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Preface

The characteristics of natural disasters in modern mega-cities have been
complicated and diversified since the end of 20th century and originated not
only from geo-physical and global changes of natural hazards, such as earth-
quakes, tsunami, floods, storms, landslides, and drought, but also from the
recent structural changes of our post-industrial societies. In fact, the Japanese
urban area has become more and more vulnerable to newly emerging risks
of low probability but high consequence type (LPHC type), which have been
induced technologically and socially in modern society. For example, the
estimated damage exposed by the floods has increased five times during the
past 20 years in terms of unit-exposed space (inundated area in the case of
flooding). This is due to the high concentration of both population and so-
cial infrastructures in residential districts, in spite of the success in decreasing
the total number of human casualties of flood disasters, thanks to the tremen-
dous amount of investment in constructing such physical structural facilities
as dams, dikes, banks, etc.

In return, we unfortunately face the soaring marginal cost of reducing dis-
aster risk up to an acceptable level. In addition, we have such a new type of
multi-disasters in modern mega-cities that a single small-scale hazard episode
in an urban area might trigger a series of “catastrophic disasters” in a cascad-
ing manner under current interwoven and complicated urban water systems,
such as from a small-scale river channel up to a large-scale river embankment.
There seems to be many cases in which “natural disasters with totally different
characteristics may happen before people forget about the previous disasters”,
in contrast with the famous expression “natural disasters occur when people
are not thinking about them”.

Until very recently, people used to take precautionary steps against storms
and/or inundation disasters at their homes in accordance with the amount of
rainfall or the rise of water in adjacent rivers, and would listen to radio or TV
news reports that predicted the routes of typhoons, and would standby at their
homes or work places. Nowadays, such self-help practices to reduce possible
damage of disasters have waned, reflecting a public relience on the remarkable
improvements in basic social infrastructure to prevent disasters.

vii



viii Preface

Our country seems to have been transformed into a “hands-off society
of leaving the management responsibility to regulatory authorities” in which
people wait until they receive warning information or evacuation orders from
the local government who are specialized in disaster prevention. However,
when we face unexpected or surprise conditions, ordinary citizens become
unable to understand the nature of risks, partly due to the complex processes of
the regulatory management systems specialized in current disaster prevention
schemes. They stop making their own choices regarding proactive responses
to the emerging risks that have been so-called socio-technologically or socio-
culturally constructed in our post-industrial society.

In fact, newcomers who have migrated and settled in newly developed
lowland areas that used to be flood plains tend to be unable to inherit past
disaster experiences. They tend to claim more and more “safety measures of
intensified structural facilities” as well as an expansion of the “disaster relief
measures” in cases where local residents become victims. But they prefer to
leave management judgment regarding distinction between “safety and dan-
ger” to governmental institutions, as indicated in our recent case studies on a
series of catastrophic flood disasters, such as the 2000 Tokai Floods in Nagoya
and the 2004 Niigata-Fukui Floods. This also leads to another management
issue of the increase in social costs to deal with the unexpected nature of risks,
even by taking a proper combination of both structural and non-structural
measures depending on which level of risks the community and residents may
accept in long-term. Moreover, we are concerned about this kind of emerging
disaster risks growing larger and continuing to increase, as suggested by the
recent IPCC reports of global and regional climate changes.

Here appears an integrated risk management approach to deal with natural
disasters as social risk phenomena in terms of enhancing a variety of proactive
or participatory ways that governmental institutions, communities, and resi-
dents could jointly carry out proper risk management against newly emerging
disaster risks. To make our modern societies sustainable in terms of our lives,
socio-cultural assets, and environmental resources in this risk society, it is vi-
tal to create a kind of societal governance system resilient to unexpected or
surprise disasters not only by promoting a proper understanding of the nature
of “risks” in their community but also by strengthening their preparedness to
“risks” in the whole cycle of disaster prevention, from the normal, emergency,
and recovery phases .

Japan’s National Research Institute for Earth Science and Disaster Pre-
vention (NIED) has launched a five-year research project (2001–2005) with
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the aim of making modern societies resilient, not only to a traditional flood
but also to possible catastrophic disasters of low probability but high conse-
quence (LPHC). The approach that NIED has tried to explore is necessarily a
new type of integrated risk management that should be tailored to the emerg-
ing disaster risks of the LPHC type. This includes (1) shifting the management
strategy from “disaster prevention with zero risk” to “disaster reduction with
an acceptable risk”, (2) integrating both structure and non-structure measures
(hard and soft measures), and (3) creating a social platform to call for a wide
range of stakeholders (governments, communities, residents, corporations, lo-
cal groups, and NPOs) in planning, designing and implementing an integrated
risk management plan resilient to LPHC disasters in both short- and long-term
perspectives.

In order to tackle these urgent tasks, a new team was formed on the basis
of social and human sciences by adding fellows and guest researchers, un-
like the conventional team of disaster scientists at the NIED. Then, the team
began operations through close cooperation with outside research institutions
such as the Disaster Prevention Research Institute of Kyoto University. Our
research group has been developing such a participatory platform of disas-
ter risk communication, called the Participatory Flood Risk Communication
Support System (Pafrics), that can facilitate community-based participation in
planning, designing and implementing processes for a better integrated flood
risk management. Pafrics has been particularly developed by taking a num-
ber of research outcomes based on the social scientific studies concerning
local people’s flood risk perception and disaster prevention activities in their
community through questionnaire surveys conducted by NIED. Currently, we
believe that Pafrics has been developed to such a sufficient level as to be re-
leased on the Web, but it is still being repeatedly modified through trials and
experiences with new aspects and episodes in new areas.

This book intends to provide outcomes of those studies in three parts. The
first part expresses some of the important conceptual and methodological is-
sues associated with the “integrated approach of disaster risk management”
toward resilient society to emerging disaster risks in mega-cities in Japan.
Four types of “integration” are taken into consideration in most of the pa-
pers. They are (1) integration of hard (structural control facilities) and soft
(institutions and information) measures for shifting the concept of “zero risk”
to “an acceptable level of risk”, (2) integration of precaution and emergency
relief measures, (3) integration of governmental and local community activ-
ities toward residents’ informed choice of disaster risks, and (4) integration
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of individual risk management programs towards handling multiple sources
of hazards. All papers focus on both the natural and socio-cultural factors
of integrated risk management and their uncertainties involved in our modern
society, reflecting the recent inter disciplinary development in “risk analysis”,
“disaster sciences”, “resource economics”, and “public policy analysis”.

In the second part, all contributed papers are more or less associated with
outcomes of case studies or the social surveys which NIED conducted since
the start of the project. Those involved include the 2000 Tokai flood disas-
ter, 2004 Fukui, Niigata Typhoon 23 disasters in Japan, as well as the 2005
Hurricane Catrena in the USA. Many important research topics are addressed
in terms of public understanding or perception of disaster risks, public pre-
paredness for reducing risks, attitude of local government officers engaging
in disaster prevention, the role of volunteers in disaster prevention or relief
activities, based on social scientific disciplines in relation to social psychol-
ogy, disaster sociology, and disaster insurance and economics, etc. Those
contributions are particularly important for the NIED project to look forward
to making modern societies resilient to disasters of LPHC type by facilitating
residents’ participation to risk governance in local communities towards the
informed choice of disaster risks.

The final part presents a set of papers which illustrate the development
of “Pafrics”, and some of the lessons we learned from several trials of using
Pafrics in workshops, meetings, and lectures. In order to disseminate our
model of “Pafrics”, several internet-accessible versions are already open on
the Web (http://www.pafrics.org), which is in Japanese for local residents, but
a short English version is also available at the same Web site.

Finally, we should stress again that all contributions in this book are, more
or less, the outcome of joint efforts conducted by all members of the project.
However, final responsibility of the views expressed in these chapters lies
with the individual authors themselves. We are very grateful for a number of
invaluable comments and suggestions provided by the members of advisory
body to our project; Dr. Sachio Kubo (Pasco Corporation), Mr. Nobuyuki Ku-
rita (NPO: Rescue Stock Yard), Dr. Kimio Meguro (Tokyo University), Mr.
Yukiji Nishida (NPO: Rescue Stock Yard), Dr. Norio Okada (Kyoto Univer-
sity), Dr. Yugo Ono (Hokkaido University), Dr. Isao Takagi (Keio University),
and Dr. Kentaro Yoshida (Tsukuba University). We also express our deep grat-
itude for Ms. Reiko Shibakami, Ms. Reiko Kawamura, and other assistants for
their sincere and endless effort to support our studies and preparation of these
manuscripts during period of the project.
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We should be very pleased if this book could make a valuable contribu-
tion towards a new perspective of “integrated disaster risk management” and
“disaster risk governance” in the future.

March, 2006

Saburo Ikeda
Teruki Fukuzono

Teruko Sato
National Research Institute for Earth Science and Disaster Prevention

(NIED)
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An Integrated Risk Analysis Framework for Emerging
Disaster Risks: Toward a better risk management of

flood disaster in urban communities

Saburo Ikeda

1 Introduction
For many years in Japanese urban communities, it has prevailed that the

various flood prevention measures implemented upon major Japanese flood-
plains would prevent almost all large-scale flood damage to homes and build-
ings, even in flood-prone areas until we had the Tokai Flood of September
2000 in Nagoya. This common belief in the public was founded on the
huge amount of public investment spent for construction of disaster preven-
tion structural facilities after the Ise Bay typhoon caused 5,000 casualties in
1959. However, as the inconceivable damage, beyond our imagination, from
the Tokai Floods of 2000 showed, the risk of catastrophic flood disasters has
not been eliminated and should have continued to be considered by society.
We have learned that we are seriously at risk from events for which we are un-
prepared, not because we fail to remember what happened before, but because
we will encounter newly emerging risks that differ completely from what we
faced before.

This is called “systemic risk” in a modern post-industrial society where a
single physical disaster can trigger a spread of secondary and tertiary effects
on other social systems or organizations, resulting in the collapse of entire
systems supporting our economy as well as our social welfare (OECD, 2003).
In such cases, many people could suffer long-lasting damage to their health as
well as their property and environmental assets, due to severe impairment to
urban and industrial infrastructure functions—such as communication, trans-
portation, public health and security, disposal of sewage and industrial waste
(e.g., hazardous chemicals, heavy metals). In addition to such systemic disas-
ter risks, we face other risk issues arising from the construction of large-scale
structural facilities to prevent disasters. Firstly, flood control projects, where
the priority has been on early completion with economic efficiency, have de-
graded in the long-run river environments by reducing biodiversity, shrink-
ing the habitats of aquatic fauna and flora, degrading the water environment,
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2 S. Ikeda

and changing the water-soil cycle. Secondly, rapid urbanization in the former
flood-plain has weakened disaster preparedness on the part of local residents
due to the decline of traditional local communities.

This paper is primarily concerned with the integrated risk analysis frame-
work for analyzing the vulnerability of modern urban communities to the
emerging disaster risks such as LPHC (low probability but high consequence)
or multiple disasters in specific urban communities that have been technolog-
ically and socially constructed in modern society. Much attention should be
directed toward community-based risk governance to cope with LPHC type
of emerging disasters, particularly, in participatory and precautionary ways.
The participation of local people in the planning, design, and implementa-
tion of flood-risk management measures could significantly reduce the scale
of possible damage from catastrophic events of LPHC types.

Specific characteristics of our new framework are: 1) hazard research
with interdisciplinary work for risk scenario formulation in terms of hazard
sciences and human-social sciences, 2) risk assessment of emerging disas-
ters under the high complexity and uncertainty involved in both human-socio-
economic and natural-environmental systems, 3) integrated risk management
under a wide range of value stakes among residents, local groups, NPOs and
public administrative institutions by exploring various ways of integration re-
garding risk reduction measures in terms of “structural versus non-structural”,
“regulatory versus non-regulatory”, “public versus market”, and “single ver-
sus multi-hazards”, respectively, and 4) disaster risk communication enhanced
by a community-based social platform which supports stakeholders sharing
previous disaster experiences of residents and hazard and risk information in
the concerned area. Public administrative information about disaster manage-
ment and the scientific knowledge of experts can also be provided through
the platform. The residents, NPOs, public administration, experts, and other
stakeholders can discuss mutual cooperation with nearby residents, and in the
case of a disaster, find an ideal way to provide relief via the social network
on the platform. Such a social system, which improves the level of disaster
prevention through risk communication, is called “risk governance”.

2 Integrated Risk Analysis Framework for Emerging Disaster Risks
2.1 Interdisciplinary concept of emerging disaster risks

It is not too much to say that many emerging natural disasters have been
technologically and socio-culturally induced, because they are deeply asso-
ciated with modern human settlement, production, transportation, and con-
sumption activities in a post-industrial society. In addition, these risks are
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inevitably surprising and specific in their characteristics, typically of “low
frequency but of catastrophic consequence” in terms of human life and health,
economic loss, and associated environmental damage. Hence, such hazards
are often comprehended as a possible danger as an event of “virtual-reality”
in terms of the difference between the perceived possibility and reality, for ex-
ample, the danger of encountering lightning or a airplane crash that are likely
to occur no more than once in one’s lifetime (Renn, 1992).

To deal with these types of emerging dangers, the modern concept of
“risk” has evolved from the conventional view of “risk” as “an expected value
of the probability of a hazardous event occurring times the magnitude of the
consequence of the hazard” to an ontological or sociological concept of “risk”
that allows us to take into consideration a wide range of socio-cultural char-
acteristics of disaster risks. From among such attempts to define an interdis-
ciplinary concept of risk, we take one of the simplest ones:

“A potential for the realization of unwanted, adverse consequences
to human life, health, property, or the environment.”

This simple concept originated from extended discussions to define an inter-
disciplinary concept of risk at the Society for Risk Analysis (SRA: a profes-
sional and academic association founded in 1982 with major memberships in
the US, Europe, and Japan). According to this concept, when we specify “a
potential” in the framework of risk analysis, it should be noted that some-
thing reflecting human values as to “adverse or unwanted” has been included
in the stakes considered through assessment and management processes of
the experts, assessors, managers, and other stakeholders concerned with each
risk event. In response to this issue of “values”, either explicitly or implicitly
inherent in any concept of risk, Kaplan and Garrick (1981) proposed the fol-
lowing expression of the risk concept as a risk triplet. The risk triplet consists
of scenario S, likelihood P , and possible consequence D in relation to three
basic questions of risk analysis:

1) What is the nature of disaster events that can occur?
2) How likely is a particular event?
3) What are the consequences?

Risk = R{〈Si, Pi, Di〉}, (1)

Si: a set of scenarios concerning the nature of possible events
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1)Si: What will happen?
2)Pi: How often?
3)Di: What consequences?

Triplet expression of “risk”
Risk=R{<Si,Pi,Di>},(i=1,2,..)

Scientific knowledge Socio-cultural values

Probability

P i Frequency

Likelihood

Health

D i Environment

Safety

Likelihood

Damages

Endpoints

Nature of risks

Externality
iS

Unwanted & adverse events

Culture and heritage

Living and environment

Economic prosperity

Fig. 1. The conceptual expression of “risk triplet” (Ikeda, 2000).

Pi: a set of likelihoods concerning event frequency, probability, or am-
biguity
Di: a set of consequences concerning potential damage to humans, an-
imals, plants, and the environment.

The relationship between the conventional concept of risk R{〈Pi × Di〉}
and the interdisciplinary one R{〈Si, Pi, Di〉} is illustrated in Fig. 1 (Ikeda,
2000). In addition to the scientific knowledge regarding Pi and Di, scenario
Si can incorporate questions and conditions related to ontological and socio-
cultural factors concerning our anthropocentric activities in a complex and
uncertain world. For example, in the case of risk analysis for flooding events,
the scenarios will try to identify what are the most critical endpoints to be
assessed in terms of the possible impacts on humans, communities, and the
environment to enable better risk management. As generic endpoint indices,
we may argue in favor of the number of human lives lost, the economic loss
with respect to household and community assets, damage to landscapes and
environmental assets, and so on, depending on our concerns with respect to
the nature of hazards.
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Once we have suitable endpoints to be assessed, we have to specify the
particular nature of each hazard that could affect the endpoints in both terms
of the likelihood and the degree of damage. We also have to explore possible
external impacts, which might occur accidentally or spontaneously in areas
beyond our market or social institutions, by posing the following questions:

• Are the impacts or damage within our management limit or outside of
our control?

• On what scale will these impacts be felt and what is their degree of
irreversibility?

• Are these impacts inter-regional or transboundary in character?

• Do these impacts pose a potential threat to human ethics or morality?

These are typical questions that must be answered to clarify scenarios Si

in the problem formulation stage when we begin the scientific or objective
evaluation of Pi and Di because we may need other assessment schemes or
tools tailored to the nature of each possible risk scenario. An important role of
the risk analysis is to provide answers to these questions, either qualitatively
or quantitatively, in relation to specifying the risk triplet R = R{〈Si, Pi, Di〉}
based on an analytical framework of risk analysis described in the following
section.

2.2 Typical risk scenarios of emerging flooding disasters in Japan
Figure 2 displays the salient issues and factors for generating risk scenar-

ios that take into account the historical and cultural backgrounds in the con-
text of hazards, river environments, and communities as discussed in details
by other chapter (Sato). In this way, we can elaborate upon, for example, typ-
ical risk scenarios that require an integrated perspective in selecting adequate
combinations of risk reduction measures:

Risk scenario 1: Increased flood-damage potential due to urban development
and agglomeration

The accelerated economic growth and innovation in all social infrastruc-
ture sectors during the period from the 1960s through the 1980s brought about
a rapid increase in the population of Japan’s metropolitan areas. During this
time, local rice paddies that once acted as a flood-protection belt were de-
veloped into residential and industrial districts. Such areas were vulnerable to
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Fig. 2. Issues and factors in making “risk scenarios” for flood-disaster risk analysis (Sato,
2002b).

floods and frequently suffered damage as medium-sized and small rivers over-
flowed and inner flooding occurred. This problem leads to the rapid construc-
tion of rainwater drainage canals and flood-control facilities for such rivers.
Flood damage in urban areas has declined, as indicated by a decrease in the
total inundated area, with the construction of flood-control facilities. No de-
crease can be seen, however, in property damage due to floods over this 40-
year period (Zhai and Sato, 2002).

Risk scenario 2: Increased systemic risk due to cascaded facilities or organi-
zations

A number of small-scale problems in urban areas might lead to a series of
large-scale hazards, increasing the systemic risk in a cascading manner, un-
der specific conditions. In the Tokai floods, the inner drainage system failed
to function properly for the first time during extraordinary precipitation—at
a rate of 93 mm/hour, which exceeded the 100-year probability—that was
nearly twice the capacity of the rainwater drainage canals in those areas. The
overflow of medium-sized and small rivers continued until dikes, which were
under the management of the local government failed at the Shin River. The
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area inundated by water was only 15% of the total inundation area, but ac-
counted for 56% of the total property damage. A dreadful catastrophe would
have occurred if the dikes holding back the largest river, which were under
the management of the central government, had consequently failed (Sato,
2002a).

Risk scenario 3: Decline in preparedness of local communities to fight disas-
ters

Urbanization has meant an increase in the number of new residents who
are unfamiliar with the vulnerability of the local land to flooding. When dan-
ger from flooding is evitable, the government evacuates residents via a public
warning system. This approach ensures an appropriate level of safety, but also
reduces disaster-prevention awareness among the populace. It has become in-
creasingly difficult for people themselves to prepare for an out-of-the-ordinary
risk and to decide how to best protect their lives and property at the time of
a disaster. In short, the trend is to “leave disaster prevention to authorities
or other organizations”, and residents wait for information from the author-
ities before acting when a disaster occurs (Sato et al, 2001). As a result,
the ability of local communities to minimize losses from a disaster has been
weakened. At the same time, a new movement has appeared in the form of
disaster-prevention volunteers and non-profit and non-governmental organiza-
tions that provide assistance during disasters and deal with community safety
of their own volition.

Risk scenario 4: Possible outbreak of LPHC type flood disasters
Continual development of man-made embankments along rivers has changed

runoff characteristics and significantly increased the magnitude of flood dis-
charge. Furthermore, embankment height has also significantly increased. As
compared to 100 years ago, former excessive flood peak discharge now flows
down river channels. This has enlarged the magnitude of flooding by poten-
tial failure of embankments, although, the probability of this occurrence is
extremely low. In the 2004 severe flood disaster in Niigata Prefecture, the
volume of floodwater that overflowed river channels, because of the failure of
embankments of the Ikarashi and Kariyata Rivers, was assumed to be 40 to
50 times larger than the volume of flood water that overflowed the embank-
ments. The large height difference between the top of the embankment and
the ground made the destructive power of the flood-water strong. Once em-
bankment failure had occurred in an urban area, tremendous damage would
follow (Sato et al., 2006).
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Risk scenario 5: Environmental devastation and coastal erosions by interrupt-
ing soil-cycle

Artificial river channels have been increasingly constructed by flood con-
trol work for over 100 years since the introduction of former river law (1897),
owing to strong public requirements for flood prevention. Fewer consider-
ations were given to other functions of rivers than flood control. The river
environment and wildlife habitat have been adversely affected as a result of
public works. Prevention of downstream sediment transport, owing to the
construction of dams for flood control and collection of large quantities of
gravel in the high economic growth period, has caused riverbed degradation
since the early 1960s. This degradation has necessitated further reinforcement
of river structures, repairment of intake-weirs, and more restoration work of
beach erosion as well (Sato, 2002b).

2.3 Conceptual risk analysis framework for natural disasters
As far as the generic issues of risk analysis posed in the risk triplet are

concerned, our scheme of a risk-analysis framework can follow the classic one
developed in the US by the National Research Council (NRC, 1983), which
was primarily intended for the regulation of hazardous chemicals to protect
human health and prevent environmental degradation. Although each step of
a risk analysis may vary depending on the particular sources of the hazards,
including both natural and man-made disasters, this has been widely accepted
as a generic framework for regulating various types of risk problems. The
framework consists of the three processes as shown in the upper part of Fig. 3:

1) Research processes (or problem formulation) to examine potential risk
events, performed in laboratories, field studies, and communities, and
in the case of disaster events, mostly based on scientific disciplines such
as seismology, hydrology, climatology, environmental science, civil en-
gineering, and so on.

2) Risk assessment, which provides an objective and integrated judgment
in terms of scientific evaluations regarding hazard identification, path-
ways, and exposure assessment, and exposure-damage response assess-
ment as an integrated form of risk characterization.

3) Risk management, a subjective decision-making process to select reg-
ulatory measures from among alternative regulatory options in con-
junction with the outputs of scientific risk assessment and other socio-
economic and cultural conditions.
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Fig. 3. Risk Analysis Framework for Natural Disasters (Modified from NRC, 1983).

One of the most important features of the NRC framework is the clear
conceptual and functional separation between risk assessment and risk man-
agement. Although each process has its own tasks of risk characterization and
management decision, respectively, both must deal with scientific uncertainty
and complex stakes that are involved not only in its own process but also
in the other process. The explicit representation of risk scenarios can pro-
vide an intermediate step or catalyst at the interface between these two types
of processes to enable better assessment and regulatory decisions under high
scientific uncertainty and complex stakes among researchers, assessors, man-
agers, and stakeholders. However, we have seen many controversial cases of
risk management which lost public acceptability or credibility primarily due
to the lack of coordination regarding how to handle the uncertainty and com-
plex stake issues between risk assessment and management processes. Typical
examples were, in Japan, “Minamata disease” of organic mercury or “Itai-itai
disease” of cadmium exposed through the complex food chain in the water
environment. Hence, the critical role of risk communication and stakeholder



10 S. Ikeda

participation in risk analysis has been widely recognized as a necessary fourth
process in the risk analysis framework (NRC, 1996), as shown in the lower
part of Fig. 3.

2.4 A new scheme of risk analysis framework for emerging disasters
In response to the NRC risk analysis framework, several models of dis-

aster risk analysis framework have been developed to deal with the uncertain
and complex nature of natural hazards, and these explore the relationships
between hazards and damages in terms of either risk or vulnerability. For ex-
ample, Wisner et al. (2004) advocated the pressure and release model (PAR
model) as a means to understand risk in more realistic terms of vulnerability
in the field of disaster sciences based on the disaster risk model of Alexander
(1993)

Risk = Hazard × Vulnerability. (2)

In the PAR model, vulnerability is defined as “the degree to which someone’s
life, properties and other assets are put at risk by events in nature and in soci-
ety”, which can be measured in terms of potential damage.

In reference to the conventional expression of disaster risk provided by
Smith (2001),

Risk = Hazard(Probability)×Loss(Damage)/Preparedness(Resilience),
(3)

Wisner’s definition of “risk” as “hazard times vulnerability” can be interpreted
as a unit measure of the possible damages D under an exposure probability
P to the hazardous event in our risk triplet expression R{〈Si, Pi, Di〉} (1),
where risk scenario S is implicitly taken into consideration as a degree of
vulnerability in (2), or the preparedness in Smith’s definition of disaster risk
in (3). It should be noted here that our notation of “resilience” has just an
inverse meaning of “vulnerability” to disasters. Rather, it has a more practical
sense of enhancing “societal preparedness” to respond the emerging disaster
risks.

Based on these concepts and measures of disaster risk, we can reach an
integrated framework for disaster risk analysis which consists of the following
four steps corresponding to the four parts of the previous NRC Framework
(Fig. 3):

1) Hazard research (scenario formulation)—collection and analysis of data
related to hazards in terms of their possible origins, pathways, and past
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and present mitigation actions taken; based on this research process,
risk scenarios can be developed.

2) Disaster risk assessment—preparation of a list of potential hazards along
with their likely exposure or vulnerability, followed by risk character-
ization in terms of “risk curves” by both occurrence probability and
damage outcome.

3) Disaster risk management—development of mitigation measures and
procedures primarily based on the output from the risk characterization,
taking into account uncertainty and other socio-human dimensions.

4) Disaster risk communication—creation of a platform to enable stake-
holder participation in all processes of the risk-analysis cycle to help
stakeholders understand the rationale behind risk assessment results and
management options so that they can make better informed choices in
uncertain and complex situations.

As a core part of our risk analysis framework, the process of disaster-risk
assessment is schematically illustrated in the lower part of Fig. 4, which con-
sists of the following three components and one integrative part of “risk char-
acterization”, given the possible risk scenarios in relation to the resilience or
vulnerability in human/socio-economic dimensions and the potential sources
of hazards in natural-environmental dimensions:

1) Identification of potential hazards of external forces either in natural-
environmental dimensions or human-socio-economic dimensions. The
likelihood of the strength of causal links between hazards and the end-
points (such as human casualties, damage to property, or impact on crit-
ical infrastructure) is also a critical issue to be taken into considered;

2) Assessment of the exposure to the hazardous events in relation to the
resilience or vulnerability of human-dimensional systems, such as pop-
ulation, houses, assets, landscapes, etc.; and

3) Exposure-damage response such as the risk functions or curves between
the degree of the exposure and damages based on possible mitigation
measures;

4) Risk characterization will evaluate all issues of uncertainty and com-
plexity involved in the preceding three steps, and will judge them in
some integrated ways under a given acceptable or tolerable level of risk,
which presumably should be considered as historically acceptable or
being implicitly rooted in the concerned society with regard for safety
from natural disasters.
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Fig. 4. Schematic flow of risk characterization in disaster-risk assessment.

3 Risk Management Strategies for Better Governance to Emerging Dis-
asters
To figure out the salient issues in disaster-risk management strategies for

better governance, we can classify the nature of risks into four categories by
dividing them according to two perpendicular axes, with one axis indicating
the degree of uncertainty of our knowledge (a scientific evaluation axis related
to a causal structure) and the other axis indicating the degree of social stakes
among the stakeholders involved in the risk events (a socio-economic or cul-
tural and ethical evaluation axis associated with a disutility structure) (Ikeda,
2000).

