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Abstract 

Background The Suban area of Curup Rejang Lebong is a tourist region in Bengkulu Province, Indonesia, close 
to the active Ketaun and Musi faults, which are segments of the Sumatra Fault System (SFS). However, no studies have 
been conducted in this area to assess how geological structures affect seismic ground motions and contribute to seis-
mic hazard and risk assessment.

Methods The first study of seismic microzonation in the Suban area of Curup City by ambient noise measurements 
was conducted at 100 sites, spaced ~ 1 km apart, with 60 min of data acquisition for each site. All microseismic data 
were processed using the Horizontal to Vertical Spectral Ratios (HVSR) method.

Results The HVSR method revealed the amplification factors (A0) ranging from 1.23 to 8.26 times, corresponding 
to natural frequency (f0) variations between 1.24 and 9.67 Hz. About 13% and 55% of the sites show high (6 ≤ A0 ≤ 9) 
and medium (3 ≤ A0 ≤ 6) amplifications, respectively, predominantly in the western parts of the study area, consistent 
with a high seismic vulnerability index (Kg). Furthermore, we also estimated the ground shear strain (GSS) of the region 
using the Kanai method with two large historical earthquakes at the Ketahun segment in 1943 (Mw 7.4) and the Musi 
segment in 1979 (Mw 6.0). The Kg value is consistent with the GSS values and indicates areas of severe damage dur-
ing the historic earthquakes.

Conclusions Thus, the western parts of the Suban region are vulnerable to severe damage from an earthquake. 
These findings could provide valuable insights for future planning and risk management efforts aimed at minimizing 
the impact of earthquakes in the Suban region.

Keywords Microzonation, Ambient noise measurements, HVSR, Seismic vulnerability index

Introduction
Sumatra Island is the largest island in Indonesia. It is one 
of the regions in Indonesia that is highly prone to earth-
quakes due to the three active tectonic zones surround-
ing it (Fig.  1a). First, there is a subduction zone in the 
Indian Ocean, the boundary between the India-Australia 
and Eurasia plates (Natawidjaja 2003; McCaffrey 2009; 
Rai et  al. 2023). This zone can generate earthquakes of 
relatively large magnitudes, which can trigger tsunamis. 
Second, the Mentawai fault spans a minimum length of 

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Geoenvironmental Disasters

*Correspondence:
Marzuki Marzuki
marzuki@sci.unand.ac.id
1 Department of Physics, Universitas Andalas, Padang 25163, Indonesia
2 Department of Physics, Faculty of Mathematics and Natural 
Sciences, University of Bengkulu, Jl. WR Supratman, Kadang Limun, 
Bengkulu 38371, Indonesia

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40677-024-00268-7&domain=pdf


Page 2 of 14Siburian et al. Geoenvironmental Disasters            (2024) 11:5 

Fig. 1 Map showing tectonic setting of Bengkulu Sumatera along with earthquake events during 1900–2023 a, the geology of study area b 
and ambient noise measurements c 
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600  km and is located in the forearc region to the east 
of the Mentawai Islands (Diament et  al. 1992). Third, 
there is the Sumatran Fault System (SFS) on land. This 
fault consists of 19 segments stretching along the Bukit 
Barisan mountain range (Sieh and Natawidjaja 2000) 
from Banda Aceh in the north to Lampung Province in 
the south. The SFS can release large earthquakes with a 
magnitude of  Mw > 8, as evidenced by the occurrence 
of 20 large earthquakes on the SFS in the last 100 years 
(Haerudin et al. 2020).

