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Abstract

Recently, after 2011 Great East Japan Earthquake Disaster, many earthquakes which occurred large damages in Japan,
for examples, 22 Nov. 2014 Northern Nagano Eq. (M6.7), 14 Apr. 2016 Kumamoto Eq. (M6.5), 16 Apr. 2016
Kumamoto Eq. (M7.3), 26 Oct. 2016 Central Shimane Eq. (M6.6), 18 Jun. 2018 Northern Osaka Eg. (M6.1) and 06 Sep.
2018 East Iburi Hokkaido Eq. (M6.7). These were middle scale earthquakes of magnitude about 7.0 and occurred inland
along to active faults. Those earthquakes were distributed at the hole areas in Japan.

The 1995 Hanshin-Awaji Earthquake Disaster caused very serious damage to large cities in the Hanshin District, west
part of Japan, mainly to Kobe City, Hyogo Prefecture. Since this devastated earthquake disaster, national government
and each prefecture or municipality has been carrying out various studies concerning earthquake prevention measures
according to the earthquake damage assessment. Off course, the earthquake damage assessment is very important for
disaster response measures and, in general, it includes the acceptable damage evaluation due to the experimental and
statistical relationship between the seismic intensities and damages.

However, considering for the future earthquake disaster prevention, the relationships between regional characteristics
and earthquake disaster scales have not yet necessarily been clarified, and studies regarding methods of identifying the
high priority areas for earthquake disaster prevention in Japan are considered to be not yet thoroughly done. Urban
earthquake disaster prevention potential is constituted from two situations. One is the natural situation related to the
conditions (topography, ground, seismic source environment, etc.), and the other is urban space structures (building
distribution with height, material and several characteristics, road and train lines network rate, lifeline network, etc.)
including various urban facilities in each area, and the social system (population and its density, characteristics of
residents, population migration, distribution of weak persons when disaster has occurred, etc.) and the disaster-
preventive capability of the area (human and material resources for fire-fighting, medical resources, number of
administrative officials, and voluntary disaster-prevention organizations, etc.)

In this research, we have studied a method for comprehensive and quantitative evaluation of various disaster-expanding
factors and disaster-restraining factors in urban areas when a big earthquake disaster is occurred, carried out trial
calculation of earthquake disaster prevention potential(EDPP) in 13 cities (now, expanded to 21 cities) specially
designated by government ordinance in Japan. These cities are big cities in Japan and already summarized and
published the statistical information as urban characteristic data comparing the situation of city development. So, we
used the statistical information and analyzed the efficient numerical weight as for the disaster-expanding factors and the
disaster-restraining factors by using the Hayashi's quantification methods. Finally, we calculated the numerical value of
the earthquake prevention potential for these 13 cities and compared each other. According to the result, we understand
the difference of earthquake disaster prevention potential EDPP) between these 13 cities and the priority cities for
earthquake disaster prevention in Japan.

Keywords: earthquake disaster; Facilities and Social situation; statistical information; earthquake disaster prevention
potential (EDPP)
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1. Introduction

The 1995 Hyogo-ken Nanbu Earthquake (M7.3), generally called Hanshin-Awaji Great Earthquake Disaster,
was occurred in 17th January at 5:46 am (Local time) and more than 6,000 peoples were killed, more than
40,000 peoples were injured and also more than 200,000 buildings were collapsed, many transportation,
harbor, lifeline facilities were destroyed due to this earthquake. Almost all urban function around Kobe City
was stopped just after the earthquake occurrence [1], [2], [3]. Then, many social systems were influenced
and continued during long time after the earthquake. The characteristics of experiences of this earthquake
was pointed out that it was multi-urban type seismic disaster generated by directly just under shallow big
earthquake. The main causes to occurrence of such a large disaster was that the seismic activity was very low
and so the awareness to seismic risk was very low, then the local government and residents living in this area
didn’t pay attention to the seismic disaster before the earthquake occurrence. According to this experiments
of earthquake disaster, many discussion and countermeasures related to earthquake disaster prevention were
considered against to the various facilities, buildings, bridges, highways, transportation systems, life line
systems and also human society activity toward the disaster mitigation. Although, the causes for earthquake
disaster generation are related to seismic disaster and various parameters are complexly related each other
mutually, so it’s very difficult to estimate the earthquake disaster exactly [4], [5]. Also, because of the
difficulty to identify the active fault possible to future movement and predict the exact occurrence, it is very
important to make the consensus of seismic risk and to understand the awareness to earthquake disaster and
to identify the most risky area in order to develop the earthquake disaster prevention.