Area 1: This is an area where scientific knowledge about risks is fairly cer-
tain and it is little stake among stakeholders for evaluating the results of the
scientific assessment using objective indices or standards. Here, we can easily
implement regulatory measures to reduce risks based on objective risk assess-
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& Engineering
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Meta-Assessment Procedures
(Inter-/cross-disciplines)

Fig. 5. Risk management issues and approaches in the uncertain and complex world (Ikeda,
1996).

ment. The important management issue is how to ensure that risk information
is objective in maintaining the accountability of regulatory decisions, selected
from among possible options, to reduce risks to a level lower than acceptable
levels. Hence, the appropriate management strategy is to take a risk-based reg-
ulatory approach under the existing legislative frameworks and institutional
settings.

Area 2: This is an area where scientific knowledge about risk events is fairly
certain, but there is disarray among stakeholders regarding their evaluation
of the risk-assessment outcomes. In this area, a consensus-building approach
to risk management is required as the principal management strategy. The
critical issue is to ensure that the risk assessment procedure is reliable and
transparent, not only by having stakeholders involved at all levels of regulatory
decision-making, but also by making democratic institutional arrangements to
ensure their involvement.

Area 3: This is an area where the scientific knowledge is uncertain, but stake-
holders feel that they have less at stake in evaluating the risk assessment re-
sults, even in an uncertain and ambiguous context. Some risk events corre-
sponding to natural or environmental hazards, such as earthquakes or volcano
eruption, would be located in this area. Here, the risk assessment must take the
form of a diagnosis, prediction, or scenario in terms of qualitative or subjective
measures under a high level of uncertainty. The main management strategy is
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how to promote “sound science of diagnosis and presumption” despite a high
level of uncertainty in our scientific knowledge. Hence, it would be desirable
to allocate a significant share of resources not only to surveillance systems for
detecting early warning signs but also to developing “precaution-based risk
communication” for sharing risk information and data among experts and the
public.

Area 4: This is an area where the scientific knowledge is uncertain and sig-
nificant conflict is likely among stakeholders evaluating the diagnosis or pre-
sumptions in relation to an acceptable or tolerable level of risk. Since several
existing approaches based on scientific and objective indices or standards are
almost impossible to employ, it is necessary to develop a meta-science of de-
liberative integration approach to evaluate both scientific and socio-cultural
factors associated with human dimensions of risk problems that include an-
thropological, ethical, and value judgments. At the same time, as in Area
3, we need to enhance “risk communication” platform for the stakeholders
to foster their integrated perspectives of risk governnance in relation to both
human and natural dimensional issues.

In Areas 1 and 2, we can scientifically evaluate possible events quali-
tatively or quantitatively with a reasonable degree of certainty, such as the
probability of precipitation being greater than 100 mm per day or the odds
ratio of excess economic damage caused by floods based on measured inun-
dation depth. The important management issues then become 1) how to en-
sure risk scenarios and the related indices or risk measures are properly cho-
sen, monitored, and regulated, and 2) how to achieve reliable decision-making
or consensus-building through the participation of stakeholders in these pro-
cesses. Most disaster risk management, except that concerning surprising or
catastrophic events, falls into these domains provided we have fairly good
scientific monitoring data to allow objective assessment.

However, since most emerging risks correspond to surprising or catas-
trophic hazards, which inevitably are associated with high scientific uncer-
tainty or ignorance, they generally fall into Area 3 or 4. Whether the main
management issues are located in either Area 3 or 4 depends on the context
of socio-cultural stakes among the interested groups or actors, whose risk per-
ceptions will have different roots depending on their ontological or anthro-
pological perspectives, which lie outside of conventional science paradigms.
Here, we need a “societal risk governance” approach that is centered around
the precautionary framework primarily supported by discursive-type risk com-
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munication among stakeholders (Renn and Klinke, 2001). We use “risk gov-
ernance” to represent a new integrated type of risk management strategies in
which interdependence or intercommunication among stakeholders is essen-
tial for them to pursue collective decisions and attain policy goals, particularly
through socio-political-cultural networks both vertically and horizontally. It is
also assisted by a variety of networks enhanced by social networking systems
among volunteer groups and other stakeholders, which we call e-community,
a virtual type of community implemented in the internet web by utilizing a va-
riety of information technologies of web-log and web-GIS systems together
with mobile technologies as described in other chapter (Nagasaka, 2006).

4 A Pilot Study of Risk Governance to Emerging Flood Disasters in Ur-
ban Communities

4.1 A NIED project
Japan’s National Research Institute for Earth Science and Disaster Pre-

vention (NIED) has launched a five-year research project (2001–2005) with
the aim of making modern societies resilient not only to a traditional natu-
ral disaster but also to emerging disasters such as LPHC (low probability but
high consequence) or multi-disasters that have technologically and socially
induced in modern society. The project put specific emphasis on the follow-
ing policy issues which recent Japanese disaster management had began to
look for:

1) Shifting the management strategy from disaster prevention with zero
risk to disaster reduction with an acceptable level risk that the residents
or local communities may take.

2) Integrating a variety of risk reduction options in terms of hardware ver-
sus software, precautionary versus recovery, or regulation versus mar-
ket/volunteers for making better governance to emerging disaster risks.

3) Facilitating both residents and stakeholders (local regulatory authori-
ties, communities, NGOs) participation in planning, designing, imple-
mentation, and monitoring processes.

In order to cope with such policy issues, we have been developing such
a social platform of assisting disaster risk communication, called Participa-
tory Flood Risk Communication Support System (Pafrics), that can facilitate
community-based participation in planning, designing, implementation, and
recovery processes. The Pafrics has been constructed by taking a number
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of research outcomes concerning local people’s risk perception and disaster
prevention activities through a series of questionnaire surveys conducted by
NIED (Sato et al., 2003).

Figure 6 shows our risk analysis procedure for dealing with emerging
flood risks exposed to communities of highly urbanized areas. Although this
new procedure of risk analysis follows the generic framework of disaster-risk
analysis, as illustrated in Fig. 3, it has specific emphasis on the utilization
of a social platform of a risk communication system in its management pro-
cess as a social experiment of risk communication in local communities. The
whole procedure consists of four major steps in which each task of the NIED
project is allocated as written on the right-hand side in Fig. 6. In the first
step, alternative risk scenarios are created as the problem formulation taking
into consideration the human-dimensional and natural-environmental factors
and the social issues displayed in Fig. 4. In the second and third steps, the
risk is assessed either qualitatively or quantitatively, paying careful attention
to the uncertainty involved in each process of hazard assessment, exposure as-
sessment, and exposure-damage response, by forcusing on a combination of
hard and soft measures to reduce the flood risk. In the fourth step, a new type
of flood-risk communication support system, Pafrics, which involves resident
participation, is developed and tested.

During period of the project development, socio-economic and psycholog-
ical studies regarding the social vulnerability to emerging disasters, are being
carried out to develop methods for raising disaster-prevention awareness in
flood-prone areas or for creating a mechanism of informed choice by having
stakeholders’ participation in the collective decision-making of choosing al-
ternative prevention measures including the study of risk finance or insurance
institution. The seven research topics of the NIED project appearing in Fig. 6
are:

1) Structural and simulation analysis of disaster-risk occurrence, propaga-
tion, and associated damage based on risk analysis.

2) Risk-based assessment of disaster-prevention measures within the con-
ventional scientific framework of probabilistic approach to natural dis-
asters.

3) Integrated risk characterization including both human and environmen-
tal dimensions with specific emphasis on economical, cultural, and psy-
chological considerations.
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4) Exposure and vulnerability assessment together with community-based
preparations for disasters mitigation in terms of precaution-based or de-
liberative integration-based management.

5) Development of a participatory flood risk communication support sys-
tem (Pafrics) to help users to obtain a deeper understanding of the na-
ture of flood risk and management options for their collective informed
choice among stakeholders. (http://www.pafrics.org).

6) Risk finance and institution for flood disaster funds for the LPHC type
of catastrophic disasters as one of the critical options.

7) Community-based integrated framework of multi-disaster risk gover-
nance based on the e-community enhanced by information technology.

Although each task is discussed in details in other chapters of this book,
it should be stressed here that, while a construction of a social platform of
risk communication support system (Pafrics) operates as a warp for the NIED
project, the concept of integration in various measures of risk reduction works
as a weft of all tasks in the NIED project. Here are listed such ways of in-
tegration, depending on the nature of a pertinent risk in terms of the degree
of uncertainty in our knowledge and the degree of social stakes among stake-
holders as illustrated in Fig. 5.

i) Integration of hard (structural control facilities) and soft (institutions
and information) measures for shifting the concept from “disaster prevention
with zero risk” to “disaster reduction with an acceptable or tolerable level of
disaster risk”:

Under the present conditions, much attention should be directed towards
soft measures consisting of institutional arrangements such as land-use regula-
tion, risk finance schemes for disaster insurance, dissemination of early alarms
or risk information through hazard maps or media, and provision of economic
incentives for public participation in emergency preparation or drills.

ii) Integration of risk-based and precaution-based measures or actions
throughout the disaster risk management cycle:

It is always desirable to take balancing perspectives between scientific
uncertainties and complex processes of cause and effect relationship such as
long-term economic efficiency, political flexibility, sustainable development
of communities, and preservation of the natural environment at each stage of
normal, emergency, and recovery processes.
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iii) Integration of regulation, market, and community-based volunteer ac-
tivities in planning, design, and monitoring activities by promoting the partic-
ipation of local residents:

Since both the government and local communities are limited in terms of
their budgets and human resources, it will be necessary to return to such basics
of disaster prevention culture based on an “informed choice of risk”. Here, in-
dividuals take on the responsibility of protecting their lives and property given
the adequate provision of risk information either by governmental sectors or
by the mutual support of the local community and relief provided by the social
network of citizen volunteers.

iv) Integration of single risk management program toward multiple sources
of disasters in local community:

There are various types of socially constructed disasters such as trafic ac-
cidents, fires, criminal activities, or terrorism and so on at the level of local
communities. However, the social structure of most communities is rapidly
becoming one of an aging society with less knowledge of ways to deal with
these multi-disaster issues. In this situation, it is urgently requested that the
local communities adopt positive attitudes in favor of activating the mutual
support in their neighborhood and relief provided by the social network of
citizen volunteers fostered through e-community platform.

5 Concluding Remarks
To have a better societal governance of the emerging disaster risks trig-

gered by phenomena such as rapid urban agglomeration and complex pro-
cesses of infrastructure development in our post-industrial society, we have
developed an integrated risk analysis framework for finding ways of making
modern urban society resilient to such disasters. Much of our attention has
been directed towards community-based risk governance to enhance our pre-
paredness for disaster risks by integrating a variety of risk-reduction options
in terms of hardware versus software, precaution versus recovery, or regula-
tion versus market. For making better governance to emerging disaster risk, it
is critical to improve the mutual cooperability among residents and stakehold-
ers (regulatory authorities, community, volunteer groups, NGOs) in planning,
designing, implementation, and recovery processes of disaster governance.

We have described four ways of integrating risk-reduction measures, em-
phasizing the soft measures of implementing institutional arrangements such
as land-use regulation, risk finance schemes to provide disaster insurance, dis-
semination of early alarms or risk information through hazard maps or media,
provision of economic incentives to encourage public participation in emer-
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gency preparation, and so on. Our focus is partly based on the fact that, as
concern grows regarding the emerging disaster risks of increased potential for
catastrophic disasters in our mega-cities, we face an urgent need for an inte-
grated approach to the systemic risk in which human-environmental factors
will be critical to the societal governance of emerging disaster risks.

Finally, we should point out that alluvial lowlands—where Japan’s mega-
cities are located and which are especially vulnerable to flood disasters—are
essentially new lands formed within the last 10,000 years. This means that
these urban areas are eventually vulnerable to earthquakes and other natural or
man-made disasters. When discussing the means of reducing disaster-related
damage in Japan’s mega-cities, a comprehensive and integrated approach to
multi-hazards must be taken as opposed to treating earthquakes, floods, and
fires separately. This is among the next tasks we will explore.
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Fundamental Characteristics of Flood Risk
in Japan’s Urban Areas

Teruko Sato

1 Introduction
Flood risk is diverse and complex. Risk-related phenomena such as flood-

inducing precipitation, runoff generation and concentration, downstream flood
wave propagation, flooding, and flood damage are changing over time and
vary from region to region under the influence of natural conditions, human
activities, and Japan’s disaster culture. In Japan, the loss of life and national
economic losses caused by flooding have drastically declined over the last 60
years. However, new flood risks are emerging in urban areas, including more
potential for flooding, more exposure to flood risk, and new forms of damage.

For example, in Japan, recent flood disasters resulting from embankment
failures have led to catastrophic damage and consequences. The general eco-
nomic loss caused by the 2000 Tokai flood disaster, in which the metropolitan
areas of Nagoya were flooded, was the worst in 40 years. Furthermore, em-
bankment failures led to serious damage in a number of provincial urban areas
in 2004, with the drowning of elderly people a major issue in Niigata. New
risks have also been identified in urban areas. In 1999, the underground shop-
ping mall at Hakata Station in Fukuoka, Japan’s sixth largest city, was flooded,
and one life was lost in a building basement. River environments have under-
gone drastic changes over the past 100 years as rivers are forced into artificial
channels, leaving them with less natural, more artificial environments. More-
over, disaster-prevention awareness and activities in local communities has
been decreasing.

Takahashi (1964, 1971) examined flooding events in Japan and showed
that floods were not a purely natural phenomenon and that social conditions
played an important role that varied from region to region and from time to
time. Takahashi (1964) illustrated the structure of modern flood disasters up
to the 1960s, just the initial stage of Japanese experience in a period of high
economic growth. He also pointed out that the peak flood discharge of rivers
had increased as a result of river improvement projects. Today, more than 40
years after the report, flood disasters have taken on a new look and flood risk
has become more diverse and complex.

23
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Fig. 1. Causal structure of flood risk.

This paper describes the recent structural changes in flood risk charac-
teristics for urban areas in Japan using the results of flood-disaster investiga-
tions into the 2000 Tokai urban flood disaster which occurred in one of the
metropolitan areas in Japan and the 2004 Niigata flood disaster which oc-
curred in provincial urban areas (Sato, 2002; Sato et al., 2006). The paper
reviews existing knowledge in the fields of geography and river engineering
and uses the causal structure of flood risk to describe the characteristics of
flood risk.

2 Causal Structure of Flood Risk
The causal structure of flood risk is shown in Fig. 1. Flood risk has four

components: Hazard, Exposure, Damage, and Social Resilience to flood risk.
All four components are subject to both natural and artificial environments
that vary over time as social and economic conditions and human activities
evolved. The components are defined as follows;

1) Hazard is an external natural force that has the potential to cause flood
damage. Precipitation is the primary external factor. The scale and pat-
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tern of precipitation and its distribution in time and space in a basin
are major factors that determine the magnitude and characteristics of
the flood hazard. The flood hazard is transformed, as shown at the far
right of Fig. 1, as precipitation runoff concentrates in river channels and
flood waves propagate down the river channels. Ultimately, inundation
occurs. Because these phenomena occur on or near the surface of the
Earth, where human activities take place, flood hazards have local char-
acteristics that are affected by geology, topography, vegetation, and land
use in the river basin.

2) Exposure refers to the socio-cultural units that are exposed to flood-
ing, such as populations, assets, environmental resources, biological re-
sources, lifelines, social functions, etc.

3) Damage is the deterioration or loss of functionality of units exposed to
flooding. This includes not only direct damage but also indirect damage
to the social, economic, and natural environments.

4) Social Resilience to flood risks is the ability of society to withstand the
hazard as a result of efforts in disaster risk management.

3 Characteristics of the Recent Flood Risk in Japan
3.1 Flood hazards

One of the characteristics of flood risk in Japan is the significant quali-
tative and quantitative changes in the flood hazard resulting from human ac-
tivities such as flood control measures, a trend that grows stronger during
periods of high economic growth. As a result, the frequency and intensity of
floods has drastically decreased, increasing the possibility and complexity of
catastrophic flooding and creating a cascading series of flood hazards in urban
areas.
3.1.1 Outline of changes in flood hazards

Flooding can be effectively controlled using Large-Scale Flood Control
Structures (LFCS) such as high continuous embankments along rivers, as well
as dams, pumping stations, etc. These LFCS have been applied to a remark-
able degree throughout the length and breadth of Japan for 100 years along
both large and small rivers. As a result, the intensity and frequency of floods,
in terms of spatial and temporal distributions, have drastically decreased in
Japan over time. Alluvial lowlands are no longer constantly vulnerable to
flooding.

However, by improving and shortening the river channels, constructing
high and continuous embankments to keep flood waters in river channels, and
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expanding storm-water drainage systems, LFCS have increased a potential
of creating new flood hazards. Namely, LFCS change the way flood waves
propagate in rivers, shortening the time-lag between the rainfall and the peak
discharge, thereby increasing the flood discharge flowing down the channels
(Takahashi, 1971; Sato, 1998). Moreover, the volume of flood runoff has in-
creased as a result of the loss of water detention capacity of urban catchments.
These days, a particular quantity and pattern of rainfall results in a flood dis-
charge of greater volume and with a higher peak discharge than ever before.
Moreover, the number of heavy rainfalls, the primary external force of a flood
hazard, has been increasing in urban areas in Japan, according to statistics for
Japan (JMA, 2005). If this trend continues, it might become a major factor in
increasing the flood risk in urban areas.

In addition, another factor that increases flood risk is occurring in the
floodplains. This factor is ground subsidence and is mainly caused by ground-
water pumping. This has increased the area, depth, and duration of floods.
Sometimes subsidence has led to the sinking of river embankments.
3.1.2 Increasing the possibility of catastrophic flooding

The development of LFCS has notably decreased the frequency and inten-
sity of flooding by cutting off the process of hazard transformation, as shown
on the right-hand side of Fig. 1. However, recent flood disasters in Japan
indicate a different scenario for catastrophic flooding: embankment failure re-
sulting from precipitation exceeding the level specified in the design. In other
words, extensive LFCS construction in Japan has increased the possibility of
catastrophic flooding.

The typical process of how catastrophic flood hazards escalate is clear
from the 2004 Niigata flood disasters. The Ikarashi River and Kariyata River
are branches of the Shinano River, the longest river in Japan. The catchments
are 239.8 km2 for the Kariyata River and 310.1 km2 for the Ikarashi River. The
following is a description of the process by which the flood hazards escalated,
leading to the 2004 Niigata flood disaster.
1) Escalation of the flood hazard potential as a result of LFCS construc-
tion

i) Increases in embankment heights and channel capacity The chan-
nel and embankments of the Ikarashi River have been repeatedly improved in
response to severe floods. A great flood in 1873 triggered the start of river
improvement works in 1876. In 1925, the other severe flooding resulted in ad-
ditional work to increase the flood flow capacity of the channel, which reached
1,120 m3/sec in 1937. The capacity was further increased to 1,600 m3/sec af-
ter a flood in 1961. After yet another flood in 1969, the capacity was increased
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to 2,400 m3/sec. In addition, an upstream dam increased the design flood flow
of the channel to 3,600 m3/sec. Thus, the river capacity has risen continually
through channel and embankment work after major disasters. The peak flood
discharge currently is 2.14 times larger than it was 70 years ago. In a similar
manner, the flood capacity of the Kariyata River channel has risen from 650
m3/sec in 1920 to 950 m3/sec, 1,050 m3/sec, and finally 1,550 m3/sec in 1969.
With this capacity, it is designed to accommodate the type of floods that occur
only once in a century. The frequency and intensity of flooding has drasti-
cally decreased on the floodplains, but the embankments have risen in height
and, with heavy precipitation, a huge discharge flows down the river channels
(Sato, 2006). Thus, by repeatedly reducing flooding, this embankment work
has ironically or necessarily increased the potential for catastrophic flooding
of due to possible embankment failure.

ii) Embankment failures caused by rainfall exceeding design speci-
fication During the 2004 floods, heavy rainfall induced a peak flood dis-
charge of 1,900–2,000 m3/sec in the Ikarashi River and 1,700 m3/sec in the
Kariyata River, respectively, exceeding the design discharge of the river chan-
nel and causing embankment overflow. The embankment had been eroded
and eventually collapsed. The level of precipitation contributing to the peak
discharge of the two rivers occurs only once every 500 years (JSCE, 2004).
For example, 267 mm of rainfall fell in six hours. In twenty-four hours, the
amount reached 422 mm, far above the level specified in the design of the
LFCS.

iii) Increased force and volume of floodwaters Floodwaters gener-
ally flow very slowly over an alluvial plain that has a very gentle slope of
0.7–0.8/10,000, as in the case of the floodplains of the Ikarashi River and
Kariyata River. However, the embankment failure increased the force of the
floodwaters because of the big difference in the hydraulic head between the
level of water in the river channel (14.7 m) and that of the floodplain (9.46 m)
and the very short collapse time (with 10 m of the embankment collapsing in
just 5 min). In the end, the breach was 50 m wide (Niigata Prefecture, 2005).
A huge and rapid flood flow washed away a temple near the collapse site, and
houses within 150 m from the site were completely destroyed.

The estimated volume of floodwater released by embankment failures
along the Ikarashi River was 13.93 million m3. Along the Kariyata River,
it was 8.80 million m3. These volumes are 40 to 50 times larger then the es-
timated volumes of water that simply overflowed the embankments of these
two rivers (0.34 million m3 and 0.36 million m3, respectively). The observed
result in both cases was much deeper and more extensive flooding (Sato et al.,
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damages by different causes in the 2000 Tokai-Flood (MLIT, 2000).

2006).
2) Increased depth of flooding by development of floodplain

Another factor that contributed to the intensity of the flooding was de-
velopment of the floodplain. One example is the development of the narrow
valley plain on the left side of the Kariyata River in Mitsuke City. River im-
provement works had straightened the meandering channel but narrowed the
width of the valley from 400–500 m to 300 m. Housing development in the
narrow valley plain accompanied the work. The floodwaters flowing from the
embankment breach site were dammed by houses, factories and earth mounds,
which deepened the floodwaters, allowing them to reach older settlements on
the higher terraces that used to be relatively safe from flooding (Sato et al.,
2006).
3.1.3 Increase in complexity, and cascade effect of flood hazards

Fig. 2 shows a typical river system in an urban area with considerably
developed LFCS type river improvements. This example is a topographical
cross-section of the 2000 Tokai flood disaster area, the Nagoya metropoli-
tan area. Flooding caused by large rivers had been reduced. On the other
hand, rapid urbanization led to increases in flooding by small and medium-
size rivers. This led to various management bodies making improvements to
urban rivers of various sizes.

Fig. 2 shows how rivers with different runoff characteristics form an inter-
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acting network, with sizes ranging from rainwater drainage systems to large-
scale rivers. This means that a variety of hazards arise in a cascading manner
in any one area, such as from inner flooding, flooding caused by small and
medium-size rivers, and catastrophic flooding triggered by embankment fail-
ure on a large river. Furthermore, the water levels of rivers affect each other
on an alluvial plain with a low gradient, strengthening the potential of the cas-
cade effect. As shown in Fig. 2, if the Shonai River (a large river) or the Shin
River (a medium-size river) becomes full, the drainage pumps must be halted,
which intensifies the flooding on the floodplain. Water levels in tributaries
such as the Gojo River and Suiba River (both small rivers) are affected by the
backwaters from the Shin River. Moreover, there is no integrated manage-
ment system among these rivers. Improvement plans for each are designed on
a different scale, and they are managed by different management entities. For
example, large rivers are managed by the central government, which plans for
large floods that occur once in 200 years. Medium-sized rivers are managed
by the prefectural office, which designs plans to handle floods that may occur
once every ten to fifty years. Small rivers and urban storm drains are managed
by the city office, which designs plans to handle floods that may occur once
every ten years.

Heavy rainfall in excess of the levels specified in the design of the LFCS
measures triggered the 2000 Tokai flood disaster. For example, the 97 mm
of precipitation recorded in 60 min. at the Nagoya meteorological observa-
tory occurs once every 110 years and exceeds the design specifications of the
storm-water drain system and the small river improvement works. A 24-hour
precipitation of 534.5 mm was recorded. Such precipitation occurs once every
350 years and exceeded the design specifications for improvement works on
medium-size and large rivers.

Fig. 3 illustrates the cascade effect of flood hazards in the 2000 Tokai flood
disaster areas. The inundated area and the area of economic loss increased as
damage and inundation accumulated from different hazard sources during the
event (Sato, 2002). First, inland flooding was caused by an overflowing storm-
water drain system that had the smallest catchment. The flooding occurred on
September 11 at around 18:00, immediately after 97 mm of precipitation in
60 minutes. The floodwaters rose over the top of the embankments of the
Yamazaki River, a small river. The water level then rose to the high-water
level specified in the design for medium-size rivers, at which point, pump-
ing was stopped to prevent overflowing of the embankments. Then overflow
caused the Shin River, a medium-size river, to fail its embankment, result-
ing in severe damage. Finally the floodwaters began to overflow at some part
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of the embankments of the Shonai River, the largest river, on September 12
at around 4:30, approximately ten hours after the floodplain began flooding.
Sandbagging prevented overflowing, and the embankment did not fail.
3.2 Change in exposure and new type of damage

The damage caused by flooding has drastically changed both quantita-
tively and qualitatively through urbanization and the more extensive land-use
in urban areas. In these areas, the potential for damage has increased along
with the possibility of catastrophic damage from flooding. On the other hand,
a new type of flood damage has emerged.
3.2.1 Catastrophic damage caused by flooding

Accelerated economic growth and innovation in all sectors of the social
infrastructure in the period from the 1960s through the 1980s brought about
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rapid population growth in Japan’s metropolitan areas. Without effective laws
governing land use, populations and assets became concentrated in flood-
prone, low-lying areas that had previously been vacant or used as paddy fields.
Currently, 49% of the Japan’s total population and 75% of the country’s to-
tal assets are concentrated in alluvial lowlands, which account for 10% of the
land in Japan.

Fig. 4 shows the trend in the totally inundated areas in residential districts,
the economic loss of general assets, and the density of economic loss over the
previous 40 years. Numerous river improvements have effectively reduced the
total number of inundated areas. There has been no decrease, however, in the
general economic loss. The solid line indicates that the density of general eco-
nomic loss per hectare of inundated land in residential districts has been rising
in recent years, demonstrating the increasing potential for damage discussed
in the previous section.

Exposure to flood hazards has changed drastically through the concentra-
tion of populations and assets. Though very rare, catastrophic embankment
failures do happen, but the resulting damage can be tremendous, especially in
urban areas. This type of disaster is called a Low Probability but High Conse-
quences (LPHC) event. In fact, severe flood disasters caused by embankment
failures recently have been common in Japan. The 2000 Tokai flood disaster
is an example of how damage increases as a consequence of an LPHC event in
urban areas. The embankment failure of the Shin River, a medium-size river,
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resulted in considerable damage to Nagoya’s metropolitan areas and caused
the worst general economic loss in 40 years. The area that flooded due to the
embankment failure accounted for only 16% of the total flooded area, but the
value of the damage was 56% of the total. The economic loss to general assets
due to inner flooding of the floodplain was 9 million yen/hectare. On the other
hand, the loss due to flooding caused by embankment failures was 778 million
yen/hectare.
3.2.2 New types of damage

Social changes have also drastically affected exposure to flood hazards,
and new types of flood risks are appearing. Some examples from recent flood
disaster events are given below.

1) With changes in the social structure of post-industrial society, urban
space is becoming denser and more complex. The urban facilities, in-
formation systems, and networks that are now being built are particu-
larly vulnerable to flood damage. Recent urban floods are examples of
a new type of disaster that causes a new type of damage in urban areas.
For example, in the 2000 Tokai flood, subway lines and stations, build-
ing basements, and underground machine rooms for huge storm water
pools were inundated. ATM machines were also damaged. Around
100,000 cars were damaged and the insured loss was a record 54.5 bil-
lion yen for 58,000 cars. In 1999 and 2002, floodwaters from small and
medium-size rivers in the Fukuoka metropolitan area damaged under-
ground shopping malls and the basements of buildings around Hakata
Station.