Two active segments of the SFS, the Ketaun and the 
Musi segments, are located in the area of Curup Rejang 
Lebong area, the district capital in Bengkulu province 
on the island of Sumatra (Fig.  1a). Historical records 
show that a major earthquake caused by seismic activity 
in the Ketaun segment occurred on June 8, 1943, with a 
magnitude of   Mw  7.4. The epicenter of this earthquake 
was located at 2.8°S and 102.1°E at a depth of 15  km, a 
distance of 78  km northwest of Curup-Rejang Lebong. 
About 90% of the residents’ houses were heavily 
damaged. Another earthquake occurred in the Musi 
segment on December 15, 1979, with a magnitude 
of  Mw 6.0 (Untang et al. 1985; Sieh and Natawidjaja 2000; 
Hurukawa et al. 2014). The epicenter of this earthquake 
was located at 3.3°S and 102.5°E with a depth of 33 km, 
a distance of 13 km northwest of Curup-Rejang Lebong, 
or 34  km southwest of Kepahiang. The earthquake 
damaged 90% of the houses in the area (Untang et  al. 
1985; Sieh and Natawidjaja 2000; Hurukawa et al. 2014). 
In addition to inland earthquake sources, Curup Rejang 
Lebong is also vulnerable to seafloor earthquakes from 
subduction zones and the Mentawai Fault. Despite its 
seismic vulnerability, the Curup Rejang Lebong area has 
been developed as a tourism area in Bengkulu as stated in 
the regional spatial planning policy of Rejang Lebong for 
2012–2032 (Pemerintah Kabupaten Rejang Lebong 2012; 
Hartanto et al. 2022), resulting in rapid economic growth 
with the construction of many buildings. However, no 
investigation has been conducted in this area to evaluate 
how geological structures affect seismic ground motion 
and contribute to seismic hazard and risk assessment.

Earthquake hazards in Curup-Rejang Lebong can be 
mitigated through seismic microzonation by studying 
local site effects. Seismic microzonation focuses on 
identifying small-scale geological and geomorphological 
factors at a small scale that have a significant impact 
on the characteristics of seismic motion. Geological 
conditions at the shallow surface strongly influence the 
response of the ground to earthquake activity (Ben-
Menahem et  al. 1981; Al Yuncha and Luzón 2000). 
Although soil physical properties can be characterized 
by traditional methods such as soil drilling, this method 
is inefficient and require expensive costs (Putti and 

Satyam 2020). Another option for obtaining effective 
and efficient information on subsurface geology is to 
measure ambient noise measurement using microtremor 
surveys. This measurement is non-destructive and can 
provide information on internal structures (Panou et al. 
2005; Akkaya et al. 2015). The characteristics of various 
cities that are susceptible to seismic activity have been 
thoroughly analyzed using microtremor data (Akkaya 
et al. 2015; Shankar et al. 2021a; Rahayu et al. 2022). The 
horizontal-to-vertical spectral ratio (HVSR) method 
can be used to study subsurface ambient noise data. The 
HVSR technique provides consistent information related 
to site effects (Ji et al. 2017; Shankar et al. 2021b; Xu and 
Wang 2021; Shreyasvi and Venkataramana 2022). This 
method can provide valuable insights can be gained 
into the dynamic properties of local site characteristics 
such as natural frequency (f0) and amplification factor 
(A0). Natural frequency refers to the frequency at which 
a particular site vibrates most strongly in response 
to seismic waves, while amplification factor refers to 
the degree to which ground motion is amplified as it 
passes through different layers of soil and rock below 
the surface. Therefore, these parameters can be used to 
determine the seismic vulnerability score of a particular 
area to seismic ground motion.

This paper presents the results of the first study of 
seismic microzonation in the Suban area in Curup 
Rejang Lebong using ambient noise measurements. 
Ambient noise measurements were conducted at 100 
sites throughout the Suban Curup Rejang Lebong 
tourism area. The site effect study resulted in a 
comprehensive microzonation of natural frequency 
distribution, amplification, seismic vulnerability index, 
and ground shear strain. Conducting this study is critical 
for conducting site-specific response studies and for 
producing a microzonation map of seismic hazard for the 
Curup region. This map could prove valuable in taking 
precautionary measures in future construction and 
development projects.

Data and method
Geological setting and study area
Curup Rejang Lebong is a district in the province of 
Bengkulu province on the island of Sumatra. The Rejang 
Lebong Regency is administratively located between 
102°19’ to 102°57’ E and 2°22′07’’ to 3°31’ S. The area 
is hilly and lies in the highlands of the Bukit Barisan 
Mountains, with an elevation ranging from 100 to 1000 m 
above sea level (Fig. 1b). The Curup Rejang Lebong area 
is mainly characterized by volcanic debris deposits in 
the form of volcanic rocks (Fig.  1b), suggesting that the 
highlands composed of hard rock layers (bedrock) have 
a thin sedimentary layer (Indarto et  al. 2018; Patrisia 
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et  al. 2019). This area is also geologically structured by 
the Southwest Sumatran Fault, which includes two local 
faults, the 85  km long Ketaun segment and the 70  km 
long Musi segment (Sieh and Natawidjaja 2000). The slip 
rate along the Ketaun segment is 9–11  mm/year, while 
in the Musi segment it is is 15–16  mm/year. Therefore, 
Curup Rejang Lebong is prone to earthquakes that 
can damage buildings and cause losses and casualties 
(Hurukawa et al. 2014).

