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KEYWORDS Abstract This study determined the issues of Planning Support System (PSS) implementation
Planning support tool; in the field of urban disaster mitigation in Japan by understanding its analytical perspective
Urban disaster through a review of Western literature, a questionnaire survey of urban planning consultant
mitigation; companies, and PSS implementation for a practical project in a municipality.
Implementation; Regarding the instrumental perspective, there was difficulty in conducting the simulation-
GIS; based PSS due to the enormous simulation time required.

Fire spread; Regarding the transfer perspective, the importance of the municipality’s decision of adopt-
Evacuation ing the PSS to a project, securing the budget and continuous running costs, track record of the

practical project, and lack of human resource for the PSS use were clarified.

Regarding the user perspective, the difficulty in data collection and update as well as impor-
tance of the cooperative system/support from the developer in the initial period were clari-
fied.

Especially, considering the low nhumber of implementations, a platform may be important for
the promotion of PSS awareness. This may be also useful for the diffusion of PSS. It is necessary
for the developers to fully communicate the benefits of PSS adoption. It is thought that a close
cooperative system and support are required in the initial stage. For promoting and under-
standing the benefits of PSS adoption, a guideline or manual seems to be useful. This is effec-
tive for ensuring the budget and providing an explanation to high-level members of the
organizations about the effect of utilizing these tools.

For the final implementation, the possibility of installation, maintenance, and operation of
the PSS by the municipality was discussed.
© 2019 Higher Education Press Limited Company. Production and hosting by Elsevier B.V. on
behalf of KeAi. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

* Corresponding author.
E-mail address: k-karashima®@ace.tut.ac.jp (K. Karashima).
Peer review under responsibility of Southeast University.

https://doi.org/10.1016/j.foar.2019.07.002
2095-2635/© 2019 Higher Education Press Limited Company. Production and hosting by Elsevier B.V. on behalf of KeAi. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:k-karashima@ace.tut.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foar.2019.07.002&domain=pdf
https://doi.org/10.1016/j.foar.2019.07.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/20952635
www.keaipublishing.com/foar
https://doi.org/10.1016/j.foar.2019.07.002
https://doi.org/10.1016/j.foar.2019.07.002

484

K. Karashima, A. Ohgai

1. Introduction
1.1. Research background and purpose

Japan is a country with high risk of natural disasters.
Preparations for the occurrence of large-scale earthquakes,
such as the Nankai Trough earthquake or the Tokyo
metropolitan earthquake, have been made throughout the
country. Large-scale floods have also occurred frequently in
the country in recent years. Community-based activities
have been conducted in cooperation with local govern-
ments and experts on disaster mitigation to prepare for
these disasters. These initiatives are important for
enhancing disaster mitigation measures in terms of hard-
ware and software.

Many issues on the activities for disaster mitigation
exist, such as the difficulty in objectively grasping the
disaster risk, the effects after countermeasures, and the
continuous community-based activities for disaster
mitigation.

The development of a planning support system (PSS) has
been undertaken as a technology to address these issues.
PSS is not limited to the field of disaster mitigation and is
utilized in various fields and projects, such as sharing
landscape (townscape) images for comparison before and
after improvements and changes in buildings and streets.
PSS development in disaster mitigation is being conducted
actively in Japan.

Research and development of the PSS in laboratory have
also been undertaken to support the promotion of disaster
mitigation planning. In this case, PSS is "a support tool
incorporating a district disaster mitigation performance
evaluation method” that is developed on the basis of a
geographic information system (GIS).

Although research and development has been advanced
countrywide on this type of PSS, it has not been imple-
mented yet.

Therefore, the current researchers aim to identify the
issues of PSS implementation in Japan and acquire the
knowledge for advancing its implementation, especially in
urban disaster mitigation.

1.2. Review of previous studies

Development of a PSS aims to facilitate the examination of
plans in urban planning. PSS developments have progressed
faster in Europe and the US (the West) than in Japan. In
particular, studies of system developments using the GIS
technique have multiplied since the 1960s worldwide with
advances in computer technology.

Studies of the development of PSS incorporating the GIS
technique were reviewed and organized by Harris and Batty
(1993) and Klosterman (1995, 1997) and recently reor-
ganized by Klosterman and Pettit (2005). Geertman and
Stillwell (2009) summarized the results of research in the
West by consolidating and understanding the PSS imple-
mentation issues in the West. In addition, Geertman (2017)
has organized research on PSS from four perspectives: PSS
history, PSS research, PSS education, and PSS in practice.
Their result indicates that one should focus on PSS success

stories (successful or best practices) and try to learn from
them.

In Japan, the PSS has been developed in urban planning
since the 1980s. Specifically, studies incorporating GIS,
computer graphics, and virtual reality have accumulated
since the 1990s. For example, Arima et al. (2007) developed
a PSS to understand the characteristics of a subject area
and then evaluate and share a townscape image after an
improvement was identified through a community workshop
using virtual reality. Shen and Kawakami (2010) developed a
PSS to promote consensus building among community-based
organizations when exploring a townscape design after
improvement. They also verified its usability in promoting a
lively discussion for exploring draft plans by sharing the
townscape image.