2) Japan has a rapidly aging population. Many elderly people have dif-
ficulty to respond to emergencies due to disabilities, limited access to
information, etc. In the 2004 Niigata flood disaster, many elderly people
drowned in Sanjo City.

3) LFCS measures have created complicated networks of highly artifi-
cial river channels that adversely impact the natural environment and
wildlife habitats. Until the 1970s, the primary concern was reducing
flooding and securing adequate water supplies for industry and urban
residents. Natural river courses have been converted into man-made
channels for discharging floodwaters. With the advent of more diverse
social values, including greater global environment awareness, environ-
mental deterioration, such as the degradation of rivers, landscapes, and
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wildlife habitats, is viewed as a type of damage typical in the late 1970s
(MILIT, 2004).

4) Since the early 1960s, high economic growth has been accompanied by
degradation of the water cycle and soil resulting from the construction
of flood control and debris dams and the removal of gravel. Coastal ero-
sion is another problem everywhere in Japan. For example, decreasing
silt supplies at the mouth of the Shinanogawa, caused by the construc-
tion of a flood diversion channel known as “Ookozu-Bunsui,” has led to
significant erosion of the coastline west of the main channel. The shore-
line eroded 250 m in the 25-year period from 1921 to 1946. Even after
restoration work was completed, erosion continued since then (Suna-
mura, 1996).

3.3 LPHC type flood risk and resilience of society to flood risks
Recent flood disasters show that flood risk in Japan is characterized by

LPHC type risk created by natural and artificial environments. In this section,
social resilience to flood risks is described, focusing on LPHC type flood risk.
3.3.1 Hazard mnagement

The resilience of society to flood risks refers to our capability to cope
with flood risk by means of integrated management of hazards, exposure,
and damage. As shown in Table 1, residents, local communities, and gov-
ernments may reduce the flood risk by implementing measures that prevent



34 T. Sato

certain events from occurring. Such measures include (1) reducing the runoff
in catchments, the runoff concentration into river channels, flood-wave propa-
gation downstream, and inundation; (2) reducing exposure vulnerability; and
(3) Mitigating or compensating damage.
1) Drastically decreased frequency and intensity of flooding

In Japan, ever since the central government assumed responsibility for
flood control on large rivers in 1897, there has been disproportionate empha-
sis on government-led preventive measures to use LFCS to control flooding.
Fig. 5 shows the value of flood damage and its ratio to national income over the
period of 120 years since the Meiji era. Major flood disasters with more than
1,000 casualties continued to occur until after the Second World War. Inten-
sive use of LFCS coincided with the growth of the economy. LFCS measures
have effectively controlled flooding. Today, most of major alluvial lowlands
are no longer vulnerable to repeated flooding and the ratio of flood damage to
the national income has fallen to less than 1%. Floods, however, still cause
damage valued at 1–1.5 trillion yen per year.
2) Emerging new risks caused by intensive LFCS measures

However, intensive river improvement work based on LFCS has become
the norm and one of the main factors behind such new risks as the increased
potential for catastrophic flooding, more complex flooding in urban areas, de-
teriorating river environments, degraded soil and water cycles, and weakened
disaster prevention efforts by local communities and residents.

To solve these problems, a new paradigm for flood control was imple-
mented in the 1980s to (i) conserve and create rich natural river environments,
scenery, and eco-systems; (ii) promote not only LFCS measures but also vari-
ous measures in catchments to reduce flooding and damage; (iii) reduce flood
risks with the participation of residents; and (iv) support lifestyles associated
with rivers (MLIT, 2004).
3) Integrated approach to reducing LPHC-associated flood risks

The basic approach to mitigating LPHC flood risks should be strength-
ening embankments to prevent failures. However, such work is expensive
and time-consuming as the embankments are longer and continuous (MLIT,
2004). To permanently reduce LPHC flood risk, this conventional approach
should be shifted in favor of a comprehensive and integrated approach.

Before LFCS were introduced in the latter half of the 19th century, the
intensity of floods was reduced through a combination of both physical and
social measures. For instance, the force of the floodwaters was reduced by
flood forests, while areas prone to flooding implemented retarding basins and
second levee systems that redirected flood water to vulnerable low-lying areas.
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Table 1. Measures to mitigate in flood risk in occurring process by local resident, local com-
munity, and government.

Residents

Activities to prevent
worsening global
environment

Improvement in a
lifestyle

Knowing the land
condition & flood
characteristics

Water retention on the site

Storing rainwater on the site

Trees around the residence
Tax burden

Preparedness
for flood disaster

·move to safety place
·ensure
flood-resilient way of life;

banking,flood-resilient
house, insurance,
and place for
household goods
& valuables

·prepare materials
in case of emergency

Reaction to the emergency:
·pay attention to
disaster information

·prepare for inundation
and rain conditions

·evacuate

Reaction to just behind the 
disaster

Local Community

Activities to prevent
worsening global
environment

Storing rainwater

Storing rainwater

Ring levee
Flood prevention forest
Flood fighting
(patrol,piling sandbags)
Double embankment
Floating weir

Disaster-resilient community
· flood-fighting groups
·agree on mutual aid
·network in emergency
·transmit legends and advice
·participate discussion
about safe community

Flood fighting activities
·rescue mutual aid
·stop spreading damages
·gather and share
information

Mutual aid
First aid/Recovery
Rescue
Financial/Material Aid
Volunteer/NPO/NGO

Government

Activities to prevent:
the rise in sea level
enlargement of typhoon
heat island

Disaster-resilient
regional development
without destructing

water environment

Dam
Retarding basin

Flood control works
·bank
·urban drainage system
·pumping station

Disaster-resilient
social system

·land use management
· taxation system
·flood disaster

prevention planning
·hazard map
·disaster education

Providing disaster
information

Evacuation warning
system
Assisting volunteer group
for disaster preventive
activities

Emergency management
Restoration work
Financial/Material aid
Victim aid system
Flood insurance
Social/Economic

recovery policy

Purpose

Reduce
precipitation

Reduce
runoff 
generation
& runoff
concentration

Reduce flood 
wave propagation

Inundation

Decrease
vulnerability
of Exposure

Reduce damage

Reduce damage

Damage:human damage, economic loss, handicap for live, psychological damage, aggravation of natural environment
measures:deter & reduce damages, hard/soft, long/short-term, permanent/emergency, preventive/reform measures

Flood disasters
 in occurrence

 process

(Social 
systems, etc.)

Rainfall

(Catchments)

Damage

Inundation

Runoff

(River channel)

Damage

(Exposure)

Overflows were minimized through the use of sandbags filled and placed by
the flood brigades of local communities. Small water retention facilities in the
house yards delayed the runoff and reduced the peak flood discharge. These
were some of the measures available to local communities and residents.
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3.3.2 Exposure management
1) Reducing vulnerability to flood risk

As mentioned above, the quality and quantity of damage caused by flood-
ing has changed as a result of urbanization and more intensive land use. The
potential for damage has increased along with the possibility of catastrophic
damage from unexpected scale of flooding. New types of flood damage have
also emerged. Few existing measures can reduce the vulnerability of the flood-
plains, and these measures are not effectively regulated in flood-prone areas.
This is why urban areas potentially can suffer catastrophic flood damage.

It is the time to think seriously about managing decreasing the risk of
flooding associated with urban planning. It is possible to decrease the poten-
tial for damage in flood-prone areas by managing land use through construc-
tion regulation, etc. Formerly, land use management reduced the potential
for damage by placing houses on natural levees, in higher locations on flood-
plains, raising the foundations of homes, etc.
2) Worst-case risk scenarios

One of the lessons of the 2004 Niigata flood disaster is that the regional
disaster plans and flood prevention plans developed by local governments
must take into consideration the possibility of the embankments failing in
a major flood. However, those responsibility for flood-disaster management
in Niigata never considered such a possibility of embankment failure, so the
measures taken were not always adequate. Moreover, many residents were
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not aware of the risk of LPHC type flooding and most had not implemented
appropriate measures (Sato, 2006). Few local governments had emergency
plans to deal with catastrophic flooding. Worst-case risk scenarios need to be
explicitly incorporated into their disaster prevention plans.
3) Raising the residents’ awareness to the vulnerability of their habitats

Fig. 6 shows the perceptions of residents regarding flooding prior to the
severe 2000 Tokai Flood disaster. This survey was taken in the area stricken
by the 2000 flood. Only 48–50% of residents of all ages knew of the vulnera-
bility of their area to flood disasters (Sato, 2003). Residents need to raise their
awareness of disaster prevention measures in order to decrease the vulnerabil-
ity of their homes.
3.3.3 Damage management
1) Accepting flood risk

Reducing flood damage requires strengthening resilience of low-lying al-
luvial lands to unexpected scale of flood hazards. People need to understand
that low-lying land cannot attaint “zero flood risk”, and that they are to be
ready for taking an acceptable level of flood risk. It is a myth that people al-
ways demand “zero flood risk”. A survey taken in a flood prone area showed
that 30% of the respondents accept the risk of flooding below the level of the
tatami mats (straw floor mats) in their homes in every one to thirty years.

At one time, a culture for coping with local flooding was nurtured in local
communities. For example, “Mizuya”, which are annexed buildings specifi-
cally designed for use in flood emergencies, were built on higher ground and
stocked with preserved food and a boat for use in an emergency evacuation
center for the community. In those days, people also had the wisdom to miti-
gate their damage by themselves. For example, they used tatami (straw) mats
to raise important belongings above the water level, and sealed the gaps be-
tween sliding doors with newspaper to keep out the water.
2) Reducing economic losses

Until recently, damage management placed priority on reducing the loss
of lives by promoting the evacuation of residents. There was less interest in re-
ducing economic loss of social infrastructures, and cultural and environmental
assets. However, recent flood disasters have revealed the potential for damage
from LPHC events in urban areas. It is now time to prepare for catastrophic
economic losses caused by LPHC events by managing not only hazards but
also exposure.

One interesting aspect of flooding is that the intensity and frequency can
be controlled spatially. The old feudal government sometimes varied embank-
ment heights to protect economic and political centers. These old ideas give us
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new insights into modern problems. For example, broad indirect damage can
mitigate catastrophic economic losses by minimizing the flood risk over the
entire catchment. This could be done by artificially or politically controlling
the hazards spatially. However, spatial management of flood hazards has long
been excluded from consideration under a current political system of local au-
tonomy. Such measures may be controversial in certain regions, but they are
worth considering given the potential catastrophic hazard. In fact, reports by
the Niigata and MLIT Committees have touched on this idea (Niigata, 2005;
MLIT, 2005).
3.3.4 Promoting disaster prevention activities by local communities

Flood brigades organized by local communities play a major role when
emergency or disaster prevention activities require large numbers of people.
Such activities include sandbagging and recovery work. It should be noted
that these local flood brigades play a particularly important role immediately
following the initial stage of flooding and until support is received from other
regions. For example, during the 2004 Niigata flood disaster, at the initial
stages of flood-combat operations, brigade members accounted for 30% of all
individuals acting on behalf of the regional disaster prevention organizations.

In the past, communities had a spirit of mutual assistance and preparation
regarding flood risk. However, the rapid decrease in the number of floods in
recent years has reduced public experience with flood emergencies. More-
over, when the danger from flooding is inevitable, governments ask residents
to evacuate via public warning systems. This approach ensures an appropriate
level of safety. The result, however, is a weakening of the disaster-prevention
activities of local communities. Urbanization has also led to the deterioration
of local community relationships and increased the number of new residents
who are unfamiliar with flooding vulnerabilities. Local residents and commu-
nities have left their safety in the hands of the government. According to our
survey, even in Niigata, one of the most active regions in Japan for community
flood-prevention activities, 50% of the residents were not aware of the activi-
ties of the local flood brigade (Sato et al., 2006). Disaster prevention activities
by local communities should be promoted in a new social scheme that includes
coordinating new forms of social networks, utilizing modern communications
technologies, etc.

4 Concluding Remarks
The characteristics of flood risk in Japan’s urban areas, including compo-

nents and structure, have changed drastically, both quantitatively and qualita-
tively, resulting in LPHC-type flood risk. Those are:
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Changes in the characteristics of components
1) Flood hazard: Extensive development of LFCS has resulted in notably

fewer and less intense floods. LFCS have changed the characteristics of flood
runoff and made possible catastrophic flooding as a result of embankment
failures. Cascading flood hazards are notable in urban areas.

2) Exposure: Growing populations and accumulations of assets in flood
prone areas and more extensive land-use have increased the potential for dam-
age. More extensive land-use and changes in urban and social structures have
increased exposure and vulnerability and created new forms of flood risk.

3) Damage: Increased exposure in urban areas has made catastrophic flood
damage more likely and changed the nature of the damage. Highly developed
LFCS have deteriorated the river environments, soil, and water circulation
system and weakened the disaster prevention activities of local residents and
communities.

4) Social resilience to flood risk: The powerful LFCS type hazard control
measures implemented by governments have become mainstream flood con-
trol policy. Extensive implementation of these LFCS type measures has pro-
duced the side effects mentioned above. “Zero risk Myth” has spread among
residents and they have left their safety in the hands of the government. This
has been accelerated by the decline of local communities under urbanization.
We should lay the groundwork for re-implementing flood preventive activities
by local communities and residents. Increased concern about river environ-
ments has led to river improvements that conserve the natural environment.

5) New LPHC type flood risks: The interaction of the changes in flood
risk components has increased LPHC type flood risk in urban areas. This is
the most important issue to be solved. However, few measures are currently
available to reduce this type of flood risk. Not only must the embankments
be strengthened to prevent failure, the powerful but limited LFCS approach
must be augmented with a comprehensive and integrated flood risk manage-
ment system that takes into consideration the process and structure of flood-
ing while promoting various measures to reduce flooding, vulnerability, and
damage. Such a system should incorporate all stakeholders, including gov-
ernments, local communities, and local residents.
Long experience with flood disasters has given Japan an advantage in under-
standing the positive and negative consequences of disaster risk. To achieve a
sustainable reduction in LPHC flood risk and avoid undesired risk caused by
flood risk reduction measures, we need integrating different kinds of alterna-
tives. We should also respect the diversification of values among people, make
an adequate choice of effective and efficient methods for allocating resources,
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and encourage disaster prevention activities by residents, local communities,
and governmental authorities.
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Integration Framework of Flood Risk Management:
What should be Integrated?

Kami Seo

1 Introduction
The concept of integrated risk management was not widely known until

very recently in Japan. Both government and lay public take it that only the
central government should be responsible for the risk management of natural
hazard. The Japanese government has mainly relied on structural measures of
risk reduction, which directly control the effects of natural events. Structural
measures have taken because, first, those measures brings drastic risk reduc-
tion effects, at least for a while; second, they do not need communication and
cooperation with other units including local governments, communities and
lay public.

During the last decade, however, some situation changes have forced us
to reconsider the system. One of those changes is financial difficulty in Japan.
Long deflation and expected tax income reduction made repaying the national
debt difficult, and the large expenditure for the public construction has been
criticized from the cost-benefit (B/C) point of view. The second is the public
awareness of environmental problems. Rivers are not only ‘evils’ that bring
disaster; they also provide freshwater, fish, rich soils and all the amenities of
the waterfront for humans, and habitat for all kinds of aqua life and birds.
Large constructions disturb the ecosystem in the rivers, and they often de-
crease the amenity value of the river. Those non-marketable values are also a
part of the construction costs of the structural measures, i.e. public awareness
of the environmental values increases the social costs of the construction of a
dam. The third is physical difficulty. City areas in Japan are densely utilized;
therefore, getting extra land for construction is difficult, if it is not impossible.
The fourth is public apathy to the risk. In Japan, we have often very heavy
rains (as much as 50 mm in an hour and sometimes 100 mm in an hour). Since
most of the cities in Japan are placed on the flood planes of rivers, Japan is a
country with a high risk of flood disaster. Therefore, people are used to being
aware of the risk from flooding and have personal and regional “experience”
to cope with flooding. Unfortunately (or fortunately), with the frequency of
flood decreaseing, these experience are being lost.

41
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Such changes have provided the chance to reconsider the national policy
of flood-risk mitigation. Integrated risk management aims for lower risks and
lower non-marketable costs within a limited budget. Current risk mitigations
are planned separately by kinds of hazard, by mitigation measures, and by or-
ganization. Consequently, if the total risk is reduced in the proper costs is not
clear. Unclear risk-cost balance makes it difficult to reach national agreement
as to what can be defined as a “sufficient level of safety” for our society.

Pursuing cost-effective risk management through optimal resource allo-
cation to different types of measures is one of the key concepts of integrated
risk management. Integrated risk management is basically the integration of
different types of hazard mitigation measures, including both structural and
non-structural, and pre-and post measures.

Change in resource allocation is necessarily accompanied by change in the
responsible units of implementation. Large technological measures are usu-
ally introduced by the central government. Many other risk-reduction mea-
sures, however, are better provided by local governments, communities, and
property owners. Moving to integrated risk management, therefore, is neces-
sarily accompanied by a change in the share of the burden from the central
government to local governments, and from the public sector to private sector.

Decentralization of those in charge allows flexibility in the integrated risk
management system. Large-scale structural measures, provided by the central
government, are necessarily distributed following the same criteria through-
out the country. A nationwide system is equitable; however, it is not always
efficient because both natural and social environments vary from region to
region. Different social and cultural environments, as well as natural envi-
ronments, require different methods of risk mitigation. Some can be more
risk-averse than others, and some put a higher value on the natural environ-
ment of rivers. Risk management by local governments or communities is
expected to be more sensitive to the local circumstances. Also, a decentral-
ized decision system makes public involvement easier, which is expected to
improve public ability of managing natural hazards.

2 Structural Measures in Japan—What is the Problem?
Japanese flood-risk management after the Meiji period has heavily relied

on structural measures such as continuous banks and dams, which have suc-
cessfully lowered the frequency of flood disasters. In general, however, rely-
ing on only a few measures is necessarily becoming more and more inefficient
in terms of risk-cost effectiveness because the marginal cost of a measure for
risk reduction increases with the progression of the coverage. Adding a meter
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of bank on an existing one-meter bank is usually less expensive than adding
one on two-meter bank. However, benefit is usually larger in the first raise
than in the second one. Therefore, cost efficiency of risk mitigation measures
necessarily diminishes (Fig. 1).

Pursuing further risk reduction by structural measures is being more and
more difficult both in mega-city areas and in rural areas in Japan. In city ar-
eas, there are physical difficulties, as previously mentioned. Another factor
that makes cities vulnerable to extreme natural events is low public awareness
of risk. People always have difficulty remembering natural disasters if they are
not frequent; for example, events that occur once in a hundred years (Hunting-
ton and MacDougall, 2002). People in the city areas are especially unprepared
for natural hazards, because first, flood in mega-cities are less frequent thanks
to the improved technology. Second, people in cities do not know the nature
of their homelands because many of them come from the countryside, and
their residential time in the city tends to be short. Consequently, losses due to
floods often become larger. In the Tokai Flood in 2000, the area affected, in-
cluding Nagoya, the third largest city in Japan, for example, the economic loss
was as large as 730 billion yen (6.6 billion US dollars) (NIED, 2002). There
is a dynamic relationship between flood reduction by structural measures and
vulnerability of the city area; structural measures against floods lower the fre-
quency of hazardous events, which attracts more people and accelerates devel-
opment. Then the area requires a higher level of structural measures against
floods. This spiral necessarily raises both the risk of floods and the cost of
countermeasures (Seo and Sato, 2003).

In city areas, however, the cost-benefit balance of construction is better
compared with in rural areas. After the Tokai flood disaster, a typical city flood
disaster in 2000, for example, 61 billion yen (approximately 550 million US
dollars) was used to improve structures around the Shonai river, but that cost is
relatively moderate compared with expected loss in the future. In rural areas,
on the other hand, physical restriction is not so tight; however, construction
costs of large structures are much higher compared to the benefit, because
of the small number of residents. After the earthquake in Niigata, rural area
in Japan, in 2004, restoration costs of the infrastructure and public goods are
estimated to be more than ten million yen (80 thousand US dollars) per person
in small villages on the mountainsides. As hundreds of rural areas in Japan
face a gradual population reduction, the situation looks as though it is going to
get worse. These B/C inefficient undertakings will not continue to be accepted
under the financial status of today’s Japan.

Sometimes, it is not clear if the risk is reduced by structural measures. In
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Fig. 2. Risk(R) with the progress of risk reduction measures (Xi).
The vertical axis represents risk of flood and the horizontal one represents the level of a
measure: let us imagine the height of the bank. Relationship between the height of the bank
and risk reduction effects is not linear as people intuitively expect. In case of frequent but
not heavy rain (10mm/houre) even a small bank may not be necessary. In case of moder-
ately heavy rain (30mm/houre) the low bank may be enough. In the rare case of heavy rain
(50mm/houre), risk will be reduced by higher bank. Then what will happen in extreme case
(100mm/houre)? This case is very rare, which may happen once in a hundred years. Thus
the total risk of this case is not as large as the risk of 50mm/houre case, because of its low
probability. However, the magnitude of hazard of each event is much larger. In this case,
bank is often useless, or even worth; the reason is because, larger bank collapse gives larger
damage than smaller bank collapse.

general, the lower frequency of floods does not mean a lower risk of flood.
Continuous banks increase the quantity of river flow because water that used
to flow out at the upper stream is retained by the river. In fact, the quantity of
water in Tonegawa in Tokyo was 3.8 thousand square meters in 1900 and it
became more than three times greater as 14 thousand in 1950 because of the
‘Great Wall’ like bank construction (Takahashi, 1971). Larger rivers cause
more catastrophic flood disasters. Damage from flooding after the completion
of the bank can be much greater than before the construction. In other words,
a trade-off exists between the frequency and the size of hazards.

Large constructions are often decided upon by the government after a
flood (Platt and Rubin, 1999). They are usually planned to help prevent fur-
ther floods. However, if the decision is right or not, in terms of the cost-benefit
balance, are not clear. For example, a town had a bank that resists 50 mm/hour
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rain, but is attacked by a flood caused by 60 mm/hour rain. Suppose the loss of
disaster was 100 million dollars. If the cost of bank improvement to resist 60
mm/hour rain is 30 million dollars, people will think that the construction is a
good deal. However, the construction is useful only when they have just 50–
60 mm/hour rain again within the life time of the structure. Up to 50 mm/hour
rain, the constructio n is not necessary and if there is 100 mm/hour rain, the
bank is not only useless but may enlarge the disaster. If the probability of
50–60 mm/hour rain is once in 200 years, and the life of the structure is 50
years, if the benefit is larger than the costs is not obvious. In general, one unit
of structural measure reduces certain levels of flood disaster; however, it may
not be necessary in most cases and/or it may be useless in the case of a really
large natural event (Fig. 2). However, people tend to assume that the risk is
automatically reduced by the construction.

3 Integration of Different Types of Measures
3.1 Hard and soft, pre and post

Our society has relied on structural measures to prevent flood. The pur-
pose of integrated risk management, however, is not flood prevention but re-
ducing human and/or financial loss through flooding. Preventing floods can
be one of the ways, but in itself it is not the main purpose. We may accept
flooding once in a while if the loss is low enough.

As is often discussed, risks of natural hazards are at the intersection of
extreme natural events and the human system (Burton et al., 1993). Therefore,
in order to reduce flood losses, preventing flooding is not the only way. The
pathway from the natural event to the endpoint—loss of flood—is not simple,
and measures to reduce risks are varied. We analyzed the structure of the
pathway of flood hazard in mega-cities in Japan by drawing a flood causal
model (Fig. 3), originally constructed by Hoheneser et al. in (1982). In Japan,
with population growth, high-risk areas in cities become densely populated (at
the upper left of Fig. 3). At the same time, suburbs of the cities are developed
from agricultural lands to residential areas and that lower the penetration of
lands. Since Japanese mega-cities are placed on flood plains of large rivers
and their suburbs are at the upper streams of the river basin, a change in the
land coverage of suburbs often presents extra loads to rivers. Then unusual
natural events are more likely to cause river overflowing. Also, cities are
increasingly flooded, without river overflow, by internal water. This is because
the capacity of drainage becomes less sufficient since penetration of the lands
rapidly becomes smaller than expected, and concentrated land use impedes
magnification of drainage capacity. Finally, flooding causes human death and
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property loss (at the right of Fig. 3). In order to reduce risks, one of the causal
chains above needs to be interrupted.

• Prevention
Flood prevention by hard measures is one of the most utilized ways in

Japan. Preventing flooding is a direct way to reduce risks. The problems of
relying too much on preventative measures have already been discussed.

• Information and Education
Integrated risk management focuses more on non-structural measures at

the lower reaches of the causal flow, improving social vulnerability and re-
ducing human and financial losses in the case of flooding. Those measures
include emergency alarm systems, hazard maps and web education systems,
land use regulations, and insurance.

An emergency alarm system is the last system to save lives in the case of
flooding. It is simple and has a relatively long history. However, the timing
of the alarm and evacuation is not always easy. Obviously it should not be
too late, but if it is too early, it will not be taken seriously. Also, too early
evacuation always attracts looters to the region.

In order to reduce human losses in the case of flooding, education about
hazard is important. In cities, many people have no experience of floods, and
they do not know the fear of flooding. Sometimes people die by remaining in
basements during flooding. Another group of people who are use to flooding,
often take quick action: moving goods from the first floor to the second and
going to higher places with some water, snacks and money. Thus, risk educa-
tion and emergency alarm systems are expected to effectively reduce human
losses even if those systems do not reduce flooding themselves.

• Land use regulation
Change in land use is also one of the traditional non-structural measures

that drastically reduce human and property losses. As is often mentioned that
“water remembers the way”. Water reaches lower places by always taking the
same paths. Therefore, if society pays more attention to the land use of those
places, flooding will not be followed by losses.

• Post-event planning
Post-event planning is an important topic of integrated risk management.

Today, property losses through flooding is expanding and this can be covered
by insurance. In many cases in Japan, constructing structural measures is
much more expensive than the expected risk reduction. In other words, pre-
vention needs more social resources than restoration after the event. In those
cases, risk transfer through insurance is more appropriate than pre-event risk
reduction.
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Risk mitigation measures are varied, including structural and non-struc-
tural, technological and social, prevention and restoration. Integrated risk
management is the optimal allocation of human and monetary resources
among different kinds of measures. If measure A is more cost effective than
measure B, re-allocating more resources from B to A is efficient, which means
reducing more risks within the budget.
3.2 Integrated management of multi-hazards

Discussed above is the efficiency of the integration of different types of
mitigation measures against a single hazardous event. Theoretically, the same
discussion is possible among mitigation measures of different kinds of haz-
ardous events, such as floods, earthquakes, and criminality. Currently, differ-
ent types of hazards are managed differently, mainly for historical and institu-
tional reasons. As both target level of risks and the budget of risk management
is set by each hazard, marginal risk reduction cost can be higher in one kind
of hazard than another. In those cases, monetary resource re-allocation across
different kinds of hazards is efficient.

Also, integration of different types of hazard management is efficient be-
cause it can often curtail redundancy. For example, the infrastructure of an
information system can be used for plural hazards—or the system should be
constructed to be adaptable to multi-hazards. We found one unsuccessful case
in the Tokai flood—some shelters and emergency storage were submerged
(Seo and Sato, 2002). Those shelters are provision against disasters, but it is
easily imagined that an earthquake was mainly assumed, because those shel-
ters were constructed soon after the catastrophe of the Hanshin earthquake.
Shelters were constructed in low places. If they had been constructed by the
budget of flood-risk prevention, they would have been on high ground, but
could have been more vulnerable against earthquake. The idea of multi-hazard
will be helpful to construct a facility that is tolerable against both hazards.

