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ABSTRACT: Investigating the subsurface structure of a landslide area is important for considering the hazards 
of slope disasters. In this study, microtremor exploration was conducted in three areas (Hojoshima, Nawashiro, 
and Amadaki) in Tottori Prefecture, which were judged to have landslide topography, and the subsurface 
structure was estimated as well. The target areas were based on a landslide topography distribution map 
published by the National Research Institute for Earth Science and Disaster Prevention. The results showed 
that the characteristics of tremors in the target area differed between the landslide moving mass, main scarp, 
and original subsurface areas. In addition, the velocity structure and thickness distribution of the landslide 
sedimentary layers in each area were estimated. In the Hojoshima area, where a building was damaged by the 
2016 Central Tottori Earthquake, it was found that a landslide moving mass was deposited on the alluvium. In 
the Nawashiro area, landslides occurred in three areas, and it was found that the geology and sedimentary layer 
thickness differed in each area. In the Amedaki area, it was found that the soft sedimentary layer of the moving 
mass was thin and widely distributed. In the future, it will be necessary to evaluate landslide hazards based on 
subsurface structure information. 
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1. INTRODUCTION 
 

In recent years, earthquakes have caused large-
scale landslides. Strong ground motions caused 
widespread landslides during the 2009 West 
Sumatra Earthquake [1] and the 2018 Hokkaido 

Eastern Iburi Earthquake [2]. Volcanic ash and 
weathered rock strata exist in the area, and 
landslides may have occurred repeatedly in the past. 
Because strong ground motions triggered 
widespread landslides in this area, it is important to 
investigate the subsurface structure in landslide 
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Fig. 1  Location of observation area (red frame) 
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areas and to consider slope hazards as well.  
In this study, microtremor surveys were 

conducted in three areas (Hojoshima, Nawashiro, 
and Amedaki) in Tottori Prefecture, Japan (Fig.1), 
which were determined to have landslide terrain 
based on the landslide topography distribution map 
published by the National Research Institute for 
Earth Science and Disaster Prevention [3] [4]. 
Moreover, buildings were damaged in the 
Hojoshima area during the 2016 Central Tottori 
Earthquake [5]. The microtremor data were 
analyzed to understand the ground motion 
characteristics of the target areas. In addition, the 
layer thickness distribution of the landslide moving 

mass was determined by estimating the subsurface 
structure. 

 
2. OBSERVATION 

 
For microtremor observations, single-site 

observations of three components were conducted 
to determine the predominant period and 
amplification characteristics of the subsurface 
structure, and array observations were conducted to 
estimate the S-wave velocity structure. A three-
component acceleration-type seismometer (JU410) 
was used for the observations,  which can record 
microtremors with a period of 0.05 - 10 s.  

A total of 80 three-component single-site 
observations were conducted at Hojoshima (35 
sites), Nawashiro (28 sites), Amedaki (17 sites), at 
intervals of 100 m to 200 m. The sampling 
frequency for the measurement was 200 Hz, and the 
observation time was 10 minutes for each site.  

Array observations were carried out at four 
sites: two sites at Hojoshima (HSAR01, HSAR02), 
Nawashiro (NSAR01), and Amedaki (AMAR01). 
In Hojoshima, the subsurface structure is assumed 
to vary depending on the topography, therefore 
array observation points were set up at two locations 
with differing topographies. For the array 
observations, a point was placed at the center of a 
circle, and three points were placed at equal 
intervals on the perimeter of the circle. The radius 
of the circle (array radius) ranged from 1 to 20 
meters. Each device was synchronized using a GPS 
clock. Because the power of the microtremors was 
expected to be small, three to four people jumped 
simultaneously approximately 5 m from the outer 
seismometer to provide an artificial seismic source 
and observe the waveform. The sampling frequency 
for the measurement was 200 Hz, and the 
observation time was 10–15 minutes for each array. 

