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Impact of Kobe Earthquake(1995)

Headquart. Earthq. Res. Promotion



Basic research of earthquakes

(1)Seismic network (3) Active fault survey(2) GPS network
KIBAN (=‘fundamental’ or ‘infrastructure’ ) project

(1)Seismic network
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Strong-motion observation



Insufficient density

Strong-motion seismograph network
- before Kobe Eq. - - after Kobe Eq. -+

NIED
K-NET: 1034 stns.
KiK-net: 683stns.
F-net:   73 stns.

(as of Jan 2007)

JMA
87-type: 60 stns.
93-type: 198 stns.

(as of Jan 1995)



K-NET (Kyoshin network Japan)　station
25km spacing, 1034 stations (as of April 2003)



K-NET: Sensor and Data acquisition

Resolution
Acceleration     < 0.1 mGal
A/D converter     24 bit

Dynamic range      ±2G

Sampling                 100 Hz

Memory capacity    8 Mbyte

Eq！ JMA

NIEDsatellite

dial
up
dial
out

（Dialup system）



K-NET: Data service on web site



Acceleration map Paste up of 
the records

Site conditions



High sensitivity observation



- before 1995 Kobe earthquake -
JMA:188 stations UNIV:274 stations NIED:89 stations
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Inhomogeneous 
distribution

All the data are concentrated to JMA 
and a unified processing was started 

on October 1997

High sensitivity seismograph network
- before Kobe Eq. - - after Kobe Eq. -+

JMA: 188 stns.
UNIV: 274 stns.
NIED: 89 stns.
Total: 551 stns.

(as of Jan 1995)

NIED
Hi-net: 800 stns.
(as of Jan 2007)



Change in the distribution of high sensitivity 
seismic stations in west Japan

- before Kobe Eq. - - after Kobe Eq. -



800 borehole stations 

Hi-net station
High sensitivity seismograph network

KiK-net
KIBAN Kyoshin network



Depth of borehole

(4)

(12)
Tokyo area

Control factor: Thickness of sediment layer
Cultural noise
Budget



Hi-net

Dial Up

Strong-motion Seismometer

　Velocity Seismometer

Event Trigger
24bit, 200Hz

Continuous Data
Transmission

TCP/IP

GPS

A/D

Decimation
27bit, 100Hz

Hi-net/KiK-net: Sensor and Data acquisition

KiK-net



ERI, U.Tokyo

IP-VPN
network

Internet
　

Satellite　
Communication

Hi-net: Data flow

Hi-net stations

JMA

Universities

Public
service

NIED
Data center

Data
service

Real time data exchange



Epicentral distribution

Hi-net: Data service on web site
Quick information



Continuous record of UD-component

click a station

30sec



Western Tottori earthquake (M7.3) of  Oct.6, 2000

Ground surfaceGround surface

Downhole

At depth of 100-200m Ground surface

KiK-net: Data service on web site



Broadband observation



very sparse and 
inhomogeneous distribution

Broadband seismograph network
- before Kobe Eq. - - after Kobe Eq. -+

NIED
F-net: 73 stns.
(as of Jan 2007)

Dial-up: 22 stns.
Real-time: 3 stns.
(as of Jan 1995)



F-net station ( Full-range seismograph network )

Signal cable

Recording
room

Observation
room

Broadband
seismograph

30 – 50 m

Strong motion
seismograph

Data Trans-
mission unit

GPS
antennaTelephone &

Electricity lines
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100km spacing, 100 stations are planned



CMT solution

CMT map

F-NET: Data service on web site
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NIED Hi-net
(800stations)

Improvement of Improvement of 
detection capabilitydetection capability



Improvement of Improvement of microearthquakemicroearthquake detection capabilitydetection capability

Magnitude    C
um

ul
at

iv
e 

nu
m

be
r o

f e
ar

th
qu

ak
e

１９９８
Before Hi-net

２００１
After Hi-net

Magnitude    C
um

ul
at

iv
e 

nu
m

be
r o

f e
ar

th
qu

ak
e



NIED Hi-net
(800stations)

TremorHigh-quality dense 
seismic network

Slow SlipTiltmeter

Very-Low-Freq.
Earthquake

Long-period 
seismometer

High-sensitivity accelerometer
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1 1 hour broadband seismogramshour broadband seismograms (2003/7/6 03h)(2003/7/6 03h)
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1010--100100s Bands Band--pass filtered tracespass filtered traces
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1 1 hour broadband seismogramshour broadband seismograms (2003/7/6 03h)(2003/7/6 03h)



Regular EQ.

VLF Earthquake

VLF and regular earthquake after the M7 major event

Body wave

Surface wave



Epicentral distribution of VLF（2003-2004）

Nankai TroughNankai Trough



CMT solution of VLF earthquakes

Hyuga-nada

Off Kii Pen.

Depth:2~8km
Reverse fault



Cross sectionCross section of fault planeof fault plane of VLF earthquakeof VLF earthquake
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1 1 hour continuous seismograms observed at hour continuous seismograms observed at 
station IKTH in the western part of Shikokustation IKTH in the western part of Shikoku

(4 am, 17 August 2001)(4 am, 17 August 2001)
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1 1 hour continuous seismograms observed at hour continuous seismograms observed at 
3 stations in the western part of Shikoku3 stations in the western part of Shikoku

(4 am, 17 August 2001)(4 am, 17 August 2001)

Time [sec] Time [sec]

Time [sec]

Ti
m

e 
[m

in
]

Ti
m

e 
[m

in
]



Deep tremor
NIED Hi-net stations

Iso-depth contour of intra-slab seismicity

Nankai

Tonankai

Tokai

expected
seismogenic zone

Epicentral distribution of tremor



(Time window
:14days)

Tremor and Tilt change in the western part of Shikoku

5days 5days 5days 6days



Migrating tremor and slow-slip event
in Tokai and Kii area, January 2006

Total Mｗ ~ 6.2

Vel.=10km/day
January, 2006

Kii Tokai
Ise 
Bay

(SW)

(NE)



Deep VLF earthquakes with tremor and slip 
of episode 2006 in Tokai and Kii area

VLF earthquake Tremor Tilt



CMT solution of VLF earthquakes in 2006

Focal mechanism = Thrust type
Focal depth           = 30~40km

Slab surface
VLF earthquake Tremor
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Shallow VLFE

Philippine Sea plate

Nankai Trough

Long-termSSE

Deep LF Tremor
Deep VLFE

Short-termSSE

Transition zone

Stable sliding

Accretionary prism

Decollement Seismogenic zone

Seismic slip in accretionary prism

Aseismic stick-slip on the plate boundary

Shallow Very Low Frequency Earthquake

Short-term Slow Slip Event

Deep Low Frequency Tremor

Deep Very Low Frequency Earthquake 
Seismic slip of small patch 
on S-SSE fault plane

Slow Earthquake Families in Nankai Zone

Micro crack failure
around S-SSE



Broadband seismograph network

High sensitivity seismograph network

Strong motion seismograph network
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