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ESTIMATING ABILITY OF ACCOMMODATION SHELTERS FOCUSING ON
ACCESSIBILITY AND CAPACITY FOR EARTHQUAKE DISASTER

PREVENTION USING BASIC SURVEY OF URBAN PLANNING
- A Case Study of Kanazawa City, Japan -
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1. INTRODUCTION

A mega-disaster will result in an enormous number of
evacuees staying in evacuation center for a significantly long
time. During the disaster relief period of Great East Japan
Earthquake (GEJE) 2011, over 120,000 houses were totally
damaged and there were more than 470,000 people who
evacuated at more than 2,400 shelters. Moreover, it is said
that there was a lack of sufficient supplies of food, water,
blankets, electric power, etc. Therefore, from the lesson of
GEJE, many prefectures and municipalities all over Japan are
conducting ex-post evaluations to assess the locations and
number of evacuation shelters and the adequacy of essential
supplies, such as food and drinking water, electric power, etc.
at these shelters. Besides that, because the damage caused by
earthquake of varying magnitude is uncertain and
unpredictable, disaster preparation and planning for disaster
prevention are extremely necessary in Kanazawa City in
specific in Japan in general.

Until now, a lot of research on the field of earthquake
disaster prevention have been conducted. Some research
suggested formulas for predicting number of refugees based
on seismic intensity (Kimura et al., 2004) or number of
collapsed, burnt down buildings, and the population of
collapsed and burnt down buildings (SHAO et al., 2012).
Chou et al.
short-term shelters by considering relocation ratio, damaged

(2013) determined displaced citizens for

houses, household income, house ownership and ages. In
these research, number of people of each building was an
average population of building in each machi or each district.
In another word, number of people of each building in the
same machi or district is equal. Besides that, there are some
research focusing on estimating shelter capacity and shelter
safety. Xu et al. (2008) calculated four types of shelters
capacities according to different scenarios and then compared
them in order to shelters

propose four types of
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accommodation capacity risks while Chou et al. (2013) found
out the districts with insufficient shelter capacity according to
three simulated seismic scenarios by comparing predicted
displaced citizens at each shelter and that shelter’s capacity in
each district. In addition, Tai et al. (2013) based on the
calculated score of three composite indices that were
integrated from ten independent indices individually related
to road network in order to assess shelter safety. From above
research, there was no research on simulating evacuees’
shelter choice based on road network. Moreover, most of
authors required refugees to go to designated shelters in their
school districts, where may not be the nearest one from the
refugees’ houses.

The aim of this study is to estimate ability of
accommodation shelter focusing on accessibility and capacity
for disaster prevention during earthquake relief period. Our
contribution to the existing literature is that by using open
data, namely basic survey of urban planning including road
network data, building data, population data, and data on
evacuation shelter locations in Kanazawa City, we represent a
method to calculate population of each building and simulate
choosing nearest shelters based on the road network in order
to calculate number of evacuees and capacity risk at each
shelter. This kind of simulation results can provide local
government with a useful visualized reference for improving
evacuation plan. Besides that, a map of evacuation distances
from each shelter to buildings (households) was developed in
three categories of distances with 500m, 1000m, and 2000m
respectively. Finally, research results were demonstrated by
using Geographic Information System (GIS).

2. METHODOLOGY

ArcGIS software is employed as a tool for calculations
and analysis, and Kanazawa City (Ishikawa Prefecture),
Japan is considered as a case study.
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Fig.1- Flowchart representing a procedure for calculating number of people of each building

Data on basic survey of urban planning in Kanazawa City
(building data (polygon data, 2013) and population data
(polygon data, 2010)) are used for predicting number of
evacuees with an assumption of seismic intensity. By using
Network Analysis function of ArcGIS combining with road
network data (polyline data, 2006) and data on locations of
evacuation shelters (point data, 2006), we created a map of
evacuation distance for evaluating accessibility from each
shelter to households and simulated evacuees’ shelter choice
in order to calculate number of evacuees of each shelter.

From above results, estimation on capacity risk of each
accommodation shelter is conducted by comparing the

shelter’s capacity and predicted evacuees.

3. CASE STUDY

Kanazawa City is the biggest and chief city in Ishikawa
Prefecture. The City has 887 Chos covering 467.77 km?, a
total population of 462,478 (2010), and population density of
988.69 people/km?. In the present, there are 497 evacuation
shelters in Kanazawa that divided into two kinds, primary
shelter (285 shelters including parks, squares, and open
spaces) and accommodation shelters (212 shelters composed
of elementary, secondary, and high schools, universities (116)
and community centers and school’s gyms (96)).

A recent large earthquake in Ishikawa Prefecture was
Noto Peninsula Earthquake (in the Noto peninsula region in
the northern part of Ishikawa Prefecture) that occurred in
March 2007. In this event, the earthquake shook Wajima City
with a seismic intensity of 6 upper JMA (6.7M) that was also
the largest seismic intensity in Wajima City while Kanazawa
City (epicentral distance 80km) also reached seismic intensity
of 4 and had no damage as the website in reference No.7.
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Until now, although Kanazawa City has not shaken by large
earthquakes, because this city is located in the active
Morimoto-Togashi fault zone, a large earthquake could occur.

