Spectral
Ratio (HVSR) method to analyze the risk of earthquake
in the Lombok region. The basic concept of this method
is to do a comparison between the horizontal component
spectrum and the vertical component spectrum of a wave,
where theoretically the particle movement of the horizontal
component is greater than the particle movement of the
vertical component on soft ground, whereas on the hard
ground both components (horizontal and vertical) will
be similar. H/V curve obtained from earthquake record-
ings (Earthquake Horizontal-to-Vertical Ratio/EHVR)
and H/V curve obtained from microtremor recordings
(Microtremor Horizontal-to-Vertical Ratio/MHVR) shows
good agreement and high correlation. Empirical correction
of EMR (Earthquake-to-Microtremor Ratio) managed
to decrease the difference of estimation of predominant
frequency and amplification factor between EHVR and
MHVR. Predominant frequency, amplification, and seismic
vulnerability map agree with the geological condition of
Lombok Island, where high value of amplification and
seismic vulnerability was found on soft and thick ground.
This study conclude that the maximum ground acceleration
and the construction of the building should also considered
when one wants to investigate the effect of an earthquake to
the damage occurred, beside the site effects. Keywords:
earthquake amplification, HVSR method, Lombok earth-

quake, predominant frequency, seismic vulnerability

1 INTRODUCTION

Lombok Island is an island in the West Nusa Tenggara
region, Indonesia with a population of 3,474,247 inhabi-
tants. Lombok is also one of the tourism destinations in
Indonesia with an average visitor of 1.7 million per year. In
2018, Lombok was shaken by a series of destructive earth-
quakes. According to data from the Indonesian Meteoro-
logical, Climatological and Geophysical Agency (BMKG),
about 1,973 felt earthquakes (M > 3) which shaken Lombok
were recorded during August 2018 with three earthquakes
with the largest magnitude of 6.9 Mw, 6.8 Mw, and 6.2 Mw.
National Board for Disaster Management (BNPB) recorded
about 555 deaths, 1,833 people injured, and 186,010 houses
damaged as a result of Lombok earthquake on August 5th,
2018. The worst damage caused by the Lombok earthquake
in July-August 2018 occurred in the north of Lombok, reach-
ing VIII-IX MMI, while the southern region suffered less
damage (BMKG, 2018).

Based on the above description, it is necessary to assess
the earthquake risk and seismic hazard on Lombok Island.
The method used in this study is Horizontal-to-Vertical
Spectral Ratio (HVSR). The method is used to produce a
distribution predominant frequency map, earthquake ampli-
fication map, and seismic vulnerability map. All maps pro-
duced are expected to support understand the effects of the
Lombok earthquake to the occurred damage.

2 GEOLOGICAL SETTING

According to Foden and Varne (1980), Lombok Island is
part of the Sunda-Banda arc system. The Banda Arc forms
a tectonic buffer zone at the boundary of three tectonic
plates, Indo-Australian, Pacific and Eurasian plates in the
east (Harris, 2011). This area consists of a complex arrange-
ment between island arcs, marginal basins, continental frag-
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Gambar 1. Geological map of Lombok Island (modified from

Wafid et al., 2014).

ments, and ophiolites that combine in the evolution of plate
boundaries that have been repeated over the past 200 million
years (Hamilton, 1979). This complex tectonic condition in-
fluences geological structures, especially faults, which form
around the island of Lombok. There are four active faults
that surround Lombok Island, namely the Flores fault in
the north, the Indo-Australian subduction in the south, the
strike-slip fault of the Lombok Strait in the west, and the
strike-slip fault of the Sumbawa Strait in the east (Irsyam
et al., 2017).