For this purpose, it is very useful to utilize the published statistic information data related to the areal
characteristics based on same format. And it’s very important to classified in detail common indexes and
items summarized by own local government. According to these indexes and items, it’s possible to estimate
the seismic disaster vulnerability and compare the risk against to seismic disaster and then it’s possible to
consider and develop the seismic disaster prevention measures under disaster management plan [6], [7], [8].
In the 1995 Hanshin-Awaji Great Earthquake Disaster, Kobe City, a big city in west part of Hanshin District,
including Nishinomiya City, Ashiya City, was affected destructively serious damages. The statistical data,
summarized in indexes and items about social information data which are existing in the city and
characterized the city. These data are covered widely distributed information of the city, so we think that
these statistic indexes and items are related to the seismic disaster and they will be indicated the internal
factor of seismic disaster. It’s related to the seismic disaster as shown in Fig. 1. Off course, as the external
factor for seismic disaster directly, the seismic activity, location of seismic fault and expected magnitude are
also very important information for seismic disaster and should be considered in other way. We think that
it’s possible to understand the seismic vulnerability based on the statistic indexes and items.
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Fig. 1 Concept of seismic disaster
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In this paper, we tried to approach the seismic vulnerability evaluation by using the statistic indexes and
items published as “The Annual Statistic Tables on Comparison between Big Cities” [9]. At first step, we
selected the several indexes and items related to seismic disaster, and then we summarized these index and
items and also we classified and settled the weight as a numerical value for index and items, respectively.
Then, after integrate these numerical values for each index and item in order to evaluate the seismic
vulnerability. Finally, we compared the calculated value for each city as inter-city comparison of seismic
disaster vulnerability.

After the 1995 Hanshin-Awaji Great Earthquake Disaster, NIED had started to open the calculated result for
seismic hazard as in the National Seismic Hazard Maps for Japan in J-SHIS system on internet [10]. By
using this information, we picked up the result of expected probability for earthquake occurrence of more
than 6- intensity, in Japanese Seismic Intensity Scale, within 30 years at each city. And then, we compared
with the final result of seismic disaster vulnerability evaluation. We would like to introduce the results.

Table 1 List of objected big cities

No. CityName Land Area (Sq. km) Population (Person) ~ Density (Person/Sq. km)

Sapporo i LTBTI(5) L3461
Senda 7805 (2) 551,908 (12) 120003)
Cliba M 851,701 (13) 30707
Tokyo QL0 (4 8067703 (1) 1281 ()
Kawmsaki 1885 (13 1199934 (9) 8M2(3)
Yokotama B18(Y) I0LI44(2) 7598 (4
Nazova 363710 21837 (4) 6615(5)
Koo 61021(3) 1451807(T) 23109
Osla W3 (W) 2666483 (3) 121(2)
g Kabe SH578(6) 1310735 (6) 2768(8)
Hirosima H(3) 1103107 (10 1490(1)
Kizkyush 48286(7) LO08M (1Y) 2114(10)
Fuinoka B68L(Y) L2027 (8) Rl

Fia. 2 Location of objected biq cities

2. Obtaining of Statistic Data

In “The Annual Statistic Tables on Comparison Between Big Cities” published in 1995, same year of the
Hanshin-Awaji Great Earthquake Disaster, 13 big cities in Japan are indicated and summarized in same
format. So, we used these statistic data. The location and basic statistic data of these cities are indicated in
Fig. 2 and Table 1. As indicated in the table, except Sendai City and Chiba City, other cities have large
population, more than 1,000,000, and main cities in Japan. Also, these cities are important for economy and
culture in each region. In these cities, Kobe City where affected serious damages due to the 1995 Hanshin-
Awaji Great Earthquake Disaster. “The Annual Statistic Tables on Comparison between Big Cities” was
published every year and reported on city’s activity and compare the basic political statistic information
between 13 big cities, and then it’s presented the presence of city policy and management, but it’s not
reported directly on disaster prevention.