 
3. ANALYSIS 
 

For the analysis of the three-component single-
site observation data, at least 10 sections of 20.48 s 
periods without artificial noise were selected from 
the array observation records. The spectra were 
smoothed using a log window [6] with a coefficient 
of 20. The averaged Fourier spectra of the selected 
data for each component were used to create the 
horizontal components and subsequently calculate 
the horizontal-to-vertical spectral ratio (H/V 
spectrum. The predominant periods were 
determined from the H/V spectra obtained at each 
site. The H/V spectra obtained from the 
seismometer at the center of the array observation 
are shown in Figure 2 (NS, north-south; EW, east–
west; Comp, composition, where the red dashed 

Fig. 2  H/V spectra of microtremors 
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lines are the theoretical values of the Rayleigh 
waves using the subsurface structural model). 
The distribution of the predominant H/V spectral 
periods for each region area is shown in Figure 3. 

The phase velocity dispersion curves were 
estimated from the array observation data using 
the CCA   method [8] in the open analysis tool [7]. 
The conditions for the analysis are as follows: at 
least five sections were selected through an 
automatic extraction using the RMS value of the 
microtremor record of each seismograph with a 
segment length of 10.24 s. The power spectrum 
of these sections was smoothed using a Parzen Fig. 3  Distribution of  predominant  period 

(a) Hojoshima area 

(b) Nawashiro area 

(c) Amadaki area 

Fig. 4 Dispersion curves of phase velocity 
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window with a bandwidth of 0.3 Hz and then 
averaged. Using the power spectrum of each 
seismograph, a phase velocity dispersion curve was 
obtained based on the CCA method [8]. The 
dispersion curves of the phase velocity for each site 
are shown in Figure. 4 (solid lines are curves 
obtained for each radius, while red dashed lines 
represent the theoretical values of the Rayleigh 
waves using the subsurface structural model. We 
determined the subsurface structures to satisfy the 
H/V spectra and the dispersion curves of the phase 
velocity by using the fundamental mode of 
Rayleigh waves within the frequency range of 2–40 
Hz. The subsurface structures were determined 
using forward calculations based on geological 
situations from borehole data [9]. The parameters of 
the subsurface structure models are the number of 
layers, density, P-wave velocity (Vp), S-wave 
velocity (Vs), and layer thickness. Densities were 
set based on previous research in Japan [10], and P-
wave velocities were set from S-wave velocities 
[11]. The parameters of the subsurface structure 
model are listed in Table 1. 

The predominant period of the H/V spectrum 
corresponds to the layer thickness of the 
sedimentary layer of the landslide moving mass, 
which enabled the average S-wave velocity of the 

sedimentary layer of the landslide moving mass to 
be calculated from the obtained subsurface structure 
model. The average S-wave velocity was calculated 
using the weighted average of the layer thickness, 
and the thickness of the layer was estimated from 
the average S-wave velocity and the predominant 
period based on the 1/4 wavelength rule. The 
average S-wave velocity used to calculate the layer 
thickness in each region is listed in Table 2. For the 
calculation of Hojoshima, the average S-wave 
velocity of either HSAR01 or HSAR02 was used 
because the subsurface structure was different 
depending on the topography, and  S-wave velocity 
is determined by location and topography. Figure 5 
shows the model used for each station. The 
distribution of the thickness of the landslide moving 
mass for each region is shown in Figure 6. 

4. RESULTS

Thickness ρ Vp Vs
(m) (g/cm3) (m/s) (m/s)
1.5 1.7 1420 120
6 1.9 1500 200

100 2.0 1950 600
200 2.1 2300 900
∞ 2.2 2600 1200

HSAR01

Thickness ρ Vp Vs
(m) (g/cm3) (m/s) (m/s)
6 1.7 1460 200

15 1.8 1560 350
100 1.9 1970 600
250 2.1 2300 900
∞ 2.2 2620 1200

NSAR01

Thickness ρ Vp Vs
(m) (g/cm3) (m/s) (m/s)
5 1.6 1460 130
8 1.7 1570 250

100 1.9 1970 600
250 2.1 2300 900
∞ 2.2 2620 1200

AMAR01

Table 1 Subsurface structural models 

Thickness ρ Vp Vs
(m) (g/cm3) (m/s) (m/s)
3 1.6 1450 145
4 1.7 1480 170

13 1.8 1620 300
15 1.9 1730 400
35 2.0 1840 500
150 2.1 2170 800
∞ 2.2 2280 900

HSAR02

Table 2  Average S-wave velocity 

S-wave velocity (m/s)
HSAR01 184
HSAR02 315
NSAR01 307
AMAR01 204

Fig. 5   Location of average S-wave velocity of 
HSAR01 or HSAR02 at each site in Hojojima 
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4.1 Distribution of Predominant Periods 