The geological investigation was conducted by Wafid
et al (2014) obtained that there were seven rock groups on
the island of Lombok, namely alluvium deposits groups, in-
separable volcanic rock groups, pumice tuff groups, breccia
and lava groups, limestone groups, sandstone groups, and
igneous rock groups. The northern part of Lombok Island is
dominated by inseparable volcanic rock groups, while in the
southern part of Lombok Island is dominated by breccia and
lava groups. There are accumulations of alluvium deposits
in the western (the vicinity of Mataram City) and eastern
part of Lombok Island (see Figure 1).

3 DATA AND METHODS

We extract data seismic from 17 temporary stations across
Lombok Island which the station distribution can be seen in
Figure 2. The seismometer used consisted of 10 broadband
sensors and 7 short period sensors. Recording is carried out
from August 3rd, 2018 to October 19th, 2018, but not all
stations operate during this period.

Before processing, instrument correction was applied on
the recording data measured by seismometers to eliminate
the effects of the instrument. Data is processed using Geopsy
software to produce HVSR curves. On the HVSR curve
produced, empirical correction namely EMR (Earthquake-
to-Microtremor Ratio) was applied. The value of the pre-
dominant frequency and amplification factor of each station
can be obtained through the HVSR curve. After that, the
seismic vulnerability index can be calculated from the val-
ues of the predominant frequency and amplification factors
obtained. Predominant frequency, amplification factor, and
seismic vulnerability index are then mapped using Generic
Mapping Tools (GMT) software.

The H/V curve from microtremor (Microtremor
Horizontal-to-Vertical Ratio/MHVR) and the H/V curve

Gambar 2. Temporary seismic station location map on Lombok
Island.

from earthquake record (Earthquake Horizontal-to-Vertical
Ratio/EHVR) will be compared, so two sets of parameters of
STA/LTA (Short Time Average / Long Time Average) are
determined. To extract micro-tremor signals, the selected
length of time window is 150 seconds, the selected range
of STA/LTA value is 0.2-1.2, and the selected time span of
observation is 13.00-21.00 UTC (21.00-05.00 local time). To
extract earthquake signals, the selected length of time win-
dow is 50 seconds, the selected range of STA/LTA value is
2.0-5.0, and the observation time span is set to one day (24
hours).

To perform EMR correction, the resulting H/V curve
must be grouped according to its predominant frequency
because the predominant frequency reflects the amplification
characteristics of a site (Kawase, 2018). Therefore, the H/V
curve in this study is grouped into five categories: Category
I is the H/V curve with the predominant frequency (F0) in
the range of 0.2-1 Hz; Category II is the H/V curve with F0
in the range of 1-2 Hz; Category III is the H/V curve with
F0 in the range of 2-5 Hz, and; Category IV is the H/V
curve with F0 in the range of 5-10 Hz.

The next step is to calculate the EMR at each station
by dividing the EHVR curve with the MHVR curve on that
station. The EMR curve in each category can then be ob-
tained by averaging the EMR curve of all stations in that
category. Finally, the transformation of MHVR to pseudo-
EHVR (pEHVR) was done by multiplying the MHVR curve
with the average EMR curve in the corresponding category.

The average EMR curve for each category can be seen in
Figure 3. From the graph, it can be seen clearly that the nor-
malization frequency range decreases as F0 increases. The
graph does not show the average EMR curve in Category I,
because the H/V curve included in that category is only one
curve.
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Gambar 3. EMR curve on every category.

4 RESULTS AND DISCUSSIONS

4.1 MHVR Curves and EHVR Curves

The resulting MHVR and EHVR curves are displayed in one
graph at each station. Example of the MHVR and EHVR
curve is shown in Figure 4, where the red line is the MHVR
curve and the blue dotted line is the EHVR curve. The num-
ber in the lower right corner is the correlation coefficient
value between the two curves.

Qualitatively, the trend of the MHVR curve with the
EHVR curve corresponds to each other. Outside the pre-
dominant frequency range of the H/V curve, at some sta-
tions there are local peaks on the EHVR curve that is not
observed on the MHVR curve. This can occur due to differ-
ent nature of the wave field of microtremors and earthquakes
(Kawase, 2018).