4. PREDICTING NUMBER OF EVACUEES

After an earthquake, most people whose houses are damaged
not only evacuate at shelters but also go to their relatives or
their friends’ houses. It is said that more than 65% of people
with damaged houses went to shelters while other around
35% lived with their relatives and friends’ houses. Because
the number of evacuees and number of damaged buildings
have mutual relationship, in this study, we determined
number of evacuees based on the number of people at each
building and number of damaged buildings. We made some
assumptions for calculation as following. 1) The earthquake
occurred at night (4 AM); 2) From 21 kinds of buildings with
different functions of building data, there are five kinds that
most people always stay at night that are house, house with
shop, house with workplace, apartment, and apartment with
workplace. Therefore, we assume that all people live in these
five kinds of buildings. 3) According to a material about
assessment of earthquake disaster from website of Kanazawa
City as reference number 8, buildings with an area less than
20m? is not considered for predicting building damage due to
earthquake. Therefore, basing on the result on the building
area of each building, we ignored buildings that have an area
less than 20m?; 4) All occupants in damaged buildings will
evacuate; 5) People in 65% of all damaged building will go to
the evacuation shelters; 6) There were two seismic event
scenario with intensity of 6.5 JMA, and 7.0 JMA, 7) People
who want to stay at evacuation shelters are required to go to
the nearest one; 8) 112 of 116 schools that include primary,
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Fig.2 - Flowchart representing a procedure for predicting number of damaged buildings

secondary, and high schools, and universities are considered
as accommodation shelters (other 4 shelters are outside of the
road network); 9) There is no traffic congestion and roads are
wide enough to go through by people.

4.1. Calculating number of people of each building

As mentioned in introduction part, in this research, we
suggested the way for calculating number of people of each
building based on population data, building data. Ohba (2000)
established formulas to calculate the gross floor area of five
kinds of buildings that are house, house with shop, apartment,
apartment with shop, and business facilities based on their
building area and building height. In this research, we applied
the formulas of the first four kinds of buildings for
calculating gross floor area. Moreover, we also assumed that
buildings that are houses with workplace have a same formula
as buildings that are houses with shop. The formulas for
calculating gross floor area developed by Ohba are showed as
(1) to (6) in figure 1. Besides that, for calculating building
area of each building, we used “Geometry Calculate”
function in ArcGIS software while the number of stories of
each building is known as one of attributes of building data.
The detail procedure for calculating population of each
building is presented in figure 1.

According to a result on population of each building, 1)
There are 458,397 people living in five kinds of buildings; 2)
The number of people at each building depends on floor area
of each building and population of the Cho where it is located,
so buildings with the same floor area have different number
of people; 3) There are some buildings with no people.
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4.2. Calculating number of damaged buildings

From the attributes of building data, we divided all
buildings into six types based on building materials (wood
and non-wood), and construction era (new, middle, and old
construction) that are wooden and non-wooden buildings with
new construction, wooden and non-wooden buildings with
middle construction, and wooden and non-wooden building
Then,
(Naikakufu, 2005) on percentages of damaged buildings

with old construction. by using statistic data
according to different seismic intensities in past earthquakes
combining with six types of buildings, we predicted number

of damaged buildings (Figure 2).

Table 1 — Number of damaged buildings and evacuees according to
different seismic intensities

Intensity of 6.5 Intensity of 7.0
Total | Damaged Evacuees Damaged Evacuees
buildings buildings

House 125904 41601 84371

Apartment 10289 1483 4106

House with shop 8467 2897 81661 5535 173640
Aapartment with shop 1388 153 462

House with workplace 2114 752 1416

Toal 148162 46886 95890

Besides that, we also used a tool named select random
in ArcGIS software for selecting number of damaged
buildings randomly based on statistic data on percentages of
damaged buildings. Finally, the number of evacuees is
calculated based on the randomly selected damaged buildings
(table 1) and it is considered as an input data for a simulation
of shelter choice in section 5.1.

5. ESTIMATING ABILITY OF ACCOMMODATION
SHELTERS
5.1. Estimating capacity risk of accommodation shelters

In this research, capacity risk of a shelter is determined



by comparing the number of evacuees and capacity of that
shelter and it is divided into four levels, safe, low risk,
moderate risk, and high risk according capacity excess of
evacuees. A simulation for choosing nearest shelters based on
the road network is conducted in order to calculate number of
evacuees at each shelter. The reasons we conducted the
simulation using the shortest distance is that firstly, there are
some disadvantages by using school district. For example,
people will take longer distance to go to the designated
shelters in their school districts. Moreover, in Kanazawa City,
there are a lot of school districts where people live in a same
machi but belong to different school districts, such as, 1zumi
school district, etc. Secondly, from our thought, during the
emergency period, most people may want to go to the nearest
shelter for their safe firstly, and then they may go to the
designated shelter in their school district later. Finally, we
hope our thinking may support to local government as a
reference for solving disadvantages of the present evacuation
strategy that people are required to evacuate at shelters in
Besides that,
is calculated by dividing the

their school districts. a capacity of an
accommodation shelter
affordable living area of each shelter by the necessary living
area per capita (Xu et al, 2006). Data on area of shelters are
available and collected from official website of Kanazawa
city as the website in reference No.12. Moreover, we assumed
that each evacuee requires at least 3 m? of shelter space. The
procedure for estimating capacity risk is represented as

