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Abstract 11 

Issues of predominant period of ground motion and derived underground velocity 12 

structure model were investigated in the coastal plains affected by the soft sedimentary 13 

layer after the last ice age. Specifically, it is found that two predominant periods due to 14 

the shallow soft sediments and deep sedimentary layers over the seismic bedrock 15 

created by the tectonic movement after the quaternary period are close in a small plain 16 

such as the Tottori Plain, Japan as an example. It was shown by the analysis of 17 

underground velocity structure derived from H/V spectrum ratio of earthquake ground 18 

motions with the diffuse wave field theory. It is feared that the interaction of close 19 

predominant periods due to the different layer boundaries with high contrast may 20 

amplify the seismic motion in the period range that affects building structures in the 21 

small plains in coastal area. 22 
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Main Text 27 

Introduction  28 

In the coastal plains, a soft layer deposited by Holocene transgression from the end of 29 

the last ice age generate a notable predominant period, generally shorter than 1 sec., in 30 

contrast with the engineering bedrock (Predominant Period 1). On the other hand, the 31 

plains and basins in Japan are affected by tectonic movements during the Quaternary 32 

period and have thick sedimentary layers in the area relatively subsided from the 33 

surrounding mountains. Another predominant period is formed by the contrast between 34 

the sedimentary layers and the seismic bedrock (Predominant Period 2). It is well 35 

known that large sedimentary plains such as the Kanto, Nobi, and Osaka plains have 36 

thick sedimentary layers over the seismic bedrock, and the Predominant Periods 2 are 37 

several seconds. However, in small plains such as the Tottori plain, Japan (Fig. 1), the 38 

sediment on the seismic bedrock is thinner than in the large plains, and in places where 39 

the Predominant Period 1 is long, it might be close to the Predominant Period 2. 40 

Therefore, the diffuse wave field theory (Kawase et al., 2011) was applied to H/V 41 

spectrum ratio of earthquake ground motions at strong ground motion observation site 42 



in the Tottori plain to estimate the velocity structure model, and after verifying its 43 

validity, contribution of each layer boundary to the predominant period was examined. 44 

 45 

Estimation of Velocity Structure from H/V of Earthquake Ground Motion 46 

The TTR002 site of K-NET (National Research Institute for Earth Science and Disaster 47 

Resilience, 2019) is targeted as a strong motion observation site in the Tottori plain. 48 

Eight records with an epicentral distance of 100 km or less and a maximum acceleration 49 

of 10 to 100 cm/s2 were selected, that are not affected by surface waves and non-linear 50 

ground responses. The records are the 2000 western Tottori prefecture earthquake 51 

(MJ7.3), the 2016 Central Tottori prefecture earthquake (MJ6.6), and other six 52 

earthquakes with MJ 3.2 to 5.4. Locations of the epicenters are shown in Fig. 1. The 53 

averaged H/V spectral ratio was obtained from the three component observation records 54 

for 40.96 seconds mainly contain the S wave portion. Vector sum of NS and EW 55 

channels is used to evaluate horizontal component as to match the diffuse wave field 56 

theory. 57 

The results are shown as gray lines in Fig. 2(a). The spectrum was smoothed by the 58 



filter proposed by Konno and Ohmachi (1995) that provides the same smoothing over 59 

the entire frequency range in logarithmic axis. The result has remarkable peak around 1 60 

sec., and the spectra are stable for all the earthquakes. As a reference, H/V spectrum 61 

ratio of microtremor measurement performed near the observation point is shown in 62 

Fig. 2(b). Both shapes are similar, but the levels are slightly different. The horizontal 63 

motion of the microtremor is not calculated by vector sum but synergistic average, 64 

however, the H/V of earthquake ground motion is larger even the difference is taken 65 

into condition. In addition, the maximum peak appears around 0.7 to 0.8 sec., which 66 

seems to be slightly shorter than the peak of earthquake ground motion. 67 

The underground velocity structure model was estimated so that the calculated H/V by 68 

the diffuse wave field theory (Kawase et al, 2011) agrees well with the observed H/V 69 

spectrum of the earthquake ground motion. Simulated annealing (SA, Ingber, 1989) are 70 

applied to search the proper model. Out of the 200 initial models generated within the 71 

search range by random numbers, 20 models with a small difference from the 72 

observation are survived. Around the parameters of 20 models, new parameters for next 73 

step are generated with random numbers in the range corresponding to the temperature 74 



at the step. In addition, a hybrid heuristic search was performed by considering the 75 

genetic algorithm (GA, Holland, 1975) as allowing crossing of parameters in each layer. 76 