Research has been conducted on various PSSs, and
several studies have been done on PSS development in
urban disaster mitigation.

Murakami (2001) developed a PSS for refugee settle-
ment siting using a multi-agent technique. The proposed
method was applied to evaluate the currently operating
refugee accommodation site. Drakaki and Tzionas (2018)
developed a PSS for disaster management with a suffi-
cient amount of representative knowledge and facilities
to make the knowledge available to the appropriate
stakeholders in a proper form. They used a case study of
an Indonesian volcanic eruption to demonstrate the effi-
cacy of the PSS.

Studies on PSS development in urban disaster mitigation
have also been conducted actively in Japan.

A PSS for disaster mitigation was developed after the
2000s to improve densely developed areas. Murakami
(2001) developed a PSS to improve densely built-up areas,
and this study was the first to focus on the development of
a PSS for disaster mitigation.

Kato (2002, 2008) developed a PSS that can compare the
conditions before and after improvement for evaluating
fire-spread risk with GIS. The results were used by some
municipalities.

Not only the abovementioned professional tools for ex-
perts and governments but also collaborative planning tools
for exploring improvement plans by involving local resi-
dents are available. For example, Gohnai (2007a) devel-
oped a web-GIS-based participatory PSS that incorporates a
fire-spread simulation model, and the author examined the
usefulness of the tool in exploring draft plans with local
residents. Karashima et al. (2015) developed a support tool
incorporating district disaster mitigation performance
evaluation methods to examine improvement plans for
built-up areas. Yamamoto et al. (2013) developed a tool to
evaluate the capacity of neighborhood communities for
disaster mitigation.

In this way, PSS development in urban disaster mitiga-
tion has a higher accumulation in Japan than in other
countries. The findings of these developments are useful
for countries and municipalities that require countermea-
sures in disaster mitigation, such as countries with high risk
of huge earthquakes similar to Japan. Although such PSS
development has been promoted countrywide, it has not
been realized until actual implementation in the business
project of local government.
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The present study is unique as it organizes past efforts of
PSS development in urban disaster mitigation in Japan to
understand the issues for its implementation completely.

1.3. Research method

First, the definition of PSS and the concept of PSS imple-
mentation in this research are presented to examine the
scope of PSS in this research. In addition, the issues of PSS
implementation in the West where research has already
been conducted on PSS development and implementation
are presented.

On the basis of the results, a questionnaire survey is
conducted to grasp the use experience and the outline and
issues of PSS (current status) through the activities of
urban planning consultants for examining the tendency of
the efforts and issues of PSS in disaster mitigation in
Japan. The perspective of the questionnaire is based on
the problem of PSS implementation in the West. As a
result, the trend of PSS efforts and issues in mitigation in
Japan is obtained.

The implementation of the disaster mitigation perfor-
mance evaluation tool, which is the PSS developed in the
researchers’ laboratory, is conducted as a project to
improve the risk of the densely built area of Toyokawa City,
Aichi Prefecture for determining the efforts and issues in
PSS implementation. Then, an interview survey is con-
ducted with the staff in charge to examine the effects and
issues of PSS utilization in the project.

Next, the extracted issues are organized and a sugges-
tion is presented for utilization methods for improving the
implementation issues on the basis of the results of the
questionnaire and interview surveys.

2. Outline of the PSS and basic implementation
concepts

2.1. Definition of the PSS

The literature survey was conducted to define the scope of
the “PSS” of this study. The PSS was defined in this study as
follows:

e PSS targets various business projects and scenes, such as
investigation, evaluation, scenario making, and decision
making in urban disaster mitigation.

e PSS is a system or tool that aims to support a specific
scene of the field mentioned above.

e PSS is developed on the basis of computer technology.

e PSS development uses technologies, such as GIS, com-
puter graphics, virtual reality, and computer-assisted
drawing.

2.2. Basic concepts of implementation

The final implementation of PSS assumed in this study re-
fers to a state wherein various actors actively utilize tools
at various scenes for urban disaster mitigation.

Therefore, the long-term final objective is to obtain
findings for realizing the implementation mentioned above.

The criteria for implementation of a PSS is not its
experimental use by a researcher but rather its use as a
business project.

In the initial period of implementation, a PSS is used by
users, such as the local government and residents, with
support for the use or the management of the PSS by the
PSS developer, such as a university or company.

The burden of the PSS developer should be reduced by
piling up the experience of PSS use to realize the final
implementation in the future. Finally, the user uses and
manages the PSS through own operation.

The abovementioned discussion indicates that the
concept of implementation in this study in situations where
the PSS is used actively in the project planning field is
important. Therefore, a situation in which the users, gov-
ernments, or non-profit organizations operate and manage
the PSS independently from the developers is necessary.

2.3. Issues of PSS implementation in the West

The issues of PSS implementation in the West were deter-
mined on the basis of the reference book by Geertman and
Stillwell (2009). From this literature, the issues of PSS
implementation are highlighted from three perspectives,
and Table 1 presents the elements of these issues. The first
issue is "A: Instrument approach” that involves the fit to
planning tasks and demand.

The second issue is “B: Transfer approach from practical
use to implementation” that involves imperfect elements
of the organizational environment for adopting PSS as a
business project.