Figure 3.
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Fig.3 - Flowchart representing a procedure for estimating capacity
risk of accommodation shelters
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5.2. Estimating accessibility to accommodation shelters
During the disaster, the accessibility from households to
shelters plays an importance for evacuation planning.
Moreover, all the households should be aware of which
shelter they should go to or how far or how long from their
houses to the nearest or designated shelter before a disaster
occurs. By using Network Analysis function in ArcGIS
software, this study created a map of evacuation distance
from each shelter to buildings (households) in three

categories of distances with 500m, 1000m, and 2000m
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respectively based on the road network (Figure 4). Basing on
this map, all residents could know which evacuation shelters
they should go as well as the distance from their houses to
those shelters.

0-500m

500-1000m

BN 1000-2000m

* Accommodation shelter

0 3
— {km

Fig.4 — Categories of evacuation distances in Kanazawa City.

6. RESULT ANALYSIS AND DISCUSSION

In the first seismic event scenario with an intensity of
6.5 JMA, there were 79 shelters which are safe (Figure 5). 75
of them have space for more 240 to 3400 evacuees. No
evacuee chose other four shelters that are shelter 29, 54, 66,
and 79 because there are shelter 10, shelter 80, 81, 82, shelter
8, and shelter 76 located on the way to these four shelters
respectively. Moreover, we have not obtained information
about area of shelter 29, 54, and 66 while capacity of shelter
79 is 948. There are 33 shelters which capacities are not
insufficient. 32 of these have capacity as 0 because we have
not obtained their areas yet. However, the evacuees of these
shelters are only from 11 to 1170 and these shelters may have
more spaces for such number of evacuees in the real. Another
shelter with insufficient capacity is shelter 57 which capacity
is 2668 while evacuees are 2743. However, there are 3
community centers near to shelter 57, so the exceeded
evacuees may stay at these community centers.

Table — 2 Number of buildings and people according to different
categories of evacuation distances of 112 accommodation shelters

Evacuation 0-500m 500-1000m 1000-2000m >2000m
distance |Buildings| People|Buildings| People | Buildings| People | Buildings| People
House | 43367 |113483] 56890 |150049] 23841 | 62215| 1306 | 3338

Apartment | 4076 | 37367| 4977 | 44981| 1210 | 10927| 26 | 188

Housewith | 3305 | 6706 | 3065 | 7743 | 1087 | 1012 | 63 112
Shop

Apartment | o0 | g7 | eg0 | 7714 | 01 960 1 3

with Shop

Housewith| o0 | 1478 | o26 | 1926 | 445 | 870 | 43 70

Workplace

Percentage | 35.2% |36.1%| 45.5% |46.3% | 18.0% |16.8%| 1.3% | 0.8%

In the second scenario, the number of damaged
buildings and evacuees is two times more than those in the
first scenario because of severity of intensity of 7 JIMA. There
are 54 shelters that got risk and 32 of them are the same as 32
shelters in the first scenario which capacity is 0. In other 22
shelters, the number of evacuees exceeded capacity. Besides



that, number of shelters that are safe is 58 and four of them
have no evacuee that are same as in the first scenario.

A result on accessibility to 112 accommodation shelters
in Kanazawa City that indicates percentages of buildings and
people in each category of evacuation distance is showed in
table 2. From above result, there are a lot of buildings (20%
of all buildings) and people (18% of population) who need to
take more than 1000m to go to the shelters. Therefore, it is
necessary to designate more shelters in order to decrease
residents’ evacuation distance. In the present, local
government of Kanazawa city also designated 96 community
centers as accommodation shelters in the case of lack of
accommodation shelters. If we consider the community
centers as accommodation shelters, the evacuation distance in

Kanazawa City may be shorter.

ISafe
Low risk
9 Moderate risk
B High risk
Road

I Safe
Low risk
B Moderate risk
B High risk
Road

glg0 YA
Fig.6 — Capacity risk of 112 shelters by seismic intensity of 7JMA

7. CONCLUSIONS AND FURTHER RESEARCH

This study suggested a method for calculating population
of each building as well as simulating the evacuees’ nearest
shelter choice in order to estimate capacity risk and
accessibility at each accommodation shelter. The results
showed that in the case of intensity of 6.5 JMA, it seemed that
shelter capacity is sufficient for evacuees. While in the case of
intensity of 7, number of shelter getting risk is 22 shelters. For
the accessibility to accommodation shelters, it is necessary to

consider community centers in evacuation plan in order to
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decrease residents’ evacuation distance. We hope the above
results can provide local government as useful reference for
solving disadvantages of current evacuation strategy.

For the further research, we will focus on the solutions
for solving the disadvantages of current evacuation plan in
Kanazawa in order to support local government for improving
the evacuation plan.
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