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ABSTRACT: For sophistication of strong ground motion prediction, it is one of the import-
ant issues to model subsurface velocity structures so that earthquake ground motions can be
more accurately evaluated in broadband period. Therefore, it is indispensable to model S-wave
velocity structure for sedimentary layers on seismic bedrock so that earthquake observation
records can be reproduced. In recent years, subsurface velocity structures have been modeled
from seismic bedrock to ground surface for a few of regions in the Japanese national project.
They have been modeled based on the subsurface structure modeling scheme [Senna et al.,
2019]. This paper will mainly report about characteristics of subsurface velocity structure
models obtained in the project.

1 INTRODUCTION

To enhance strong ground motion prediction, it is one of the important issues to model
subsurface velocity structures so that earthquake ground motions can be accurately evaluated
in broadband period from 0.1 s to 10 s. Therefore, it is indispensable to integrate shallow
S-wave velocity structure models and deep ones so that earthquake observation records can
be reproduced.
In recent years, subsurface velocity structure models have been constructed from seis-

mic bedrock to ground surface for Kanto region, including Tokyo, Tokai region, central
Japan, and Kumamoto region, southwestern Japan, which had severe damage due to the
2016 Kumamoto Earthquake, in SIP (Cross-ministerial Strategic Innovation Promotion
Program), “reinforcement of resilient disaster prevention and mitigation function” of
Council for Science, Technology and innovation.
In this paper, from a qualitative standpoint, characteristics of subsurface velocity structure

models will be principally reported about Kanto and Tokai region, which have been con-
structed in the investigation. To begin with, overview of subsurface velocity structure model-
ling scheme will be described. In the next, characteristics of improved models in Kanto region
will be described with respect to depth of typical velocity layers and amplification factor and
so on. Besides, those in Tokai region will be described.

2 OVERVIEW OF SUBSURFACE VELOCITY STRUCTURE MODELLING SCHEME

Subsurface velocity structure modeling scheme [Senna et al., 2019], which was published
by Headquarters for Earthquake Research Promotion in 2017, can be briefly described as
follows. To begin with, initial deep S-wave velocity structures were modeled based on the
existing geological information, results of geophysical explorations and models constructed in
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the past national investigations. Next, initial shallow geological and soil S-wave velocity struc-
tures were modeled based on a great number of bore-hole data and surface geological infor-
mation which had ever been collected from local governments and so on. Then, through
integrating the deep models with the shallow ones in engineering basement (Vs350m/s layer),
initial S-wave velocity structure models were constructed from top surface of seismic bedrock
to ground surface.
At the same time, a lot of ground-motion records have ever been collected through dense

array microtremor measurements in the plains and earthquake observations at seismic stations
in the target regions. Using ground-motion characteristics such as disperse curves and H/V(R/
V) spectral ratios obtained from ground-motion records, each 1-dimensional S-wave velocity
structure has been estimated at each measurement point. By importing these results into the
initial S-wave velocity structure models, they have been improved with a spatial interpolation
method from top surface of seismic bedrock to ground surface in the regions. These models
were constructed in 7.5-arc-second grid, or around 250-meter one.

3 CHARACTERISTICS OF MODELS FOR KANTO REGION

3.1 Shallow velocity structure models

Figure 1 shows the Japan engineering geomorphologic land classification map [Wakamatsu
et al., 2013] for Kanto region which has the largest plain, or Kanto plain, in Japan. Black
broken lines indicate some major rivers with comparatively wide lowlands in the river
basins. Kanto plain has some major rivers and vast terrace covered with volcanic ash soil, or
loamy layers.
Figure 2 shows “average shear-wave velocity in the depth of 30 meters from ground sur-

face” (hereinafter called “AVS30”) distribution maps for Kanto region. Left and right maps
respectively represent the one based on geomorphologic land classification (described as the
geomorphologic model in the following) and the one based on improved model. The geomor-
phologic model can be the conventional one which was published in J-SHIS [Fujiwara et al.,

Figure 1. Geomorphologic land classification map [Wakamatsu et al., 2013] for Kanto region.
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2009]. About the geomorphologic model, AVS30s were calculated from an empirical formula
[Matsuoka et al., 2005]. Meanwhile, about the improved model, they were calculated from 30
/ Σi(Hi /Vsi), here, Hi and Vsi respectively represent a layer thickness and an average S-wave
velocity in the i-th layer.
About the improved model, AVS30s of lowlands tend to be smaller than that of uplands in