The predominant period distribution in the 
Hojoshima area (Fig. 3(a)) is about 0.1 s with a 
short period for scarp (purple line) and 
mountainous areas, and about 0.2 - 0.5 s with a long 
period for landslide moving mass (yellow-green 
line, cream-colored areas) and flat areas. The 
predominant period distribution in the Nawashiro 
area (Fig. 3(b)), which is topographically divided 
into three blocks (A, B, and C), shows a random 
distribution of short-and long-period points in the 
range of 0.1 - 0.3 s. The distribution trend was 
independent of the areas of the scarp and landslide 
moving mass. In the Amedaki area (Fig. 3(c)), the 
predominant period is about 0.1 - 0.3 s for the 
landslide moving mass. In the scarp area, the 
predominant period was not found in the H/V 
spectra. The geology of each area is as follows: 
Hojoshima is dominated by andesite, Nawashiro is 
dominated by andesite with localized mudstone, 
and Amedaki is dominated by andesite and tuff 
conglomerate. 

4.1 Subsurface Structure 

From the subsurface model shown in Table 1, 
the S-wave velocity structure is as follows: in 
Hojoshima (HSAR01, HSAR02), the S-wave 
velocity of the sedimentary layer of the landslide 
moving mass was quite low (120 m/s–200 m/s), 
and the layer thickness was approximately 7m. It is 
considered that the S-wave velocity of a rock layer 
distributed around HSAR02 gradually changes due 
to weathering and other effects. In Nawashiro 
(NASR01), the S-wave velocity of the sedimentary 
layer of the landslide moving mass is high (200 
m/s–350 m/s) and the layer thickness is 21m, 
which is thicker than the other two regions. The 
NASR01 model shows the subsurface structure of 
block B, and it is considered that the other blocks 
are similar. In Amedaki (AMAR01), the S-wave 
velocity of the sedimentary layer of the landslide 
moving mass was low (130 m/s–250 m/s), and the 
layer thickness was 13 m. The area is an extensive 
landslide terrain, and the observation point is 
almost in the middle of the moving mass. 

The layer thickness distribution is expressed as 
follows: in Hojoshima (Fig. 6(a)), the sedimentary 
layers thickened from the southwestern scarp to the 
northwestern landslide moving mass, with a 
maximum thickness of approximately 30 m. In 
Nawashiro (Fig. 6(b)), the sedimentary layer tends 
to be thicker in the center of the moving mass at 
lower elevations and thinner closer to the scarp, 
and the thickness of the layer exceeds 20 m at some 
points. In Amedaki (Fig. 6(c)), the sedimentary 
layer tends to become thicker from the west to the Fig. 6  Distribution of thickness of sediment layer 

(a) Hojojima area 

(b) Nawashiro area 

(c) Amadaki area 
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east, with a maximum thickness of approximately 
15 m. 

5. CONCLUSION

Based on the landslide topography distribution 
map, microtremor surveys were conducted in three 
areas in Tottori Prefecture, which were determined 
to be landslide terrain. As a result, we were able to 
obtain the distribution of the microtremor 
predominant periods, the subsurface structure 
model, and the distribution of the layer thickness of 
the landslide moving mass in each area. The results 
are as follows: 
1) In each region, the predominant period of the

H/V spectra ranged from 0.1 s to 0.35 s.
2) It was found that the shape of the H/V spectrum

varied locally, with multiple peaks identified,
depending on the landslide topography
classification and geology.

3) From the subsurface structure of each area based 
on the array observation, the S-wave velocity of
the surface layer of the landslide moving mass
was estimated to be 120m/s to 400m/s, and the
thickness of the layer was 35m in Hojoshima,
21m in Nawashiro, and 13m in Amedaki.

4) Based on the estimated velocity model and the
predominant period of the H/V spectrum, the
thickness of the surface layer was calculated
using the quarter-wavelength law, and the
distribution map was created. As a result, the
thickness of the surface layer tended to increase
in the center of the landslide moving mass.
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