The contents of statistic data are widely summarized in 21 social indexes, In this study, we selected 30 items
from 8 indexes as shown in Table 2. For 30 items indicated in Table 2, we calculated the normalized value
by population or city the land area because these values were used for comparison between 13 big cities each
other. At first, we have drew the histogram of selected 30 items in order to understand the distribution for
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classification, respectedly. And then, considering the distribution of normalized statistic values, we classified
the city’s characteristics into 4 classes, from A to D. This classification was indicated in Table 3. Basically,
we classified the all items, 30 items, into 4 classes, from A to D. Class A is the highest class and inversely
class D is the lowest and class B, C are middle classes between A and D.

Table 2 Extracted items of urban statistic information data

Index Item

1. Land & Population [1] Popolation Density (Person/Sq. ko)

[2] Land Arsa Ratio of Land Tsz Caterory (%2)

[3] Ar=aRatic of Urbamiztion-arsa (%4)

[4] Ar=a Ratio of Densaly Inhabitad District (DID) (%)

[5] Popolation Raito of Densly Inhabited Distect{TATY) (%6)

[6] Popolation Density of Densely Inhabited District(DID) (Person/Sq. lam)

2. Economical Bases [7] $hipment Vak 2 of Menufactued Goods (Par Person)
[8] 8akes of Mamm fBctured Goods (Par Parson)
3. Fimanrs [9] Ind=x of Loral Fnancs

[10] Closinz Areounts of Anmal Expenditurs (Par Pamon)
4. School Education [11] Ar=a of Public School Site 8q. mPeson)

5. Family Finance [12] Practical Income of Labors Houszhold
[13] Batic of Hous=hold Number Clasified Income (34)

6. Living Environment [14] Practical Lenzth of Road (omvSq. kem)

[15] Mumber of Avtomobile Hald (Per 1000 Peson)

[16] Area of City Park (3q. mPerson)

[17] Ratio of R.asidance Number on Classified Site Ara (34)

[18] Ratic of R.esidence Number on Constructed Aze (%%)

[19] 3pr=d Ratio of Sewemge (%4)

[20] Amount of Water Suphy Per Year (Cb. mPemon)

21] Amountof City Gas Consumption Par Year (lecal Parson)

[22] Amount of Electric Power Consumption Par Year (lovh/Parson)
[23] 3p=ad Ratio of Subserbad Telephons (Par 1000 Person)

7. Health and Megical Car= [24] Mymbar of Ganeral Hospital (Ber 100,000 Barson)
25] Mumber of Clinic (Per 100,000 Parsan)

[26] Mymber of Medical Doctor (Per 100,000 Person)

[27] Momber of Nurse (Per 100,000 Berson)

8. Safaty [28] Mumbar of Staffs in City (Metropalic=) (Bar 10,000 Pecsor)

[29] Mumber of Poliee Officar (Par 100,000 Person)
[30] Mumber of Stuff in Firz Department (Per 100,000 Peron)
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Table 3 Settlement for classification values of each extracted item (X: normarized statistic value)