The third issue is “C: User approach” that involves lack
of recognition and experience of the PSS and data relations.

On the basis of the results, the PSS implementation is-
sues in Japan were explored in accordance with the three
perspectives.

3. Issues in practical use of PSS by a consultant
company

A questionnaire survey was conducted with experts (urban
planning consulting companies) to grasp the actual situa-
tion and issues of PSS use and implementation as a business
project in urban disaster mitigation in Japan.

The questionnaire items included the selection of the
type of urban disaster mitigation planning activity while
utilizing PSS to focus on urban disaster mitigation planning.

The questionnaire items for each activity were explored
from analytical perspectives. These perspectives are shown
as A, B, and C in Table 1.

3.1. Outline of the questionnaire survey

A request form for questionnaire cooperation was sent to
the secretariats of the Aichi Housing and Town Planning
Consultant Council (15 companies) and urban planning
consulting companies (122 companies), which are
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Table 1

Issues in planning support system (PSS) implementation from three different approaches.

Perspective

Issues raised by the perspectives

A) Instrument approach
Instrumental quality

Instrumental quality bottlenecks:

e Poor fit to the planning tasks and users for advanced systems
e Demand for simple systems and supply of advanced systems
e Poor fit to politicians’ demands

B) Transfer approach
Diffusion

Diffusion bottlenecks:

e Insufficient take up from the organizational environment

e Hampered bottom-up initiation

e Lack of PSS usage decisions

e Top-down strategies without PSS

e Lack of cooperation between geo-information specialists and planners
e Implementation control risk

C) User approach
Acceptance

Acceptance bottlenecks:

e A diversity of bottlenecks

e Lack of awareness of PSS

e Lack of experience with PSS

e Lack of intention to use PSS

e Lack of user-friendliness

o Insufficient organizational facilitators
e Negative social influence

e Lack of usefulness

e Data-related issues

Source: Geertman and Stillwell (2009).

members of the Urban Planning Consultant Association.
As the result, the cooperation of four companies was
obtained. The results indicate the real situation of low
practical use of PSS in disaster mitigation. Moreover, the
awareness of and attention given to PSS by urban planning
consultant companies in Japan is low. Therefore, the four

Table 2  Survey questions and answer contents.

participants (companies) of the questionnaire survey are
very valuable. In addition, all answers describe the con-
crete situation.

The questionnaire contents are shown in Table 2. The
responses to the questionnaire are presented in Table 3.
Although the sample is small with only four companies,

[About the outline of the planning support systems (PSSs) that have been used in the past]

Question 1: For which kind of work did you use the PSS? (Multiple answers possible) (A)

1-1 Usage situation

a) Between specialists (urban planning consultants), b) between specialists and the administration (client), c) Between

specialists, the administration, and residents, d) Other
1-2 Work content

1. Building development, urban renewal, townscape improvement. 2. Planning (urban planning master plans, etc.) and rule

creation. 3. Surveys, 4. Analysis, 5. Simulation, 6. Other

Question 2: What kind of work was possible by utilizing PSS and what kind of benefit was obtained? (A)

Question 3: How did you know about the PSS you adopted and please tell the background? (B)

Question 4: What do you think about the suitability of the PSS for the project purpose? (A)

Question 5: What do you think about the understandability of the information shown by the tool? (A)

Question 6: What do you think about the user-friendliness of the operation of that tool? (C)

Question 7: Could you describe the characteristics of the residents (users of the PSS)? What do you think about the users’
responses about the user-friendliness and understandability of the PSS? (Please answer this the person selected “c” in

Question 1-1) (C)

Question 8: Could you tell whether a collaborative system (relation, division of the role) existed with the PSS developer when

the PSS was used? (B)

Question 9: Could you tell which factors can become issues when implementing the PSS in the project? (B and C)




Table 3  Answer contents of the questionnaire survey.
Q Company 1 Company 2 Company 3 Company 4
a)-5 c)-6 b)-2 c)-2 c)-5 b)-2- 4

Fire-spread simulation
was provided by the
disaster mitigation
community development
planning support system
(PSS).

Fire-spread simulation
was conducted using the
support system for town
disaster mitigation
planning.

Thus, the effect on fire-
spread prevention of the
evacuation routes was
examined.

Request from the
municipality (ordering
party)

The simulation is useful
for the district level.
However, it is difficult
for the city level (wide
area) to use due to the
difficulty of collecting
detailed data.

A geographic information
system (GIS) based
disaster prevention map
of the flood

It was easy for everyone
to confirm the area with
high risk using the PSS. In
addition, it is easy to
make detailed maps and
provide various
information.

The PSS created by the
National Research
Institute for Earth
Science and Disaster
Resilience was used. The
person in charge of the
project had known about
the PSS.

Due to some lack of
function, we could not
operate the GIS.

The display of the PSS is
detailed so that it was
difficult to present
ambiguous information.

Simulation of fire-spread
risk and difficulty of
evacuation

Used for examination by
the municipality

It was easy to extract the
districts facing difficulty
of evacuation and fire-
spread risk.

The PSS was introduced
through the ordering
party (municipality)

The evaluation results of
the PSS were appropriate
to extract the districts
facing difficulty in
evacuation and fire-
spread risk.

