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A Comparative Study on Disaster Management and Reconstruction Strategy among
Earthquake Disasters of Hanshin(Japan), Kocaeli(Turkey) and Chi-chi(Taiwan)

Itsuki Nakabayashi*, Kunihiro Fukutome**, Kiyomine Terumoto** and Makiko Kawakami**

*Graduate School of Urban Science, Tokyo Metropolitan University
**Graduate Student, Graduate School of Urban Science, Tokyo Metropolitan University
Comprehensive Urban Studies, No.75, 2001, pp.5-24

This is a comparative study on damages, emergency responses and recoveries among the 1995
Hanshin-Awaji Earthquake (M.7.2), the 1999 Kocaeli Earthquake (M.7.4) and the 1999 Taiwan 921
Chi-chi Earthquake (M.7.7). We visited Turkey and Taiwan in 1999 and 2000. According to these
researches, we make a comparative study on earthquake, damages, emergency responses, recovery for
housing, making process of urban reconstruction plan, and so on (see Table 1~3). The characteristics of
these earthquake disasters and responses are as follows;1) The number of the killed in the Kocaeli
Earthquake are more than in the Hanshin Earthquake which collapsed the most number of houses. 2)
The damages and the transformation of figure of land caused by fault make it more difficult to
recovery and reconstruction in Taiwan. 3) NGO/NPO activities are very important to care the victims
in every erathquake. 4) The urban reconstructions are implemented as a new-town development in
Turkey, but not in the others.



Table 1 Similarities and Peculiarities of Earthquake Damage caused by the Chi-Chi Earthquake, Kocaeli Earthquake and Great Hanshin Awaji Earthquake
. . . . . Great Hanshin Awaji Earthquake (earthquake that
Chi-Chi Earthquake in Taiwan Kocaeli Earthquake in Turkey occurred in the southern part of Hyogo Prefecture)
Magnitude M. 7.7 M.7.4 M. 72

Date and time
when it occurred

1:47 a.m. Sept. 21, 1999

3:02 a.m. Aug. 17, 1999

5:46 a.m. Jan. 17, 1995

Fault scale Reverse fault (80 km north and south) Dextral fault (estimated to be 200 km east and | Unknown (9-km displacement caused by the Nojima fault
Maximum displacement (9.8 m in vertical west) in Awaji Island)
direction, 2.1 m to left in horizontal direction) | Maximum displacement (0 m in vertical Maximum displacement (1.2 m in vertical direction, 1.9 m
direction, 4.5 m to right in horizontal to right in horizontal direction)
direction)
Dead 2,405" (2,488)" 16,899% 5,520 (912 are dead for indirect causes)
Injured 11,306" 23,7817 43,792
Completely 47,9207 (52,220) 107,322% 105,000 (about 180,000 households)
destroyed
buildings
Partially 41,025% (54.372)% 104,6257 144,000
destroyed
buildings

Damaged area
and
characteristics of
damage

<Damaged buildings>

Traditional buildings built with clay and
tiles: Farmhouses

Urban buildings built with reinforced
concrete: Stores, combination buildings
(balcony arcade) and multiple dwelling
houses

<Damaged area>

Cities, suburban areas and agricultural
communities along the surface fault

Urban areas east of the fault (in areas
above the hypocenter) and collapse of
sloping ground in places among the
mountains

<Damaged buildings>

Urban buildings built with reinforced
concrete: Stores, combination buildings,
multiple dwelling houses (houses or
apartment houses built over business or
parking space on the ground floor), etc.

<Damaged area>

New urban areas located along the surface

fault

New urban areas that develop on low,
damp ground or on reclaimed land

<Damaged buildings>

Damage was concentrated on dilapidated wooden
housing.

Reinforced concrete buildings built before the former
earthquake resistance standard was established were
damaged.