 77 

Estimated Velocity Structure 78 

Fig. 2(c) and (d) shows the results of 21 cases performed with different initial random 79 

numbers in gray lines, the optimum solution in bold line, and the search range in thin 80 

solid lines, for S wave velocity and attenuation as target physical parameters. The other 81 

parameters, P wave velocity and density, are evaluated from the S wave velocity using 82 

empirical formulae. Kitsunezaki et al. (1990) is used to evaluate P wave velocity from S 83 

wav velocity, and Gardner et al. (1974) is used to estimate density from P wave 84 

velocity. A 200-step SA search was carried out while lowering temperature so that the 85 

integrated area of difference between observation and calculation in the spectral figure 86 

is minimized. Fig. 2(a) shows the H/V calculated from the optimum solution (Fig. 2(e)) 87 

in black line together with the observation in gray line. The shape of calculated H/V 88 

around the predominant period 1 sec. seems to be composed of two small peaks. 89 

Independently, microtremor array observation was conducted around the observation 90 



site (Noguchi et al, 2003; Ishida et al., 2013). Fig. 3 shows the Rayleigh wave phase 91 

velocity of fundamental mode by the velocity structure model obtained here with the 92 

observed data. Their consistency suggests the validity of the estimated velocity structure 93 

model.  94 

 95 

Discussion  96 

It is examined which layer boundary corresponds to the predominant period of the 97 

observed H/V from earthquake ground motion. First, we tried to make the base layer 98 

shallower by deleting layers of the model in order from the deepest part. The result is 99 

shown in Fig. 4. The "Upper 9 Layers" on the upper left is almost the same as the 100 

original, and there might be almost no effect even if the base layer of Vs = 3.2 km/s is 101 

set to Vs = 2.715 km/s. According to other surveys, the depth of the bedrock in the 102 

Tottori Plain is about 300 m (Noguchi et al, 2003), and the corresponding "Upper 6 103 

Layers" model can almost explain outline of observed H/V. The explanation of the 104 

observation becomes worse as deleting the deep layers, but the tendency mentioned 105 

above does not change until "Upper 6 Layers" model. For the first time in the "Upper 5 106 



Layers" model, the predominance of period 1 sec. collapsed. It increases around period 107 

0.7 to 0.8 sec. although it is small. It is considered that this corresponds to the peak seen 108 

in microtremor H/V shown in the left panel of Fig. 3. Since the peak with a period of 109 

0.7 to 0.8 sec. disappears from "Upper 4 Layers" and only 0.2 seconds or less is 110 

predominant, the peak observed in microtremor is represented by the sediments of about 111 

30 m thickness to the 4th layer as engineering bedrock with Vs = 0.322. 112 

Fig. 5 shows the results of calculating the H/V spectrum by combining the surface 113 

layers in order from the shallow layer and obtaining the average S wave velocity of the 114 

combined layer in the same way as AVS30 evaluation (Joyner and Fumal, 1984). P 115 

wave velocity and density of the combined layer were reset from the S wave velocity 116 

using empirical formulae, and the attenuation was set by the weighted average 117 

according to layer thickness. On the Top left panel of Fig. 5, the surface layer and the 118 

second layer are combined, “2 Shallow Layers Combined”, and it is suggested that the 119 

predominance of 0.1 to 0.2 sec. is affected by the first layer. This is consistent with the 120 

results seen in Fig. 4. Combined from surface to the third layer, “3 Shallow Layers 121 

Combined”, the predominance of 0.3 sec. or less disappeared. This period range might 122 



be affected by the surface layers shallower than about 14 m. After “5 Shallow Layers 123 

Combined”, about 0.8 seconds of the two peaks that perform predominance around 1 124 

sec. of the calculated H/V became smaller. As seen in Fig. 4, this period band is 125 

influenced by shallower sediments over engineering bedrock. This tendency is same for 126 