Ambient noise measurement and processing
Ambient noise measurements in the Suban Curup 
Rejang Lebong were conducted at 100 sites spaced 
approximately 1  km apart (Fig.  1b). We have selected 
the sites based on accessibility and distance from 
man-made noises. We determined the position of the 
site using a GPS. Data acquisition and data quality 
control were performed according to the procedures 
recommended by the Site Effects Assessment Using 
Ambient Excitations (SESAME) European Research 
(SESAME 2004). Acquisitions were made from morning 
to afternoon in open fields away from ambient noise 
disturbances to obtain pure microtremors. Any ambient 
noise such as vehicles, wind, and human activity could 
affect the amplitude of the vibration. Data were collected 
using a set of Pasi Mod Gemini Sn-1405 seismometers. 
Microtremors were recorded for 1  h at a sampling 
frequency of 5 Hz.

Ambient noise analysis was performed using the 
HVSR method, following Nakamura (1989). To derive 
the spectral amplitudes of the north–south (N-S), east–
west (E-W), and vertical (V) components of each site, 
the signal of all three components is separately subjected 
to a Fast Fourier Transform (FFT). The HVSR is then 
calculated by dividing the square root of the mean of the 
N-S and E-W spectra (SNS and SEW, respectively) by the 
vertical spectrum (SVS), given by

After smoothing the spectra using window averag-
ing technique, the ratios between the spectra were cal-
culated. The smoothed spectral ratio for each site was 
obtained by averaging all the ratios at a given frequency. 
From this ratio, the values of natural frequency (f0) and 
amplification (A0) values were determined. Figure  2 
shows an example of the HVSR curve for four sites.

Once the values of f0 and A0 are obtained, these two 
values are classified into several categories. The A0 are 
classified into four groups following Jiang et  al. (2022) 
and the f0 values are grouped based on soil classification 
following Kanai (1983).

(1)HVSR =

√

[

(SNS)
2
+ (SEW )2

]

SVS

The final step is to calculate of the seismic susceptibility 
index (Kg) and the ground shear strain, GSS (γ). The Kg 
value can be used to identify the degree of susceptibility 
of the soil layer to earthquake deformation (Nakamura 
2008), given by the equation:

The γ value is the multiplication of the Kg value with the 
Peak Ground Acceleration (PGA), given by the equation 
(Nakamura 1997):

The PGA value (α) is calculated by following the Kanai 
method (Kanai 1966):

The value of α in this study uses the earthquake 
scenario from historical earthquakes around Curup 
Rejang Lebong, which occurred along the Ketaun 
segment on June 8, 1943 with magnitude (M) of  Mw 7.4 
and along the Ketaun segment on December 15, 1979 
 (Mw 6.0). The R is the distance between each site and the 
hypocenter of the historical earthquakes, and Tg is the 
dominant period of the site measurements.

Results and discussion
Table  1 shows the amplification and natural frequency 
values for each measurement point. The value of f0 var-
ies between 1.24 and 9.67 Hz and the value of A0 varies 
between 1.23 -8.26. The spatial distribution of these two 
parameters is shown in Fig. 3a and b.

Natural frequency and amplification factor
In Fig.  3a, we can see that f0 is larger towards the east. 
The lowest f0 of 1.24 Hz was observed at point T91 at an 
elevation of 716 m in the western part, while the highest 
value was observed at point T99 at 1169 m in the eastern 
part of the study area. The distribution of f0 is consistent 
with the topography and morphological conditions of the 
study area, which indicate hilly areas in the east. The f0 
is related to sediment thickness, with shallower bedrock 
resulting in higher natural frequency (Parolai et al. 2002). 
To observe the distribution of sediment thickness, the 
soil type was classified into Type I (6.667–20 Hz), Type II 
(4–6.67 Hz), Type III (2.5–4 Hz), and Type IV (< 2.5 Hz), 
following Kanai (1983) based on the f0 value. Following 
Jiang et  al. (2022), the Type I indicates very thin sedi-
ments dominated by hard rock; Type II indicates the 
medium category (5–10 m); Type III indicates the thick 