The correlation between the predominant frequency
(F0) of the MHVR curves and F0 of the EHVR curves is
shown in Figure 5, while the correlation between H/V am-
plitude at F0 (A0) of the MHVR curves and A0 of the EHVR
curves is shown in Figure 6. The red line shows perfect corre-
lation (= 1). The two figures show that F0 and A0 from the
MHVR curves and EHVR curves correspond to each other,
even the correlation is almost perfect (close to 1). However,
A0 from the MHVR curves tends to underestimate A0 from
the EHVR curves. These are in accordance with previous
studies (Kawase, 2018; Mucciarelli, 2003; Satoh et al., 2001).

4.2 EMR Correction and pEHVR Curves

After the average EMR curve in each category is obtained,
EMR correction is applied to the MHVR curve to obtain
the pEHVR curve. Example of EMR correction is shown in
Figure 7. Significant changes are seen in LOM02, LOM03,
LOM07, and LOM17 where the amplitude of pEHVR curve,
especially in the frequency range around F0, resembles the
EHVR curve’s more.

After correction of EMR on the MHVR curve, it can
be seen that there is a quite significant increase in the cor-
relation coefficient value at some stations whose correlation
coefficient value is not high enough (¡ 0.9), namely at LOM03
and LOM17. Meanwhile, the value of the H/V curve corre-

Gambar 4. Example of resulting MHVR and EHVR curve on
LOM10 station.

Gambar 5. Example of resulting MHVR and EHVR curve on

LOM10 station.

Gambar 6. Example of resulting MHVR and EHVR curve on
LOM10 station.
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Gambar 7. Example of resulting MHVR and EHVR curve on

LOM10 station.

lation coefficient at other stations remains at a high value
(> 0.9). This shows that EMR correction can help increase
the correlation coefficient value on several stations with a
correlation coefficient value that is not high enough, with-
out significantly affecting the correlation coefficient value at
other stations.

In addition, the estimation of the predominant fre-
quency value and amplification using the MHVR curves,
EHVR curves, and pEHVR curves are also compared, whose
values can be seen in Table 2. RMS (Root-Mean-Square)
difference between A0 obtained from MHVR curves and A0
from EHVR curves is 0.951, while the RMS difference be-
tween A0 obtained from the MHVR curves and A0 from pE-
HVR curves is 0.921. There was an improvement (decrease
in RMS difference value) of 3.21%. For the predominant
frequency, the RMS difference between F0 obtained from
MHVR curves and F0 from EHVR curves is 0.49, while the
RMS difference between F0 obtained from MHVR curves
and F0 from pEHVR curves is 0.41. There was an improve-
ment (decrease in RMS difference value) of 15.32%.

Gambar 8. Predominant frequency map on Lombok Island.

Gambar 9. Amplification map on Lombok Island.

4.3 Predominant Frequency, Amplification
Factor, and Seismic Vulnerability Index

The predominant frequency and amplification factor at each
station from the pEHVR curves are then mapped to see the
distribution of the values. The predominant frequency map
is shown in Figure 8 and the amplification map is shown in
Figure 9. Bicubic interpolation is used to produce the map.

On the resulting predominant frequency map, there ap-
pears to be a low predominant frequency value in the east-
ern, western, and northwest regions of Lombok Island, while
in the southern region it is dominated by a high predomi-
nant frequency value. The predominant frequency can be
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Gambar 10. Seismic vulnerability (Kg) map on Lombok Island.

related to the depth of the basement layer according to the
equation proposed by Nakamura (2008):

Fo =
Cs

(4h)
(1)

Where Cs is the velocity of the S wave on the surface
and h is the depth of the basement layer. Thus, a low pre-
dominant frequency value can be interpreted as a thick sedi-
ment. This is in accordance with the resume of the results of
the Lombok Island geological engineering mapping by Wafid
et al. (2014) that in the eastern and western regions of Lom-
bok Island are alluvium deposits with larger average thick-
ness than other rock groups.