Simulation of fire-spread
risk and difficulty of
evacuation

Used to share the
understanding of the risk
between local residents
and the municipality

It was easy to promote a
common understanding
of the difficulty of
evacuation and fire-
spread risk.

The PSS was introduced
through the ordering
party (municipality)

It was easy to understand
the difficulty of
evacuation and fire-
spread risk.

Verification of the
effects of fire prevention
Countermeasures using
the fire-spread
simulation

Using the fire-spread
simulation, the decrease
in the number of lost
buildings by fire spread
within a fixed period of
time was possible.

Explanation of the fire-
spread risks in the area to
residents using the fire-
spread simulation

A demonstration of a fire
spread from a fire origin
that was set as an arbitrary
location within the district.
There was a uniform
response; however, since
the other party was highly
conscious of disaster
prevention awareness,
there were no major
changes resulting from
showing the simulation.

Use of the Urban Disaster Prevention Association’s
*“Town disaster planning support system.” Knowing of
the existence of a system through involvement in a part
of the total disaster prevention project that developed
the system engine, we proposed its use to local

governments.

Although we are trying to
verify the effects of fire
prevention measures
using the method of
written questions, it is
thought that a universal
methodology for
verification of policy

As to the opinions of
residents who were shown
the simulation, there were
many responses stating that
the risk of fire was
something that was well
understood, but there were
also many opinions stating
(continued on next page)

ueder ul uoleSIIIW 131SeSIP J0) SSd Y3 JO SaNSS|

18Y



Table 3 (continued)

Q Company 1

Company 2

Company 3

Company 4

a)-5

c)-6

b)-2

c)-2

c)-5

b)-2- 4

5 The result makes it easy
to understand the effect
on fire-spread
prevention of the
evacuation routes.

6 It took many hours to
understand the
operation method of the
system. In addition,
simulation time also took
a great deal of time.

The information on the
area with high risk is easy
to understand, and
materials for disaster
mitigation are useful.

The operation of the PSS
is not so difficult. It is a
simple PSS based on GIS.

It is easy to understand
the evaluation result.

However, it is relatively
standard. If there were
absolute criteria, it
would be easier to
understand. For
example, the area with
more than 25% of fire-
spread risk is in danger.

The developer operated the system, and the user

(we) utilized the evaluation results obtained from it.

An explanation of the operating method was

received. The operation seems easy to understand for
a GIS user. In addition, it seems difficult for residents

to understand the operation.

using the fire-spread
simulation is not
established.

Although it is possible to
see the state of spread of
fire when given a single
point of origin for the
fire, for verification, it is
thought that a simulation
must be conducted
under many set
conditions such as the
fire’s point(s) of origin,
wind direction, and wind
speed, and the present
system seems to be
unsuitable for these
kinds of considerations.
As in the above, | would
like to understand the
quantitative effects
when the measures were
taken.

that they could not really
sense the reality of it. It was
said that it was no match for
the raw images of fire.

Easy to understand, but as
above, there are those
saying that they cannot feel
its reality. It might be
possible to show the state of
the fire with greater reality
using computer-generated
imagery or virtual reality.

The “Town disaster prevention planning support system”
is comparatively easy to use; however, preparation of
GIS data used for simulation is somewhat troublesome
(the code number must be converted, etc.).

In addition, it would be good to have a system that
makes it easier to create GIS urban area models after

policy implementation.

For analysis, we imagine directly moving to a “total pro
model” without going through the “town disaster
prevention planning support system,” but the method of

operation is esoteric.

88y
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In case of using a PSS
wherein the introduction
of GIS is necessary, the
burden of purchasing GIS
is heavy.

It is difficult to collect
detailed data.

It takes time to master
the operations of the
GIS.

Is is difficult to introduce
a PSS without the
understanding of the
person in charge at the
purchaser
(municipality).

It seems the information
shown by the tool was
also easy for residents to
understand. Discussion
was stimulated.
Operation is difficult for
residents.

Developer: System
provision

Residents: Creating
common information
based on wisdom and
experience of the
community

User: Facilitator of the
workshop; enters
information on the PSS
It is difficult to ensure
expenses for continuous
running costs.

Developer: GIS data
collection, data
preparation, and
operation of the PSS
Municipality: Data
provision

Consultant: Investigation
of usage methods of
evaluative results

PSS can be used it it can
work within the function
of individual existing
software such as GIS and
CAD.

It can be used if it can be
operated quickly, simply,
and cheaply as an open
source system like
Google.

The organization of
community-based
activities for disaster
mitigation. Most of them
are elderly people.

Developer: GIS data
collection, data
preparation, and
operation of the PSS
Municipality: Data
provision

Consultant: Workshop
planning and facilitator

Lack of human resource
having knowledge and
skill for utilizing a PSS.
The difficulty of decision
making for introducing a
PSS to projects (the
difference of awareness
about the effectiveness
of a PSS between the
person in charge and
their boss)

Ambiguity and certainty
in setting conditions for
the damage assumption.