common with the geomorphologic model. In the meanwhile, AVS30s of lowlands particularly in
midstream areas of Nakagawa, Edogawa and Tone river tend to be quite small, such as falling
below 100 m/s, unlike the geomorphologic model. Local variation in AVS30s distribution seems
to be larger despite the same topography, comparing with the geomorphologic model.
Besides, AVS30s have an unexpected difference between river basins. AVS30s in Arakawa

river basin are generally larger than that in Nakagawa, Edogawa and Tone river basin. This
can reflect the geological knowledge that sand gravel layers are dominant in Arakawa river
basin whereas mud layers deposit thickly in Nakagawa river basin.
Figure 3 shows distribution maps on amplification rate of ground surface to top surface of

the Vs400 m/s layer in typical period for Kanto region, based on one-dimensional multiple
reflection theory. Left, middle and right maps respectively represent the one in a period of 0.5 s,
1.0 s and 2.0 s which can cause some damage to house and buildings due to large earthquakes.
From a general viewpoint, it is found that the areas where amplification rates are larger can

vary by each period and decrease in longer period. And amplification rates tend to be more

Figure 2. AVS30 distribution maps for Kanto region. Left: geomorphologic model; Right: improved

model.

Figure 3. Distribution maps on amplification rate of ground surface to top surface of the Vs400 m/s

layer for Kanto region. Left: period=0.5s; middle: period=1.0s; right: period=2.0s.
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than two principally in the major river basins with respect to each period. In detail, in a period
of 1.0 s, it seems to be more than two even in some areas away from the major river basins.
Also, in a period of 2.0 s, amplification rates are still more than two in the midstream areas of
Nakagawa and Tone river. This corresponds to the areas where AVS30s are smaller than 100
m/s. This suggests that the Vs400 m/s layer can be in the larger depth of ground in these areas.

3.2 Deep velocity structure models

Figure 4 shows distribution maps of depth of top surfaces in typical velocity layers in deep
velocity structure models. In the figure, upper three maps represent initial(J-SHIS) models
[Fujiwara et al., 2009], or the conventional ones and lower three maps represent improved
models obtained in this investigation. In each line of the figure, the left map represents depth
of top surface in Vs900 m/s layer, the middle one represents Vs1,500 m/s layer and the right
one represents Vs3,200 m/s layer.
With regards to the improved model, the depth tends to be relatively large in the areas

corresponding to Kanto plain in each velocity layer. In detail, top surface in the Vs3,200 m/s
layer corresponding to seismic bedrock seems to reach the depth of around 4,000 meters in
some areas. In comparison with the initial model, top surface is deeper in the southeastern
areas of Kanto plain about the Vs900 m/s layer, it is a little shallower in the southern areas
about the Vs1,500 m/s layer and it is shallower in the northwestern and southern area about
the Vs3,200 m/s layer. And some areas with the depth of around 4,000 meters seem to be
different in Boso Peninsula about the Vs3,200 m/s layer.
Figure 5 shows distribution maps on amplification rate of ground surface to the

Vs3,200 m/s layer in typical period for Kanto region, based on one-dimensional multiple
reflection theory. Left, middle and right maps respectively represent the one in a period
of 3.0 s, 5.0 s and 7.0 s which can cause damage to skyscraper buildings and so on due
to large earthquakes.

Figure 4. Distribution maps on depth of top surface in typical velocity layers for Kanto region. Upper

line: Initial(J-SHIS) models [Fujiwara et al., 2009]; lower line: improved models; left: Vs900 m/s layer;

middle: Vs1,500 m/s layer; right: Vs3,200 m/s layer.
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From a comprehensive standpoint, larger amplification rates can be seen mainly in the
areas corresponding to lowlands and uplands about each period. Also, the areas with larger
amplification rates tend to decrease in longer period. In detail, amplification rates seem to be
more than three in different area by each period.

4 CHARACTERISTICS OF MODELS FOR TOKAI REGION

4.1 Shallow velocity structure models

Figure 6 shows a simplified geomorphologic land classification map for Tokai region which has
one of the major plains in Japan, or Nobi plain including Nagoya. Light blue broken lines indicate
some major rivers with comparatively wide lowlands in the river basins. In Tokai region, medium,
small-scale plains scatter, except Nobi plain where Kisogawa river and other three ones run.
Figure 7 shows AVS30 distribution maps for Tokai region. Left and right maps respectively

correspond to geomorphologic model and improved one. The geomorphologic model means
the conventional one in common with Kanto region.

Figure 5. Distribution maps on amplification rate of ground surface to top surface of the Vs 3,200m/s

layer for Kanto region. Left: period=3.0s; middle: period=5.0s; right: period=7.0s.