Amplification map can provide an overview of
impedance contrast below the surface. On the amplification
map, a high amplification value was observed in the western
part of Lombok Island, while in the central part of Lom-
bok Island dominated by moderate value and in the north
tended to be small value. A high amplification value can be
caused by a soft layer or weathered rocks overlying harder
layer (Bard, 2004).

The seismic vulnerability index (Kg) can be estimated
through the following equation after the predominant fre-
quency and amplification values are known (Nakamura,
2008). The e parameter is assumed to be 60%, while the
value of Cb (S wave velocity in the basement) is obtained
from the 1D velocity model of Crust 1.0 which is 550 m/s.
Map of the seismic vulnerability index (Kg) distribution is
shown in Figure 10.

The seismic vulnerability map shows that there are high
values in the eastern, western, and northwestern regions of
Lombok Island, while in the northern and southern regions
it is dominated by low seismic vulnerability values. Like the
predominant frequency map, this map is in accordance with
the geological conditions on the island of Lombok where
there are alluvium deposits in the east, west and northwest

Gambar 11. PGA map on Lombok Island with 10% probability
in 50 years (modified from Irsyam et al., 2017)

regions which are pictured by high seismic vulnerability in-
dex. Effective strain on the soil can be estimated by mul-
tiplying the value of Kg with maximum acceleration in the
basement (Nakamura, 2008).

Referring to Table 1 and data from BMKG, the worst
damage caused by the Lombok earthquake in 2018 occurred
in North Lombok Regency, especially in the northwest re-
gion of Lombok Island. The seismic vulnerability map also
shows that there are regions with high Kg in the northwest.
Even so, the seismic vulnerability map shows that the north-
ern region of Lombok Island is dominated by a low Kg value.
The western and eastern regions (Mataram City and East
Lombok Regency) with high amplification and seismic vul-
nerability value, the observed damage is not as severe as the
damage in the northern region.

Some discrepancies between the map of predominant
frequency, amplification, and seismic vulnerability with the
occurred damage indicate that there are other factors that
affect damage to the surface, in addition to the site effect.
One factor is the maximum ground acceleration (PGA) ob-
served on the surface. Figure 11 shows PGA maps on Lom-
bok Island with a 10% probability in 50 years modified from
Irsyam et al. (2017). On the map it can be seen that the
northern region of Lombok Island has the highest PGA value
compared to other regions.

Another factor to consider is building construction.
Buildings that have the same frequency as the frequency
of soil characteristics below will experience resonance and
have tendency to experience more severe damage (Muccia-
relli, 1999). In addition, other things related to building con-
struction also need to be considered, such as materials used,
reinforcement, and so on.
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5 CONCLUSIONS

MHVR curves with EHVR curves has a good correlation,
where in general the trends of the two curves corresponds to
each other. The predominant frequency value obtained from
the MHVR curve with the EHVR curve also corresponds.
However, the value of the MHVR H/V amplitude (amplifi-
cation) tends to underestimate the value of the EHVR H/V
amplitude. EMR correction can help increase the correlation
coefficient value on several stations with a correlation coef-
ficient value that is not high enough, without significantly
affecting the correlation coefficient value at other stations.
From the experiment results, there was a decrease in the
RMS difference value of the predominant frequency and am-
plitude of H/V by applying the EMR correction to MHVR.

The map of the predominant frequency, amplification,
and seismic vulnerability produced in general is in accor-
dance with the geological conditions on the island of Lom-
bok, which the high seismic vulnerability index was observed
in the alluvium region because it is a soft soil and has a large
thickness. The existence of some discrepancies between the
map of predominant frequency, amplification, and seismic
vulnerability with the observed damage indicates that there
are other factors that affect damage to the surface in addi-
tion to the site effect, namely maximum ground acceleration
and building construction.
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