(2)Kg =
A2
0

f 0

(3)γ = Kgxα(10
−6)

(4)α =
5

Tg
10

(0.61M)− 1.66+ 3.60
R logR+0.167− 1.83

R
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category (10–30 m); and Type IV indicates very thick cat-
egory sediments. Out of 100 observation sites, the per-
centage of each type is Type I 25%, Type II 21%, Type III 
31%, and Type IV 23%. In general, Type I and Type II are 
dominant in the eastern region (Fig. 3b). Several sites in 

the eastern region with high f0 values, such as T99, T100, 
and T2, are located at elevations of 1169 m, 1063 m, and 
963  m elevations, respectively. High f0 values are also 
observed in the central part of the observation area, such 
as at T11, located at 852 m elevation. Therefore, high f0 

Fig. 2 Examples of spectral ratios measured at four sites in Suban area. Solid curve denotes mean average value of spectral ratios and dotted curve 
show ± standard deviation
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Table 1 Determined all parameters in the study for 100 H/V measured sites

No Measurement point f0 (Hz) A0 Kg γk  (10–3) γm  (10–3)

1 T1 3.22 1.84 1.05 0.34 0.03

2 T2 8.91 2.95 0.98 0.53 0.04

3 T3 8.86 6.54 4.83 2.66 0.21

4 T4 5.08 6.81 9.13 3.91 0.31

5 T5 3.44 2.47 1.77 0.62 0.05

6 T6 3.76 1.67 0.74 0.27 0.02

7 T7 2.32 1.91 1.57 0.46 0.04

8 T8 2.59 3.44 4.57 1.41 0.11

9 T9 6.57 3.76 2.15 1.02 0.08

10 T10 4.39 2.92 1.94 0.81 0.06

11 T11 9.47 5.04 2.68 1.54 0.12

12 T12 8.35 5.64 3.81 2.03 0.16

13 T13 3.12 3.61 4.18 1.34 0.11

14 T14 2.93 2.76 2.60 0.80 0.07

15 T15 3.03 4.28 6.05 1.90 0.16

16 T16 6.37 6.89 7.45 3.62 0.28

17 T17 3.22 3.45 3.70 1.29 0.10

18 T18 2.1 4.59 10.03 2.86 0.22

19 T19 3.88 3.28 2.77 1.09 0.08

20 T20 6.35 4.01 2.53 1.28 0.10

21 T21 1.71 6.56 25.17 6.54 0.49

22 T22 4.95 4.54 4.16 1.83 0.14

23 T23 3.93 2.12 1.14 0.46 0.03

24 T24 3.03 4.73 7.38 2.61 0.19

25 T25 6.91 6.92 6.93 3.85 0.27

26 T26 3.64 1.47 0.59 0.24 0.02

27 T27 2.1 2.54 3.07 0.90 0.07

28 T28 5.17 4.26 3.51 1.67 0.12

29 T29 4.49 4.13 3.80 1.67 0.12

30 T30 6.2 3.53 2.01 1.03 0.07

31 T31 2.34 4.22 7.61 2.33 0.17

32 T32 2.54 5.39 11.44 3.71 0.27

33 T33 2.05 1.95 1.85 0.53 0.04

34 T34 9.06 5.67 3.55 2.09 0.16

35 T35 2.44 5.02 10.33 3.20 0.24

36 T36 8.25 6.73 5.49 3.05 0.24

37 T37 7.32 5.91 4.77 2.53 0.19

38 T38 7.08 2.55 0.92 0.47 0.04

39 T39 7.54 7.56 7.58 3.88 0.31

40 T40 3.86 3.34 2.89 1.07 0.08

41 T41 5.49 5.39 5.29 2.35 0.18

42 T42 2.59 3.55 4.87 1.47 0.12

43 T43 2.34 4.35 8.09 2.31 0.18

44 T44 2.51 3.13 3.90 1.14 0.09

45 T45 2.44 5.14 10.83 3.08 0.25

46 T46 3.2 4.94 7.63 2.45 0.20

47 T47 3.51 3.79 4.09 1.39 0.11

48 T48 6.76 4.97 3.65 1.73 0.14

49 T49 2.25 2.73 3.31 0.89 0.07
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Table 1 (continued)

No Measurement point f0 (Hz) A0 Kg γk  (10–3) γm  (10–3)