As will be discussed, communities are expected to play an important role
in integrated risk management. The idea of multi-hazard management will
be important especially in community level risk management, because human
resources are limited in communities. Recently in Japan, with crime on the
increase, the role of the community in the prevention of crime is expected.
Systematization of the community, not only against crime but also against
multi-hazard, makes it less vulnerable.
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4 Integration of Different Levels of Risk Management
4.1 The role of Government

Resource re-allocation with integrated risk management necessarily re-
quires changes in the unit of risk management from central government to the
local governments, communities, and individuals and from the public sector to
the private sector (Fig. 4). The expected role of the government in integrated
risk management is different from that in flood prevention by the structural
measures. In the latter, the role of government is basically assessing the risk
of flooding, and constructing banks and/or dams. The process requires careful
observation of natural events, a high level of technology, and a large enough
budget but not cooperation with other units. In integrated risk management,
the role of government is more varied and complex. The government has to
plan how to participate with the local governments and communities. It is also
required to plan how to share the responsibility with the private sector. If the
government’s share or responsibility is too large, the incentive for private sec-
tors to improve their own safety will be discouraged. If the share is too small,
however, the poor and the weak may be left in danger.
4.1.1 Information and communication

The importance of the role of government in risk information and educa-
tion cannot be over-emphasized. The government should appropriately inform
people so that they can take rational action. The history of open-information
policy is short in Japan. Until recently, many landowners were negative about
opening risk information such as distributing hazard maps because risk infor-
mation may lower the value of their properties. Also, both the government
and public shared the same idea that the government could guarantee zero
risk; open information was inconsistent with the illusion.

Today, the policy of open-information is widely accepted. Japanese peo-
ple can get risk-related information through various media if they want it. For
instance, we developed a Web system, the Participatory Flood Risk Commu-
nication Support System, for education, information and helping risk commu-
nication as introduced later in this book.

The argument whether information should be open goes on. However, we
have little experience about how to open it. Lay people may not pay enough
attention to the risk information in daily life; they may feel it is ridiculous to
prepare for a hazardous event which may come within two hundred years. If,
however, the way of opening information is too sensational, people may over-
estimate the risk and take unnecessary action, which often causes different
types of risks. Studying effective ways of release information and education—
implementation science—may be one of the new roles of the government un-
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der the integrated risk management.
4.1.2 Informed choice

To reduce risks, the government must make the difficult decision between
regulation and informed choice. In general, regulation is easier and a more
risk-averse way. Land use regulations against flood, including retarding basins
and building regulations, are direct ways for a society to circumvent flood-risk
exposure. Keeping a retarding basin in a city area is sometimes costly, but
often less expensive than the cost of constructing structural measures.

Regulation, however, is rigid compared with informed choice, and thus is
not always supported by the public. Informed choice is often better in terms
of cost-benefit efficiency if the public appropriately perceives the risk. It is
especially efficient when the value system of the risk-takers and that of policy-
makers is different. When the public and policy-makers are sharing the same
value system, the public will take appropriate action, even without regulation,
only if they are informed. In this case, regulation is not necessary. When
the public and policy-makers have different value systems, regulations always
lower the risk-takers’ satisfaction: if the regulation does not exist, people can
take different actions, which increases their benefit, according to their own
cost-benefit evaluation. “Satisfaction” of risk-taking people is naturally sub-
jective which can be evaluated only by the risk-taking people themselves.

Effective risk management through informed choice, however, is not al-
ways realistic, because many people do not fully understand their own risk of
natural hazards. As mentioned, risk perception is not easy for many people,
although their lives are inundated with risk information. Informed choice re-
quires education and communication system at the same time, because it is
effective only when a certain degree of rationality of the public can be ex-
pected.
4.1.3 Insurance

A substantial role by the government is often expected in the restoration
after a disaster. Some people in Japan even insist that the government should
restore private property as well that was destroyed by the disaster. In fact, after
the earthquake in Tottory in the 2000, the local government restored privately
owned houses through taxes. The policy benefited the sufferers, but private
loss is better being restored by the owners for the same reasons as informed
choice is superior to regulation as discussed above. Inflow of governmental
money discourages personal efforts of preparation against hazards, and may
cause “moral hazards”, which increases the total risk of the region as a result.
Loss from natural hazards is often large and certainly is difficult to restore
privately. However, although the loss is large, the risk is not because the
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frequency is not large. Thus, risk transfer through an insurance system is
preferable.

Most of the insurances are usually provided by the private sector in Japan.
However, the government is expected to play a roll in insurance related to
natural hazards, because the loss from natural hazards is often huge, which can
bankrupt companies. If there is risk of bankruptcy of an insurance company,
people will hesitate to buy insurance. Therefore, governmental assurance is
worth considering for this system. There is another merit in the cooperation
of the public sector and the private sector in improving insurance systems.
The government can participate in the designing process of the insurance.
Carefully designed insurance can encourage public awareness and preparation
for hazards. For example, if the premium is risk-based, insurance provide
incentives to insured people to lower their own risks because personal efforts
will be rewarded with lower premiums. Living in a safer area and other private
risk mitigation can be justified by insurance systems.

In the United States, the federal government runs an insurance system,
National Flood Insurance Program (NFIP), which is planned to give incen-
tive to private efforts for safety. The Community Rating System (CRS) of
NFIP encourages people and communities to protect their own places from
floods through a risk-based premium system (FEMA, 2005). Under CRS, if
a community improves the regional safety, the insurance premium is lowered.
Therefore, communities and people have incentives to lower the risks. In fact,
however, a risk-based insurance system is technically not easy because a fair
assessment of risks from natural hazards throughout a country requires a sig-
nificant amount of both human and monetary resources. Also, risk may be too
different among people to reflect correctly on the premium (Adams, 2000).
This sort of system can be regarded as for the public good, which is not nec-
essarily appropriate to be provided only by the private sector.

As discussed above, integrated risk management sometimes requires effi-
cient cooperation between the public sector and the private sector.
4.1.4 Post event restoration

Planning of risk-related resource allocation often focuses more on the pre-
vention of disaster than on restoration. People find restoration planning before
the event to be relatively hard to accept because it means that the risk is not
zero. Actually, however, risks of natural hazards cannot be zero, so restoration
planning before events is quite important.

Post-event planning is not only a fail-safe system for hazards that cannot
be physically avoided by prevention measures. Sometimes restoration after
the event is much less expensive than risk prevention. In other words, saving
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resources for restoration after the event is often more efficient than allocating
resources for prevention. Public agreement may be more difficult to get for the
policy, not implementing possible prevention measures and saving resources.
However, an appropriate balance between measures taken before and after
events ultimately lowers risks within the limited budget.

Prevention and restoration by the government sometimes have different
meanings for property owners in the target region. Pre-event measures, which
lower risks, directly raise the value of privately owned property. On the other
hand, restoration is usually designed not to restore privately owned prop-
erty through government expenditure, because otherwise, taxpayers’ agree-
ment is hard to get. The government typically restores only public property,
such as roads and public schools that benefit the private sector only indi-
rectly. Therefore, a change in resource allocation from prevention to restora-
tion partly means a change in the allocation of burdens from public to private,
and therefore, property owners have incentives to impede this change and tend
to overemphasize the importance of pre-event measures.

The restoration of private property through public expenditure seems un-
fair to taxpayers, as mentioned above. Private property should be restored
by the owner rather than by taxes because only the owner benefits from the
restoration. However, the restoration of privately owned property is not neces-
sarily unfavorable for taxpayers, if the marginal cost of curtailing risk through
restoration, including the restoration of private property, is still less expensive
than prevention, which is charged to the public account. Again, the problem
of the government restoring private property is the moral hazard. Knowledge
that the government will pay for restoration after a disaster discourages own-
ers’ personal efforts to lower the risks. Also, if the government compensates
a private loss, no one will buy insurance, which disturbs the risk-reduction
function of a risk-based insurance system.

The integration of pre- and post-event risk management is the difficult
part of integrated risk management. As governmental policy affects public
choice, as discussed above, a simple cost-benefit-based design is not effective.
The expected role of the government is preventing moral hazards and giving
incentives for self-defense. At the same time, the government should help
people who cannot surmount risks through their own efforts.
4.2 Role of residents and community

Public involvement is one of the most important but difficult topics in in-
tegrated risk management. When moving from governmental management to
integrated risk management, public agreement and cooperation is necessary.
The reason is because systems such as informed choice and insurance are ef-
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fective only when a certain degree of rationality of the public can be expected,
as discussed.

However, individual ability to process information varied substantially
and their value system is quite different depending on the experience, region
they live, age, and income. Some people have experienced flooding and know
well about that hazard, but others do not. Some obtain information through
the Internet freely and others do not. Therefore, reaching an agreement, even
among lay people, is difficult. Those differences among people are one of
the sources of uncertainty, because the probability of loss in the case of an
emargency depends on the action of individual people.

Agreement between policy-makers and lay people is more difficult be-
cause many people do not understand about budget constraints. Another dif-
ficulty is related to public agreement to share responsibility. Unlike structural
measures or regulations, people have to be responsible for their own choices.
Public involvement can lower risks, but sometimes people will find the costs
imposed on them. In other words, public involvement is necessarily accompa-
nied by costs, charged directly to the public. Therefore, the idea is not always
readily accepted.

Traditionally, however, the risk of a natural hazard was managed by each
community to a certain level. Individuals used to take expected action as
members of the community. The weak in the community, such as the elderly
and handicapped were taken care of by other members. The case study of
the Tokai flood show that the collapse of the community makes a region sig-
nificantly more vulnerable (Seo and Sato, 2002). The community should be
appropriately positioned in integrated management.

Expected effects of risk communication are the reconstruction of the com-
munity and construction of a good relationship between the government and
the community. Rapidly spread Internet provides convenient ways for risk
communication. Our project developed a prototype of an e-community plat-
form on the Internet for risk governance by a community, and collecting em-
pirical data on risk communication through the platform using the experiment
in Shimada City, as discussed in Chapter 5 (Nagasaka).

5 Direction—Concluding Remarks
Today, governments are expected to provide high levels of safety and so-

cial welfare under budget constraints. Thus, a simple strategy of relying on
only a few measures provided by the central government is not satisfactory
because both environments and human value systems (cultures) vary from re-
gion to region. Integrated risk management is, literally, rational integration
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of different types of measures: technological and social, structural and non-
structural, and preventive and restorative.

Different types of measures require different levels of risk managers. In-
tegrated risk management requires the involvement of local communities and
cooperation between the public and private sectors. It is necessarily accompa-
nied by a change in the role of the government. In addition to providing tech-
nological measures, the government is expected to support regional decision-
making. Effective information systems, community involvement and alterna-
tive ways of allocating resources will be more important in risk management
in Japan.

Public involvement is one of the key concepts of integrated risk manage-
ment. To achieve the optimum balance of risk and cost, involved people are
required to share certain expenditures; otherwise, the demand on public goods
becomes too large. A system should be designed to bring out the ability of the
public to help itself. At the same time, it must provide a high level of safety
to those who are not capable of helping themselves.
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Public Preference and Willingness to Pay for Flood
Risk Reduction

Guofang Zhai

1 Introduction
Floods are one of the oldest, most frequent, and most severe natural disas-

ters to which human beings are exposed. In Japan, floodplains hold about 49%
of the population and 75% of property, and flooding is a serious natural haz-
ard. The need to reduce flood risk by applying not only “hard” measures, such
as dams and levees, but also “soft” ones, such as early-warning systems and
measures to heighten awareness of flood risk, is thus widely accepted. Un-
fortunately, the severe economic recession in Japan and public concern with
the need to preserve the environment have recently put a brake on investment
in large-scale public works, including flood prevention schemes such as dikes
and dams.

In these early years of the 21st century, floods have occurred frequently
in Japan, causing disastrous loss of life and property. The Tokai Flood in
2000 caused damage amounting to 978.3 billion yen, with 10 dead and 115
injured. The Niigata-Fukushima Flood on July 13, 2004, left 16 people dead
or missing, 22 buildings destroyed, 156 severely damaged, 85 partially dam-
aged, 4,022 inundated above ground, and 22,620 inundated below ground.
The frequency of flooding provides adequate evidence to support advocates
of large-scale flood disaster prevention schemes.

Zhai et al. (2003) conducted an efficiency analysis of Japanese flood pre-
vention investment vs. total flood losses including death, injuries, and intangi-
ble effects and showed that, since the 1980s, investment has changed from an
efficient mode to an inefficient one in terms of both the economic standpoint
and total savings on flood losses, including loss of life, with the ratio of total
benefits to total costs, elasticity, and the marginal rate of substitution for flood
loss decreasing in relation to investment in flood prevention.

The objective of this paper is to answer important five questions by con-
ducting a survey in the Toki-Shonai River region of Central Japan: What are
the main public preferences regarding river management in Japan? What is
the public flood risk acceptability? What is the willingness to pay (WTP) for
flood risk reduction? What are the relationships among the attributes of flood
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risk reduction like economic damage reduction, human loss reduction, and
environmental protection?

2 Theoretical Framework for Estimating WTP
Water quality, river landscaping, flood control, and similar issues have no

market price tag. These are called non-market goods in economics. Infor-
mation obtained by assessing the public’s interest in, and willingness to pay
for flood control and ecological restoration is critical for municipal planners
and policy-makers who desire to vote on legislation according to their con-
stituents’ wishes. The numerous techniques available for estimating WTP can
be broadly divided into two categories: revealed preference and stated prefer-
ence methods. The former, such as the travel-cost and hedonic price methods,
determine the demand for goods or services by examining the purchase of
related goods in the private market place, while the latter, such as the con-
tingent valuation method and choice experiment techniques, measure demand
by examining the individual’s stated preference for goods or services rela-
tive to other goods and services. The choice of method for a study depends
on several criteria, including the purpose of the study, availability of data,
and particular economic values required (use and/or non-use values). For ex-
ample, the revealed preference method is still generally preferred for certain
types of non-market goods like recreational fishing, while the stated prefer-
ence method is applied to other types of non-market goods such as estimat-
ing discount rates in developing countries (Bateman et al., 2002). Shabman
and Stephenson (1996) showed that the contingent valuation method (CVM)
produces the smallest mean estimates, implying that CVM is the most con-
servative estimation technique and is thus least likely to overestimate actual
benefits based on the property damage avoided, hedonic price, and contingent
valuation techniques for the same study area (Roanoke, Virginia, USA). As
highlighted by Daun and Clark (2000), however, CVM has rarely been specif-
ically applied to the estimation of flood control benefits (Thunberg, 1988;
Shabman and Stephenson, 1996; Clark et al., 2002). On the other hand, the
choice experiment approach has not been applied in the flood risk analysis as
far as we know.

CVM involves posing a hypothetical market to a sample of respondents
and asking their opinion on the values of public environmental goods or ser-
vices (e.g., WTP for a change in the supply of an environmental resource) un-
der specified contingencies (Carson and Mitchell, 1989; Freeman, 1993; Bate-
man and Willis, 2001; Bateman et al., 2002; Zhai et al., 2006b). CVM is the
most flexible of the methods available for measuring both direct and indirect
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monetary benefits of non-market commodities like environmental resources.
If respondents answer a CVM question, as assumed by economic theory, the
elicited value corresponds to the economic value of the goods (resource) as
measured by the Hicksian compensating surplus (Carson and Mitchell, 1989).
The estimated value for a natural resource can then be used as an input to a
cost-benefit analysis.

The choice experiment approach is based on the idea that any goods can be
described in terms of its attributes, or characteristics, and their levels (Bate-
man et al., 2002). For example, a bus service can be described in terms of
its cost, timing, and comfort. Likewise, flood prevention measures can be
described in terms of hard measures such as internal and external flooding
measures, soft measures such as early warning systems, and concern about
the environmental protection of rivers.

WTP for flood and environmental risk reduction may depend on factors
such as risk perception, resource limitations, personality (individual charac-
teristics), current risk levels, and acceptability of risks. Whether an individual
acts or not depends on whether his utility reaches a maximum, which is strictly
confined to the addressed factors. Figure 1 shows the theoretical framework
used in this study for estimating WTP for flood risk reduction. The hypothesis
for the theoretical framework was tested using CVM and the choice experi-
ment approach.

3 Survey Design and Implementation
3.1 Survey area

The survey area was the Shonai-Toki River basin in Central Japan (Fig. 2).
The upper and the lower reaches are called the Toki River and Shonai River,
respectively. The main stream is 96 km long. The basin has an area of 1,010
km2 and is home to about 4 million residents. The upper reaches area is quite
different from the lower one in terms of both natural environment (climate,
geographical features) and socio-economic patterns (urbanization, population,
and property accumulation). Therefore, the Kita ward of Nagoya City, Aichi
Prefecture, in the lower reaches area, and Toki City, Gifu Prefecture, in the
upper reaches area, were selected as survey areas to examine whether public
preferences regarding flood control would differ with location.

Disastrous floods frequently occur in the survey area, e.g., during the last
50 years, Typhoon Isewan in 1960, Typhoon No. 17 in 1971, floods in 1989
and 1994, and the Tokai Flood in 2000. In particular, the Tokai Flood, result-
ing from heavy rainfall of up to 97 mm per hour with a total precipitation of
567 mm, inundated the Tokai area, including the city of Nagoya, home to 2.1
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Fig. 1. Theoretical framework for analyzing WTP for flood control.

million residents. This storm, regarded as a “once in over 200 years” event,
caused 10 deaths, serious injury to 20 people, and �978.3 billion in direct
economic losses. It was one of the most serious flooding disasters in Japanese
history according to Ministry of Land, Infrastructure, and Transport (MLIT)
statistics.

3.2 Survey implementation
For CVM to yield useful information, careful survey design is critical.

The survey purpose determines the accuracy of the results and survey mode.
Desvousgaes et al. (1998) pointed out that there are different levels of WTP
accuracy required depending on the end use. These were ranked, in descend-
ing order of accuracy, as compensable damage/externality cost, policy deci-
sions, screening or scoping, and fact finding. The ultimate implications of this
survey include possibly helping to improve policies for flood control projects
in Japan and gaining a better understanding of theoretical issues such as the
effect of providing information in questionnaires on WTP. The purposes of
this survey thus belong in the two latter-ranked categories. Therefore, a mail
survey was considered appropriate, rather than more expensive face-to-face



Public Preference and Willingness to Pay for Flood Risk Reduction 61

Shonai
River

Toki River

Nagoya 
city

Toki city

Gifu Pref.

Gifu Pref.

Aichi 
Pref.

Aichi 
Pref.

TokyoTokyo

OsakaOsaka

N

Shonai
River

Toki River

Nagoya 
city

Toki city

Gifu Pref.

Gifu Pref.

Aichi 
Pref.

Aichi 
Pref.

Tokyo

Osaka

N

15 km0 5 10

Fig. 2. Location of survey area.

interviews, as proposed by Arrow et al. (1993).
The survey was conducted from the end of March to the beginning of

April, 2004, before the start of the rainy season (June to September). The
survey followed the Total Survey Design Method (TSD), which attempts to
achieve an optimum balance across all effort areas. TSD was developed by
Mangione (1995) and has been successful in securing high response rates from
general and special samples. The survey procedure was as follows.

First, brief descriptions of flooding, the current status of flood control
measures, and methods of preventing flooding were presented. In particular,
for ease of understanding, illustrations were used to present the relationship
between property damage and flood inundation, and to describe external flood
control measures, internal flood control measures, and early-warning systems.
To provide respondents with a further incentive to answer the questionnaire
beyond involving them in cooperative thinking on measures for flood risk re-
duction, they were asked to write their name and address on the questionnaire
if they wanted a summary of the survey report.

Second, in addition to thorough discussion of the questionnaire draft with-
in the project team, six people were asked to formally pre-test the question-
naires. Based on the information returned, the questionnaire was revised.

Third, the questionnaires were sent to 1,000 selected households by mail
with a covering letter giving details of the institute and instructions for com-
pleting the survey; a stamped addressed envelope for returning the survey and
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a packet of flower seeds as a small gift were also enclosed. The covering letter
was signed by the Project Director. The 500 households were randomly cho-
sen from a commercial phone directory database, Kurofune 2004 (Datascape
& Communications Inc., 2004) for Toki City in the Gifu prefecture, and the
Kita ward, Nagoya City in the Aichi prefecture. In all cases, the replies to the
surveys were anonymous except that respondents gave their name and address
if they wanted a summary of the survey report.

Fourth, a reminder postcard was sent to all recipients of the sample ap-
proximately two weeks after the initial mailing. The postcard thanked those
who had already responded and requested a response from those who had not
yet responded. Fifth, a new covering letter, also signed by the Project Direc-
tor, a questionnaire, stamped addressed envelope, and packet of flower seeds
were sent to those who said they had not received the questionnaire and would
like to respond. As a result, of a total of 962 surveys that were validly dis-
tributed (479 in Kita ward, Nagoya City and 483 in Toki City, respectively),
questionnaires from 428 households (201 from Kita ward and 227 from Toki
City) were received by mail, for a response rate of 44.5%. Finally, a summary
of the survey report, with a letter of thanks signed by the Project Director, was
mailed to those who had requested it in late June, 2004.

The questionnaire included 26 questions, and 148 detailed items (Table 1).
The questions concerned household characteristics, flood experience, risk per-
ceptions, flood preparedness, willingness to pay to prevent flood damage, and
choice experiments on flood prevention policies. To improve the response rate
on important individual survey items that survey respondents are often unwill-
ing to answer, such as household income and age, intervals were used rather
than exact values. Respondents were asked to express WTP values for internal
flood measures, external flood measures, and early-warning systems. Internal
and external flood measures relate to structural modifications to waterways,
while early-warning systems relate to non-structural measures. Because ap-
propriate measures for external flood risk reduction differ between the two
cities, this issue is discussed separately below.

3.3 Basic statistical results
Males accounted for 76.5% of all respondents. The range from 40 to 70

accounted for 71.6% of all respondents. Single-family houses accounted for
84.5% of the dwellings (compared to 57.5% for all of Japan in 1998). Wooden
houses totaled 67.2% of the dwellings (53.5% for all of Japan in 1998), and
houses with embankments composed 13.2% of the total.

The residence periods in the study area were distributed as follows: less
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Table 1. Items in questionnaires.

Category Item and definitionCategory Item and definition

CVM

WTP

Attributes of choice 
experiment

Internal floods: floods due to reduced sewage and pumping capacity during rains. 
External floods: floods  due to collapse or overflow of dikes and/or dams as a result of 
rain exceeding that expected on the basis of probability
Early-warning system: system for predicting an imminent flood and warning those in the 
area of risk 

external flood reduction
internal flood reduction
early warning systems
environmental protection
willingness to pay for countermeasures

Residentsí attributes

Age: at 10 year intervals: 10s, 20s...
Income: at 2 million yen intervals: less than 2 million, 2.01 - 4 million yen...
Number of people in household: persons
Occupation:
Residence period: years
Education: junior high school, high school, college school, university, graduate school

Style: single family or multi-family
Structure: wooden or non-wooden
Ownership: rental or private
Distance from river: 1) less than 100 m, 2) 100 - 500 m, 3) 500 m - 1 km, 4) 1 - 2 km, 
5) 2 - 5 km, 6) more than 5 km

Flood risk 
perception 

Perception of other 
risks

Flood risk 
acceptability

Disaster 
preparedness

Information 
provision

Regional features

Experience of flood disaster: yes or no
Perceived frequency of flood risk: 0, 1,..., 6 corresponding to, once for 5 years, 10 
years, 20 years, 50 years, 100 years, more than 100 years, and never respectively
Perceived consequences of flood risk: 0 for not worried,..., 10 for very worried 

Characteristics of 
house

The 25 items below were evaluated using 0 for not worried,..., 10 for very worried
Natural disasters: earthquakes, volcanoes, thunderstorms
Environmental risks: pollution, global warming, endangered species 
Disease risks: cerebral apoplexy, cardiac insufficiency, AIDS, SARS, BSE 
Urban risks: gas explosions, fires, traffic accidents
Traditional risks: labor accidents, robbery, murder
High-technology risks: nuclear accidents, GMO, Internet damage

Acceptability of above- and below-ground inundation

The 18 items below were evaluated using yes (1) or no (0)
Insurance, evacuation kits, embankments, evacuation, familiarity with disaster maps, etc.

Effects of flood control works on environment: yes or no
Local budget for public facilities like firefighting: yes or no

Upper reaches: Toki City
Lower reaches: Kita ward of Nagoya City

WTP 
factors

than 10 years for 9.9% of the respondents, 10–20 years for 19.3%, 20–30
years for 21.1%, 30–40 years for 18.3%, 40–50 years for 12.2%, 50-60 years
for 9.4%, and more than 60 years for 9.7%.

The distribution of annual income per household was as follows: 9.2%
with less than 2 million yen, 24.9% with 2–4 million yen, 27.2% with 4–6
million yen, 13.7% with 6–8 million yen, 8.7% with 8–10 million yen, 5.9%
with 10–12 million yen, 4.8% with 12–14 million yen, and 5.6% with more
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than 14 million yen.
The education levels of the respondents were distributed as follows: 18.5%

had graduated from junior high school, 49.6% from high school, 11.7% from
junior college, 18.5% from college, and 1.3% from graduate school.

4 Public Preferences for River Management
Respondents were asked to answer the question: “Although dams and

dikes and so on are constructed to prevent flood occurrence, flooding occurs
somewhere every year. What do you think of current flood prevention mea-
sures? Please choose your favorite ONE AND ONLY ONE measure from
those below.” Analysis of the results showed the diversity of people’s interests
in river management, although most (82%) thought that some flood control
measures should be taken (Fig. 3). Respondents in Toki City had a greater
preference for external flood measures (28.2%) than those in Kita ward (19%),
while those in Kita ward had a greater preference for internal flood measures
(48.1%) than those in Toki City (25.7%) (Fig. 4).

5 Flood Risk Acceptability
5.1 Perceived probability of house flooding in the future

In the survey, two questions dealt with residents’ perceived a probability
of their houses flooding in the future. The questions were worded as follows:
“How often do you think your house will be flooded below (above) ground
in the future? Please choose the most appropriate answer from the choices
below. Once in 5 years, 10 years, 20 years, 50 years, 100 years, or more
than 100 years; absolutely never; don’t know.” Because the recurrence of a
100-year flood or a 200-year flood may have been difficult for respondents to
understand, the probability of a flood occurring within the next 50 years was
also included in the survey. Of 391 and 364 valid responses to the questions of
below- and above-ground inundation, respectively, the respective percentages
of respondents answering “don’t know” were 30% and 34%. If the “don’t
know” responses are excluded, the results (Fig. 5) indicate that nearly 60 and
70% of respondents did not correctly perceive the probabilities of below- and
above-ground inundation, respectively. Among the group that did correctly
perceive the probability of flooding, the median below-ground inundation
probability was once in 50 years and once in 20 years (both 11.4%), while the
median above-ground inundation probability was once in 100 years (9.6%).
5.2 Acceptable flood probability

Regarding the acceptable flood probability, the survey asked the follow-
ing question: “What do you think about flood occurrence? Please choose the
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most appropriate answer from the choices below. A. Although I live in a flood-
prone area, I consider absolutely no flood occurrence acceptable. B. Because
I live in a flood-prone area, I have no choice but to accept flood occurrence to
some extent. C. Don’t know.” Of 312 valid responses, “absolutely unaccept-
able,” “acceptable to some extent,” and “don’t know” constituted 37, 25, and
38% of the responses, respectively. Excluding the “don’t know” group, more
than half of the respondents accepted flooding to some extent. Of the “ac-
ceptable to some extent” group, residents accepting below- and above-ground
inundation no more frequently than once in 100 years accounted for 88 and
77%, respectively (Fig. 6). The median below-ground inundation acceptabil-
ity was once in 50 years (23%), while the median above-ground inundation
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acceptability was once in 100 years (23%).

6 WTP for Flood Risk Reduction
As a matter of common sense, countermeasures against internal and ex-

ternal floods and early-warning systems should be implemented. These are
defined in Table 1. First, respondents were asked to give answers for five
scenarios: two scenarios each for internal and external floods, and one sce-
nario for early warning systems (Table 2). The current sewage systems in
Toki and Nagoya were designed for about a 5-year internal flood, while the
levees and banks were designed for a 100-year flood in Toki and a 200-year
flood in Nagoya. Planning flood control projects for higher levels requires an
understanding of residents’ WTP thresholds.