Classification of Index and Irem Charartaristic

Indexand Trene
A B C D
1. Land & Population [1] Population Dersity (Pemon3q. ko B000=X S000<3<8000 2000<K=5000 <2000
[2] Land Arss Ratio of Land Uss Catesory (%) 80< S0<X<80 20<H<30 <20
[3] Araz Ratio of Ushanization-arss (%) 80< B<X<80 40<X<60 He<d0
[4] Arsz Ratio of Denssly Enhabited District (DID) (%) 80<X S0<X<80 2030 <20
[5] Population Rzito of Densly Inhabit=d DistrictID) (%) 80<30<30 S0<X<80 20<K=30 <20
[6] Pogutation Density of Dens sy Inhabited Distact({DID) (Parson'Sq. fan) 10000<X 600010000 S000<X<6000 <5000
2. Economical Bases [7] Shigerent Value of Menufachie=d Goods (Bar Peson) 30<K 2.0<K<3.0 L0<X<2.0 X<10
[8] Sl of Manufactus=d Goods (Per Person) 20K 10320 5<X<10 H<s
3. Finance [9] Index of Local Finanes 12X 1.0<X=12 0.8¢X=1.0 X=0.8
[10] Closing Aceounts of Annual Expenditurs (Per Parsor) B0<X 60 40<X<50 Hed)
4. School Education [11] Ama of Public Schoal Site Bq. mPemon) I 2.5¢K<3.0 20<¥<15 <20
5. Family Finance [12] Practical Encone of Labor's Housshold B00<K 5003600 200<H<500 400
[13] Ratic of Housshold Numbar Clasifisd Income (%) 80<X 80 4050 Hedd
6. Living Frvisonment [14] Bezetical Langth of Road (ln'Sq. lom) 15X 10<X<15 5<3<10 <5
[15] Mumber of Automobile Hold (Par 1000 Parson) 500<X 200<X<500 300<H=400 <300
[16] Ama of City Park Sq. mPeson) 80 6.0<X<8.0 4.0<X<6.0 et
[17] Ratio of R asidnce Mumb ar on Classifisd Site Arsa (%) T S0<X<T0 30<K<30 <30
[18] Ratio of R asidence Musb ar on Constructzd Asa (%) 30 20<3<30 10<X<20 <10
[19] Sped Ratio of Sawarmze (6) 90X X0 T<X<80 <0
[20] Amount of Water Suply Par Vaar (Cb. mParson) 02¢X 0.15<X<02 0.1<¥<0.15 <01
[21] Amount of City Gas Consumption Per Vear (kral Parson) 40X 3.0<K40 20<K=3.0 X=20
[22] Anpunt of Flectric Power Consumption Par Year (owhPeron) 60X 5.0<X6.0 4.0<X<5.0 Xed0
[23] 8pead Ratio of Subscribad Telaphons (Per 1000 Parson) 00X B00-<3<T00 500<K<600 <500
7. Haslth and Madical Care | [24] Mumber of General Hospital (Per 100,000 Parson) 100X 8.0<X<100 6.0<H<8.0 H<6.0
[25] Mumber of Clinic (Bar 100,000 Peson) 100<X 80<30<100 0380 <80
[26] Mumber of Medical Doctor (Ber 100,000 Pamon) 250K 200<3=250 150<X=200 =130
[27] Musrber of Nusa (Par 100,000 Peson) 800<X 600-<3<800 500<K<600 <500
8. Safety [28] Mumber of $tafE in City (Matropolics) (Per 10,000 Berson) 140X 120<X<140 100<X<120 <100
[29] Mumber of Palics Officer (Par 100,000 Peson) B00<K 400<30<500 200<K=400 200
[30] Number of $tuff in Fire Department (Per 100,000 Person) 140<X 120<X<140 100<X=120 =100
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3. Data Arrangement for Relative Evaluation