50 T50 2.54 3.11 3.81 1.15 0.09

51 T51 7.54 7.4 7.26 3.84 0.30

52 T52 2.83 5.32 10.00 3.14 0.25

53 T53 2.1 4.91 11.48 3.08 0.25

54 T54 2.15 3.92 7.15 2.01 0.16

55 T55 2.95 4.66 7.36 2.40 0.19

56 T56 2.39 5.15 11.10 3.22 0.26

57 T57 3.86 2.81 2.05 0.74 0.06

58 T58 6.42 2.37 0.87 0.40 0.03

59 T59 2.29 4.44 8.61 2.30 0.19

60 T60 3.44 2.97 2.56 0.83 0.07

61 T61 6.57 5.45 4.52 2.03 0.17

62 T62 2.32 3.58 5.52 1.48 0.13

63 T63 5.1 1.93 0.73 0.29 0.02

64 T64 7.1 3.57 1.80 0.76 0.07

65 T65 6.96 2.57 0.95 0.46 0.04

66 T66 5.98 5.51 5.08 2.09 0.18

67 T67 1.49 3.04 6.20 1.34 0.11

68 T68 7.32 4.59 2.88 1.40 0.12

69 T69 8.32 2.02 0.49 0.26 0.02

70 T70 3.71 2.35 1.49 0.53 0.04

71 T71 9.94 6.31 4.00 2.31 0.19

72 T72 6.88 4.16 2.52 1.23 0.10

73 T73 0.98 4.23 18.26 3.26 0.27

74 T74 2.03 4.24 8.86 2.25 0.19

75 T75 2.15 2.63 3.22 0.83 0.07

76 T76 3.66 3.72 3.78 1.43 0.11

77 T77 4.17 2.77 1.84 0.74 0.06

78 T78 3.69 1.63 0.72 0.26 0.02

79 T79 4.05 2.75 1.87 0.72 0.06

80 T80 4.34 1.54 0.55 0.22 0.02

81 T81 1.83 6.64 24.09 6.01 0.49

82 T82 7.57 3.01 1.20 0.64 0.05

83 T83 3.27 8.26 20.86 7.38 0.56

84 T84 2.37 2 1.69 0.53 0.04

85 T85 2.73 2.4 2.11 0.69 0.05

86 T86 8.74 4.29 2.11 1.22 0.09

87 T87 7.4 3.29 1.46 0.75 0.06

88 T88 9.35 6.32 4.27 2.49 0.19

89 T89 1.88 3.99 8.47 2.22 0.17

90 T90 2.9 3.36 3.89 1.24 0.10

91 T91 1.24 2.48 4.96 1.00 0.08

92 T92 5.57 3.06 1.68 0.71 0.06

93 T93 4.64 1.23 0.33 0.12 0.01

94 T94 5.61 2.59 1.20 0.46 0.04

95 T95 2.59 5.29 10.80 3.57 0.26

96 T96 8.49 3.34 1.31 0.82 0.06

97 T97 3.25 2.5 1.92 0.66 0.05

98 T98 4.05 1.41 0.49 0.19 0.01
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values are observed in most of the eastern part of Suban, 
which is related to the morphology of the area, which 
consists of hard rocks (Indarto et al. 2018), and very thin 
and medium category sediments. The f0 is also related to 
the geological conditions of the study area (Syaifuddin 
et al. 2016). Most of the western Suban area has a low f0 
value (Type III and IV), except for very few sites that have 
high f0 such as T86, T96, and T92, which are located at 
677  m, 701  m, and 764  m elevation, respectively. Areas 
with low f0 may have soft rocks and high sediment thick-
ness (Fig. 3b) due to the presence of small valleys in the 
region. This phenomenon can cause seismic waves to 
be trapped in the sediment, making the area vulnerable 
to earthquake disasters caused by the multireflection of 
waves. Since the lithological units in the study area are 
uniform (Kaba volcanic), the dominant factor influencing 
the natural frequency is the geological and topographic 
conditions.