As in the answer to question 4

Administration: GIS data
provision

Consultant: GIS data
processing and conducting
simulation

Administration: GIS data
provision

Consultant: GIS data
processing, conducting
simulation, and analysis
Developer: Technical
advice

The method for quantitatively evaluating and verifying
measures using PSS is unknown. Conceivably, for
quantitative assessment and verification, the tool is
difficult to use.

The preparation of various data is difficult.

Depending on the contents of the simulation, calculation
may take an excessive amount of time.

Evaluation of wide areas is difficult.

ueder ul uoleSIIIW 131SeSIP J0) SSd Y3 JO SaNSS|
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detailed answers are obtained. Therefore, these data are
considered useful.

The relationships among the three classifications in
Table 1 and each question in Table 2 are indicated by A,
B, and C.

3.2. Analysis and results of the questionnaire
survey

3.2.1. Instrument approach

From the answers of Questions 1, 2, 4, and 5, the following
findings are obtained. Fire spread-simulation, disaster
mitigation map of a flood, and simulation of the difficulty in
evacuation were utilized as the PSS. All the simulations
were developed using GIS. The PSS was used to understand
the risk of fire spread, the difficulty in evacuation during a
flood, and the effect of countermeasures.

Overall, the information obtained by the PSS is easy to
understand and suits the objectives of the project.
Regarding the understandability, the information is some-
what difficult for the residents to understand in some
cases. Moreover, residents responded that the simulation
presents a poor sense of the reality of the fire-spread
simulation.

On the functional side, opinions, such as the simulation
takes time and the preparation of GIS data used for the PSS
is troublesome, are received.

3.2.2. Transfer approach

From the answers of Questions 3, 8, and 9, the following
findings are obtained. All companies as users have used
PSS developed by a research organization, such as a uni-
versity or national institute. The decision of utilizing PSS
for the project is based on the recommendations of the
municipality or consultant company. In the latter case, the
ordering party (i.e., municipality) must understand the
PSS to use it for the project. To promote this under-
standing, benefits of adopting the PSS must be explained
clearly.

Regarding the organizational environment, concerns on
the burdens of purchasing the necessary software (e.g.,
GIS) for PSS operation and maintenance costs are raised. In
addition, issues on the requirement of human resources and
time to master the PSS operating method are noted.

Cooperation between developer and user, especially
technical support of the PSS operation, should be ensured
as needed.

3.2.3. User approach
From the answers of Questions 6, 7, and 9, the following
findings are obtained.

Regarding the user friendliness of the operation, the
simple PSS, such as a disaster prevention map, is easy.
However, PSSs, such as a fire-spread simulation, is difficult
for the consultant company. In addition, residents have
difficulty operating a PSS, even a simple one.

Regarding data-related issues, the collection of the
necessary detailed data for utilizing the PSS is difficult.

4. Implementation of the PSS for a practical
project

The PSS developed in the researchers’ laboratory was
applied to practical projects. Through the implementation,
the interview survey was conducted with municipality staff
members with the aim of understanding the issues of
implementing PSS from the viewpoint of the municipality
(the ordering party).

In this practical implementation, members of the labo-
ratory were responsible for the preparation of data pro-
cessing and operation of the PSS as it was in the beginning
stage of implementation.

The following tools were used in this implementation. A
support tool incorporating district disaster mitigation per-
formance evaluation methods was used to examine
improvement plans for built-up areas. This tool has two
sub-tools: one for fire-spread risk evaluation (FSRE), and
the other for emergency response and evacuation (EERE)
evaluation.

4.1. Outline of the PSS

4.1.1. FSRE tool

The FSRE tool calculates the fire-spread probabilities of all
cells in a given area and provides users with visual infor-
mation on fire-spread risk using maps and graphs. In the
model, the target area comprises a 3 m x 3 m grid of cells
(Fig. 1). The system deals with buildings that are consid-
erably longer and wider than a cell by merging cells. Fire-
spread simulation begins with a flammable cell (a cell at
the center of a wooden building) in the area. The spread
speed inside is different from that outside the building. The
flammability of a cell, which is the ratio of the area occu-
pied by wooden buildings or fire-prevention wooden build-
ings in the cell, influences the speed of the spread of the

Building structure

D wooden

I:] fireproofed wood

. fireproof

N

®

Cell attribute:

D open space/road

D wooden

. fireproofed wood

. fireproof

(@) Cells overlaid on a map of an actual built-up area

Fig. 1

(b) Results of expressing the built-up area in the form of cells

Basic concepts needed for the expression of an actual built-up area in the form of cells (Ohgai et al., 2007).
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fire. Regarding the conditions of the simulation that eval-
uates the fire-spread risk, the fire-spread time from the
origin of the fire is set at 120 min, and wind speed is set at
3 m/s. Simulations using the same conditions are repeated
10 times for each of the four wind directions (north, south,
east, and west). A detailed explanation can be found in
Karashima et al. (2015) and Ohgai et al. (2007). This tool
can create virtual draft plans, such as rebuilding and road
widening.