In addition, to examine WTP for environmental risks from flood control
projects, information about potential damage to the river environment from
the construction of flood control projects was either included in the survey
or not. Here, environmental effects were dealt with as external factors; that
is, when flood control projects are constructed, the environment may be dam-
aged. However, Clark et al. (2002) treated them as internal factors; that is,
when flood control projects are constructed, efforts might be made to mini-
mize effects on the environment. The effect of providing financial information
was considered in the same way.

Because the recurrence of floods at specific levels, i.e. 100-year or 200-
year floods, may have been difficult for respondents to understand, the proba-
bility of a 50-year flood was also included in the survey in the same terms as
once every 200 years (i.e., a probability of 22.2% within 50 years).

After indicating that the hypothetical projects would last for 20 years, re-
spondents were asked to give their WTP values for each project. Because
payment cards and dichotomous choice formats like a referendum approach
are recommended and the former are more informative and cheaper to imple-
ment than the latter (Bateman et al., 2002), payment cards were used in the
survey.

The payment vehicle may affect WTP. There is some evidence that WTP
in the form of tax is less than that in the form of donations (e.g., Andreoni,
1989; Champ et al., 1997; Carson et al., 1999; Chilton and Hutchinson, 1999).
However, Hidano and Kato (2000) reported that the mean WTP for a tax for-
mat was higher than that for the donation format often used in Japan, because
respondents could increase their utilities from just paying taxes; i.e., a “warm-
glow of giving” effect existed in the tax format. Thus, to establish a more real-
istic WTP for flood control measures, even though they are typically financed
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Q: If an early warning system for floods was established, the fatality ratio of a 50-year flood would decrease from one in
every 10,000 people to one in 20,000. If a foundation was established for the specific purpose of implementing this early 
warning system, how much would you donate to it every year? (Choose one please)

1. 5. 9. 13.

2. 6. 10. 14.

3. 7. 11. 15.

4. 8. 12. 16. Other: 
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35,000

Fig. 7. Question asked in survey.

by the government, payment by donation was used in the survey (Fig. 7).
Because the status quo protection levels provided by levees in

Nagoya (200-year flood) and Toki (100-year flood) cities differ, the WTP for
external flood control measures for the two areas is discussed separately. Ta-
ble 3 shows a statistical summary of the WTP for each scenario. The WTP
levels for different measures range from �2,887 to �4,861 in terms of the
mean and from �1,000 to �2,000 in terms of the median. Regarding the sce-
narios for flood control measures listed in the table, external scenario 1 refers
to a measure that would improve the protection level from the status quo of
a 100-year flood to that of a 200-year flood for Toki or from the status quo
of a 200-year flood to that of a 500-year flood for Nagoya. External scenario
2 would improve the protection level from the status quo of a 100-year flood
to that of a 500-year flood in Toki or from the status quo of a 200-year flood
to that of a 1000-year flood for Nagoya. Internal scenario 1 refers to a mea-
sure that would improve the protection level from the status quo of a 5-year
flood to that of a 10-year flood, while internal scenario 2 would improve the
protection level to that of a 20-year flood.

6.1 Determinants of WTP for flood risk reduction with multivariate re-
gression

Items in Fig. 1 differed in terms of indices and data sufficiency in the
questionnaire. Some items, like limited resources, had only one index, while
others, like individual preparedness, perceived flood probability, and conse-
quently, had several indices. Therefore, it was necessary to decide which
method to use, and which dependent variables to construct to test the hypoth-
esis for the theoretical framework in Fig. 1. Here, the framework was first
tested by multivariate regression, the dependent variables of which were the
WTP for each measure for reducing flood risk with the independent variables
being flood experience, flood perception (probability and consequences), per-
ception of other risks, acceptability of flood risk, limited resources (income
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Table 3. Statistical summary of WTP for each scenario (�per respondent per year).

95% confidence
interval of mean

Mean Median

External flood
control measure
scenario 1

Scenarios for 
flood control
measures

2,838 - 5,027

3,516 - 5,815

2,438 - 4,910

3,573 - 6,150

2,346 - 3,418

2,409 - 3,443

2,557 - 3,748

Non-structural measures
(from status quo 1/10,000 to 1/20,000)

Internal flood control measure scenario 1
(from status quo 5-year flood to 10-year flood)

Internal flood control measure scenario 2
(from status quo 5-year flood to 10-year flood) 

External flood
control measure
scenario 2

Kita ward, Nagoya City
(from status quo 200-year
flood to 500-year flood) 

Toki City
(from status quo 100-year
flood to 200-year flood) 

Kita ward, Nagoya City
(from status quo 200-year
flood to 1000-year flood)

Toki City
(from status quo 100-year
flood to 500-year flood)

3,932

4,665

3,674

4,861

2,887

2,927

3,152

2,000

2,000

1,000

2,000

1,000

1,000

1,000

per capita), individual preparedness, etc.
Due to high correlations between perceived probability of under- and

above-floor inundation (0.914), the perceived under-floor inundation proba-
bility was selected as one of the independent variables (PP) of WTP. Indi-
vidual preparedness (IP) was assessed from 18 sub-items, like preparation of
survival food, potable water, hazard map, and so on. If the answer was YES
to the preparation of a sub-item, then 1 mark was given. If all answers were
YES, the individual preparedness mark was 18. The degree of worry about
other risks (WO) and perceptions of the consequences of flood risk (CP) were
averaged by degrees of worry ranging from 0 (not at all) to 10 (very worried)
from 25 non-flood-related risks (excluding typhoons, storms, river flooding,
and landslides) and 12 sub-items of flood impacts, respectively. Income per
capita (INCO) was used to represent limited resources. In addition, flood ex-
perience (EXPE), the effects of providing environmental and budget informa-
tion (PEI and PBI) on WTP, and the distance from a river (DIST) were tested
in the models. A multivariate regression model was run with SPSS 10.0J for
Windows (SPSS Inc., 1999a). The results are shown in Table 4.

First, the goodness of fit to the models was 0.40–0.45 for external mea-
sures, 0.22–0.23 for internal measures, and 0.126 for non-structural measures.
This suggests that the framework in Fig. 1 is most applicable to external mea-
sures.

Second, each variable did not necessarily play the same role in each model,
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Table 4. Results of multivariate regression analysis (Significance probability in parentheses).

Variables

Assumed
signs

in
models 

Scenario 1
for Kita
ward, 

Nagoya City

Scenario 1
for Toki

City 

Scenario 2
for Kita
ward,

Nagoya
City

Scenario
2 for Toki

City

Non-struc
tural

measures

Internal flood
control

measure
scenario 1

Internal
flood

control
measure

scenario 2

 ±

+

+

+

-

+

-

+

-

 ±

-

0.446

88.5
(0.988)

16520.6
(0.218)

287.5
(0.397)

438.5
(0.480)

5.3
(0.455)

11.8
(0.393)

-15.0
(0.977)

-393.8
(0.668)

603.2
(0.169)

620.7
(0.264)

-1013.3
(0.162)

-1196.1
(0.401)

1018.3
(0.175)

-341.5
(0.738)

5309.1*
(0.046)

-4715.5
(0.171)

-2882.2
(0.165)

-2857.0
(0.307)

1319.9
(0.504)

1361.1
(0.720)

-1783.6*
(0.038)

887.7
(0.481)

0.456

Constant

IP: Individual
preparedness 

INCO: Income
per capita

PP: Perceived
probability of
under-floor
inundation 

FA:
Flood risk
acceptability

CP: Perceived
consequences 
of flood

WO: Worry
about other risks 

EXPE: Flood
experience 

PEI: Providing
environmental
information 

PBI: Providing
budget
information 

DIST: Distance
from river

R -squared

522.2
(0.940)

477.3
(0.275)

2.3
(0.801)

293.8
(0.648)

429.5
(0.452)

-501.9
(0.530)

436.1
(0.583)

6318.1*
(0.039)

-5162.2**
(0.070)

-1782.3
(0.500)

-2123.4*
(0.022)

0.405

Note: * and ** denote statistically significant levels of 0.05 and 0.01, respectively.

-4685.1
(0.791)

460.0
(0.870)

4353.1
(0.165)

5594.4
(0.156)

347.7
(0.591)

76.2
(0.666)

311.5
(0.106)

286.8
(0.224)

20.1
(0.174)

3.0
(0.406)

7.0**
(0.072)

8.2**
(0.089)

78.9
(0.934)

-123.9
(0.597)

23.8
(0.928)

120.1
(0.727)

9.7
(0.986)

160.9
(0.358)

5.7
(0.978)

-65.6
(0.799)

424.1
(0.818)

13.6
(0.956)

-219.5
(0.420)

-254.9
(0.459)

829.6
(0.427)

540.1**
(0.058)

150.8
(0.661)

16.8
(0.968)

-1247.3
(0.747)

29.4
(0.976)

-780.7
(0.474)

369.9
(0.783)

-3675.7
(0.191)

-956.0
(0.260)

-2779*
(0.004)

-4088.6*
(0.001)

-1019.8
(0.793)

298.7
(0.738)

417.6
(0.671)

-1035.6
(0.399)

-137.6
(0.918)

-586.2*
(0.041)

-378.4
(0.273)

-532.8
(0.231)

0.423 0.126 0.219 0.235

and so was not necessarily consistent with the assumptions in the framework.
IP, INCO, and PEI had the same signs in the seven models, while the other
factors did not. This suggests that WTP may increase with individual pre-
paredness and income per capita, but may decrease after negative information
on flood control measures is provided, which is consistent with the common
assumptions. Of the variables with different signs in the models (PP, FA, CP,
WO, EXPE, PBI, and DIST), some were interrelated—for example, flood risk
acceptability depends on the trade-off between flood risk perception and the
perception of other risks. This implies that another method (e.g., a covariance
structure analysis) is needed to obtain a general and integrated evaluation.

Finally, the main factors with a statistically significant level of 0.1, all
for Kita ward, Nagoya City, were EXPE and DIST for external measures;
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EXPE, PEI, and DIST for internal measures; WO and DIST for non-structural
measures; and INCO and PEI for internal measures. However, there were no
statistically significant factors for either external or internal measures for Toki
city.

6.2 Covariance structure analysis
As mentioned, the multivariate regression analysis showed slightly differ-

ent results for the determinants of individual WTP for each flood risk reduc-
tion measure. To discuss the general determinants of a synthesized WTP for
flood risk reduction, which are measured indirectly by means of observable in-
dicators, such as individual WTP, a covariance structure analysis (CSA) was
used here.

CSA is an extension of the regression model and is used to test the fit
of a correlation matrix against two or more causal models being compared
(e.g., Krzanowski and Marriott, 1998; Wakui and Wakui, 2003). CSA origi-
nated from physiology, and has been widely applied in business, marketing,
and human resource management. In CSA, the researcher uses the existing
knowledge/theory/framework to generate hypotheses of how the system func-
tions. These hypotheses are explicitly stated in the form of a causal model
that depicts pathways, both direct and indirect, by which (latent or observed)
variables influence each other. The researcher’s theoretical model can be eval-
uated by assessing the extent to which covariances among variables in the
model are consistent with those occurring in the actual data. To test the theo-
retical framework shown in Fig. 1 through CSA, two latent variables, general
WTP and perceived flood risk, were introduced. The general WTP repre-
sents the resident’s fundamental attitude to paying for a reduction in flood
risk and determines the specific WTP for each measure, while the perceived
flood risk is conceptualized from perceptions regarding the probability and
consequences of flood risk.

Amos 4.0 for Windows (SPSS Inc., 1999b) was used to conduct the co-
variance structure analysis of WTP for flood control measures, and the results
of the direct effects for each factor in WTP are shown in Fig. 8. Here, each
effect is denoted by an arrow with the tail at the cause and the head pointing
to its direct effect. A direct effect is represented by a single arrow, whereas
indirect effects involve paths of two or more linked direct effects. Spurious ef-
fects (non-causal correlations) between variables of flood risk perception and
perception of other risks are indicated by double-headed arrows. The values
above the line show the degree of direct effects or non-causal correlation of
variables, while those in parentheses below are the significant probabilities of
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2=189.6,df=89, RMSEA= 0.071, CFI= 0.980, NFI= 0.963 

WTP

Individual
preparedness

Flood risk
perception

Other risk
perception

Probability
perception

Consequence
perception

Resource limitation
(income per capita)

Flood
experience

Distance to
a river

Environmental
information

Budget
information

Kita ward of Nagoya City

Flood risk
acceptability

(A)

X1 X5...

0.104
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(0.689)
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Observed variable Latent variable X1,...X5: WTP for each different measure

2=169.6, df=89, RMSEA= 0.068, CFI= 0.981, NFI= 0.961
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Fig. 8. Simplified path diagrams of WTP for flood control measures.
Note: Covariances and error terms associated with endogenous variables have been omitted
from the diagrams for clarity.



74 G. Zhai

the effects (standardized regression weights) or the correlations.
First, the proposed models for both Toki City and Kita ward,

Nagoya City appear to be supported. The root mean square error of approxi-
mation (RMSEA), comparative fit index (CFI), and normed fit index (NFI) are
approximately 0.070, 0.98, and 0.96, respectively. In addition, the chi-square
to degree of freedom ratio ranges from 1.91 to 2.13. Together, these fitting
statistics suggest that the model fits the data reasonably well1.

Second, the signs for the effect values of the variables are consistent with
the assumption in Table 4, implying the validity of the framework in Fig. 1.
That is, in relation to the direct effects of the variables, WTP for flood con-
trol measures may increase with income per capita, individual preparedness,
and flood experience, but may decrease with distance to a river, flood risk ac-
ceptability, and the provision of environmental information. Providing budget
information with different signs showed different impacts on WTP in Toki
City and Kita ward, Nagoya City. However, in relation to indirect effects, the
signs of the variables imply that WTP increases with perceived flood risk and
decreases with perception of other risks.

Finally, the most important determinants of WTP for flood control mea-
sures are slightly different for both areas. For Toki City, the most important
determinants were acceptability of flood risk, individual preparedness, income
per capita, and the distance to a river, while for Kita ward, they were accept-
ability of flood risk and the provision of environmental information, at a sta-
tistically significant level of 0.1. Furthermore, the acceptability of flood risk
depends (at a statistically significant level) on perceived flood risk and percep-
tion of other risks. The effect values suggest that perceived flood risk plays a
slightly more important role in the acceptability of flood risk than perception
of other risks.

7 Multi-Attribute Evaluation with Choice Experiment Approach
7.1 Framework for evaluating multi-attribute flood prevention measures

through a choice experiment
In a choice experiment, respondents are presented with a series of alterna-

tives and asked to choose those that they most prefer. A baseline alternative,
corresponding to the status quo, is generally included in each choice set. Usu-
ally, each alternative is defined by a number of attributes, which vary among
the different alternatives. Aggregated choice frequencies are modeled to infer

1The magnitudes of the fitting statistics should be interpreted in light of the fact that in-
dividual items were analyzed rather than multi-item composites, which would more closely
satisfy the assumption of multivariate normality.
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the relative impact of each attribute on choice, and the marginal value of each
attribute for a given option is calculated by statistical methods like the multi-
nomial logit model. Along with the attributes, individual characteristics such
as income and age may also influence the choice. The mixed logit model can
be used to deal with these characteristics (Greene, 2003).

The main theoretical support for the choice experiment technique is the
random utility theory (Thurstone, 1927; Mcfadden, 1973; Manski, 1977), ac-
cording to which consumers maximize their utility function (subject to a bud-
get constraint), whose random term is supposed to have a specific distribution:

ui = vi + εi , (1)

where Ui is the utility when the i th scenario is chosen, Vi is the deterministic
component, and ε is the random term.

Supposing that the random terms have an extreme-value (Gumbel) distri-
bution, the probability of choosing the i th scenario from a choice set Y follows
a logistic distribution and leads to what is called the conditional logit model
(Mcfadden, 1973; Greene, 2003):

P(i/Y ) = exp(λVi )/
∑

j

exp(λVi ). (2)

An important implication of the standard logit model is that selections
from the choice set must obey the property of independence from irrelevant
alternatives (IIA), which states that the relative probabilities of two options
being selected are unaffected by the introduction or removal of other alterna-
tives (Luce, 1959).

To estimate the indirect utility function, the following linear form is often
applied:

Vin = Ai +
∑

j

β j xi j +
∑

h

αhzhn, (3)

where Ai is an alternative-specific constant (ASC), β j is the parameter of the
j th attribute of the i th alternative represented by the variable xi j , and αh is the
parameter of the hth characteristic of person n represented by zhn .

As a measure of the benefits resulting from changes in an attribute, the
marginal willingness to pay (MWTP), which is widely discussed as a main
research consideration in the fields of transportation and environmental stud-
ies, can be rewritten as

MSRi = − ∂V/∂xi

∂V/∂ price
. (4)
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The price level used here was the mean payment increase proposed in each
survey scenario, while V is the marginal indirect utility for attribute i .

In a manner similar to MWTP, another measure, the marginal substitu-
tion ratio (MSR), provides the marginal substitution of one attribute due to a
change in another one. Because of the specific functional form of the indirect
utility function, MSRs have to be calculated as

MSR j−>i = − ∂V/∂xi

∂V/∂x j
. (5)

The implementation of the choice experiment approach proceeds in sev-
eral steps, as described in a later section. We can already specify that flood
prevention measures must first be described by their main attributes and can
take different respective levels. The attributes and levels are then combined
(using a statistical design) to create scenarios, which are formed into choice
sets that are presented to respondents at the time of the survey.

7.2 Valuation question card
As a matter of common sense, countermeasures against internal and exter-

nal floods and early warning systems should be implemented to prevent flood
damage, yet at the same time, the environment should be protected at the
lowest possible cost. Therefore, we utilized five criteria (attributes) compris-
ing different public preferences for flood prevention measures: external flood
reduction, internal flood reduction, early warning systems, environmental pro-
tection, and willingness to pay for countermeasures. These criteria were rep-
resented as the occurrence of disastrous floods, inundation depth, fatality rate,
environmental improvement ratio, and annual additional expense per capita,
respectively. Four levels were assigned to each attribute (Table 5).

To help individuals understand each attribute, brief explanations were pro-
vided in the survey questionnaires. The chance of disastrous flood occurrence
was defined as the probability of floods due to the collapse or overflow of
dikes and dams (i.e., an external flood) as a result of rains exceeding those
that would be expected on the basis of probability. At the moment, the dikes
in Nagoya city are built to withstand 200-year rains, while those in Toki city
are built to withstand 100-year rains. The levels for this attribute were defined
as −10, −20, −50%, and the status quo (0%). Inundation depth reduction
was defined as the decrease in the depth of inundation due to reduced sewage
and pumping capacity during rains (i.e., an internal flood). The levels for
this attribute were defined as −10, −20, −50 cm, and the status quo (0 cm).
The fatality rate due to floods was defined as the number of deaths due to
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Table 5. Attributes and levels in the choice experiment.

0

Inundation depth decrease (cm) 0

Fatality rate due to floods 1 in 10,000 
Measures/
goals

Improvement rate for river
environment 0

Annual additional expense per capita 0

Chance of reducing disastrous 
flood occurrence (%)

Attribute levels

Attributes Status quo 1 2 3

-10% -20%

-20 -50

0.9 in 10,000 0.8 in 10,000 

10% 20%

 2,000  5,000

-50%

-100

0.5 in 10,000 

50%

 10,000

a flood over the total population affected by the flood. The current fatality
rate due to floods is approximately 1 in 10,000 per flood event (Zhai et al.,
2006a). Here, the levels were specified as 0.9 in 10,000, 0.8 in 10,000, 0.5
in 10,000, and the status quo (1 in 10,000). Because the occurrence of fatali-
ties largely depends on early warning and evacuation systems, the fatality rate
reduction may be viewed as its representative index. The river environment
refers to the natural environment, including the aquatic plants and animals
in a river and in the waterfront ecosystem, and the living environment at the
interface between the river and human beings, including the water quality,
landscape, and river space. The levels for this attribute were defined as im-
provement rates of 10, 20, and 50%, and the status quo (0%). The last attribute
was the additional expense of flood prevention measures, with levels of 2,000
yen/person/year, 5,000 yen/person/year, 10,000 yen/person/year, and the sta-
tus quo (0 yen/person/year). Based on the attributes and their levels, 12 choice
sets were created by an orthogonal design approach using SPSS version 10.0J
(SPSS Inc., 1999a). The valuation section of the survey consisted of four
separate questions. For each question, respondents were asked to choose the
most desirable of three alternatives based on descriptions of flood prevention
measures at different prices (options A, B, and C), or to choose option D (the
status quo) (Fig. 9).

7.3 Main results
To find detailed relationships between the utility and the attributes or in-

dividual characteristics, the analysis results can be discussed in terms of four
aspects. The first is to provide a statistical summary to help understand the re-
sults. The second is to evaluate the two types of model that we applied—one
containing only attributes and the other containing both attributes and indi-
vidual characteristics—to see whether they correctly describe the data and to
determine which variables significantly affect each model. The third is to ob-



78 G. Zhai

A
.

B
.

C
.

D
.

C
ha

nc
e 

of
 d

is
as

te
r

oc
cu

rr
en

ce
 

In
un

da
tio

n 
de

pt
h

F
at

al
ity

 r
at

e 
du

e 
to

flo
od

s

Im
pr

ov
em

en
t r

at
e 

fo
r

riv
er

 e
nv

iro
nm

en
t

A
nn

ua
l a

dd
iti

on
al

ex
pe

ns
e 

pe
r 

ca
pi

ta

I w
ou

ld
 s

el
ec

t  
 

O
p

ti
o

n
 A

O
p

ti
o

n
 B

O
p

ti
o

n
 C

O
p

ti
o

n
  D

(s
ta

tu
s 

qu
o)

10
%

 d
ec

re
as

e
st

at
us

 q
uo

20
%

 d
ec

re
as

e
st

at
us

 q
uo

st
at

us
 q

uo
20

cm
 d

ec
re

as
e

10
0 

cm
 d

ec
re

as
e

st
at

us
 q

uo

0.
8 

in
 1

0,
00

0 
0.

9 
in

 1
0,

00
0 

st
at

us
 q

uo
1 

in
 1

0,
00

0 

st
at

us
 q

uo
50

%
 im

pr
ov

em
en

t
st

at
us

 q
uo

st
at

us
 q

uo

5,
00

0
5,

00
0 

5,
00

0 
 

 

0

P
le

as
e 

ex
am

in
e 

ea
ch

 q
ue

st
io

n 
be

lo
w

 a
nd

 c
ho

os
e 

O
N

E
 A

N
D

 O
N

LY
 O

N
E

 o
pt

io
n

Fi
g.

9.
V

al
ua

tio
n

qu
es

tio
n

ca
rd

fr
om

th
e

qu
es

tio
nn

ai
re

.



Public Preference and Willingness to Pay for Flood Risk Reduction 79

tain important information like the marginal substitution ratio (MSR) from the
validated model or models. The fourth is to discuss whether there are regional
differences in the model results.

Table 6 shows the results for two multinomial logit models, denoted as
Model 1 and Model 2, which were both processed with LIMDEP Version 8.0
(Greene, 2002). Model 1 contained the attributes and constants, while Model
2 was a full model containing both the attributes and the socio-economic fac-
tors. To correctly draw inferences from the model results, it was important
to validate the models. The validation included evaluating the goodness of fit
and assessing each variable coefficient, including the alternative-specific con-
stants (ASCs). The explanatory power of Model 2 was a little stronger, with
an R-squared and an adjusted R-squared of 0.232 and 0.221, respectively.

The hypothesis that the socio-economic factors are not significant in ex-
plaining the respondents’ choice preferences was strongly rejected by the like-
lihood ratio test (Eq. (6)): chi-squared = 2[852.174 − 822.13] = 60.1. The
critical chi-squared value for 24 degrees of freedom is 36.42. This means
that the socio-economic factors significantly affected an individual’s decision-
making, and thus, Model 2 was statistically proven to be stronger than Model
1 in terms of its explanatory power. The multinomial logit model necessarily
involves strong assumptions about the independence of irrelevant alternatives
(IIA). Hausman tests for IIA reject the null hypothesis.

Chi-squared = 2(ln L(model with a factor)

− ln L(model without a factor))

> Chi-squared (degrees of freedom). (6)

Four attributes (CHANCE, DEPTH, ENVIRONMENT, and EXPENSE)
were statistically significant, and their coefficient signs were the same in both
models, while the attribute of FATALITY was statistically insignificant in both
models. The large p-values of the FATALITY variable in both models (0.97
and 0.88) imply that this attribute was almost totally ignored in decision-
making on flood prevention measures when the ASCs and socio-economic
factors were considered in the model.

All ASC coefficients were positive and statistically significant across all
options in Model 1, but not in Model 2. ASCs can capture a mixture of sta-
tus quo bias effects and the impacts of unobserved attributes in an attribute-
only model (Bateman et al., 2002). Thus, the different forms of the ASCs
in Models 1 and 2 implied that the impact of unobserved attributes like the
socio-economic factors was important, which is consistent with the model
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Table 6. Results for two multinomial logit models with choice as a dependent variable.

1.94 (6.39) ****

2.23 (8.92) ****

1.82 (7.15) ****

-0.000215 (-8.37) ****

0.89 (3.06) ***

-0.00632 (-3.37) ****

-0.997 (-3.52) ****

Model 1 Model 2 

-0.930 (-3.30)****

-0.006 (-3.30)**** 

0.910 (3.10)*** 

-0.00022 (-8.40)****

1.100 (2.0)* 

0.330 (2.40)* 

0.720 (2.0)* 

1.100 (2.10)* 

0.270 (2.0)* 

0.300 (2.50)* 

-0.980 (-2.40)* 

1.300 (2.50)* 

0.390 (2.90)*** 

0.430 (2.0)* 

CHANCE

DEPTH

ENVIRONMENT

EXPENSE

ASCA

ASCA x REGION

ASCA x INFOENV

ASCA x INFOBUDG

ASCA x EXPERIENCE

ASCA x SEX

ASCA x AGE

ASCA x INCOME

ASCA x EDUCATION

ASCA x DISTANCE

ASCB

ASCB x REGION

ASCB x INFOENV

ASCB x INFOBUDG

ASCB x EXPERIENCE

ASCB x SEX

ASCB x AGE

ASCB x INCOME

ASCB x EDUCATION

ASCB x DISTANCE

ASCC 

ASCC x REGION

ASCC x INFOENV

ASCC x INFOBUDG

ASCC x EXPERIENCE

ASCC x SEX

ASCC x AGE

ASCC x INCOME

ASCC x EDUCATION

ASCC x DISTANCE

No. of observations

No. of choices

Log likelihood

R-sqrd

RsqAdj

Chi-squared 

Prob[chi squared > value]

0.204

0.201

145.427

<0.00001

FATALITY

-852.176

772

3088

-0.00964 (-0.03)

(attributes and constants) (full model)

0.044 (0.15) 

-1.623 (-0.91) 

0.354 (0.83) 

-0.590 (-1.60) 

0.480 (1.30) 

-0.540 (-1.30) 

0.110 (0.65) 

0.260 (1.20) 

0.150 (1.30) 

-0.2747 (-0.1617 ) 

0.172 (0.4176) 

-0.590 (-1.70) 

-0.620 (-1.60) 

-0.096 (-0.58) 

0.390 (1.80) 

-1.4123 (-0.8007 ) 

0.266 (0.624)

-0.560 (-1.50) 

0.430 (1.10) 

0.087 (0.50) 

0.160 (1.30) 

772

3088

-821.59

0.232

0.221

206.62

<0.00001

Note: 1) t value in parenthesis  

3) ASCA, ASCB, and ASCC are the ASCs of Options A, B, and C with respect to Option D (status quo).
2) *, **, ***, and **** refer to significance levels of 0.05, 0.01, 0.005, and 0.001, respectively.
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evaluation results mentioned above.
The effects of the socio-economic factors can be discussed in terms of

their interaction with the ASCs, though the interpretation is complicated. First,
the signs of all coefficients for the interaction terms with the socioeconomic
variables, except for the AGE variable, were consistent with common knowl-
edge. Second, the interaction terms with SEX and INCOME produced statis-
tically significantly positive impacts on the utility, but the coefficients of the
interaction terms with REGION, INFOENV, and AGE were statistically in-
significant for all three non-status-quo options at the 0.05 level. Third, EXPE-
RIENCE, INFOBUDG, EDUCATION, and DISTANCE were not significant
for all three non-status-quo options at the 0.05 level. Here, we use the likeli-
hood ratio test to discuss the effects of these variables on the models, based on
the hypothesis that a certain factor is not significant in explaining the choice
preferences for flood prevention measures. If the hypothesis is rejected by the
likelihood ratio test (Eq. (6)), a factor’s effect is significant. The chi-squared
values and the probabilities given by the likelihood ratio test for certain factors
listed in Table 7 show that EXPERIENCE and DISTANCE were statistically
significant, while EDUCATION and IFORBUDG were not, at the 0.05 level.

