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Report on the Hyogo-Ken-Nanbu Earthquake, 1995
(The 1995 Southern Hyogo Prefecture Earthquake)
JAPAN METEOROLOGICAL AGENCY

Abstract

1) Outline

At 5:46 JST (Japan Standard Time) on 17 January 1995, a large earthquake with magnitude 7.2
occurred in southern Hyogo Prefecture. The hypocenter was located at the depth of 16km, 34°
36" N, 135° 2’ E, in the northern part of Awaji Island. The earthquake generated very strong
ground motion with seismic intensity 6 (Japan Meteorological Agency:JMA scale) at Kobe and
Sumoto in Hyogo Prefecture, and was felt over a very wide area from southern Tohoku to Kyusyu.

The maximum ground motion acceleration, observed at Kobe Marine Observatory, was 818cm/
sec?, 617cm/sec? and 332 cm/sec? in the NS, EW and UD directions, respectively. The Field
Survey Team of JMA certified that the earthquake caused ground motion of seismic intensity 7 at
some parts of Kobe city and Awaji Island.

Tremendous damage was brought about by the earthquake. The Fire and Disaster Management
Agency reported on 26 December 1996, that 6,425 people were killed and 43,772 injured. The
number of damaged houses was 488,222 including 110,457 completely destroyed houses. Gas,
electrical and water supplies were unavailable in many parts of the epicentral region. The number
of victims of the earthquake exceeded that of Fukui Earthquake in 1948 and was second only to that
of the great Kanto Earthquake in 1923, which produced the greatest damage by an earthquake in
Japan this century. The Government of Japan named the earthquake disaster as the "Great Hanshin-
Awaji Earthquake Disaster” and JMA named the earthquake as the “Hyogo-Ken—nanbu Earthquake,
1995” after its serious damage.

2) Focal Parameters
Origin time (JST):  05h 46m 51.8s on 17 January 1995

Epicenter: 34° 35.77 N, 135° 02.3’ E
Focal depth: 16km
Magnitude: 7.2

3) Aftershock Activities _
By 30 April 1995, 192 felt aftershocks were observed. The largest aftershock with magnitude
5.4 occurred at 7:38 (JST) on 17 January, and the aftershocks at 5:50 (JST) on 17 January with
magnitude 5.2 and at 23:15 on 25 January with magnitude 5.0 were significant. The b value in
Gutenberg - Richter’s formula:
log N(M) = a - bM
where

N(M): number of earthquakes with magnitude equal to or larger than M
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M: magnitude '
was estimated as 0.88 for aftershocks with magnitude equal to or larger than 2.3 and which occurred
by 30 September 1995. The value of the parameter p to denote the temporal decay of the after-
shock activity in the modified Omori’s formula was estimated as 1.12, a normal value for aftershock
activity of inland earthquakes in Japan.

The aftershock region extended linearly about 50km to the NE and SW directions from the
epicenter. Within this region there were some areas of concentrated activity while the activity was
low in the vicinity of the epicenter. The distribution of aftershocks fitted well to the active fault
trace. A calculation of stress redistribution using a finite fault model shows that the fracture stress
increased near both ends of the fault and its extensions. This coincides with the areas of high
aftershock activity.

4) Focal Mechanism

Focal mechanism solutions for the main shock were determined from P wave first motion polari-
ties observed in Japan and from a CMT (Centroid Moment Tensor) solution obtained by using long-
period digital records of IRIS (Incorporated Research Institutions for Seismology) stations all around
the globe. Both results indicate that the focal mechanism was right lateral strike slip due to
horizontal compression in the EW direction, although there were slight differences in the fault
parameters of the two solutions.

The fine rupture process on the fault of the main shock was analyzed by using mainly the digital
records of JMA strong motion seismometer (type-87). The result of this analysis indicates that the
rupture began near the hypocenter and propagated bilaterally, to the NE (to Kobe city) and SW (to
Awaiji Island). It took about ten seconds for the completion of the rupture. This analysis also
indicates large energy release in the vicinity of the hypocenter and in Awaji Island. The seismic
moment and the maximum dislocation on the fault were estimated to be 2.5 X 10'°* Nm and 2m,
respectively. The moment magnitude of the main shock is 6.9.

The first motions(dilatation/compression) and the coseismic steps recorded by volume-
strainmeters deployed in Tokai and south Kanto districts, and the coseismic step recorded by the
extensometer at Matsushiro Seismological Observatory were in good accordance with the focal
mechanism estimated above. No preseismic and coseismic change was detected in total geomagnetic
force observed by JMA.

5) Change of Seismic Activity before and after Hyogo-Ken-nanbu Earthquake
Hyogo~Ken-nanbu Earthquake occurred at the southwest edge of a triangular region, bounded
by active faults, called the “Kinki ~ Triangle” whose base and apex are the Central Tectonic Line
and the northern end of the Lake Biwa, respectively. After the main shock, seismicity was activated
in the “Tanba active area “, along the western margin of the triangular region. In the southern part
of this active area, an earthquake swarm occurred in the previous year. This might have been
precursory activity for the Hyogo—Ken-nanbu Earthquake. Quiescence of seismic activity for two

or three years before the main shock is considered to be a mid-term precursor.

6) Past Earthquake Events

Although there are many historical documents about earthquake disasters in Kinki District,
there is no evidence that a disastrous earthquake occurred in the focal region of this event. How-—
ever, recent active fault research shows the possibility that the Arima-Takatsuki fault zone, which
lies adjacent to the east of the hypocentral fault, ruptured in the Keicho-Fushimi Earthquake (M =
7 1/2) of 1596.

A focal mechanism examination for 16 earthquakes in the main shock region since 1926 shows
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a reverse fault type or a strike slip fault type due to horizontal compressive stress in the NW-SE or
E-W direction. In this region, an earthquake occurring in the sea area tends to be a reverse fault

while those on land are usually reverse or strike slip faults, consistent with the present case.

7) Field Survey

The JMA Headquarters dispatched a Field Survey Team to Kobe City and Awaji Island on 17
January to intensify the seismic observation and to scrutinize the earthquake damage. Once the
survey of this team determined that the earthquake caused a seismic intensity 7 at parts of Kobe
city and Awaiji Island, the Osaka District Meteorological Observatory and other meteorological
stations took part in the survey for more detailed investigations. These surveys revealed a surface

exposure of the rupture fault and delineated the areal extent of seismic intensity 7 level.

8) Tsunami Forecast and Earthquake Information

The JMA Headquarters and Osaka District Meteorological Observatory issued a tsunami
advisory of “No Tsunami” to relevant coastal regions immediately after the main shock, and also
issued earthquake information about the hypocenter and magnitude of the main shock, seismic

intensity distribution and aftershock activity, successively.
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