4.1.2. EERE tool

The EERE tool calculates the probability of non-arrival at
evacuation sites from all buildings in a given area and
provides visual information on the difficulties encountered
during emergency response activities due to building
collapse and road blockages, such as in evacuation and
firefighting. The method of evaluating the difficulty of
emergency responses and evacuations is based on our
previous research. The calculation flow is shown in Fig. 2. A
detailed explanation can be found in Karashima et al.
(2015) and Gohnai (2007b). First, the user may select
from the following four cases for evaluation: (1) temporary
evacuation space in the neighborhood, (2) designated
evacuation site, (3) firefighting, and (4) rescue. Next, the
probability of a building collapse causing road blockages is
calculated using data, such as road width and building
structure specifications. The third step involves an iterative
calculation. Random numbers are used to set conditions
that describe building collapses and road blockages by
comparing the probability set per case using the Dijkstra
method to obtain the shortest path from buildings to des-
tinations (from a building to the nearest destination). The
possibility of arrival and the distance traveled to each
destination is obtained for each building. Finally, the
probability of non-arrival is calculated per building. In this
study, only the results of case (2) were used.

4.2. Outline of PSS implementation

A PSS implementation that was utilized in an actual project
was outlined to grasp the issues in PSS implementation. In
Toyokawa City, Aichi Prefecture, projects to promote the
effect of disaster mitigation, including urban improve-
ments, such as widening roads and rebuilding, are planned
as part of the preparations for the Nankai megathrust
earthquake.

The PSS developed by our laboratory was adopted to
select the districts with high risk of enormous damage from

the earthquake. In the eastern part of Aichi prefecture, a
platform as physical organization has been created for
sharing research activities on disaster mitigation by the
universities in the area. The municipality has learned about
the PSS through this platform. These reasons have moti-
vated the municipality to implement the PSS.

The implementation method was explored by the devel-
oper (our university) and the municipality after receiving the
request for implementing PSS in the practical project by
Toyokawa City. The municipality may have difficulty in
operating the PSS considering the first-time implementation
of the PSS and the short term of the project. Therefore, the
developer had a role in the operation of PSS.

The concrete method of implementation is as follows.
The municipality provided the necessary data, such as on
building structures, including built year and floor number
of each building, and on the road network, including road
width, for PSS operation to PSS developers (our labora-
tory). GIS data processing for using and operating the PSS
for evaluation was conducted in our laboratory. Simulta-
neously evaluating the whole urbanization promotion area
by the PSS was difficult due to the enormous simulation
time required. Therefore, the whole area of approximately
20 ha was divided by district level, thereby obtaining
159 district-level areas. The calculations took about 1 h for
the FSRE tool and about 10 min for the EERE tool per dis-
trict. Fig. 3 show the results of a district. Then, the eval-
uation results of each district were averaged, as shown in
Fig. 4. Six districts with high values for the two evaluations
were extracted to explore countermeasures for disaster
mitigation.

At this point, the operational aspects of the PSS were of
no use for the municipality. However, the municipality
experimented an assuming implementation process by
presenting the overview of the urban disaster prevention
capacity evaluation tool, its method of usage, the meaning
of its evaluation results, the contents of PSS utilization in
Toyokawa City, and the evaluation results. Therefore, we
proceeded with the analysis while being conscious that the
results of functionality in terms of performance from the
analytical perspective and the results on the PSS’s ease of
use from the users’ perspective through the interview sur-
vey were not obtained from the PSS in practice.

4.3. Toyokawa City interview results

Two people in charge of this project in Toyokawa City were
the subjects of the interview. Table 4 presents the outline

Step-1: Assumption by criteria

-pl Step-2: Calculate the probability of a road blockage |

Evacuation

y

Temporary evacuation space

Step-3: Calculate accessibility and distance (iterative calculation)

in the neighborhood

I Modify the model to incorporate the expected road blockage in Step-2. |

Designated
evacuation site

I Search for the shortest path between the starting point and the arrival point. |

Fire fighting

| Calculate the accessibility and distance between the starting point and the arrival points. |

y

Rescue

I Step-4: Calculate the evaluation value based on Step-3. |

Fig. 2

Process of calculating the effectiveness of an emergency response and evacuation process (Karashima et al., 2015).
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Table 4 Outline of the interview survey.

Target Local government staff members of Toyokawa
City (two persons)

Persons in charge of this project, the section
chief, and staff using the geographic
information system

Date November 26, 2014

Items A) Instrumental Perspective
e Understandability and suitability of the
information
e Functionality being unsuitable for planning
work

B) Transfer Perspective

e Collaborative system between the
developers and users

o Difficulty in decision making as an
administrative organization

C) User Perspective

e User-friendliness and usefulness

e Data-related issues

e |ssues for final implementation

of this survey. The issues obtained from the interview sur-
veys, which are classified into analytical perspectives A, B,
and C (Table 5), are summarized below.

4.3.1. Instrument perspective

The following opinions are obtained. The evaluation results
are suitable for the purpose of the project, and they are
useful for extracting districts of high disaster risk. How-
ever, the instrument is relatively standard. If it can show
the absolute criteria, then understanding it objectively will
be easy.

For achieving the final implementation, municipalities
should explain the tools to the residents. However, the
evaluation method is difficult to understand. An easy-to-
understand introduction of the tools should be provided to
explain the evaluation result to residents. An easy-to-
understand manual on various aspects of the implementa-
tion of the tools, such as the evaluation method, data, and
meaning of the result, is needed for the local government
staff members and residents.