7.4 Implicit relationships between attributes from model results
Table 8 shows the matrix of MSRs obtained from the results for Model 2

listed in Table 7. The variable FATALITY, which had little impact on decision-
making (i.e., a high p-value), is marked with an asterisk. For Model 2, to
maintain the same utility if other conditions do not change, a 10% improve-
ment in the river ENVIRONMENT should be proportional to a 9.8% increase
in the flood occurrence probability, to a 15.167 cm increase in the inunda-
tion depth, or to 413.6 yen per capita of additional annual expense. The last
column in Table 8 lists point estimates of the marginal willingness to pay
(MWTP) for each attribute.

Table 9 lists the implicit prices (MWTPs; in yen/person/year) and 95%
confidence intervals for Models 1 and 2, as obtained by Monte-Carlo simula-
tion with 1,000 iterations. The interval estimates show nearly the same values
for each attribute, except for FATALITY, for both models. The similar results
for MWTP imply that the choice experiment approach produced stable esti-
mates that were nearly free of the socio-economic factors, but were affected
by the ASCs. The fact that the confidence intervals for the attribute FATAL-
ITY crossed zero and had very small means in contrast to the deviations also
implied that the MWTP for FATALITY may have been zero. Therefore, for
Model 2, the MWTP values were 422.7 yen/person/year for a 10% decrease
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Table 7. Chi-squared values from the likelihood ratio test for certain factors.

Model 2

8.24 (0.041)*

5.62 (0.132)

5.60 (0.133)

11.78 (0.008)**

1.1(0.777)

EXPERIENCE 

IFORBUDG

EDUCATION

DISTANCE

REGION

1) Probability in parentheses
2) *, **, ***, and **** refer to significance levels of 0.05, 

0.01, 0.005, and 0.001, respectively.

Table 8. Marginal substitution ratios among the attributes in Model 2.

CHANCE (100%)

DEPTH (cm)

FATALITY (/10,000)*

ENVIRONMENT (100%)

EXPENSE (yen/person/year)

CHANCE
(100%)

DEPTH
(cm)

FATALITY
(/10,000 persons)*

ENVIRONMENT
(100%)

EXPENSE
(MWTP) 

(yen/person/year)

-4,227 

-27 

200 

4,136 

-1

1.022 

0.0066 

-0.0484 

-1

0.0002 

21.14 

0.136 

-1

-20.68 

0.005 

-155

-1

7.33 

151.67 

-0.037 

-1

-0.00645 

0.04731 

0.97849 

-0.00024 

     * Statistically insignificant at 0.1 level

Table 9. Implicit prices (MWTPs; yen/person/year) and 95% confidence intervals for each
model by Monte-Carlo simulation with 1,000 iterations.

CHANCE (100%)

DEPTH (cm)

FATALITY (/10,000)

ENVIRONMENT (100%)

Model 1 Model 2

-4,637
(-8,044 to -1,948)

-4,227
(-7,366 to -1,621)

-29
(-48 to -11)

-27
(-49 to -9)

-45
(-2,624 to 2,549)*

200
(-2,936 to 2,324)*

4,140
(1,387 to 7,098)

4,136
(1,458 to 7,157)

* Statistically insignificant at 0.1 level

in the flood occurrence probability, 270 yen/person/year for a 10 cm reduction
in the inundation depth, and 422.7 yen/person/year for a 10% improvement in
the river environment.

7.5 Result differences between regions
The fact that the variable REGION in the model proved insignificant ac-

cording to the pooled (total) data implied that REGION statistically had no
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significant impact on the utility functions of Kita ward and Toki City. This
does not necessarily mean, however, that the analysis results would have been
the same in each region had we used regionally separated data. First, the dis-
cussion with regard to the likelihood ratio test concerns the involvement of
the various socio-economic variables in the model and the results evaluated
for different regions. In a manner similar to the above analysis, the former
was discussed in terms of Eq. (6), while the latter was examined with Eq. (7)
(Greene, 2003). This equation tests the alternative hypothesis that the constant
term and the coefficients of the attribute variables were the same whether RE-
GION equaled 1 (Toki City) or 2 (Kita ward). As a result, four cases were
examined, and the results are listed in Table 10.

Chi-squared = 2(− ln L(pooled) + (ln L(model with a factor)

+ ln L(model without a factor)))

> Chi-squared (degrees of freedom). (7)

The likelihood ratio tests on the model differences in the two regions
showed that both models were significant at the 0.05 level. The tests on the
differences in the two models, however, showed that the socio-economic fac-
tors were statistically significant in affecting the decision-making in Toki City
(less than 0.0001), but not in Kita ward (0.1086), at the 0.05 level.

In addition, the differences were examined in terms of the coefficients of
the attribute variables in the four models, as listed in Table 11. At least three
things can be observed from the table. First, there were great differences not
only in the coefficients, but also in the t-values of two variables, CHANCE
and ENVIRONMENT, with respect to REGION. In the Toki City model, EN-
VIRONMENT was significant but CHANCE was not, while the opposite was
true for Kita ward. Second, FATALITY was not statistically significant in any
of the four models, which was consistent with the analysis results described
above. Third, the coefficients for DEPTH and EXPENSE were nearly the
same in all four models.

Finally, the degree of regional difference can be explained in terms of

Table 10. Significant probability for likelihood ratio tests between regions and models.

Between models 1 and 2

Model 1 (attributes and constants)

Model 2 (full model)

Between regions Toki city Kita ward of 
Nagoya city

0.0001 0.1086

0.03373

0.04449
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Table 11. Coefficients and t-values of the attribute variables in the four models.

-1.2753
(-3.121)

-1.15527
(-2.781)

-0.71314*
(-1.809)

-0.65392*
(-1.625)

-0.0061
(-2.255)

-0.00631
(-2.286)

-0.00626
(-2.395)

-0.00639
(-2.404)

0.4085*
(0.992)

0.54369*
(1.258)

-0.40976*
(-1.058)

-0.42590*
(-1.063)

0.4814*
(1.139)

0.58882*
(1.353)

1.25911
(3.112)

1.35282
(3.227)

-0.00025
(-6.471)

-0.00026
(-6.476)

-0.00019
(-5.368)

-0.00020
(-5.444)

Model 1 
(attributes and

constants)

Model 2
(full model)

Model 1
(attributes and

constants)

Model  2 
(full model)

Kita ward of Nagoya city Toki city

 

 

FATALITY

ENVIRONMENT

EXPENSE

1) t -value in parentheses
2) * Statistically insignificant at 0.05 level

CHANCE

DEPTH

Table 12. Regional differences in MWTP (yen/person/year) for Models 1 and 2.

CHANCE (100%)

DEPTH (cm)

FATALITY (/10,000)

ENVIRONMENT (100%)

Model 1
(attributes and constants)

Model 2
(full model)

-1,197 -1,381

7.7 8.3

4,284 3,833

-4,560 -4,738

MWTP instead of MSR because of the complexities of the MSR matrices.
Table 12 shows slight differences in the MWTPs between Toki City and Kita
ward for both models. In the case of Model 2, as compared with those of
Toki City, the MWTPs for Kita ward were 138.1 yen/person/year more for a
10% decrease in the flood occurrence probability, 83 yen/person/year less for
a 10 cm reduction in the flood inundation depth, 383.3 yen/person/year less
for a fatality reduction of 1/100,000, and 473.8 yen/person/year less for a 10%
improvement in the river environment. Therefore, it seems that Nagoya City’s
Kita ward pays more attention to disastrous flood occurrences, while Toki City
focuses more on environmental protection and fatality reduction measures.

8 Concluding Remarks
This study investigated public preferences regarding flood control mea-

sures, WTP, the main factors determining WTP, and the relationships among
five attributes of flood risk reduction measured through a survey conducted in
the Shonai-Toki River region of Japan from the end of March to the beginning
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of April, 2004. The main findings are summarized as follows.

• Most residents expect some flood control measures and have diverse
interests in river management.

• Nearly half of the respondents accept no flood risk at all.

• The WTP levels for different measures range from �2,887 to �4,861 in
terms of the mean and from �1,000 to �2,000 in terms of the median.
It is likely that there is zero marginal WTP for flood risk reduction in
both Toki City and Nagoya City. This is because WTP for flood risk
reduction must be determined within a multi-risk context.

• Among the five attributes of the flood prevention measures, four
attributes—specifically, the chance of reducing the number of disas-
trous flood occurrences, the reduction of inundation depth, the rate of
improving the river environment, and the additional expense of new
flood prevention measures—were statistically significant.

• There was a statistically significant difference in the model results be-
tween Toki City and Kita ward of Nagoya City.

How to apply CVM and the choice experiment approach the general cau-
tions have been broadly discussed in environmental economics (e.g., Bate-
man, 2002, p. 74). However, when they are applied to flood risk reduction,
additional cautions are necessary.

First, WTP for flood risk reduction should be considered together with the
risk curve. That is, the “scope effect” in economics may not be detected at
a statistically significant level due to its very small changes in WTP. Flood
risk, particularly in terms of fatality, is very small, usually at a level of less
than 10−6. In the case of Japan, the number of annual fatalities due to floods
is usually less than 100. People may not take it very seriously because they
perceive that other risks, such as fire or earthquake risk, are more important
than flood risk. This is reflected in the WTP where their marginal WTP may
be close to zero. Actually, results for fatality reduction in both CVM and
the choice experiment were statistically insignificant when socio-economic
factors were included in the analyses. The value of statistical life (VOSL)
obtained by other methods, such as a hedonic approach, should be used to
calculate the benefit of fatality reduction due to flood risk reduction measures.

Second, the results for model analysis contain uncertainty. As in the anal-
ysis for the choice experiment, the fatality factor is statistically significant
when only attributes are input in the model, but becomes non-significant when
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additional socio-economic factors are included. It is important to clarify infor-
mation regarding how the WTP is produced; for example, by checking what
kind of question was asked, what kind of model was used, and how well the
model performed.

Third and finally, WTP for moral satisfaction may be induced when CVM
is used. Because the marginal WTP for flood risk reduction is close to zero, it
would be better to understand that the estimated WTP may be regarded as the
one for moral satisfaction.
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New Mode of Risk Governance Enhanced by an
e-community Platform

Toshinari Nagasaka

1 Introduction: Risk Governance, Local Community and Information
Communication Technology (ICT)
Local communities face a wide range of underlying risks from natural

disasters such as earthquakes, floods, and landslides. To reduce these, it is es-
sential for these communities to prepare for them in advance and expend suf-
ficient effort toward reducing damage in emergencies through the cooperation
and mutual support of residents. However, in Japan social transformations,
such as aging, urbanization, and changes to the employment structure, have
made local-community social systems vulnerable to possible disaster risks by
reducing cooperation between residents in neighborhoods. To tackle this prob-
lem, it is necessary for these residents to become active by enhancing means
of participation where all residents and stakeholders jointly carry out properly
informed choices concerning risks (National Research Council, 1996).

To deal with the uncertainty of disaster risk and to improve the safety and
the relief of the local community, risk governance becomes important. The
risk governance features the disaster prevention which utilized the social cap-
ital such as the mutual support among the residents, the social-network by
NPO, the corporate citizen and so on which is enhanced by the local com-
munity at both normal and emergency times and the damage reduction by it
(Fig. 1). It is different from the systematic measure which depends on regula-
tory institutions of preventing against disasters. To respond to newly emerging
disaster risks that have nature of complexity, uncertainty and ambiguity, risk
governance as a holistic and integrative strategy becomes indispensable.

Some local communities throughout Japan have suffered from large-scale
natural disasters that have resulted in more damage than they had anticipated.
The lessons obtained from these experiences are important for disaster pre-
paredness that enhances mutual support by the local community and relief
provided by the social network of volunteer citizens. In recent cases, many
NPOs and volunteers have played an active part in the process of recovery
from flood damage caused by the Niigata cloudburst, which occurred on 13
July, 2004, and the Niigata Chuetsu earthquake, which occurred on 23 Oc-
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Fig. 1. Image of Risk governance.

tober, 2004. Some of the NPOs coordinating volunteers during the flooding
used Web-log systems to send information such as relief needs from the af-
fected area. After this earthquake, friends and relatives outside the affected
area were able to check on the safety of residents using a commercial so-
cial networking system and they could offer encouragement through online
text-based conversations. In this way, Web-log and social networking systems
have played vital roles, enabling residents to cooperate during disasters and
volunteers outside the affected areas to support victims.

In order to support the implementation of “risk governance”, two types
of platforms are at least necessary. One is the platform for providing the in-
teroperability of disaster risk information scattered in different organizations.
The other is the e-community platform for assisting formation of communities
with the enriched social capital.

However, excluding our experimental efforts in Japan, there have been
no practical approaches based on risk governance and very little has been
done to implement it in the local community in terms of utilizing information
communication technology. For this research project, we have been devel-
oping a prototype of an e-community platform as a place on the Internet to
support the formation of communities, the creating their activities, and the
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implementation of risk governance through communication (Kaneyasu et al.,
2004; Shinkai et al., 2002). This prototype is composed of a Web-log system
and a geographic information system. Resident and citizen groups can use
them synthetically with a general browser and a cell phone. We have been
implementing an experiment using this prototype since December 2004 in co-
operation with the local government and the residents of Shimada City which
is located in the Shizuoka Prefecture of Japan.

Using the e-community platform, which is in daily use in the local com-
munity in this way, neighborhood associations and citizen groups in the area
can also share the characteristics of disasters, previous disaster experiences
by residents, hazard information, and risk information about the area. Ad-
ministration information regarding disaster regulation or management mea-
sures, and associated scientific knowledge by experts can also be provided
through the platform. Residents, NPOs, public administration, and experts,
could share urgent disaster data and information through mutual cooperation
with nearby residents in the case of disasters, and it would be the ideal way to
provide relief via the social network on the platform. We called the concept of
building such a social system, which increases the level of disaster prevention
through risk communication, risk governance in the local community.

NIED is cooperating with several local governments, several local NPOs,
and residents in specific areas to plan, design, and implement a prototype
of the e-community platform. We are carrying out social experiments as-
sociated with this concept of risk governance. At present, they are being
conducted in Shimada City in Shizuoka Prefecture (http://www.community-
platform.jp/portal/), Fujisawa City in Kanagawa Prefecture (http://www.
cityfujisawa.ne.jp/e-map/), and Tsukuba City in Ibaraki Prefecture (http://
www.e298.jp/info/). Further studies are planned for the Tokai district. Be-
low are two reports on the present situation with the experiments in Shimada
and in Fujisawa Cities about risk governance using the e-community platform
and on future research programs.

2 Approach of Implementing Risk Governance through Risk Commu-
nication by the e-Community Platform
Some of the most important factors in risk governance, which needs to

be holistic and integrative, consist of regulations by public administration,
risk perception by individuals or the community, community planning, and
the culture of disaster prevention. The approach to risk governance through
risk communication, which is promoted by the e-community platform, pro-
ceeds through 15 steps. Steps 1 to 7 involve capacity building in the local
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community. Specifically, the third step becomes important for finding active
participants who will play a core role in the risk governance process. Ac-
tivities involving various human resources and groups that used to have no
interest in protecting against disasters in the local community are reflected
in the platform. In other words, this phase is a preliminary step for imple-
menting risk governance. Steps 8 to 15 become actual implementation phases
for risk governance through risk communication between active participants
and stakeholders (National Research Council, 1989; Renn, 1991). It should
also be noted that these phases include the sharing of knowledge with other
areas outside the target community and include the process of supporting the
continuity of risk governance.

1. Forming e-community platforms in local areas (one platform for every
town and village).

2. Forming communities on the platforms where the activities of each are
activated.

3. Visualizing human resources and social capital available in the area.

4. Cooperating during activities by the community engaged in different
missions.

5. Accumulating and utilizing social capital in the area for problem solv-
ing in the local community (Putnam et al., 1993; Fountain, 2001).

6. Promoting partnerships between citizens and the local government.

7. Solving capability problems in the community as they arise and sharing
experience and knowledge, or risk sense, for problem-solving beyond
the area.

8. Forming alliances between institutions such as disaster prevention agen-
cies, research institutes to protect against disasters, local government,
and universities to provide scientific information on hazards and risk
information online.

9. Enabling NPOs to be in charge of moderating risk communication be-
tween residents, neighborhood associations, and voluntary organiza-
tions for disaster prevention.

10. Continuing a series of these activities by NPOs.

11. Spreading these activities to other areas through the platform on the
Internet and networking activities by NPOs.
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Fig. 2. Composition and functions of e-community platform.

12. Generating a wide range of regulatory or non-regulatory measures for
risk reduction by the local community through risk communication.

13. Widely acknowledging the process of risk governance throughout the
local community and advances in risk management by the local govern-
ment.

14. Establishing a strategy of risk governance based on informed choice by
the residents themselves and promoting cooperation of the local com-
munity.

15. Enabling consensus building between residents and stakeholders to reach
at a certain level concerning the disaster risk and quality of social deci-
sions.

3 Composition and Functions of the e-community Platform as a Proto-
type System
The prototype system is composed of a Web log system, a geographic in-

formation system, and other systems in relation to communication tools, as
shown in Fig. 2. Resident and citizen groups can seamlessly access it from
a common Web browser or cell phone. The prototype for Shimada City, a
typical local city in the middle of Japan, was constructed by using an open-
source content management system called XOOPS, which has a Web log func-
tion. The prototype for Fujisawa City, a suburban municipality adjacent to the
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Tokyo metropolitan area, was built using a self-developed content manage-
ment system with the function of a geographic information system. Both pro-
totype systems used by Shimada and Fujisawa cities were different according
to whether or not they used XOOPS, but the functions that users could use
were approximately the same. The composition of the prototype system using
XOOPS is outlined below.

The system works in an environment constructed with open source soft-
ware, such as Linux (operating system), PHP (protocol), MySQL (data base),
and Apache (Web server). However, there is no open source module for dis-
playing geographic information in XOOPS. The prototype system thus uses
a commercial geographic information system (GIS), which supports interop-
erability (Fig. 3). It was incorporated into XOOPS as a plug-in, so users can
access it by simply logging onto XOOPS. Its interoperability enables it to
dynamically deliver the map data stored on all servers on the network based
on user requests.

Users in neighborhood associations and citizen groups can easily set up
a home page for a community without the need to know any computer lan-
guages, such as HTML, and can also prepare a server. They can quickly up-
load text and photographs to a community page from a PC or a cell phone.
They can also upload text and photographs with spatial information added to
the base map. Users can then find places related to the text and photographs
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on the map, or they can read text and view photographs related to places on
the map.

XOOPS has a function that enables the administrator to limit the upload-
ing of text and photographs and to add comments based on the access rights
of users. All user groups can control the use of entries and comments with
this function. Backtracking to guest users based on the management policy
is also possible. The system can thus be managed as groupware, which only
members can use.

The system can also be used to interact with the public by opening up
access to anyone. XOOPS has modules for a bulletin board system (BBS), a
photographic archive, a calendar, and a questionnaire. The open-source de-
veloper community developed these modules, and anyone can use them for
free. We plan to extend the capabilities of some of these modules tailored
to the e-community platform. We have already added a function for entering
information from a GPS cell phone, and will add functions for printing poster-
size maps and drawing course lines and area coverage during the coming year.
Following that, we also plan to strengthen cooperation between the main sys-
tem and the social networking system to facilitate mutual communication by
concerned users (Fig. 4).

4 Implementation Experiments on the e-community Platform in Shi-
mada City

4.1 Overview of Shimada City
Shimada City is approximately situated at the center of the Shizuoka Pre-

fecture. The city has an area of 195.40 km2. There are mountain ranges
bounding the northern part of the city and large-scale tea plantations stretch-
ing along its southern flank. After having merged with neighboring Kanaya-
cho in May 2005, the population of Shimada City grew to 98,591 with 32,106
households. About 10% of the working population is engaged in agriculture,
40% in manufacturing, and 50% in the service industry. One large river, the
Ohigawa, and many tributaries flow through the city. The rich forest resources
in the Ohigawa basin have led to the development of timber-related industries
and paper is still one of the basic industries in the city.
4.2 Specific nature of disaster risks in Shimada City

There have been no catastrophic natural disasters in Shimada City in re-
cent years. The Ohigawa river came under central governmental control in
1958. Repairs to its embankments and the seawall and an environmental im-
provement project on the floodplain in its lower reaches, have been carried
out and, upstream, a dam is being built for flood control. The risk of flood-
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Fig. 4. Risk communication image in the local community.

ing caused by the Ohigawa has been reduced by these flood control measures.
Historically, Ohigawa flooded every time it rained heavily and threatened the
lives and fortunes of residents. To prepare for flood damage, residents con-
structed houses in the forms of ships and formed groups of these in triangles.
Some of these ship-style houses still remain, but such a disaster-driven culture
can hardly be seen these days.

A cloudburst, which was the biggest natural disaster in recent history, oc-
curred in 1959. The daily rainfall reached as much as 376 mm. The banks of
small and medium sized rivers in the city were destroyed. Numerous houses,
rice fields, and other fields were flooded. Three people were injured and one
went missing. There was a considerable amount of damage to buildings: 8
cases of complete collapse, 14 cases of partial destruction, 8 buildings washed
away, 3,000 cases of inundation above floor level, and 6,000 cases of inunda-
tion below floor level. As far as earthquakes are concerned, Shimada City has
not experienced significant damage in recent years. However, the city as part
of the Shizuoka Prefecture has been included in the “countermeasures against
earthquake disasters as a reinforcement area” for the expected Tokai earth-
quake by the Central Disaster Prevention Council of the national government.
The Tokai earthquake is expected to be catastrophic and occur with an epicen-
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ter in the Suruga trough. In fact, large-scale earthquakes of magnitude eight
have occurred about every 90–151 years in the Suruga trough in the Shizuoka
Prefecture, but there has not been a disastrous earthquake in the trough since
1854. According to the government’s seismic survey committee, the proba-
bility of a disastrous earthquake occurring in the next 30 years is estimated to
be 84%.
4.3 Conditions for the experiment

Urbanization and aging in Shimada City in recent years have made such
local communities as neighborhood associations vulnerable. The local gov-
ernment and residents have a vague sense of crisis about such changes in so-
ciety. Although it varies within areas of the city, some are anxious about
flood damage from small and medium-sized rivers, and one concern is the
breakdown of social norms such as an increase in crime. Another concern is
cooperation between newcomers and established residents. In April 2004, a
research organization for empowering local communities with ICT was initi-
ated by the local government to include those concerned about various types
of social issues involving disaster risks. The organization was composed of
university researchers, residents, and local companies. NIED participated as
a member of this research organization and we cooperated with it by devel-
oping the specifications for the prototype e-community platform to empower
local communities. After we implemented the prototype system in November
2004, we initiated a series of social experiments with it since 24 December,
2004. This experiment was scheduled to run for five years.
4.4 Progress to date

The first social experiment was started on 24 December, 2004, when the
prototype system, called “e-community Shimada”, was opened on the Web
as a community site. We called citizen groups, residents, their friends, and
students at colleges in the community to participate in e-community Shimada,
which was designed to support local activities through the use of information
technology (Fig. 5).

As of 7 September, 2005, 15 groups have been participating. The groups
have various interests including nature, the environment, childcare, music,
food, flood damage, the media, cultural assets, and area resources. Two of the
groups represent the local community, i.e., nearby residents. One of these is
called the “Ootsu area” group. Their pages on the e-community site cover a
wide range of neighborhood association activities. For example, when heavy
downpours occur, the pages become a tool for sharing vital information, such
as the current water level of the river. All groups provide a page for guests to
leave comments for exchanging information. During June 2005, about 30,000
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pages were viewed with about 152,000 clicks. As of 13 July, 2005, 394 com-
ments had been compiled.

The activities of all groups are introduced at the information-sharing por-
tal to the e-community Shimada. There, users can quickly check the latest en-
tries for all groups by using the mechanism for the rich site summary. There is
also a moderated BBS at the portal to support communication between mem-
bers of all groups. The moderator introduces the activities of all groups on
bulletin board pages to promote mutual interaction among groups.

Meetings to promote group interaction and to encourage participation in
the e-community Shimada are hosted at the activity base of each group in
turn. These off-line meetings sometimes go beyond simply sharing mutual
information to discussing problems associated with various groups. Moreover,
these meetings are sometimes made more attractive by serving noodles and
barbecued meat through cheap, voluntary systems. One researcher works in
an office near Shimada Station that is referred to as an e-community café. It
serves as an alternate base for not only his group but other groups as well
(Fig. 6). The researcher frequently hosts workshops on system usage there.
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5 Discussion: Better-Risk Governance in Local Communities by means
of e-community
One of the important purposes of this social experiments was to explore

new methods of communicating information to ordinary residents who had
little interest in possible disasters in their area, so that they could better under-
stand the risks. Another was to support residents and NPOs so that they could
design social networks to provide mutual help.

We are now proposing a new method of risk communication based on risk
awareness and citizen participation that supports mutual communication be-
tween resident and citizen groups and NPOs while providing scientific knowl-
edge and experience on disaster risk based on a year-round communication
scheme. Several times a year, the local residents’ group hosts a workshop on
recognizing risks in the area. In addition to the risks of natural disasters, there
are more common types of risk in terms of security, such as mugging and
pick-pocketing. Residents at the workshop discuss possible measures for pre-
venting these based on their experiences and/or hearing evidence. After this,
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the residents collect information or evidence about hazards or risks posed by
such security issues in the area (Fig. 7). The coordinator then gathers this in-
formation and posts it on the home pages of the e-community system using the
GIS tools to make it available to the public. The local government, NPOs, and
experts may add specialized information or comments related to the informa-
tion collected by the residents who can request information and advice from
the experts about disaster-prevention measures in the area. In this way, citizen
groups, NPOs, or experts with specialized knowledge on disaster prevention
may contribute to better governance of security issues. Moreover, they can
add information or reliable evidence to the disaster experience database that
NIED has developed and has made available on the Internet, and residents or
NPOs can use it for their risk communication workshops.

In addition to improving risk communication between concerned groups
and residents, all participating groups or individuals can report the present sta-
tus of typhoons or cloudbursts, for example, in the area on their pages. This
information could be used to help the elderly and other residents at risk to take
shelter quickly. The information accumulated in the database is also organized
for use in disaster education by the resident groups and NPOs. Moreover, res-
ident groups can conduct emergency drills to ensure that information, such as
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Fig. 8. Emergency drills using the e-community Shimada Aug 2005.

the status of disaster relief and the demand for various types of help, can be
smoothly entered into the e-community Shimada in the form of photographs
and text from their cell phones. Incidentally, residents may utilize this func-
tion for informing one another about local events such as festivals, assemblies,
and meetings and thus become more accustomed to using it (Fig. 8).