Considering the characteristics of histogram for 30 items, the items which were not appeared clear difference
between cities and the items which were similar contents and tendency in histogram distribution selected
only one item and the other items were canceled. In this study, we tried to perform the inter-cities
comparison of seismic disaster vulnerability evaluation settled by using above mentioned relative evaluation
for classification of each items. As mentioned above, the external factor, seismic fault and expected seismic
intensity etc. are not considered in this relative evaluation. As generally understanding, in the 1995 Hanshin-
Awaji Great Earthquake Disaster, the characteristics of urban type seismic disaster is very multi-aspect and
complex related many items. This multi-aspect is strongly influenced by internal factors existed in each city
and it’s not directly related with above mentioned external factor. And these internal factors are possible to
relate with the time dependence in time from before and after occurrence of earthquake. That is to say, as
indicated in Fig. 2, three time periods, the before period (period before the earthquake occurrence), the
occurrence period (period just occurred the earthquake event) and the after period (period after the
earthquake occurrence) are considered. In this 3 periods, the before period is divided “I. Social condition”,
“Il. Natural condition”. And the occurrence period is summarized to “Ill. Damage Affected Condition” and
the after period is divided to “IV. Social Capacity” and “V. Facility Capacity”. Considering above, we
arranged the items of statistic data, indicated in Table 4, to the result as indicated in Table 5. And we thought
that the items which are contributed to reduce the seismic disaster or seismic damages, in this case, we put
the weight in “+” as the disaster prevention factor and, inversely, the items which are contribute to amplify
the seismic disaster or seismic damages, in this case, we put the weight in “-” as the disaster expand factor.
Finally, as consideration of data analysis, we put the integer value to directly proportional in case of “+”
weight, and to inverse proportional in case of “-” weight. The weight values are settled as indicated in Table
6 referred the divided contents, A - D, which are indicated as the characteristics based on the 30 items at the
beginning. According to this settlement, higher weight value means lower seismic vulnerability and inversely
lower weight value means higher seismic vulnerability. Actually, we think that the weight values are very
important and complex in relation with this paper, so it’s necessary to perform the multi-variable statistical
analysis in order to confirm the weight value, unfortunately there are no information about the statistical data
in past experienced seismic disaster. Then, we put the weight values as assumed values from experienced
imagination.

Table 4 Inner-cities comparison of classification on each extracted item
City Number (*Refere on Table 1)
. T

Index and Items

1. Land & Population [1] Population Density (Person'Sq. k)
[2] Land Area Ratio of Land Use Caf

[3] Area Ratio of Urbanization-area

[4] Area Rafio of Densely Inhabited District (DID) (%)

[5] Population Raito of Densly Inhabited DistricDID) (%)

[6] Population Density of Densely Inhabited DistrictDID) (Person/Sg. km)
[2 Economical Bases [7] Shipment Vatue of Manufactred Goods (Per Person)

[8] Sales of Manufactured Goods (Per Person)

3. Finance [9] Index of Local Finance
[10] Closing Accounts

4. School Education [11] Area of Public Sc!

of Annual Expendiure (Per Person)

Site (Sq mPeron)

3. Family Finance [12] Practical Income of Labor’s Household

[13] Ratio of Household Number Clasified Incoms (%)
6 Living Environment [14] Practical Length of Road (knvSq. km)

[15] Number of Automobile Hold (Per 1000 Person)

[16] Area of CityPark (Sq mPerson)
[17] Ratio of Residence Number on Classified Site Area (%)
[18] Ratio of R.esidence Nomber on Constructed Age (%)
[19] Spred Ratio of Seweraze (%)
[20] Amount of Water Suply Per Year (Cb. mPerson)
[21] Amount of CityGas Consumption Per Y ear (keal/Person)
[22] Amount of Electric Power Consumption Per Year (lowh/Person)
[23] Spead Ratio of Subseribed Telephone (Per 1000 Person)
7. Health and Medical Care  [24] Number of General Hospital (Per 100,000 Person)
[23] Number of Clinic (Per 100,000 Person)
[26] Number of Mex
[27] Number
5. Safety [28] Number
[29] Number of Police Officer (Per 100,000 Person)
[30] Number of § tuff in Fire Department (Per 100,000 Person)

opolice) (Per 10,000 Person)
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Fig. 4 Relative evaluation of index for seismic disaster vulnerability

In this study as a trial analysis, we performed the seismic vulnerability evaluation by simple method using
the weight values indicated in Table 6. In “IV. Social Capacity”, Osaka, Tokyo, Nagoya and Kyoto City
indicate high value in “+”, Yokohama, Kawasaki and Chiba City indicate low value in “-“. In “V. Facility
Capacity”, Sapporo, Hiroshima, Kitakyushu and Fukuoka City indicate high Value in “+” and inversely

Kawasaki City indicate very low value in “-”,

| - V factors.

