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The Metropolitan Seismic Network for Detecting Mega-thrust and Intra-slab Earthquakes
beneath the Tokyo Metropolitan Are
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Heterogeneous distribution of seismic intensity in the Metropolitan area by MeSO-net
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How do waves attenuate under urban areas?: Insight from the Tokyo Metropolitan Seis
mic Observation network (MeSO-net).
How do waves attenuate under urban areas?: Insight from the Tokyo Metropolitan Seis
mic Observation network (MeSO-net).
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The Tokyo Metroploitan area is instituted inside the 4 km deep Kanto sedimentary basin and is under-plated by both the Philip:
pine and the Pacific sea plates. The material properties of the complex subduction zone beneath the Tokyo Metropolitan can |
estimated by the seismic attenuation Q of seismic waves observed at local seismic stations. The waveform data used in this stu
are recorded at the dense seismic array of the Metropolitan Seismic Observation network (MeSO-net). The station network i
distributed on five lines with an average spacing of 3 km and in an area with a spacing of 5 km in the central part of Kanto
plane. The MeSO-net stations are equipped with a three-component accelerometer at a bottom of a 20-m-deep borehole, sign
from which are digitized at a sampling rate of 200 Hz with a dynamic range of 135 dB. The attenuation of seismic waves along
their path is represented by thedttenuation operator that can be obtained by fitting the observed P wave amplitude spectrum
to a theoretical spectrum using an omega square source model. In order to accurately fit the spectral decay of the signal, on
earthquakes that are recorded with intensity greater than 1 in the Japan Meteorological Agency intensity scale are selected.
grid search method is applied to determine thgalues by matching the observed and theoretical spectra. The apparent corner
frequency of the signal at each station is constrained before fitting fortiiehé t data where then inverted to estimate a 3D
Qp structure under the Tokyo Metropolitan area, using a layered initial Q model. Two different model where tested, one model
with a homogeneous Q 600 structure and one model with the top layer at 0 km representing the Kanto Basin set to 100, with a
the grids below that layer to 600. The poor station/event distribution has as result a Q structure greatly depended on the initi
model and ray paths. For the homogeneous initial model the Q below the kanto basin is estimated to an average 340, and faile
to resolve to probable low Q values inside the basin. For the layered Q model it is estimated approximately at 500 below the
Kanto basin. In addition, a notable amplification of the spectrum in the 6 ? 18 hz range can also be observed in the data of sever
MeSO-net stations, which suggests that is not a minor local effect but a possible characteristic of the Kanto basin.
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Seismic structure of the northeastern Tokyo Metropolitan area by dense seismic array ot
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Distribution of anisotropic intensity beneath Izu collision zone estimated from S-wave
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Primary estimation of deep subsurface structures in the Tokyo metropolitan Area, by the

inversion of H/V spectral ratios
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We estimated deep subsurface structures in the Tokyo metropolitan Area, using dominant periods of H/V spectral ratios o
coda waves observed by MeSO-net (Metropolitan Seismic Observation network). At first, we obtained dominant periods of H/V
of coda waves averaged by several different earthquakes and the dominant periods are quite stable with a small variability (Tsur
et al., 2010). The dominant periods of H/V obtained by MeSO-net are generally in good agreement with the depths of the seismi
bedrock in the Tokyo metropolitan Area (Yamanaka and Yamada, 2006). Also, we compared the observed dominant periods c
H/V with peak periods of ellipticities calculated by the theory of fundamental mode of Rayleigh waves using Yamanaka and
Yamada’'s model. The dominant periods of H/V matched well for sites where the shallow basin structures are located; howevel
dominant periods of H/V didn’t match well for sites where the deep basin structures are located. In Yamanaka and Yamada*
model, which is based on phase velocities of Rayleigh waves obtained by array microtremors observations, there are still ur
certainties in the data obtained from deep basin structures when phase velocities for long periods were not obtained by arre
microtremors observation data. Therefore, we improved the S-wave velocity structural model in the Tokyo metropolitan Area,
especially for bedrock and/or a deep boundary between layers, using the inversion method of H/V of coda waves observed b
MeSO-net.

We applied the Genetic Algorithm (Yamanaka and Ishida, 1996) for the inversion of H/V spectral ratio of coda waves. Deep
S-wave velocity structures were inverted from H/V spectral ratio on and around the dominant periods. As the estimated struc
tures, we adopted the best fit between observations and calculations over 3 trials of changing random numbers in the inversio
S-wave velocities of all the layers and a depth of the top surface layer from Yamanaka and Yamada’s model were constrainec
and therefore, the thicknesses of the second layer (Vs 1.0 km/s) and the third layer (Vs 1.5 km/s) were estimated by this inversic
procedure. Peak periods from ellipticities of fundamental mode of Rayleigh waves by the estimated structures matched well witl
the observed dominant periods of H/V. The estimated structures are deeper than the previous model proposed by Yamanaka &
Yamada (2006) for the area of the west coast of the Tokyo Bay, where the calculated dominant periods of H/V were underesti
mated. At some sites in this area, the interface of the seismic bedrock was estimated at a depth of about 3.5 km (In Yamanal
and Yamada’s model, the depth of the interface was about 2.5 km.).