Elementary and junior-high-school students can also make use of the e-
community Shimada as a tool for understanding the local community as part
of their school programs. They can learn which particular areas may be of risk
and about shelters or spots where disaster-prevention facilities are located or
people are stationed. Residents can interact with people outside the area using
the e-community Shimada to promote cooperation during times of disaster.
People who are willing to provide assistance can describe their capabilities in
the social networking system, enabling neighborhood associations and NPOs
to be identified and people to be contacted who can provide necessary assis-
tance.

These processes comprise a model for risk governance in local commu-
nities through mutual communication based on the e-community Shimada.
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Some functions of the model have already been implemented, including resi-
dents themselves collecting and disseminating risk information and conduct-
ing emergency drills.

6 Implementation experiments in Fujisawa City
6.1 Overview of Fujisawa City

Fujisawa City is located in the south of the Kanagawa Prefecture and is
about 51 km from central Tokyo. It faces Sagami Bay on the Pacific Ocean
and has an area of 69.51 km2 extending 12 km north to south and 6.5 km
east to west. There is an elevation of 40–50 m above sea level in the north of
Fujisawa. In the south, lie alluvial lowlands. The Sakai and Hikichi rivers flow
from the north of the city into Sagami Bay. Fujisawa is a popular metropolitan
area and has a population of approximately 390,000.

The city is a typical suburban area where industrialization started in the
early 1960s. It has developed since then to have a solid social infrastructure.
However, as many of its production facilities have moved overseas, it is be-
coming a center for R&D.
6.2 Specific disaster risks in Fujisawa City

The most dreaded risks that Fujisawa City faces are the so-called Tokai
earthquake, earthquakes in the west of Kanagawa Prefecture, earthquakes in
the South-Kanto plain, and inland earthquakes with vertical thrust. Tsunamis
caused by earthquakes have been guarded against in coastal areas. The north
is exposed to the risk of flooding by typhoons or local heavy downpours, and
mudslides down steep slopes. When Fujisawa City was devastated by Ty-
phoon No. 22, 2004, 311 families were flooded out because of drains blocked
by mudslides.
6.3 Trends of citizen participation via Internet in Fujisawa

Fujisawa City introduced an electronic bulletin board system (BBS) in
1997 to facilitate citizen participation and to create a new type of commu-
nity. It is managed by a committee, which is composed of citizens who were
recruited. This BBS enables residents to propose administration policies that
are formed through an exchange of views directly with the mayor. This system
is also used by residents to share information about areas of concern. Nation-
wide, it is a remarkable cutting-edge system and typical of e-democracy in
Japan. About 3,000 citizens subscribe and are currently using it to facilitate
the participation of citizens in city administration (Kaneko, 2004).

Fujisawa City has another community ware for citizens called Den-en
map, which has been making progress since 2003. This system has a Web-log
assisted by a Web-GIS function. All citizens can easily create their own maps
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using this system and make them public on the Internet. Because it has the
Web-log feature, guests can post comments or replies to other residents in ad-
dition to browsing maps. Residents can post messages to Web-GIS maps with
photographs using a GPS cell phone with a camera. A city-planning map and
aerial photo are provided as background for posting. This system is managed
by a promotion committee, which is composed of citizens, and university, in-
dustry, and city administration employees. Some citizen groups are regularly
investigating the barrier-free status of public facilities and commercial estab-
lishments. They have created a barrier-free map from the research results
obtained by using this system and are making it available on the Web-GIS.

Other maps have included gourmet mapping by citizen groups, mapping
of neighborhood associations, crime prevention mapping, and nature-view
mapping. As of March 2006, the number of subscribers was 87 and the num-
ber of maps was 34. The number of accesses in January 2006 was about
52,000 and about 43,000 in February.

The Web-GIS is equipped with a global standard interface for interoper-
able map content through the Web Mapping Service. Through this interface,
residents can access hazard maps and engage in risk mapping, which NIED is
scheduled to provide dynamically in real-time.
6.4 Implementation experiment in Fujisawa City

NIED and Fujisawa City have been promoting joint research on the risk
management of natural disasters since 2004. NIED started to deliver rainfall
information obtained by high-precision radar in real-time with the Den-en
map system in 2005. The level of inundation as a result of flooding can be
simulated using this radar rainfall in terms of a spatial resolution of 10 m.
The data are being delivered on a trial basis with the Den-en map system
that citizens are using. NIED did a field survey to evaluate simulation with
the results obtained by coordinators of a disaster relief volunteer group and
residents who were interviewed in a survey on damage done by a past typhoon
(Fig. 9).

There is a group of schoolchildren who are walking to observe the city.
They have confirmed the dangerous places and the local evacuation spaces
during their walks in the city. They subscribed information on the dangerous
parts onto the electron mapping system by using GPS-compatible cell phones.
At the workshop which was implemented after the walking, some children
could not confirm the condominium which is specified by the evacuation space
of the tsunami. Also, other children stated the opinion that the condominium
cannot be used for the evacuation space for the auto lock. The technique of
such risk communication will be useful for improving the consciousness of the
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Fig. 9. Field survey to evaluate simulation of flood risk by disaster relief volunteer group using
e-community.

resident of the protection against disasters and will be useful for evaluating in
the effectivity of the contingency planning of the present situation (Fig. 10).
6.5 Progress to date

NIED is recording the results from a field survey and resident interviews
with documents and photographs using a Web-log system that has a Web-
GIS function and is preparing to make them public on the Internet. This
demonstrates the possibility of residents themselves greatly enhancing risk
communication by means of hazard maps that NIED provides to the local
community through the e-community platform. NPOs have become important
in implementing risk governance in the local community in this way. NPOs
in cooperation with experts, local governments, and residents, play the role of
facilitators in the process of risk communication when there are no emergen-
cies. Neither volunteer organizations nor residents who can become victims
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Fieldwork and workshop by school children who utilize cellular phone
With photo and GPS functions  and  community based WEB-GIS No.1

Fieldwork and workshop by school children who utilize cellular phone
With photo and GPS functions  and  community based WEB-GIS No.2

Fieldwork and workshop by school children who utilize cellular phone
With photo and GPS functions  and  community based WEB-GIS No.3

Fieldwork and workshop by school children who utilize cellular phone
With photo and GPS functions  and  community based WEB-GIS No.4

Fig. 10. Fieldwork and workshop by school children using e-community.

themselves can be expected to assume roles as facilitators or moderators in
disaster-risk communication. Through workshops or meetings, in addition
to communication through the network, local residents can share experiences
they have suffered in the past, understand possible causes of disasters, and
review the variety of measures available to reduce risk in the future. Also,
residents can discuss what level of disaster risk they can tolerate or accept
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based on shared information and experiences.
As previously mentioned, part of the mechanism for sharing information

that NPOs, residents, and local governments in concerned areas can utilize
during catastrophes, and the risk information that NIED provides through the
e-community platform have already been implemented.

7 Conclusion
The effectiveness of this model of risk governance in the local commu-

nity could be evaluated through participant observations of the activities by
citizen groups, quantitative analysis of the use-logs of the e-community, qual-
itative analysis of comments and photographs uploaded to the e-community,
interviews with the participants, and questionnaires sent to residents.

The elements evaluated in terms of the effectiveness of risk governance
were:

1. groups in the network community,

2. the number of citizens participating in the e-community platform,

3. concerns about hazards and risks, besides those of natural disasters,

4. the number of interactions between resident and citizen groups and
NPOs or experts with specialized knowledge on disaster prevention
measures, and

5. the number of cooperative activities in the local community that in-
creased the scope of the social network.

Both social experiments in Shimada and Fujisawa cities were firstly con-
ducted to find out residents’ perceptions of the risk of flood damage, and were
then extended to the following:

1. In addition to flood damage, the model dealt with earthquakes, land-
slides, and tsunamis to enhance communication about risk in the local
community.

2. In the experiment in Shimada, risk communication was primarily de-
veloped around residents, and in part, between them and the NPOs. In
future, we intend to do research that promotes mutual communication
about risk between residents and the local government, and other stake-
holders such as industries.
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3. To utilize the technology of Web-GIS and RSS with updated risk infor-
mation, we plan to continue further experiments on the interoperabil-
ity of the e-community platform in which participants utilize not only
hazard information that the administration sends, but also risk-related
information that residents send for.
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Uncertainty in Flood Risks and Public Understanding of
Probable Rainfall

Shinya Shimokawa and Yukiko Takeuchi

1 Introduction
Flood risk data presented in hazard maps and other materials may be gen-

erally considered reliable. Such data, however, are not completely reliable,
although they are obtained through calculations using methods and according
to standards that are reliable to a certain extent. There also exists a gap in the
understanding of data between professionals and the public. That gap may
exacerbate the damage caused by floods. The Pafrics, which we developed in
our project (Chapter 13), will be a useful tool for bridging this gap. In this
chapter, we discuss the uncertainties involved in the determination of flood
risks and the concept of risk assessment considering such uncertainties. Our
present level of knowledge cannot easily accommodate such uncertainties. In
relation to hydrological and hydraulic factors, numerical models are employed
for such uncertainties (stochastic and/or statistical models, e.g. Bolgov et al.,
1998), but they are not yet perfect. We explain the existence of such uncer-
tainties specifically using hydrological statistics as an example, which are used
in flood prevention planning. The unpredictability in hydrological statistics,
which is due to uncertainty and variability (Vose, 2004), and the difference be-
tween estimated probabilities of rainfall and earthquakes are also discussed.
In addition, we present the results of questionnaire surveys regarding public
understanding of probable rainfall, which is used in hazard maps.

2 Physical Processes of Flooding
Flooding is generally composed of four processes: (i) rainfall as input, (ii)

runoff, (iii) flooding, and (iv) depth of inundation as output (Fig. 1). Each
process is described below.
(i) Rainfall as input

Rain falls for certain reasons. (In grasping flood phenomena, rainfall is
handled as an outright external force. The intensity of rainfall is estimated
based on hydrological statistics using past rainfall data.)

109
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Infiltration

Groundwater

Embankment Depth of inundation

River

Flooding

Runoff

Interception

Evapotranspiration

Dam

Rainfall

Fig. 1. Physical processes related to flooding.

(ii) Runoff
Not all of the rainfall flows off the ground surface. Some rainfall is inter-

cepted by trees or infiltrates the ground and only some rainfall flows off the
ground surface. The water infiltrating the ground also flows out to the surface
some time later. Thus, rainfall does not match runoff at a given point in time.
Identifying the percentage of rainfall that flows off the surface according to
the characteristics of the ground surface or soil is therefore necessary.
(iii) Flooding

Overland water flows into rivers or onto roads. The routes of runoff are
determined by elevation and obstacles such as buildings. Where rivers over-
flow their banks depends on the flow in the river, the shape of the river, and
the strength of embankments. It is therefore necessary to identify where the
runoff water concentrates and where rivers are most likely to overflow their
banks.
(iv) Depth of inundation as output

The water overflowing banks flows into another area or is dis-
charged by area drainage systems into sewers. Finally, the distributions of
water level and changes in water level with time at the place of overflow and
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in surrounding areas are obtained. The depth of inundation determines the
magnitude of flood damage.

3 Key Flood Risk Factors
Key determinants of flood risks are listed below (National Research Coun-

cil, 2000).

- Hydrological factors

- Hydraulic factors

- Structural and geotechnical factors

- Material and construction factors

- Seismological factors

- Other geophysical factors

- Operation and maintenance factors

Hydrological factors include rainfall, flooding, and basin and channel data.
Hydraulic factors are the characteristics of floodwater propagation and the
equations and methods used to simulate such propagation. Structural and
geotechnical factors refer to the geographical and geological characteristics
of ground and soils. Material and construction factors mean the materials
and methods used for constructing structures such as dams and embankments.
Seismological factors include the destruction of dams, embankments, and
other structures, as well as soil liquefaction due to earthquakes. Other geo-
physical factors are the behavior of ice in dam reservoirs or rivers, lightning,
and tornadoes. Operation and maintenance factors refer to the operation of
dams in emergencies and the maintenance of river systems.

4 Propagation of Uncertainties and the Present Response
Flood risk factors are interrelated. Uncertainties in a single factor may

lead to greater uncertainties as they propagate even where other factors are
perfectly modeled. Rainfall, runoff, depth of inundation, and the magnitude
of damage are calculated in this order as parameters related to flooding. Small
margins of errors in rainfall increase gradually as margins of error are accu-
mulated in respective steps. The present level of knowledge has difficulty
in handling such uncertainties perfectly. In relation to hydrological and hy-
draulic factors, models are being employed that provide for such uncertainties
(stochastic and/or statistical model, e.g. Bolgov et al., 1998), but they are not
yet perfect.
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One of the serious problems in disaster prevention planning is the lack
of public understanding about the numerous uncertainties involved in flood
risk estimation. The next section specifically explains how such uncertainties
come about using, as an example, hydrological statistics which provide a basis
for flood prevention planning.

5 Uncertainties in Hydrological Statistics
Hydrological statistics are used to estimate the intensity of potential rain-

fall based on past rainfall data. For example, the intensity of 100-year prob-
able rainfall is obtained based on past rainfall data. This serves as a basis
for developing flood prevention plans. In Class-A rivers, it is required that
embankments can be strengthened to endure the 100- or 200-year probable
rainfall expected in the area in question.

Hydrological statistics involve the following uncertainties.

(i) Uncertainty of probability

(ii) Uncertainty of data

(iii) Uncertainty owing to the use of a finite number of data

(iv) Uncertainty attributable to variation in probability estimation methods

(v) Uncertainty attributable to climate changes

Detailed explanations follow.
(i) Uncertainty of probability

There can be no assurance that 100-year probable rainfall events will oc-
cur only once in 100 years. The occurrence of such an event in any given
year cannot ensure there is no 100-year probable rainfall event in the next
year. Such events could occur in two consecutive years. Probability there-
fore involves uncertainty. There may, however, be misunderstanding among
the public about this point in numerous cases. (This matter will be discussed
again in following sections.)
(ii) Uncertainty of data

Data that are used to estimate probabilities always involve margins of er-
ror. The older the data is, the greater the margin of error. The probability of
rainfall estimated based on error-prone data therefore involves uncertainties.
(iii) Uncertainty owing to the use of a finite number of data

Only a limited amount of data on past rainfall events is available. Those
on rainfall events more than 100 years ago are particularly scarce. Probable
rainfall estimated based on a limited amount of data involves uncertainties.
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Table 1. Estimated probability of the Tokai heavy rainfall.

Case A

Case B

Case C

Kawata (2002) At least once in 200 years

Mizutani (2002) At least once in 1000 years

Ushiyama and Takara (2002) Once in 40 137 years

(iv) Uncertainty attributable to variation in probability estimation
methods

Probabilities are estimated by various methods. Logarithmic normal dis-
tributions are suitable for expressing annual extreme values over a relatively
long term (a month or a season). Extreme-value distributions can properly rep-
resent annual extreme values over a relatively short term (a day or an hour).
Non-annual data can be handled well using exponential distributions. The se-
lection of the method, however, is basically arbitrary. No choice is regarded as
mathematically wrong. Actually, though, results can vary greatly according
to the method selected. The fluctuation is outstanding in areas of poor relia-
bility; e.g., low-probability events such as 100-year probable rainfall events.
Estimation of probable rainfall therefore involves uncertainties.
(v) Uncertainty attributable to climate changes

When estimating the amount of rainfall for a certain probability based
on past rainfall amounts, it is assumed that climate remains unchanged from
the past. Climate, however, does change, which in turn causes the mode of
rainfall to change. Phenomena due to natural climate changes, such as cold
summers and warm winters, are well known. Man-made climate changes,
including CO2-induced global warming, have also become an issue. These
uncertainties are inherent in the estimation of the probability of rainfall.

Finally in this section, let us consider an example of the calculation of
probable rainfall. The estimated probability of the Tokai heavy rainfall that
occurred on September 11, 2000 (daily rainfall: 428 mm, peak hourly rain-
fall: 97 mm) vary from once in approximately 200 years to once in 40,000
years according to researchers (Table 1). The variations are ascribable mainly
to the duration of data collection (data volume) and the method of probabil-
ity estimation. These variations cause an uncertainty of design for disaster
prevention structures (e.g. embankments and dams) and a social problem of
environmental destroy by the structures (Ohkuma, 2004).

6 Peculiarities and Unpredictability of the Probability of Rainfall
The probability of rainfall has different aspects from ordinary probabilities

(e.g., those when rolling dice). Each face of a die is likely to come up once
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in six rolls, as has been true in the past and will be in the future. That is not
always the case with rainfall. Suppose the probability of a certain amount of
rainfall is 1/100 in a given year. If a certain amount of rainfall exceeding the
expected amount occurs several times in the next 10 years, the probability of
that amount of rainfall will no longer be considered to be 1/100; it will be
higher. This is related to the uncertainties due to climate changes. Once the
mode of rainfall changes, there will be no assurance that the probability of
a certain amount of rainfall occurring in the future can be estimated based
on the past rainfall amounts. Even without climate changes, calculating the
probability of a certain amount of rainfall in a given year from the past rainfall
amounts is not guaranteed to be accurate; it is simply based on an assumption.
The issue is how to make such an assumption. This is closely related to the
prior probability in Bayes’ theorem in statistics. (For Bayes’ theorem, refer
to the Statistics Section, Department of Social Sciences, College of Arts and
Sciences, University of Tokyo (1992).) Regarding the application of Bayes’
theorem to stochastic prediction, Katayama (1975) and Matsumura (2004)
point out some interesting considerations concerning seismic prediction.

Unpredictability is attributable to uncertainty and variability (Vose, 2003).
Uncertainty means a lack of knowledge about phenomena. Variability refers
to the accidental or stochastic action of phenomena. These two factors gen-
erally combine to create unpredictability. In the case of probable rainfall,
uncertainty of data, uncertainty owing to the use of a finite number of data,
and uncertainty due to variation of probability estimation methods are “un-
certainty”. Uncertainty of probability and uncertainty due to climate changes
should be regarded as “variability”. The unpredictability of climate changes
may, however, be “uncertainty” ascribable to our insufficient knowledge. The
probability of rainfall differs from that when rolling a die in these respects.

7 Difference between Probabilities of Rainfall and Earthquakes
The probabilities of earthquakes and rainfall events are based on the same

concept. They, however, vary in three respects.
(i) To estimate earthquake probabilities, the Brownian passage time (BPT)

distribution based on Brownian movement is frequently used. This is because
earthquakes and Brownian movement share a physical property that can be
described by a Markov process which depends only on the immediately pre-
ceding phenomenon. The BPT distribution, unlike other mathematical dis-
tributions, facilitates physical interpretation and exhibits an upward-sloping
line, even over an infinite period of time. Rainfall is basically a Markov pro-
cess independent of the past (like rolls of a die), so using the BPT distribution
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to estimate the probability of rainfall is not physically justifiable.
(ii) Earthquake probabilities are calculated only for selected earthquakes

of intensities that are unique to the area. For example, in the southern Kanto
area, magnitude-8 earthquakes occur more frequently than magnitude-7 earth-
quakes. The magnitude-8 earthquakes in the area contradict the power law that
smaller earthquakes occur more frequently than greater earthquakes (a drop of
one in the magnitude means an earthquake is likely to occur 10 times more
frequently), and are regarded as earthquakes of an intensity unique to the area.
The accuracy of probability is therefore increased by selecting for calculation
only magnitude-8 earthquakes (which occur at an interval of approximately
200 years). This depends on the characteristic of earthquakes. That is, the
intensities of past earthquakes up to approximately 600 years ago (approxi-
mately 2000 years ago in China) can be identified based on archival data on
seismic motions or the destruction of buildings. Rainfall-induced runoff, on
the other hand, depends on the ground surface condition at a given place in a
given age, so estimating rainfall from the descriptions of rainfall or runoff in
ancient documents is difficult. In addition, great earthquakes do not occur ev-
ery year, so probabilities are calculated only for great earthquakes, but heavy
rains occur every year, so the probabilities of rainfall are calculated every year
based on the maximum annual rainfall. More accurate probabilities, however,
may be calculated based on 100 leading rainfall events during the past 100
years rather than on the 100 maximum heavy rainfalls during the past 100
years.

(iii) For earthquakes, cumulative probabilities (e.g., the probabilities of
magnitude-8 earthquakes occurring in 10 years, or in 30 years) are calcu-
lated based on the assumption of an underlying physical process (a process
of releasing stresses and then accumulating stresses again). This is possible
because earthquakes can be described using a Markov process that depends
only on the state of an immediately preceding earthquake. Rainfall, on the
other hand, is a Markov process independent of the past (like rolls of a die),
so the idea of cumulative probability based on an assumed physical process is
difficult to apply. The probability of a 100-year probable rainfall occurring in
10 years, of course, can be mathematically calculated, but no physical process
is assumed. Even without any heavy rains in the next year, the probability
of 100-year probable rainfall events occurring in 10 years remains the same
as in the previous year (as in the case of rolls of a die). On the other hand,
histories of water content in soils or groundwater volume are available, so an
approach similar to that for earthquakes may be applicable to the estimation
of landslide probabilities or groundwater-runoff volumes. In addition, in rain-
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fall events, unlike earthquakes, direct observation of the source of the event
(such as atmospheric conditions) is possible. For example, the probability of
a typhoon causing heavy rainfall of more than x mm can be estimated based
on the moisture contained in the air.

8 Flood Risks and Their Uncertainty
One of the greatest problems involved in the uncertainties of flood risks is

that various flood forecasts are considered to be certain although they actually
contain stochastic factors. One-hundred-year probable rainfall, for example,
does not necessarily occur only once in 100 years1. It may occur several times
in a short period of time. The occurrence of a flood therefore never guaran-
tees relief for a certain time period. Daily preparedness therefore becomes
important.

From a stochastic viewpoint, a general concept of flood risk can be ex-
pressed quantitatively as

Risk = (Probability of the hazard) × (Damage caused by the hazard).

Note that the risk expressed above is neither a vague mood nor an abstract
word, but can be expressed numerically using the probability of and damage
caused by a hazard, and that knowing the scale of a risk and taking appropriate
control measures help reduce the potential damage. This probability and the
scale of a risk, however, contain numerous uncertainties.

Particularly when estimating the magnitude of damage, the scale and def-
inition of damage, and the value judgment or psychological factors of the or-
ganizations or individuals evaluating risk should be taken into consideration.
Numerous uncertainties are also involved in risk evaluation by organizations
or individuals. It may be natural for local residents who have suffered from
large-scale flood damage over a long time to demand that the government im-
prove rivers and construct estuary barrages or seawalls. There have, however,
been vigorous campaigns calling for the protection of the natural environment,
leading to protests against river improvements on numerous occasions. The
former group focuses on the risk of flooding while the latter group focuses on
the risk of degrading the environment. Differences in viewpoints, interests, or
values cause such differences in focus. In addition, even among those paying
attention to the same risk, the scale of acceptable risk may vary according to
individual viewpoints.

1For example, the probability of a 100-year probable rainfall occurring at least once in the
next 30 years is relatively high at approximately 26% (1 − (99/100)30 = 0.26), although this
is contrary to common knowledge.
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Fig. 2. What do you think is the probability of a 200-year probable rainfall occurring once in
30 or 50 years? (Nagoya City).

9 Questionnaire Surveys to Assess the Recognition of Uncertainty and
the Understanding of Probable Rainfall
Questionnaires were distributed to residents to assess their understanding

of probable rainfall, which is used to prepare flood hazard maps.
Questionnaires were distributed in Nagoya City and Nishibiwashima Town

which suffered severe flood damage on September 11, 2000. Both of the lo-
cal governments developed a flood hazard map after the flood and distributed
copies to residents in 2002. Questionnaires were distributed to 3000 house-
holds in the areas expected to be inundated in the flood hazard map. Responses
were obtained from 644 households.

The questionnaire included two questions about probable rainfall that res-
idents had to understand to grasp the zones vulnerable to inundation specified
in the hazard map. The questions were “What do you think is the probability
of a 200-year probable rainfall occurring in the next 30 and 50 years?” (The
right answers were 14 and 22%, respectively.) In Nagoya City, 10% of re-
spondents provided the right probability for the next 30 years, and 13% gave
the right answer for the next 50 years (Fig. 2). The corresponding percentages
were 5 and 15% in Nishi-biwashima Town (Fig. 3).

The results indicated that residents had insufficient knowledge
about the concept of probable rainfall defined by the expert although this
knowledge is essential in understanding which zones are vulnerable to in-
undation, as shown in the hazard map.

10 Closing Remarks
Numerous uncertainties are involved in the determination of flood risks.

In flood risk assessment, differences in viewpoints, interests, or values re-
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Fig. 3. What do you think is the probability of a 200-year probable rainfall occurring once in
30 or 50 years? (Nishi-biwashima Town).

sult in differences in risk focus. Each individual should determine what he
or she considers an acceptable risk and take appropriate action while keep-
ing the above in mind. The questionnaire survey results presented in Section
9 show that most residents have a poor understanding of probable rainfall.
Proper knowledge about probability is indispensable to understand flood dis-
aster risk, especially, understanding of the content on uncertinties involved
in the mid/long-term probability. Support should be provided through work-
shops to help the public properly understand the uncertainties inherent in de-
termining flood risks.
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Public Perception of Flood Risk and Community-based
Disaster Preparedness

Tadahiro Motoyoshi

1 Introduction
To carry out participatory flood risk management in local communities, it

is necessary to understand how residents perceive flood risks in their areas and
what type of consciousness residents have regarding disaster preparedness ac-
tions. Since not all people are so tolerant of flood risk in the areas where they
live, it is important to identify which factors affect the degree of acceptance
of people to flood risk. In Japan, community organizations such as volunteer
fire organizations and flood fighting organizations play a role in preventing
disasters. It has been pointed out, however, that the ability of communities to
prevent disasters has declined as nuclear families increased, traditional com-
munities declined, and solitary, live-alone old people increased. In order to
perform early relief activities quickly in the event of a disaster, it is neces-
sary to make local disaster prevention efforts on a daily basis. The public
as well as the administrative authorities also need to participate and cooper-
ate to protect their communities so that their efforts should be reflected in
administrative planning. In order to find ways to involve local residents in
disaster-prevention activities, there is a need of conducting a study to identify
factors contributing to the participation of local residents in disaster preven-
tion activities. This chapter examines consciousness in accepting flood risks
and the intention to participate in community-based disaster preparedness ac-
tivities and carries out studies on each causal model based on questionnaire
surveys.

2 Public Acceptance of Flood Risks
2.1 Factors to determine acceptance of flood risks

One of the characteristics of recent flood disasters in Japan is that there
is an extremely huge economic loss although the number of human casualties
is declining. It is frequently pointed out that one reason for people’s lack of
preparedness against flood disasters is that there is an inappropriate perception
about flood risks.

121
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It has been shown in most studies on natural disaster that it is difficult for
people to appropriately perceive natural disaster risks (Slovic et al., 1974).
For example, people tend to perceive flood disasters as periodic phenomena
instead of as probable and random phenomena. Furthermore, people tend to
believe that if a major flood disaster occurs in a certain year, no major flood
disasters will occur for some time after. In addition, many people believe that
when levees, dams, and other structures are newly constructed, disasters are
completely prevented. It can be pointed out that these perceptions of peo-
ple about natural disasters are affecting recognition of flood risks among the
public in Japan.

Japanese flood disaster mitigation have heavily focused on preparing
dams, levees, and other hardware structures. As a result, the level of frequency
of occurrence of major flood disasters has declined, and the number of human
casualties has fallen. However, flood-disaster preparedness measures that rely
on preparation of hardware structures tend to incur large costs. Under such
measures, there is also a possibility of serious damage if there is an unexpect-
edly heavy rainfall. In addition, as environmental problems are now attracting
much public attention, a high value is set on the idea of living together with
nature, making it impossible to promote public works projects that consider
only disaster preparedness. From a different viewpoint, not giving the highest
priority to disaster preparedness means accepting a certain level of occurrence
of damage. In fact, river improvement works that presuppose certain levels of
floods have been undertaken following a revision to the River Law. In line
with these changes, it is necessary to come up with measures to reduce dam-
age, instead of preparing only hardware structures in order to completely pro-
tect areas from disasters. Such measures to reduce damage include those to
make houses waterproof, regulate the use of land, improve software, including
information on disasters, and promote disaster preparedness measures among
the public.