Also, Kobe City indicate middle value in all 13 cities in the

Table 5 Correspond table of index for seismic disaster vulnerability evaluation and extracted items

Factors for Seismic Vulnerability Evaluation

Selected Trems

(1) Socia Condition

[1] Population Density (Person/Sq. km)

[3] Area Ratio of Urbanization-area (%)

[7] Shipment Value of Manufactured Goods (Per Person)

[8] Sales of Manufactured Goods (Per Person)

[9] Index of Local Finance

[10] Closing Accounts of Annua Expenditure (Per Person)
[12] Practical Income of Labor's Household

[17] Ratio of Residence Number on Classified Site Area (%)

(II') Natural Condition

[2] Land AreaRatio of Land Use Category (%0)
[4] Area Ratio of Densely Inhabited District (DID) (%0)
[5] Population Raito of Densly Inhabited District(DID) (%)

(II') Damage Factor

[6] Population Density of Densely Inhabited District(DID) (Person/Sq. km)
[14] Practical Length of Road (lam/Sq. km)

[15] Number of Automobile Hold (Per 1000 Person)

[16] Area of City Park (Sq. mPerson)

[18] Ratio of Residence Number on Constructed Age (%a)

[19] Spred Ratio of Sewerage (%0)

[20] Amount of Water Suply Per Year (Cb. m/Person)

[21] Amount of City Gas Consumption Per Y ear (kcal /Person)

[22] Amount of Electric Power Consumption Per Year (kwh/Person)

[23] Spead Ratio of Subscribed Telephone (Per 1000 Person)

(IV) Social Capacity

[26] Number of Medical Doctor (Per 100,000 Person)

[27] Number of Nurse (Per 100,000 Person)

[28] Number of Staffs in City (Metropolice) (Per 10,000 Person)
[29] Number of Police Officer (Per 100.000 Person)

[30] Number of Stuff in Fire Department (Per 100,000 Person)

(V) Facility Capacity

[11] Area of Public School Site (Sq. m/Person)

[13] Ratie of Houschold Number Clasified Income (%)
[16] Area of City Park (Sq. m/Person)

[24] Number of General Hospital (Per 100,000 Person)
[25] Number of Clinic (Per 100,000 Person)
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Table 6 Settlement of weight value for each extracted item

Index and Items of Statistic Data Weight

A B C D

1.Land & Population [1] Population Density (Person/Sq. km) 0 -1 2 3
[3] Area Ratio of Urbanization-area (%) 0 -1 2 3

[4] Area Ratio of Densely Inhabited District (DID) (%) 0 -1 2 3

[6] Population Density of Densel y Inhabited District(DID) (Person/Sq. km) 0 -1 2 3

2.Economical Bases [7] Shipment Value of Manufactured Goods (Per Person) 0 -1 2 3
[8] Sales of Manufactured Goods (Per Person) 0 -1 2 3

3.Finance [9] Index of Local Finance 3 2 1 0
4. School Education [11] Area of Public School Site (Sq. mPerson) 3 2 1 0
5. Family Finance [13]Ratio of Household Number Clasified Income (%) 0 -1 2 3
6. Living Environment [14] Practical Length of Road (km/Sq. km) 3 2 1 0
[16] Area of City Park (Sq. mPerson) 3 2 1 0

[17] Ratio of Residence Number on Classified Site Area (%) 0 -1 2 3

[18] Ratio of Residence Number on Constructed Age (%) 0 -1 2 3

[19] Spred Ratio of Sewerage (%) 0 -1 2 3

[20] Amount of Water Suply Per Year (Cb. m/Person) 0 -1 2 3

[21] Amount of City Gas Consumption Per Year (kcal/Person) 0 -1 2 3

[22] Amount of Electric Power Consumption Per Year (kwh/Person) 0 -1 2 3

[23] Spead Ratio of Subscribed Telephone (Per 1000 Person) 0 -1 2 3

7. Health and Medical Care [24] Number of General Hospital (Per 100,000 Person) 3 2 1 0
[25] Number of Clinic (Per 100,000 Person) 3 2 1 0