“Shallow 6 Layers Combined”, however, after “7 Shallow Layers Combined”, the peak 127 

shifts to longer period. Therefore, it is suggested that the peak with a period around 1 128 

sec. seen H/V of earthquake ground motion is generated at the boundary with S wave 129 

velocity about 1.0 km/s layer at a depth around 90 m. The depth of bedrock expected at 130 

target site in Tottori plain about 300 m corresponds to the model “7 Shallow Layers 131 

Combined”. The peak is calculated as longer than 2 seconds due to the surface 132 

sedimentary layers, and it can be seen slightly in the observed H/V. However, in the 133 

calculation here, peaks are emphasized by increasing the contrast between the average S 134 

wave velocity combined with the surface layers and that of the bedrock. It is considered 135 

that the influence of deeper layers than 300 m on amplification is not large enough. 136 

Thus, overlap of two remarkable peaks due to the very surface layer up to the 137 

engineering bedrock and the deeper sedimentary layer over seismic bedrock suggests 138 



that a particularly large amplitude predominance was formed around the period 1 sec. at 139 

the target site. In large-scale plains, the predominant periods due to the boundary 140 

between those two high contrast boundaries are separated, so they do not interact with 141 

each other. However, in the small sedimentary plain formed in the coastal area, the 142 

phenomenon introduced in this study is highly concern, so it is considered as one of the 143 

issues to be addressed in earthquake disaster prevention. Even if the target place is small 144 

plane or basin but in mountainous area, the results of this study are not directly applied 145 

because the place is not affected by shallow soft sediments formed from regression or 146 

transgression effects. The situations depend on the geological history of target places. 147 

 148 

Conclusion  149 

The underground velocity structure was estimated by applying the diffuse wave field 150 

theory (Kawase et.al, 2011) to the seismic observation records in the Tottori Plain, and 151 

the layer boundary showing the predominant period was examined. The conclusions 152 

derive from the study are as follows. 153 

1) In the coastal plains, a soft layer accompanies the transgression from the regression 154 



of the last ice age to the Holocene is deposited, and a clear predominant period can be 155 

seen in contrast with the engineering bedrock. 156 

2) The plains of Japan are affected by tectonic movements after the beginning of th 157 

Quaternary, and another predominant period is formed by the contrast of the deeper 158 

layer boundary to the seismic bedrock. 159 

3) In large plains, the predominant period caused by 2) is significantly longer than that 160 

by 1), and their effects appear in different period ranges. 161 

4) In a small plain, it is feared that the overlap of these two predominant periods will 162 

increase the amplification of earthquake ground motion by the sedimentary layers. 163 

5) Since the same phenomenon is suggested in the small sedimentary plain formed in 164 

the coastal area, it might be one of the issues to be considered in earthquake disaster 165 

prevention. 166 

There are many plains of the same scale on the coast of the Sea of Japan that have the 167 

same geological history as the Tottori Plain, and the conclusions here will be useful in 168 

considering future earthquake disaster prevention in those areas. 169 

 170 



Figures and legends 171 

 172 

Fig. 1  173 

Location of Tottori plain and target site TTR002 with epicenter distribution of the 174 

earthquakes used in the study 175 

Geological map in left bottom panel shows the area of Tottori plain (lime green). 176 



 177 

Fig. 2 Observed and calculated H/V of earthquake ground motion with estimated 178 

underground structures 179 

(a) Observed (gray) and calculated (black) H/V of earthquake ground motion at 180 

TTR002 site 181 

(b) Observed microtremor H/V near the TTR002 site 182 

(c) S wave velocity model with the results of 21 cases performed with different initial 183 

random numbers (gray lines), the optimum solution (bold line) from which black line of 184 

(a) is calculated, and the search range (thin solid lines) 185 

(d) Same as (c) but for attenuation model 186 

(e) Detailed parameters of the optimum solution in (c) and (d) 187 



 188 

Fig. 3 189 

Rayleigh wave dispersion curve calculated from the model shown in Fig. 2(e) (bold 190 

line) and phase velocities from microtremor array observation 191 

 192 



Fig. 4 193 

Calculated H/V of earthquake ground motion with making the base layer shallower by 194 

deleting layers of the model in order from the deepest part 195 

 196 

Fig. 5 197 

Calculated H/V spectrum by combining the surface layers in order from the shallow 198 

layer with evaluated average S wave velocity of the combined layer 199 
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