4.3.2. Transfer perspective
First, the following opinions regarding the decision of
adopting the PSS for the project are obtained.

The motivation of local governments is a prerequisite.
The material that shows the necessity of the PSS for the
project and the timing are important to secure and execute
the budget of the project. These tools should result in
sufficiently high performance to confirm their necessity. In
addition, easy-to-explain material to persuade high-level
members of the local government is necessary.

If examples of the PSS implementation are available,
then such material will become important to make de-
cisions on tool utilization for projects. This project will
provide an example for the use of these tools. This situation
may motivate the neighboring municipalities to use these
tools.

Second, the following opinions regarding adoption of the
PSS by the municipality are obtained.

Departments using GIS for their work, such as the urban
planning department, may use these tools. However, the
cooperative system is important in the initial period. In this
project, confirming or consulting the unclear points of the
utilization of the tools is sufficient. The frequency of con-
tact between the developer and Toyokawa City for the
implementation is high. Thus, a relationship of trust is built
by increasing the communication.

4.3.3. User perspective
First, with regard to data, the data necessary for the
operation of the PSS are the general GIS data on building
structures, built year, and floor number of each building and
road network data on road width. Therefore, municipality of
Toyokawa City can provide these data to the PSS developer.
The preparation of these data is not very difficult given the
diffusion situation of GIS in most municipalities. However,
maintenance and update of the data are challenging.

Second, about the user friendliness of the tools, the
operation of the PSS is a general operation and is easy.
However, the operation is difficult to understand when
using the tools for the first time. Therefore, a guideline or
manual is necessary to promote the understanding of the
operation of these tools.

Thus, regarding the final implementation, the installa-
tion, maintenance, and operation of the PSS by the mu-
nicipality are possible.

5. Discussion

The PSS implementation issues identified in this study are
discussed on the basis of the results of the questionnaire
survey conducted with consultant companies and the
interview survey after practical implementation in Toyo-
kawa City. The findings are organized according to three
perspectives: instrument, transfer, and user.

5.1. Instrument perspective

All PSSs mentioned in this study are suitable for each
project. However, the PSS in urban disaster mitigation is
complicated due to the simulation base. When a PSS is
utilized for a project, the user (municipality) needs to
explain the tools to the residents. However, understanding
the evaluation method is difficult for users. An easy-to-
understand introduction of the tools, such as through a
manual, is needed to explain aspects of the tools, such as
the evaluation method, data, and meaning of the result, to
residents.

In addition, the simulation requires considerable calcu-
lation time and is suitable for a small area, such as a district
level. However, the simulation is difficult to use for a city
(wide area) due to the high required simulation time.

Therefore, fulfilling the requirements of utilizing the
simulation-based PSS in discussions, such as in meetings and
workshops, is difficult. Although improvement may be
possible depending on computer performance, it is limited
by budgets.
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Table 5

Opinions from the interview survey.

Instrument Perspective

Q1

Answer

Q2

Q3

What do you think about the understandability of
the information about the area with high risk of
collapse, fire spread, and difficulty of evacuation
by utilizing the tools?

Evaluating the whole urbanization promotion area
based on the objective and quantitative criteria
has become easy. Therefore, local government
staff can understand and extract the areas with
high risk. This is a strong point for these tools.
However, it is difficult for us to understand the
evaluation method. To explain the evaluation
result to residents, an easy-to-understand
introduction of the tools is needed.

What do you think about the suitability of the PSS
for the project purpose?

The tools are suitable for the objective to
evaluate the whole urbanization promotion area.
What do you think about improvement points and
functions?

To explain the evaluation results to residents, an
easy-to-understand manual about the tools such
as the evaluation method, data, and meaning of
result is needed for the local government staff and
residents.

It is a relative standard. If there is an absolute
criterion such as a borderline to benchmark to
identify which areas have high risk of danger, it
will be easier to understand.

This evaluation is similar to the risk assessment
survey indicated by the national government.
Therefore, it seems to be necessary to organize a
correlation with this survey.

Transfer Perspective

Q4

Q5

What do you think about the cooperative system
with PSS developer (our university) for utilizing
the tools in this project? Please describe the
points you were concerned about regarding how to
proceed with this project.

There was no particular problem regarding the
cooperative system in this project. It was enough
to confirm or consult them about the unclear
points regarding the utilization of the tools. The
frequency of the communication is high. Thorough
constant communication, a relationship of trust
was built.

To make it easier for local governments to provide
data, the developer should organize a data list
based on the objective and using method.
Depending on the situation of the geographic
information system (GIS) data management of each
local government, there may be suggestions for
data provision that are more convenient than the
data we provided. Toyokawa City’s government has
most necessary data to use the tools.

Are there any problems in the environment of the
administrative organization?

The material that shows the necessity of the PSS

Table 5 (continued)

for the project and the timing are important for
securing and executing the budget of the project.
Currently, “disaster mitigation/reduction” is an
urgent issue. It seems that the necessity of local
governments to use these tools for community-
based activities of disaster mitigation is higher
than in the past. These tools seem to show high
enough performance to confirm their necessity. In
addition, easy-to-explain material to persuade the
bosses in local government is necessary.