Preliminarily, we estimated the deep subsurface structures in the Tokyo metropolitan Area, using H/V spectral ratios of cods
waves on and around the dominant periods. However, the amplitudes of H/V spectral ratio, which are defined by the division o
the geometric mean between horizontal components by a vertical component, are composed of Rayleigh waves and Love wave
and therefore, we would need to include the amplitude of Love waves for the inversion of H/V. As a next step, we will examine
the contribution of Love waves for the horizontal amplitude of H/V in the inversion process.

Keywords: Deep underground structures, Tokyo metropolitan Area, H/V spectral ratio, Coda waves, MeSO-net, Inversion



Japan Geoscience Union Meeting 2011 d
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
SSS031-P08 00:000000000a4 00d:50 230 14:00-16:30

OoOooobobooobbooobobooobboooobbooooboo sgooo

Joog
Estimation of S-wave velocity structure in Ookayama, Tokyo, using array microtremors

and earthquake observations

oooooo00toooot!
Kei Kato'*, Seiji Tsund, Hiroaki Yamanaké

loooooo
Tokyo Institute of Technology

gcoooooOoOooooOooobooOoooooOooooooOoDOoOO0U0bD sgooooooooooooboOooooo
oboooooooooboobobobooooooooooobOOobobobooooooooooboOooooooon
boocooooobobobooooooobobobooooooooobOoboboooooooboOobobooooon
boooooooboboboooooobooboboboooooooboboobooooooobOobobobooooboOon
goooooooboboboooooooooboboboooboooobDobDoboooboobooDoboboooOoo
obooooooobobobooooooobobooooooooboboboobooooooboboboobooooon
OOoo0oDOooOo0obD soboooooooooooboOoooooooooooOoOooooSPACODODDOOOODOD 25
ocooobooooboooooooooOoo0ooooOoooobo0ooDbOo0oOoooOooOooDOoOOoOoDO sSsbOo0oOoDoboOoon
oooooboo0ooooobooo avsS000poooooooooooooooooooboooooobooOoooD
ooooboooooobooboobooboooooooono

O000oOOo0o00opoooO0Ooooo0oO0oD 300mb somb 2000 700000D0OOOOOOOOOODOOO
OOSPACOOODOOOODOOOOoOS 2500000000000 00DOOODOOOOOD25000000000O
ocooooooOooooo0ooooOoo0oooDbOo0o00oFRKODOOOODOODOOOODODOOOOODODOOO KOO
obooooooboobobooooobooooobooobooboooboooboobooOoobooobooooOoogoaon
ocooooooooooooobooooDbooooobDboOooooOOoU0 FKOOODOODOOOOoODOOOoOooOoOoOOooo
goooooooogoooooogoobooooooooboooooboobooboooobbooboobooboooboobDoOoo
coooooOoooooo0ooboooOooDo0oooDbDoOoooDob200600000DOO00ODOODOOODOD sOoOo
ocooboo0o0ooooO0ooOo0oOooboo0ooDoOoOooo0oobOOoOooobOoobOoOoooboOoOo sPACOODOOOO
OFKOODOOOODODOOOODOOOOO0ODOOOO00ooOoOo00oooOo0o0oooOoo0ooooboOooooDboe9x100
oooooOoOo0OO0O0OOOOOOOOO SO0000000000000 sooooooooooooOoz2o006]00
0000000000000 0O0OO0O0O0OOOO0OO0O0 1.9%kmMO0000000000000000000000000
obooooooobobobooooooobobobooooooooobobobooooooobOoboboobooooon
obooboooocoooooooooboobooboboooboooooooooooboooboobOobobooooooonoag
obooobOobooooboooooon

oooooooooooooboooooooooboobooooDObo0oooDOoOO0obO sgooDooooooOoooDon
gooooooooboboobooooooboboooobooboobobooooboobDoboboboboboooOoo
gooooboobooogoogoo

goooooooeccoHIobooOoooobooooobooooobooooooooooboooo
Oo0oO0ooD:0000000O,SPACO,F-KO,000000DCO,SO000,0000

Keywords: Array microtremors observation, the SPAC method, the F-K analysis, the Semblance analysis, S-wave velocity, th
Kanto Plain



Japan Geoscience Union Meeting 2011 d
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
JU““’“
SSS031-P09 00:000000000a4 00d:50 230 14:00-16:30

odobbbudogoobbuogoubobbooooobbouoooon

Uoooonnm . : . .
Validation of subsurface structure in Kanto basin by surface wave tomography using seis

mic interferometory
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