<Damaged area>

Kobe, major cities in the Hanshin area and other urban
areas

Damage was concentrated on a zone of 500 m in width
and 20 km in length.
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(Table 1

Continuation)

Chi-Chi Earthquake in Taiwan

Kocaeli Earthquake in Turkey

Great Hanshin Awaji Earthquake (earthquake that
occurred in the southern part of Hyogo Prefecture)

<Damaged area and characteristics of
damage>

Damage is concentrated in areas right
above the surface fault.

Coliapse caused by shaking (tremors) that
occurred near the fault

<Terrestrial upheavals>

Large-scale slip of sloping ground in
mountainous districts

Steeply sloping ground collapsed due to
avalanches of earth and rocks

<Damage caused to infrastructures and the
fault>

Highways runs north to south parallel to
the fault, so they were not destroyed by the
displacement caused by the fault.

Although power transmission lines run
north to south, they were damaged in
mountainous areas east of the fault due to
the fall of mountain masses.

Substations along power transmission lines
located at the hypocenter were damaged
and the power supply was suspended
nationwide.

<Occurrence of electricity induced fires>

The earthquake occurred at midnight in
summer. Heating apparatuses or cooking
utensils were hardly used at this time of a
day but electricity induced fires broke out.

<Damaged area and characteristics of
damage>

Damage was concentrated in areas right
above the surface fault.

Buildings collapsed due to shaking
(tremors) that occurred near the fault

Liquefaction occurred in urban areas on
low, damp land.

<Terrestrial upheavals>

An urban district that develops on
reclaimed land slipped into the sea.

Liquefaction occurred.

<Damage caused to infrastructures and the
fault>

Highways run east to west parallel to the
fault, so they were not destroyed by the
displacement of the fault.

Power transmission lines run east to west,
so there was hardly any critical damage
that occurred with them.

Because propane gas is supplied to the

whole areas, there was hardly any problem.

<Occurrence of electricity induced fires>

The earthquake occurred at midnight in
summer. Heating apparatuses or cooking
utensils were hardly used at this time of a
day but electricity induced fires broke out.

<Damaged area and characteristics of damage>

Although the fault displacement did not occur on
ground surface, damage occurred in a belt and shaking
(tremors) caused wooden buildings to collapse.

Heavy damage was caused by fires (about 7,500
houses and 65 ha of urban areas were burned down).

<Terrestrial upheavals>

Piers located in a harbor developed by reclaiming land
moved sideways.

Part of the Rokko mountainous district collapsed.

<Damage caused to infrastructures>

Damage caused by strong tremors, not directly by the
fault

The Hanshin Expressway and other elevated roads and
railroads collapsed.

Electricity, gas, water supply and sewage lines were
damaged (the lifeline was suspended).

Communication trouble occurred due to the congestion
of telephone lines.

It took about three months to restore water supply,
sewage and municipal gas services to normal.

<Occurrence of electricity induced fires>

Right after the earthquake occurred, only a small
number of fires broke out since the time was early in
the winter morning.

Electricity induced fires broke out in many places
where power supply was suspended. This was a new
type of earthquake fire for which measures to prevent
it from occurring must be taken.
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(Table 1

Continuation)

Chi-Chi Earthquake in Taiwan

Kocaeli Earthquake in Turkey

Great Hanshin Awaji Earthquake (earthquake that
occurred in the southern part of Hyogo Prefecture)

<Road traffic facilities>

Damage was concentrated at upper and
lower displacement points of the reverse
fault. Immediately after the earthquake
occurred, it was extremely difficult to
move across the fault.

Traffic disruption occurred in places
among the mountains.

<Road traffic facilities>

Although bridges that cross the fault were
damaged by the surface displacement, the
extent of damage was limited and so
emergency traffic could be secured.

Traffic on the Istanbul-Ankara highway,
which is the most important wide-area
trunk road, could be secured.

<Road and railway traffic facilities>

Traffic was blocked on many streets and traffic
congestion occurred continually.

The collapse of some portions of the Hanshin
Expressway and Shinkansen railway had a great
impact on wide-area traffic.

Damaged urban rapid-transit railways paralyzed the
passenger transportation of earthquake-damaged areas.