[26] Number of Medical Doctor (Per 100,000 Person) 3 2 1 0

[27] Number of Nurse (Per 100,000 Person) 3 2 1 0

8. Safety [28] Number of Staffs in City (Metropolice) (Per 10,000 Person) 3 2 1 0
[29] Number of Police Officer (Per 100,000 Person) 3 2 1 0

[30] Number of Stuff in Fire Department (Per 100,000 Person) 3 2 1 0

4. Inter-city Comparison of Seismic Vulnerability Evaluation

Using the analysis method explained above chapters, we performed the relative evaluation of factors from
“I” to “V”. Then we also exceeded to the seismic vulnerability evaluation of 13 cities and compared with
each other. Namely, according to each factor from “I” to “V”. We calculated the seismic vulnerability
evaluation by adding the values from “I” to “V” at each city, respectively.

We added the weight values, “T” to “V” simply and settled to O in average and absolute maximum value was
1.0 and then we compared the normalized value between in 13 cities. The result was shown in Fig.3. From
this figure, in “I. Social Condition”, Sapporo, Sendai, Chiba City are high value “+”, inversely Osaka is very
low “-“, Nagoya, Tokyo, Kawasaki City are following to low “-“. In “II. Natural Condition”, it was not so
many items included, Sapporo, Sendai, Hiroshima City are relatively high value “+”, inversely, Osaka,
Nagoya and Tokyo were low value “-“. In “IIl. Damage Factor”, Chiba, Sapporo, Sendai, Yokohama and
Hiroshima City were low value “-“. The weight values of “IV” and “V” were same tendency. Then we
calculated the relative seismic vulnerability evaluation based on the weight values, we added these weight
vales simply using same method in the calculation of relative evaluation. The result was shown in Fig.4.
From Fig. 4, Sapporo City was lowest value of seismic vulnerability evaluation and Kawasaki City was the
highest value. Hiroshima, Sendai and Chiba City were low, inversely, Osaka, Tokyo, Nagoya were relatively
high and Kobe, Kyoto City was evaluated in middle value.
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5. Seismic Hazard Estimation by J-SHIS

In Japan, after the 1995 Hanshin-Awaji Great Earthquake Disaster, NIED, National Research Institute for
Earth Science and Disaster Resilience, had started to open the calculated result for seismic hazard as in the
National Seismic Hazard Maps for Japan in J-SHIS system on internet. It’s covered all Japanese territories
based on approximately 1kmx1km meshed map as indicated in Fig.6. The most popular result is distributed
as probability of earthquake occurrence expected probability during 30 years. The expected probability re-
calculated every year and open the result at 1st day of January. By using this information, we used the 2008
edited version, the first calculated result in J-SHIS and most close version to the occurrence year of the
Hanshin-Awaji Great Earthquake Disaster. We picked up the result of expected probability in case of exceed
probability at 3 %. The result is summarized in Table 7. From this Table, Kawasaki, Yokohama and Nagoya
City are recognized very high value which is more than 30 %, Chiba and Osaka City are also high
probability and Tokyo and Hiroshima City are followed nest, more than 10%. Other cities are less than 10%.
Finally, we compared the result of relative seismic vulnerability and the expected probability value obtained
from J-SHIS. The result is shown in Fig. 7. According to Fig.7, Tokyo, Kawasaki, Yokohama, Nagoya and
Osaka City are estimated in very high seismic vulnerability and high probability of seismic hazard map.