Figure 6. Simplified geomorphologic land classification map for Tokai region.
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About the improved model, AVS30s of lowlands tend to be smaller than that of uplands in
analogy with the geomorphologic model. In the meanwhile, above all, Nobi plain tends to
have smaller AVS30s such as 100 m/s to 140 m/s, unlike the geomorphologic model. And local
variation in AVS30s distribution seems to be larger despite the same topography, in compari-
son with the geomorphologic model. Also, AVS30s are unexpectedly different between plains.
AVS30s in medium, small-scale plains are generally smaller than that in Nobi plain. This can
reflect the geological knowledge that sand gravel layers are dominant in the lowland where
mountains and hills are comparably close to the coast and where fan delta was formed, such
as the lowland in Tenryugawa river basin.
Figure 8 shows distribution maps on amplification rate of ground surface to top surface of

the Vs400 m/s layer in typical period for Tokai region, based on one-dimensional multiple
reflection theory. Left, middle and right maps respectively represent the one in a period of 0.5
s, 1.0 s and 2.0 s which can cause damage to house and buildings due to large earthquakes.
From a general viewpoint, the areas where amplification rates are larger seem to vary by

each period and decrease in longer period. In detail, amplification rates tend to be relatively
large in each plain, except Nobi plain about a period of 0.5 s, and including Nobi plain about
a period of 1.0 s. They seem to be more than two in some lowlands of the plains. With regards
to a period of 2.0 s, they are still more than two in a part of Nobi plain. This corresponds to a
part of the areas where AVS30s are from 100 m/s to 140 m/s. This suggests that the Vs400 m/s
layer can be in the larger depth of ground in these areas.

Figure 7. AVS30 distribution maps for Tokai region. Left: geomorphologic model, Right: improved

model.

Figure 8. Distribution maps on amplification rate of ground surface to top surface of the Vs400 m/s

layer for Tokai region. Left: period=0.5s; middle: period=1.0s; right: period=2.0s.
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4.2 Deep velocity structure models

Figure 9 shows distribution maps on depth of top surfaces in typical velocity layers of deep
velocity structure models. In the figure, upper three maps represent initial model and lower
three ones represent improved model in this investigation. In each line, the left map shows
depth of top surface in Vs600 m/s layer, the middle one shows Vs1,100 m/s layer and the right
one shows Vs1,500 m/s layer. Here, the initial model was constructed by importing the existing
data into J-SHIS model. About Tokai region, the Vs1,500 m/s layer can be regarded as seismic
bedrock.
It seems that the western area around Nobi plain have little difference between the

initial model and the improved one with regards to the depth. This can be because the
initial model around Nobi plain was constructed with more existing data. Meanwhile, it
seems that the eastern area or Shizuoka prefecture can be comparably improved about
the depth. This can be because the initial model in Shizuoka pref. was constructed with
less existing data.
With respect to the improved model, the depth tends to be relatively large in the areas cor-

responding to the plains about each velocity layer. Especially, about the Vs1,500 m/s layer, the
deepest areas in the depth of around 2,000 meters can be seen in Nobi plain.
Figure 10 shows distribution maps on amplification rate of ground surface to top surface of

the Vs3,200 m/s layer in typical period for Tokai region, based on one-dimensional multiple
reflection theory. Upper left, upper right and lower left maps respectively represent the one in
a period of 3.0 s, 4.0 s and 5.0 s which can cause some damage to skyscraper buildings and so
on due to large earthquakes.
From a comprehensive standpoint, the areas where amplification rates are larger can vary

by each period and decrease in longer period. And larger amplification rates can be seen
mainly in the areas corresponding to the plains about each period. In detail, the areas with
amplification rates more than three seem to be a little different by each period. Particularly,
around Nobi plain and lowlands in Tenryugawa river basin, amplification rates tend to be
more than three times in each period.

Figure 9. Distribution maps on depth of top surfaces in typical velocity layers for Tokai region. Upper

line: initial models; lower line: improved models; left: Vs600 m/s layer; middle: Vs1,100 m/s layer; right:

Vs1,500 m/s layer.
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5 CONCLUSIONS

This paper presented characteristics of subsurface velocity structure models from seismic bed-
rock to ground surface in Kanto region and Tokai one, which have been constructed using the
subsurface velocity structure modeling scheme [Senna et al., 2019] in the national investiga-
tion. From a general viewpoint, the improved models are different from the conventional ones
regarding to their amplification index and depth of typical velocity layers in the wide areas
where the new data were added from the microtremor explorations and so on. Particularly
about shallow velocity structures, local variation tends to be larger in amplification index such
as AVS30 in comparison with the conventional models. Also, the improved models have dif-
ferent characteristics in their amplification index by each period despite the same area. It can
be important to evaluate earthquake ground motions and ground amplification index in terms
of both of amplification and period characteristics.
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