0¢

As of Oct. 18 (four weeks from when the earthquake occurred)

As of Aug. 8, 2000 (including the number of victims and buildings affected by the Duzce Earthquake. The number of buildings includes that of residential housing and other
types of housing. Data source: RDCG)

As of Nov. 25 (nine weeks from when the earthquake occurred)

The time when information was gathered is unknown ("Survey Report on the Restoration from the Great Taiwan Earthquake (921 Chi-Chi Earthquake)" compiled in Sept. 2000
by Disaster Prevention and Restoration Research Committee of City Planning Academy
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Table 2 Comparison of Housing for Earthquake Victims between the Chi-Chi Earthquake, Kocaeli Earthquake and Great Hanshin Awaji Earthquake

Chi-Chi Earthquake in Taiwan

Kocaeli Earthquake in Turkey

Great Hanshin Awaji Earthquake (earthquake that
occurred in the southern part of Hyogo Prefecture)

Responses to
victims,
restoration
works for
damaged
houses

<Tent village>

Details of tent villages are unknown.

In earthquake-damaged areas, victims
themselves as well as private-sector bodies
built various tent villages.

Many people living in tents were afraid to
live in houses or buildings from the fear of
aftershocks.

Untlike the cases of Turkey and Japan,
measures to weather cold winter were
unnecessary.

<Temporary housing as of Jan. 20, 2000>
The number of housing planned for
construction: 5,928

The number of housing constructed: 5,205
The number of housing completed: 4,708

The number of housing into which people
moved into: 4,521

Stores, parks, playground, meeting places
and other daily life facilities were improved.

<People housing: Houses offered on a special
housing program>
The number of housing provided (first-term
offer): 5,988
Public housing and some housing provided
by the private sector

Only 140 houses were provided in heavily
damaged areas.

<Tent villages as of Sept. 12, 1999>

Tent towns: 156 groups

The number of teats: 101,444
(Akashinzukisha: 37.480)

(Contributions from foreign countries: 54,389)

There were also many people who were using
their own tents. There were quite a number of
people who lived outdoors in tents or in
temporary structures that they themselves built
from the fear of aftershocks.

<Temporary housing as of Aug. 8, 2000>

The number of housing planned for construction:
43,150

The number of housing completed: 42,616

The number of housing into which people moved
into: 41,042

The number of housing applied: 42,034

Shopping streets, meeting places, places for
worship, primary schools, etc., were rebuilt.
Bus routes were opened to the traffic.

Persons were dispatched by provinces as tent
town administrators.

Tents were set up in remote places in suburban
areas and were favorably received by people.

Tents of various designs contributed by foreign
countries were set up.

<Repair subsidy for partially destroyed houses>
The number of cases for which repair subsidies
were granted: 58,164

The amount of repair subsidy: 1,500 US dollars
maximum

<Ten villages, shelters>

On Jan, 23, 1995, the number of those staying in
shelters reached a maximum of 316,700.

The number of shelters (those in 23 cities, towns and
villages): 1,153
Nearby primary and junior high schools were
typically used as shelter.

There were earthquake victims who could not be
accommodated in shelters and set up and lived in
tents in nearby parks, vacant lots, parking lots,
school ground, etc.

Details of tents are unknown.

<Temporary housing>

The number of temporary housing completed (Aug.
1995): 49,681

The number of temporary housing into which people
moved into (Nov. 1995): 47,911

As deaths in loneliness became a problem, meeting
places were established. Such daily life facilities as
stores were not established.

Temporary housing was built in remote places in
most cases and people living there faced
inconvenience as to facilities for communication and
daily necessities.

Temporary housing was open for five years. On
Jan. 14, 2000, all people left temporary housing.

<Moving into and staying in public housing
temporarily>
The number of public housing applied: 29,738

The number of public housing into which people moved
into: 9,474
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(Table 2 Continuation)

Chi-Chi Earthquake in Taiwan

Kocaeli Earthquake in Turkey

Great Hanshin Awaji Earthquake (earthquake that
occurred in the southern part of Hyogo Prefecture)

<Rent subsidy>

Beneficiaries (individuals: The total of
beneficiaries in Taichong and Nantong came to
293,247

36,000 yuans a year for each family member
(about 144,000 a year in Japanese yen)

Either temporary housing or rent subsides
must be chosen.