In Fig. 4a, we show the A0 distribution where most of 
the Suban area has A0 greater than 3 times. The small-
est A0 of 1.23 was observed at point T93 at an elevation 
of 810 m in the southwestern parts, while the highest 
value of 8.26 was observed at point T83 at an elevation 
of 715 m in the western parts of the study area. A high 
amplification factor indicates that the ground motion 
is amplified to a greater extent than in other areas, 
which can lead to more severe shaking and potential 
damage to structures. Amplification is generally influ-
enced by geological factors such as the degree of defor-
mation and the physical properties of the rocks (Arifin 
2014). The study area consists of volcanic deposits 
(Fig.  1b). The amplification factor is related to the 
impedance contrast ratio between the sediment layer 
on the surface and the underlying bedrock (Nakamura 
2000). If the impedance contrast for these two layers is 
high, the amplification value will also be high, and vice 
versa (Shankar et  al. 2021b). Jiang et  al. (2022) classi-
fied the amplification values as low (A0 < 3), medium 
(3 ≤ A0 < 6), high (6 ≤ A0 < 9), and very high (A0 ≥ 9). 
Based on this classification, the percentages of sites 
with low, medium, high, and very high categories were 
32%, 55%, 13%, and 0%, respectively. Thus, most of the 
Suban area has medium amplification values and no 
very high categories (Fig. 4b). According to Nakamura 
(2000), dangerous amplification values are A0 > 3 and 

correlate with low f0. Out of 100 observation points, 
68 had A0 > 3. Out of the 68 points, when grouped 
based on the f0 values, Type IV (< 2.5) had 16 points, 
Type III (2.5–4) had 19 points, Type II (4–6.67) had 12 
points, and Type I (6.67–20) had 21 points. Areas of 
high amplification values associated with low natural 
frequency (Type IV and III) may experience stronger 
wave reinforcement than areas of low amplification 
values. In areas with high amplification zones, there is 
a potential for strong earthquake shaking in the event 
of an earthquake.

Seismic vulnerability index and ground shear strain
Based on the estimated f0 and A0 values, we calculated 
the seismic vulnerability index (Kg) using Eq.  (2). We 
found that the Kg values are ranged from 0.33 to 25.17 
(Table 1 and Fig. 5). To identify zones based on the seis-
mic vulnerability index, Kg values were categorized into 
low (Kg ≤ 3), moderate (3 < Kg ≤ 5), high (5 < Kg ≤ 10), and 
very high (Kg > 10), following Akkaya (2020). Based on 
this category, the percentage of observation points with 
Kg values in the low, moderate, high, and very high cat-
egories were 43%, 24%, 22%, and 11%, respectively, with a 
distribution shown in Fig. 5b. Areas susceptible to severe 
earthquake damage occur in alluvial plains with relatively 
thick sedimentary material (Nakamura (2000). Locations 
with high and very high Kg values (> 5) are mainly found 
in the western parts of the study area, where there is rela-
tively thick sedimentation, as indicated by low f0 values 
(Fig. 3b). The low Kg values (< 3) are concentrated in the 
eastern hilly areas of hard rock with high f0 values. The 
Kg value is related to the degree of vulnerability of an 
area to earthquake damage, with higher values indicating 
greater risk. Sunardi et  al. (2012) found that areas with 
a seismic vulnerability index greater than 10 in the Gra-
ben Bantul area were severe damaged in the 2006 Bantul 
earthquake. About 60% of the Bantul area is hilly and the 
Graben area is located on the flank of a fault hill, which is 
also prone to earthquakes due to the subduction activity 
of the Indo-Australian and Eurasian plates to the south 
and the presence of the Opak fault to the east (Buana and 
Agung 2015). Sunardi et al. (2012) found that hilly areas 
with a Kg value of less than 2, were not severely damaged. 
In Curup Rejang Lebong, we identified 11 points with Kg 

Table 1 (continued)

No Measurement point f0 (Hz) A0 Kg γk  (10–3) γm  (10–3)

99 T99 9.67 7.33 5.56 2.82 0.26

100 T100 9.2 3.09 1.04 0.53 0.05

Parameters of f0, A0, Kg denote natural frequency, amplification factor, seismic vulnerability index. γk and γm ground shear strain (GSS) for Ketaun Segment earthquake 
on June 8, 1943 (Mw 7.4) and the Musi Segment earthquake on December 15, 1979 (Mw 6.0), respectively
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above 10, including T18, T21, T32, T35, T45, T53, T56, 
T73, T81, and T83 (Fig. 5). These areas should be alerted 
during earthquakes.