45«4’28.5 130E 132E 1346 136'E 198'E 140°E 142E 144E VOE

0% 0. 1% 3% 6% 269% 100%

Fig. 6 Example of Seismic hazard map obtained from J-SHIS System (2018)
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Table 7 Results of seismic disaster vulnerability evaluation and
seismic hazard evaluation based on J-SHIS System

Inner Factor

No Name J-SHIS (%)
I I m v v > Norm.(Z)
1 Sapporo 0.54 0.95 0.58 -0.1 0.8 2.77 0.92 0.5
2 Sendai 0.55 0.95 0.58 -0.4 -0.25 1.43 0.48 2.8
3  Chiba 0.56 0.3 0.72 -0.52 0.02 1.08 0.36 27.2
4 Tokyo -0.54 -1 -0.6 0.6 -0.5 -2.04 -0.66 11.4
5 Kawasaki -0.38 -1 -0.18 -0.5 -1 -3.06 -1 37.3
6 Yokohama 0.08 -0.35 0.58 -0.85 -0.5 -1.04 -0.34 32.9
7  Nagoya -0.55 -1 -0.42 0.45 0.02 -1.5 -0.49 37.5
8 Kyoto -0.08 0.3 -0.58 0.45 0.02 0.11 0.04 6.4
9 Osaka -1 -1 -1 1 -0.48 -2.48 -0.81 23.2
10 Kobe 0.25 0.3 -0.3 -0.1 0.22 0.37 0.13 8.1
11 Hirosima 0.08 1 0.58 0.18 0.52 2.36 0.78 10.2
12 Kitakyushu 0.25 0.3 0 -0.15 0.52 0.92 0.31 0.6
13 Fukuoka 0.25 0.3 0 -0.25 0.52 0.82 0.28 2.3
Sapporo Sapporo ®
Sendai  —— Sendai  m—
Chiba  — Chiba  —————
okyo Tokyo ———
T Kawasaki Kawasaki
Yokohama~— Y okoham 2 1
Nagoya= N0y 1
Kyoto m Kyoto  —
— | Osaka
Kobe mmm Kobe ~ n—
Hirosima Hirosima ~ n——
Kitakyushu  m— Kitakyushu m
Fukuoka ~ e— Fukuoka e
-15 1 0.5 0 05 1 0 5 10 15 20 25 30 35 40
(a) Relative seismic disaster vulnerability (b) Provability of more than intensity 6
Evaluation value within 30 years by J-SHIS

Fig. 7 Comparison between seismic disaster vulnerability evaluation and
seismic hazard evaluation based on J-SHIS System

6. Conclusion

In this study, we tried to estimate the relative seismic vulnerability evaluation of big cities in Japan based on
the well summarized statistic information published in “The Annual Statistic Tables on Comparison between
Big Cities”. The methodology was very simple and very useful for the complexity of seismic disaster,
especially, urban type complex of seismic disaster, as like as Kobe City due to the 1995 Hanshin-Awaji
Great Earthquake Disaster. The result shows clear difference on seismic vulnerability evaluation and we can
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understand the characteristics of each city. Kobe City, suffered serious damages in the 1995 Hanshin-Awaji
Great Earthquake Disaster, was evaluated in middle position in this study, and Kawasaki Osaka, Tokyo and
Nagoya, big cities constitute three urban mega regions in Japan, were high vulnerability. So, it’s considerable,
if the earthquake as same as the 1995 Hanshin-Awaji Great Earthquake Disaster, three cities will be suffered
more serious damages. According to this study, we think that it’s very important to make the useful
methodology in order to evaluate the seismic vulnerability evaluation based on the statistic information data.
Finally, we picked up the result of expected probability in case of exceed probability at 3 %. According to
the result, Kawasaki, Yokohama and Nagoya City are recognized very high value which is more than 30 %,
Chiba and Osaka City are also high probability and Tokyo and Hiroshima City are followed nest, more than
10%. Other cities are less than 10%. Tokyo, Kawasaki, Yokohama, Nagoya and Osaka City are estimated in
very high seismic vulnerability and high probability of seismic hazard map. So, we think that these cities
have very high risk for the seismic disaster in Japan.
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