This housing program was applicable to only
families that have their own houses. There
is no housing program for families that rent
houses.

<Construction of permanent housing>

Details are unknown.

There were many unsolved problems with
the reconstruction of collective housing.

There were quite a number of earthquake
victims (creditors) who go missing without
paying their loans.

<Rent subsidy>

The number of households for which rent subsidies
were granted: 112,096

The amount of rent subsidy: 200 US dollars a
month during a period of one year

Either temporary housing or rent subsidy must
be chosen.

This housing program was applicable to only
families that have their own houses. There
was no housing program for families that rent
houses.

<Construction of permanent housing>

Construction cost: 20,000 US dollars per house

Loan: 12,000 US dollars per house (Because
low-interest loans were provided with a
repayment period of 20 years and a two-year
period of deferment, debts were reduced on a
long-term basis under the inflation rate of 65%
a year.)

Typical housing built as permanent housing for
restoration from the earthquake damage was
collective housing with three stories (six
households) and two stories (four households).

A maximum of about 60,000 houses were built,
assuming that 60% of completely destroyed
houses were houses owned by victims.

Applications came from all over the country but the
number of people who actually moved into public
housing away from the inside of Hyogo Prefecture
was small.

<Self-support subsidy for earthquake victims>

About ¥140,000 per victim was provided (a total of
135.2 billion yen).

<Public housing for restoration from disaster>

The number of hosing planned for construction: 38,600

The number of housing for which land was acquired:
42,100

The number of housing for which construction started:
42, 100

The number of housing completed: 41,700

A large number of public housing that exceeded the
initially planned number was constructed for people
who lived in rented houses.

<Situation of housing reconstruction through own
efforts>

Loans for restoration from the disaster (for construction
and buying): 87,000 houses

Loans for restoration from the disaster (for repair):
3,000 houses

<Loans for recovering normal life>

The number of beneficiaries who received loans (up to
3 million yen): 26,412
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Table 3 Comparison of Support for Victims and Community Restoration Planning between the Chi-Chi Earthquake,
Kocaeli Earthquake and Great Hanshin Awaji Earthquake

Chi-Chi Earthquake in Taiwan

Kocaeli Earthquake in Turkey

Great Hanshin Awaji Earthquake (earthquake
that occurred in the southern part of Hyogo
Prefecture)

Features of
private-sector
aids

<Private-sector aid organizations include:>

(1) Private-sector groups entrusted or
supported by administration

(2) Private-sector groups supported by
foundations

(3) Aid groups of universities or specialists

As a network of these non-profit
organizations, the "National Private-Sector
Post-Disaster Life Restoration

Federation" 7777was established. Donations
and contributions are pooled and operated by
this organization to support aid activities.

Aids provided by the groups mentioned at (1)
above include the support for the formulation
of a community restoration plan. These
groups provide support in formulating a life
restoration program with emphasis on the
support for families in each community.

A unique feature of activities developed by
the groups mentioned at (2) above is that
religious bodies provide people making
self-help efforts with strong, systematic
support.

The Jisai Kai and other groups have strong
financial backgrounds. They are provided
with public land and systematically develop
activities from construction to management of
temporary housing.

Aids provided by the groups mentioned at (3)
above include the support in the area where
specialty knowledge is required; for example,
the support rendered to restore cultural
properties. There is also a group of
architects that provides support in formulating
a life restoration program for each
community.

<Private-sector aid organizations include:>

(1) International non-government organizations
(NGO)

(2) Domestic non-government organizations

(3) Support groups of university students and
specialists

As a network organization of various domestic
NGO groups, the CCC (Disaster Relief Citizen
Information Center) was established.