If there are examples of the PSS implementation, it
will be an easy environment to make decisions on
tool utilization for projects. The motivation of local
governments is a prerequisite. This project can
become an example for these tools. It might become
the motivation for neighboring municipalities.

User Perspectivee

Q6

Q7

During this implementation, the developer edited
the GIS data from Toyokawa City and calculated
the tools. In the future, as the final
implementation, we expect that local government
staff will use tools as they have done this time. In
that case, what kind of issues can be considered?
In addition, please tell us about your willingness to
use these tools.

The original data that was used this project is the
result of basic investigation of urban planning.
These data have been updated almost once every
five years. Therefore, according to the
investigation, updating the data for the tools is
needed. The update method is an issue. In
addition, changes in urban areas are not updated
for five years.

Risk reduction after the improvement, such as
road widening and rebuilding, is visually grasped
by using these tools. This point is very useful for
promoting community-based activities for disaster
mitigation after this project.

To realize improvement plans such as road
widening and park creation, financial resources for
the project are necessary. In this case, generally,
a local government applies the national subsidy. If
the evaluation result of these tools becomes an
index for the adoption condition of the subsidy,
the possibility to utilize these tools by local
government will be promoted.

Department operating the GIS for their work, such
as the urban planning department, might be able
to use these tools.

What do you think about the user-friendliness and
usefulness of these tools?

The operation of the tools is a general operation,
and it is not difficult. However, it is difficult to
understand the tools when using them for the first
time. Therefore, a guideline or manual is
necessary to promote the understanding of the
operation of these tools.
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5.2. Transfer perspective

The decision of utilizing the PSS for a project is made on the
basis of the recommendations of a municipality or consul-
tant company. In the latter case, the ordering party (mu-
nicipality) must understand the PSS. To promote such an
understanding, the benefits by the adoption of PSS must be
explained clearly.

Regarding the decision of adopting the PSS for a project
in consideration of the abovementioned issues, developers
should conduct a PSS promotion activity for the munici-
pality. A platform, such as the motivation of practical
project in Toyokawa City, may be useful.

Promotional material emphasizing the necessity of the
PSS for the project and the timing is important to secure
and execute the budget of the project. If some examples
are available, then this material will become important in
deciding on PSS adoption for projects.

A local government provides national subsidy for the
project as a general method. The developers should
consider the utilization method when applying for national
subsidy. In addition, a method of continuous utilization for
not only a single project but also multiple projects is
important to promote the usefulness of the project.

Second, human resources having the knowledge and skill
for utilizing a PSS are important during the adoption of the
PSS by the municipality. A close cooperative system and
support by developers are also required in the initial stage
of implementation.

5.3. User perspective

Regarding the user friendliness of the operation, the simple
PSS, such as a disaster prevention map, seems easy. How-
ever, PSSs, such as a fire-spread simulation, are difficult for
the consultant company and the municipality. In addition,
residents have difficulty operating a PSS, even a simple
one.

Therefore, a guideline or manual is necessary to pro-
mote understanding of the operation of these tools. A
close cooperative system and support by developers are
also required. If we assume operation by residents, then
improvements are required to ensure that the PSS can be
used with highly concise operation. Alternatively, without
assuming use by residents, operational aspects must be
devised in the presence of the administration and
experts.

Regarding data-related issues, collecting necessary
detailed data for utilizing the PSS is difficult. Maintenance
and updates of the data are also challenging.

In addition, collecting detailed data for a wide area is
difficult.

6. Conclusions

This study determined the issues of PSS implementation in
urban disaster mitigation in Japan by understanding its
analytical perspective through a review of Western litera-
ture, a questionnaire survey of urban planning consultant
companies, and PSS implementation for a practical project
in a municipality.

The questionnaire results show that only a few PSS
utilization activities are actually conducted on a proj-
ect level by private companies in urban disaster
mitigation.

The issues of PSS implementation can be organized on
the basis of three perspectives, namely, instrumental,
transfer, and user, according to the prior studies conducted
in the West. Most PSSs in this study are effective and suit
the objectives of the project. However, the following issues
are obtained.

Regarding the instrumental perspective, conducting the
simulation-based PSS is difficult due to the enormous
simulation time required.

With regard to the transfer perspective, problems on the
importance of the decision of the municipality of adopting
the PSS to a project, securing the budget and continuous
running costs, example of the practical project, and lack of
human resource for the PSS use are raised.

For the user perspective, issues on the difficulty in data
collection and update and importance of the cooperative
system/support from the developer in the initial period are
noted.

Considering the low number of implementations, a
platform may be important to promote PSS awareness and
diffusion. The developers must fully communicate the
benefits of PSS adoption. A close cooperative system and
support are required in the initial stage. A guideline or
manual is useful to promote and understand the benefits
of PSS adoption. This way is also effective in ensuring the
budget and providing an explanation to high-level mem-
bers of the organizations on the effect of utilizing these
tools.

For the final implementation, the installation, mainte-
nance, and operation of the PSS by the municipality are
possible.

For future works, PSS implementation in Toyokawa City
that was conducted in this study should be continued to its
final implementation. The analysis and findings will be
refined through the experience of such implementation.
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