The Kg was compared with the GSS values (γ) for two 
historical earthquakes around Curup Rejang Lebong, 
which occurred along the Ketaun segment on June 8, 

Fig. 3 Map of a natural frequency and b classification of natural frequency into Type I (6.667–20 Hz), Type II (4–6.67 Hz), Type III (2.5–4 Hz), and Type 
IV (< 2.5 Hz), following Kanai (1983)
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1943 (Mw 7.4) and along the Musi segment on December 
15, 1979 (Mw 6.0). The distribution of GSS values through 
the earthquake history of the Ketaun Segment in this 

area ranges from 0.12 ×  10–3 to 7.38 ×  10–3 (Fig. 6a). Rela-
tively high values are found mainly in the southern and 
western parts of the study area, making these areas prone 

Fig. 4 Map of a amplification factor for each site and classification of amplification factor into low (A0 < 3), medium (3 ≤ A0 < 6), high (6 ≤ A0 < 9), 
and very high (A0 ≥ 9), following Jiang et al. (2022)
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to earthquakes, consistent with the Kg (Fig. 5). High GSS 
values correlate with earthquake damage. According to 
Ishihara (2021), surface ground deformation that exceeds 

a value of γ ≅  10–3 enters a plastic state, and results in 
γ >  10–2 which can cause significant deformation events 
such as landslides and collapses. This was demonstrated 

Fig. 5 Map of a seismic vulnerability index for each site and b the index grouped into four categories: low (Kg ≤ 3), moderate (3 < Kg ≤ 5), high 
(5 < Kg ≤ 10), and very high (Kg > 10), following Akkaya (2020)
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by the 1943 Mw 7.4 earthquake, which damaged 90% of 
the buildings in Tes Village. Tes Village is located in the 
southwestern part of the study area (Sieh and Natawid-
jaja 2000; Hurukawa et al. 2014). In addition, the distri-
bution of GSS values from the Musi segment earthquake 
ranges from 0.01 ×  10–3 to 0.56 ×  10–3. The distribution of 
relatively high values is mainly found in the western and 
southwestern parts of the study area (Fig.  6b), which is 
also consistent with the seismic vulnerability index. The 
1979 Mw 6.0 earthquake caused extensive damage to 
buildings from Curup to Kepahiang area and killed four 
people (Untang et  al. 1985; Sieh and Natawidjaja 2000; 
Hurukawa et al. 2014). Kepahiang Regency is located in 
the southwestern part of the study area. Therefore, the 
results of microzonation by ambient noise measurement 
are consistent with the GSS calculated from two histori-
cal earthquakes in this region.

Conclusions
The results of the first study of seismic microzonation in 
the Suban Curup Rejang Lebong area using ambient noise 
measurements show that the western parts of the study 

area are prone to severe damage from an earthquake. 
This is indicated by the higher seismic vulnerability 
index and larger amplification factors with lower natural 
frequencies than in the eastern part. The obtained 
seismic microzonation is consistent with the geological 
factors of Curup Rejang Lebong, which is located in 
highlands concentrated on hard rocks. As the elevation 
increases towards the east, the sediment becomes thinner 
and relatively safe from earthquake damage. The seismic 
microzonation from ambient noise measurements is 
consistent with the GSS values calculated for the historic 
earthquakes along the Ketaun and Musi segments. Areas 
with high Kg from ambient noise measurements also 
have high GSS values. This study is the first ambient noise 
measurement in Curup Rejang Lebong. It is therefore 
crucial for seismic hazard and risk assessment and 
earthquake engineering in designing buildings, bridges 
and other structures that can withstand the effects of 
earthquakes. In addition, local governments can use this 
information to develop appropriate building codes and 
land-use policies that take into account local geological 
conditions and potential earthquake hazards.

Fig. 6 Map of ground shear strain (GSS) for a Ketaun Segment earthquake on June 8, 1943 (Mw 7.4) and b the Musi Segment earthquake 
on December 15, 1979 (Mw 6.0)
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