International organizations mentioned at (1)
above include Mercy Corp., UMCOR (Methodist
Church World Confederation Relief Committee),
WR (World Relief), etc. These organizations
provide tents and other aids needed right after the
occurrence of earthquakes and also provide
housing support, including temporary housing.

A wide variety of support is provided, including
medicare, education, welfare, etc.

Support of more than one foreign governments is
provided to build temporary housing.

Domestic NGOs mentioned at (2) above include
volunteer groups formed after the earthquake.
Existing NGOs are also performing activities.
Existing organizations include the HSA (Human
Dwelling Association) which provide
opportunities for exchanging opinions regarding
housing restoration and development of restored,
new urban areas, CYDD (Modern Life Support
Association), FSWW (Women Work Support
Foundation), etc.

Organizations established after the earthquake
include the AVS (Joint Volunteer Association)
which provide support in making self-help efforts
to restore afflicted urban areas, sufferers
association in each area, CCC, etc.

<Private-sector organizations and activities
include:>

(1) Groups formed right after the earthquake to
support victims

(2) Fund raising to support private-sector
activities developed to restore
earthquake-damaged areas

(3) Specialists' activities to support housing
restoration and community restoration

Organizations were established to link various
activity groups in a network. The NGO
Cooperation Center and Tokyo Disaster
Volunteer Network of all organizations still
continue their activities.

Activities developed by the groups mentioned at
(1) above include the support for shelter life and
management, life in temporary housing, elderly
people, mental care; they range from general
support activities to activities that require special
skills or knowledge. The year when many
groups were formed was called the first year for
volunteers.

The support provided by the HAR Foundation
(Hanshin Awaji Renaissance Foundation) to
private-sector restoration activities is
representative of fund raising activities
mentioned at (2) above. Fund raising activities
greatly contributed to the realization of collective
housing.

Specialists' activities mentioned at (3) above
include the "Planners' Network" organized to
exchange information on community restoration
planning in earthquake-damaged areas, the
"Hanshin Awaji Community Planning Support
Organization" organized to provide support from
layers, accountants and other specialists, etc.
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(Table 3 Continuation)

Chi-Chi Earthquake in Taiwan

Kocaeli Earthquake in Turkey

Great Hanshin Awaji Earthquake (earthquake
that occurred in the southern part of Hyogo
Prefecture)

Student groups are working in coordination with
NGOs.

Other specialist groups include the
Redevelopment Coordinator Association and
such private-sector organizations as the group of
registered architects. These groups played
important roles in the assessment and restoration
of damaged houses and buildings.

Restoration <Restoration plan: Life restoration plan>

plan Construction is prohibited in

earthquake-damaged areas where surface
geological features changed due to the
displacement caused by a fault. Details of a
restoration plan for these areas are not yet
decided.

For earthquake-damaged areas, the "life
restoration program” is formulated based on
the provincial restoration program and
restoration program.

It was initially planned that the restoration
program be formulated within March 2000.
At this moment, it is not yet formulated.

<Restoration plan>

To provide permanent housing in a short period
of time, twelve apartment blocks are planned for
construction in suburban areas, and 1,242 ha of
land (for 62,100 households) was acquired.

Construction began for people who owned their
own houses (26,000 households). It will be
completed within 2000.

The government is taking initiative in the work of
restoration. The move of community restoration

activity with resident participation cannot be
seen.

Severe control is exercised to prohibit
construction of four-story or higher buildings.
This control is applied to existing buildings in
earthquake-damaged areas.

<Restoration plan>

The city restoration area designated by law was
limited: 290 ha. This was called the "base
restoration method.”

The "community planning council” was formed
mainly in black areas (city planning areas).

Although there is no such project as might be
called the "new urban area development project”
that Turkey implemented to recover for the
earthquake, public housing and housing in
suburban areas were developed. In this
situation, the population in high-priority areas
and other earthquake-damaged areas that
decreased greatly after the earthquake sill
remains low.

In the redevelopment programs for the Shin
Nagata district and other districts, construction
of public housing that accommodates 2,000
households is projected. It is expected that an
overall review will be made to these programs.

Ve

A S S

H56LH

1002