In recent years, much importance is being attached to integrated flood con-
trol measures that emphasize both hardware and software. Integrated flood
control measures presuppose that there may be river floods. As a result, it will
be more necessary than ever for residents to accept flood risks by understand-
ing that their living areas may be flooded and to make preparations. As long as
cities have been developed on alluvial plains, which have a high risk of river
floods, with people and assets concentrated in such areas, it is impossible to
achieve zero risk. However, as improvement in hardware is currently being
promoted, residents have become totally accustomed to a situation in which
there have been no flood disasters for many years. Residents may believe that
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levees will protect their living areas from flood disasters and perceive that zero
risk can be achieved. Therefore, factors to determine consciousness to accept
flood risks among residents are studied below.
2.2 Method

Participants and Procedure:
Questionnaire surveys were conducted on 4,000 households in areas that

suffered from the Tokai heavy rainfall in 2000. The survey forms were mailed
to 2,000 households in Nishi-ku of Nagoya-shi, 1,000 households in Shinkawa-
cho, and 1,000 households in Nishibiwajima-cho, and the forms were col-
lected through personal visits by staff. The staff asked those who failed to fill
in the survey forms or those who were not at home to mail back the forms. As
only some parts of Nishi-ku and Shinkawa-cho were flooded, the households
in Nishi-ku and Shinkawa-cho were chosen from the flooded areas through
a random sampling procedure on residential maps. As almost all parts of
Nishibiwajima-cho were flooded, the households in Nishibiwajima-cho were
chosen through a two-stage random sampling procedure from the residents
register.

Period of surveys:
The questionnaire surveys were conducted in about 17 months after the

Tokai Region Torrential Rains in 2000. The survey forms were mailed out
on January 30, 2002, and the forms were collected between February 1 and
February 19, 2002. The collection of the survey forms via mail was closed
on February 28, 2002. Of the 4,000 households, survey forms were collected
from 3,036 households (with a percentage of valid responses of 75.9%). In
this research project, data from a total of 2,811 households (2,659 households
living in single-family housing and 156 households living on the first floor of
apartment houses) were used for analyses. The average age of the respondents
was 57.6 (SD = 12.58).

Survey items:
There were 150 question items listed in the questionnaire. The items cov-

ered by the analyses in this section are acceptance of general risks (Yoshino
and Kinoshita, 1996), consideration of society (Yoshida et al., 1999), and per-
ception regarding recognition of flood control and flood disasters, including
perception of risks, consciousness about zero risk, self-responsibility, trust in
administrative bodies, and interest or concern about flood disasters (refer to
Appendix A). In addition, consciousness of the acceptance of flood risks is
covered by the following three items: (1) it is considered to be appropriate to
accept river floods to a certain extent as long as there is a risk of flood disaster
in your living area; (2) there is no choice but to accept river floods to a certain
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extent as river floods are the works of nature; and (3) a water level up to the
floor level can be tolerable to a certain extent when flood disasters occur. For
all the items, responses were measured on a five-point scale ranging from 1
(disagree strongly) to 5 (agree strongly).
2.3 Results and Discussion

By carrying out structural equation modeling, a path diagram to show
causal relations regarding acceptance of flood risks was created (Fig. 1). It
was shown that consciousness of the acceptance of flood risks was affected
by the following four factors: The first factor was consciousness of self-
responsibility. The path coefficient from self-responsibility to acceptance
of flood risks was .29. When people have a strong consciousness of self-
responsibility, they accept flood risks. It has been revealed that people’s in-
tentions for actions regarding disaster preparedness measures against torna-
dos or earthquakes increase when they have a strong consciousness of self-
responsibility (Duval and Mulilis, 1999; Mulilis and Duval, 1995, 1997;
Mulilis et al., 2001). People do not carry out disaster preparedness measures
unless they perceive that disasters can occur. As a result, it can be viewed
that taking disaster preparedness measures is related to an attitude that is to
perceive and accept disaster risks. These relationships are supported by the
results of this study, and it was revealed that people accept flood risks when
they have a strong consciousness of self-responsibility. Administrative bodies
or experts on flood disasters are asked to try to provide information that helps
increase consciousness of self-responsibility.

On the other hand, the path coefficient from consciousness of zero risk to
acceptance of flood risks was -.36. In other words, residents who depend on
measures to prepare dams, levees, and other hardware structures and believe
that science and technology make it possible to achieve zero risk, perceive
that it is impossible to accept flood risks. The information that is currently en-
countered by residents is about preparation of hardware structures, including
improvement of levees and widening of rivers. Based on such information,
the public tends to create a perception that it is possible to eliminate flood
disasters. Nakayachi (2002) found that there is a low expectation for zero risk
regarding natural disasters. However, the results of this study showed that
many of the public seek to achieve zero risk and believe that it is possible to
achieve. For example, for the question item “it is possible to achieve a soci-
ety without flood disasters if public works are strengthened to carry out river
improvement,” 27.0% of the respondents chose 5 (agree strongly) on the five-
point scale, and 32.5% chose 4 (agree moderately). This showed that there is
a strong perception that it is possible to achieve zero risk. These results were
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related to the “not me” factor (Joffe, 1999). In other words, people tend to per-
ceive natural disasters as phenomena unrelated to them because there is a low
occurrence probability of natural disasters. Furthermore, there is generally
a low expectation for zero risk. However, when people experience a nearby
disaster, become concerned parties, and recognize that natural disasters are
phenomena related to them, there is a high expectation for zero risk. Experts
or administrative bodies perceive as a matter of course that it is impossible
to achieve zero risk regarding flood disasters, and they are asking residents to
understand this by providing information through hazard maps. On the other
hand, residents still have a strong consciousness that it is possible to achieve
zero risk. There is a perception gap about zero risk regarding flood disasters
between experts or administrative bodies and residents, who are concerned
parties. When information is provided to residents, it is necessary to prop-
erly inform residents that it is impossible to achieve zero risk regarding flood
disasters.

The third factor that affects acceptance of flood risks was reasonable con-
sciousness of acceptance of general risks. The path coefficient from accep-
tance of general risks to acceptance of flood risks was .32. In addition, while
there is a small relationship between interest in flood disasters and conscious-
ness of self-responsibility, the path coefficient from acceptance of general
risks to self-responsibility was higher at .52, confirming that there is an in-
direct effect on acceptance of flood risks. People who have consciousness to
accept general risks, have acceptance of flood risks. When information re-
garding flood disasters is provided, it is necessary to provide information on
not only flood disasters but also general risks. It is important also to pro-
vide the uncertain or probabilistic nature of risk and inform that all matters in
society involve risks and it is impossible to achieve zero risk.

The results of this study showed that the other factor that affects accep-
tance of flood risks was related to trust in administrative bodies. When oc-
currence of flood disasters is accepted, some damage reduction measures, in-
cluding buying insurance policies and making houses waterproof, can be un-
dertaken at an individual level. However, for the whole of a community, there
is no choice but to depend on administrative bodies, to a certain degree. It is
necessary for administrative bodies to probide enough risk information for the
residents to make an appropriate choice of risk reduction measures based on
their acceptance of flood risk.

Based on the above, it can be pointed out that risk communication regard-
ing flood disasters is necessary to promote integrated flood control measures
as was illustrated in various risk scenes in Japan (e.g., Kikawa, 1999). This
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study showed that residents have a strong consciousness about zero risk al-
though experts or administrative bodies are endeavoring to inform residents
that it is impossible to achieve zero risk by providing information through
hazard maps. In order to help residents have a proper understanding of flood
risks, risk communication that enables residents and experts or administra-
tive bodies to provide information interactively or express and exchange opin-
ions, seems to be necessary, in addition to one-way provision of informa-
tion through hazard maps and other means. In addition, risk communica-
tion between residents and administrative bodies is expected to help develop
trust in the administrative bodies. The goals regarding risk communication
among residents, administrative bodies, and other stakeholders, related to
flood disasters include the following: (1) to strengthen consciousness about
self-responsibility regarding disaster preparedness; (2) to understand that it is
impossible to achieve zero risk regarding flood disasters; (3) to understanding
not only flood disasters but also overall risks; and (4) to develop trust between
the public and administrative bodies through risk communication.

3 Participation in Community-based Disaster Preparedness Activities
3.1 Factors to increase the intention to participate in community-based

disaster preparedness activities
In Japan, where there are many natural disasters, the role of preventing

disasters is partly delegated to fire-fighting organizations, flood-fighting orga-
nizations, and other community-based organizations. However, the abilities
to prevent disasters in local communities are declining due to an increase in
nuclear families, a decline in conventional communities, an increase in elderly
people living alone, and other factors. To swiftly carry out relief activities in
local communities at the initial stages after the occurrence of disasters, it is
necessary to carry out community-based disaster preparedness activities on a
habitual basis. In addition, it is also necessary for not only administrative bod-
ies but also residents in local communities to participate in disaster prepared-
ness activities, and residents need to cooperate with administrative bodies. It
is desired that not only administrative bodies but also residents in local com-
munities come up with community-based disaster-preparedness measures by
themselves, which are reflected in administrative plans. To achieve this, it is
necessary for more members of residents to participate in community-based
disaster preparedness activities. Through past researches, it was revealed that
past experience of disasters, demographic characteristics, including level of
income, type of residence, and educational level, feeling of control against
disasters and anxieties, which are individual characteristics, and other factors
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are related to disaster preparedness actions (e.g., Lindell and Perry, 2000).
However, many of these researches focused on disaster preparedness actions
for households, and community-based disaster preparedness activities were
studied only on a supplemental basis. Among these researches, Rochford
and Blocker (1991) examined disaster preparedness activities in local soci-
eties, including fund-raising campaigns, petitions to administrative bodies,
and solidarity movements in local communities, and revealed that evaluations
of possibilities to control flood disasters or coping styles are factors that affect
participation in community-based disaster preparedness activities. However,
there have been almost no findings on the level of intention to participate in
community-based disaster preparedness activities among flood-fighting orga-
nizations, independent disaster preparedness organizations, and other organi-
zations in Japan. As a result, factors to determine the intention to participate
in community-based disaster preparedness activities are also studied through
surveys covering residents in local areas that have a high level of weakness
towards flood disasters.

Many of the past studies on disaster preparedness regarded disasters as
stress events and treated disaster preparedness actions as measures to deal
with such events (Mulilis and Duval, 1995; Rochford and Blocker, 1991).
However, community-based disaster preparedness activities by independent
disaster preparedness organizations, flood-fighting organizations, and other
organizations can be regarded as voluntary activities in local societies. As a
result, among the researches dealing with relationships between attitudes and
actions, this research project carries out studies by using the theory of rea-
soned action, which is pointed out to be highly persuasive regarding voluntary
actions, as the basic framework (Ajzen and Fishbein, 1977, 1980; Fishbein
and Ajzen, 1975).
3.2 Method

Participants and Procedure:
A questionnaire survey was conducted to study factors that affect inten-

tion to participate in community-based disaster preparedness activities. The
subjects of surveys and the period of surveys were the same as those of the
surveys mentioned in the previous section.

Survey items:
As factors to determine the intention to participate in community-based

disaster preparedness activities, a total of 13 items related to interest or con-
cern about flood disasters, consciousness related to subjective norms that show
expectations from important others about disaster preparedness actions, recog-
nition of costs of community-based disaster preparedness activities, and
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recognition of benefits were used (refer to Appendix B). For all the items,
responses were measured on a five-point scale ranging from 1 (disagree
strongly) to 5 (agree strongly).
3.3 Results and Discussion

As to the condition of participation in disaster preparedness classes or
disaster preparedness drills, 188 respondents (6.2%) said that they attend all
such events, 1,330 (43.8%) said that they sometimes attend such events, 658
(21.7%) said they cannot attend such events because they cannot obtain infor-
mation, 550 (18.1%) said that they do not attend such events because they have
no interest, 183 (6.0%) said that they cannot attend such events because they
are disabled or sick, and 127 (4.2%) did not respond. Almost half of the re-
spondents said that they have experience in participating in community-based
disaster preparedness activities. Data from 2,726 respondents, excluding 310
respondents who said that they cannot attend disaster preparedness classes or
drills because they are disabled or sick and who did not respond, were used
for the following analyses.

By carrying out structural equation modeling, a path diagram to show
causal relations regarding participation in community-based disaster pre-
paredness activities was created (Fig. 2). From the results of the analyses,
it was revealed that people have a high intention to participate in community-
based disaster preparedness activities when they have a high intention related
to a subjective norm. Subjective norm is an important determinant of regard-
ing public activities carried out in the presence of acquainted others (Hirose,
1992). These estimates are supported by the results of this research project,
which suggest that a subjective norm is an important factor to determine in-
tention regarding actions carried out in the presence of others.

In addition, recognition of costs has a strong negative effect on intention
to participate. When people have a high recognition of costs, their intention
to participate declines. On the other hand, recognition of benefits has only
a small positive effect on intention to participate. As disasters do not occur
frequently, people feel highly burdened to participate in community-based dis-
aster preparedness activities during normal times when nothing happens. To
activate community-based disaster preparedness activities, it is extremely im-
portant to reduce the public’s recognition of costs. On the other hand, recog-
nition of benefits had only a small effect. Damages from flood disasters can-
not be eliminated only through community-based disaster preparedness ac-
tivities. Furthermore, it is difficult to see detailed benefits from carrying out
community-based disaster preparedness activities. It could be pointed out that
these are the reasons why recognition of benefits had only a small effect.
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Interest in or concern about flood disasters is a conception that is not dealt
with under the theory of reasoned action. However, interest in or concern
about flood disasters serves as a direct factor that determines intention regard-
ing actions in this study. In addition, interest or concern about flood disasters
was regarded as a factor that heightens a subjective norm or recognition of
benefits and lowers recognition of costs. Furthermore, interest in or concern
about flood disasters had an indirect effect on intention regarding actions. In-
terest or concern about disasters serves as an important factor to increase in-
tention regarding community-based disaster preparedness actions. To activate
community-based disaster preparedness activities, it is first important to en-
courage residents to take interest in disasters in local areas. It was suggested
that it is possible to activate community-based disaster preparedness activities
by providing information in such a way that residents takes more interest in
disasters.

Research that studied relationships between social attributes and disas-
ter preparedness measures (Russell et al., 1995), research that studied disas-
ter preparedness activities as stress-coping activities by regarding disasters
as stress events (Rochford and Blocker, 1991), and other researches have
been carried out in the past. On the other hand, this study regarded disas-
ter preparedness activities as voluntary activities in local areas and revealed
that the three factors—subjective norms, recognition of costs, and interest or
concern about disaster preparedness—affect intention regarding community-
based disaster preparedness actions. This points out that it is possible to ac-
tivate community-based disaster preparedness activities by regarding disaster
preparedness activities not as measures to reduce disaster risks but as volun-
tary activities in local communities. Disaster preparedness measures are often
studied from the viewpoint of completely understanding risk information and
making preparations. However, it is also necessary to carry out studies to acti-
vate community-based disaster preparedness activities from the viewpoint of
focusing on community-based activities.

4 Conclusion
Two findings were obtained through this study. First, self-responsibility,

consciousness about zero risk, acceptance of ordinary risks, and trust in ad-
ministrative bodies affect acceptance of flood risks. From this result, it is
pointed out that in order to promote acceptance of flood risks, it is impor-
tant to increase self-consciousness about disaster preparedness through risk
communication, understand that it is impossible to achieve zero risk, deepen
understanding of not only flood disasters but also overall risks, and establish
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relationships of trust between the public and administrative bodies.
Second, people have a greater intention to participate in community-based

disaster preparedness activities when they take great interest in subjective
norms and flood disasters. Furthermore, recognition of costs of disaster pre-
paredness activities serves as a factor to decrease intention to participate. As
a result, it was pointed out that it is possible to activate disaster preparedness
activities by regarding these activities not as measures to reduce disaster risks
but as voluntary activities in local communities.

Appendix A. Questionnaire survey items in Section 2
Reasonable perception of general risk

• I think everything that occurs is accompanied by risk, and nothing can
be done about it.

• I think that the world is made up of risk and safety.

• I think living with risk is a fact of life.

Consideration of society
• I think about how society is made up.

• I think about how I should act in society.

• I think about the society in which I live.

Appendix B. Questionnaire survey items in Section 3
Interest or concern about flood disasters

• I feel concern for the details of flood damage mitigation measures being
taken by administrative organizations.

• I often read newspaper articles about flood damage.

• I am interested in how much money they spend for flood damage miti-
gation measures and flood control works.

Subjective norms
• I will feel ashamed if I make no preparation while my relatives and

family were taking action for flood protection.

• If I take action for flood protection, I think my close friends will be
impressed with what I do.

• I will feel ashamed if I do nothing while my neighbors are taking mea-
sures for flood protection.
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Cost and benefit perception
• I think it’s difficult to find the time to participate in evacuation drills and

disaster prevention seminars in the local community.

• I think it’s too much of a bother to check if there are any flood-prone
areas in residential areas.

• I think that flood damage can be minimized if everyone takes disaster
prevention measures.

• I don’t think whether or not I do something to reduce flood damage
makes any difference.

Intention to participate in community based disaster preparedness
• I want to participate in disaster preparedness classes or disaster pre-

paredness drills.

• If administrative organizations or fire stations hold seminars or disaster
prevention drills, I want to participate.

• I want to join a voluntary disaster prevention organization

Participation in local disaster prevention activities
• How often do you participate in disaster preparedness classes or disaster

preparedness drills?
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Residents’ Perception about Disaster Prevention and Action
for Risk Mitigation: The case of the Tokai flood in 2000

Kenji Takao

1 Introduction
The Tokai flood struck in 2000 in Nagoya City and adjacent areas. The af-

fected areas were near the Shinkawa River and areas where levees were prone
to overflow. One might think that such damage would not have happened if
the embankment or pumping functions had been improved before the flood.
Traditional measures to mitigate the effect of floods have included building
dams, reservoirs, and embankments. Although these so-called ‘hard’ mea-
sures may seem effective, in reality they do not always prevent flood damage
(Burton et al., 1993). Hard measures are based on various calculations, such
as the likelihood of heavy rainfall once every 100 years, which might cause
damage greater than some pre-calculated value. In addition, hard measures re-
quire considerable amounts of money and construction resources. Therefore,
both hard and soft measures, the latter of which raises the level of residents’
preparedness against floods, must be considered. In other words, residents’
preparedness against natural disasters is important.

How many people prepare against natural disasters? Past research has sug-
gested that residents’ preparedness against natural disasters is not enough for
preventing natural disasters. Mizuno (1981) revealed, through a questionnaire
survey with a multiple-selection method, that the percentage of residents who
participated in disaster prevention activities was only 16.7%. Furthermore,
those who conformed to the evacuation center in their region amounted to
31.7%. Hashimoto et al. (2001) showed that 19% of residents in the affected
area perceived that their preparedness for evacuating due to disaster was insuf-
ficient. In addition, 78% residents in the area did not prepare at all for disaster.
Despite the need for residents to be prepared, many do not prepare at all.

What kind of factors affect residents’ preparedness against flood? This
chapter focuses on the influence of psychological factors and home owner-
ship in determining preparedness against floods, factors that are most often
neglected by social psychologists.

135
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2 Why are people unwilling to prepare for floods?
Some studies have found a link between home ownership and prepared-

ness for disasters. Mulilis et al. (2000) showed that home owners prepared for
tornados more thoroughly than did people living in rented accommodation.
They concluded that home owners valued their property much more highly
than the resources needed to prepare for floods; these home owners felt more
compelled to prepare for tornados than did those who lived in rented accom-
modation. These findings suggest that flood anticipation and experience may
not necessarily determine a person’s preparedness for floods; rather, home
ownership determines preparedness for disasters.

To improve residents’ preparedness for floods, the source of this lack of
correspondence between flood related perception and preparedness must be
examined. However, little has been done to establish a statistically quan-
titative relationship between flood related perception and preparedness for
floods. The impact of home ownership on preparedness for floods is also
unclear. Quantitatively identifying some determinants of people’s prepared-
ness for floods may facilitate the promotion of flood risk management. Takao
et al. (2004) identified four goals in establishing the factors that determine a
person’s preparedness for floods. The first goal was to examine the relation-
ship between flood related perception (the level of fear of floods and flood
anticipation) and preparedness. The second was to investigate the relation-
ship between flood experience and preparedness. The third was to analyze the
relationship between the amount of damage from a previous flood and pre-
paredness. The fourth goal was to examine how owning a home affected a
person’s preparedness for floods. The next section contains a review of these
goals described in Takao et al. (2004).

3 Questionnaire Survey
3.1 Method
a) Survey area and subjects

A questionnaire-based survey was conducted in Nagoya City’s Nishi Ward
and in Shinkawa Town (Fig. 1), areas affected by the Tokai flood. The flood
claimed several lives; four houses completely collapsed, 98 houses partially
collapsed, 11,142 houses were flooded above floor level and 21,852 were
flooded below floor level. In Shinkawa Town, 2,391 houses were flooded
above floor level and 1,244 below floor level. Questionnaires were sent to
5,979 residents of Nagoya City and Shinkawa Town. The questionnaires were
not received by 235 people. Of the remaining 5,744 people, 2,051 (35.7%)
responded.
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Fig. 1. Map of the surveyed area.

b) Survey methodology
Preparedness for floods was examined in terms of measures taken by the

residents after the Tokai flood. Measures taken before include taking out in-
surance and checking the hazard map of the area, while measures taken after
means taking special measures for future floods. The chi-square test was con-
ducted to examine the relationship between these measures and such factors as
flood experience, fear of floods, flood anticipation, and flood risk perception.

The respondents rated their flood experience by answering the question
“Had you ever experienced a flood before the Tokai flood?”. They were also
asked to rate their flood related perception in terms of flood anticipation and
their fear of floods. The respondents were asked to rate their flood anticipa-
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tion using a two-point scale (yes or no) to respond to the question “Before the
Tokai flood, did you ever think that you may have another flood in your area?”.
In this study, term “flood anticipation” was based not on some objective cri-
teria such as the cumulative amount of rain, but on the personal judgment of
the respondents. They were also asked to rate their level of fear of floods us-
ing a three-point scale (very fearful, fearful, not so fearful). The respondents
were also asked to rate the amount of damage sustained in the Tokai flood us-
ing a four-point scale (complete or partial collapse, flooded above floor level,
flooded below floor level, no damage). They were asked about their level
of preparedness: “Had you taken out an insurance policy, checked the haz-
ard map of the area?”. A two-point scale was used and the respondents were
asked to check the measures they had undertaken before and after the Tokai
flood to prepare for floods. They were also asked about their preparedness
after the Tokai flood: “After the Tokai flood, did you take measures against
future floods?”. Again, a two-point scale was used. They were also asked to
state whether they owned their home or lived in rented accommodation.
3.2 Results
a) Determinant factors of flood preparedness (Fig. 2)
Preparedness before the Tokai flood: taking out an insurance policy and
checking the hazard map

The relationship between flood experience and residents’ preparation for
floods was analysed. It was found that neither taking out an insurance pol-
icy nor checking the hazard map was associated with flood experience (tak-
ing out an insurance policy: χ2(1) = 2.72, n.s.; checking the hazard map:
χ2(1) = 1.51, n.s.). This indicates that flood experience was not related to
preparedness for floods. The relationship between risk perception, fear of
floods and preparedness for floods was also analysed. The analysis showed
that taking out an insurance policy (χ2(1) = 1.47, n.s.) and checking the
hazard map (χ2(1) = 0.27, n.s.) were not associated with flood anticipa-
tion. Further analyses illustrated that taking out an insurance policy was as-
sociated with fear of floods (taking out an insurance policy: χ2(2) = 6.70,
p < 0.05; Fig. 2(a)). The relationship between the residents’ fear of floods
and whether or not they checked the hazard map, however, was not significant
(χ2(2) = 0.01, n.s.). These findings indicate that those who were more fear-
ful of floods were more likely to take out an insurance policy. In summary,
there was no relationship between the residents’ preparedness for floods and
their anticipation of floods.
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Preparedness after the Tokai flood: flood anticipation, fear of floods, and
amount of damage sustained in flood

We analysed the relationship between flood anticipation, fear of floods,
and whether or not residents took special measures after the Tokai flood against
future floods. In addition, we examined the relationship between the amount
of damage sustained by the residents in the Tokai flood and whether they
took special measures after the Tokai flood against future floods. The fear
of floods was found to be related to taking special measures after the Tokai
flood against future floods (χ2(3) = 66.58, p < 0.01) (Fig. 2(b)). However,
anticipation of floods was not associated with taking special measures after
the Tokai flood (χ2(1) = 1.76, n.s.). It was also found that the relationship
between the amount of damage sustained by residents in the Tokai flood and
whether they took special measures after the flood against future floods was
significant (χ2(3) = 74.52, p < 0.01) (Fig. 2(c)). These findings indicate that
those who feared floods to be high were more likely to take special measures
against future floods. These results also show that those who had suffered se-
rious damage from the Tokai flood were more likely to take special measures
against floods than those who had not.
b) Determinant factors of flood preparedness: the difference in terms of
home ownership (Fig. 3)
Preparedness before the Tokai flood: taking out an insurance policy and
checking the hazard map

There was almost no difference in terms of the determinant factors be-
tween home owners and those living in rented accommodation, except for the
relationship between fear of floods and preparedness. For example, neither
taking out an insurance policy (home owners: χ2(1) = 2.81, n.s.; renters:
χ2(1) = 0.25, n.s.) nor checking the hazard map (home owners: χ2(1) =
0.17, n.s.; renters: χ2(1) = 3.15, n.s.) was associated with flood experi-
ence. Thus, home ownership does not affect the relationship between flood
experience and preparedness for floods. Furthermore, neither taking out an
insurance policy (home owners: χ2(1) = 0.22, n.s.; renters: χ2(1) = 0.03,
n.s.) nor checking the hazard map (home owners: χ2(1) = 0.40, n.s.; renters:
χ2(1) = 0.01, n.s.) was related to flood anticipation.

The relationship between the residents’ level of fear of floods and their
preparedness was analysed. The analysis revealed a statistically significant
relationship between the fear of floods and taking out an insurance policy
for the residents who owned their homes and who were ‘fearful’ or ‘very
fearful’ of floods (home owners: χ2(2) = 7.10, p < 0.05; Fig. 3(a)) (renters:
χ2(2) = 0.18, n.s.; Fig. 3(b)). However, there was no relationship between
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the fear of floods and checking the hazard map (home owners: χ2(2) = 0.05,
n.s.; renters: χ2(2) = 0.53, n.s.).
c) Preparedness after the Tokai flood: flood anticipation, fear of floods, and
amount of damage

In addition to preparation beforehand, for home owners there was a sta-
tistically significant relationship between the fear of floods and taking special
measures after the Tokai flood against future floods. There was a statistically
significant relationship between the fear of floods and taking special measures
against future floods for the residents who owned their homes (home owners:
χ2(2) = 67.14, p < 0.01, Fig. 3(c); renters: χ2(2) = 1.16, n.s., Fig. 3(d)).
However, flood anticipation was not associated with preparedness after the
flood (home owners: χ2(1) = 2.18, n.s.; renters: χ2(1) = 0.17, n.s.). This
finding indicates differences in terms of home ownership concerning the rela-
tionship between the fear of floods and preparedness for future floods. For the
home owners, there was a statistically significant relationship between fear
and preparedness, while for the renters, the fear of floods was not related to
preparedness.

There was also a relationship between the amount of damage sustained
in the Tokai flood and taking special measures against future floods for the
residents who owned their homes (home owners: χ2(2) = 54.28, p < 0.01,
Fig. 3(e); renters: χ2(2) = 3.69, n.s., Fig. 3(f)). Residents who owned their
homes and whose property was seriously damaged by the Tokai flood (i.e.,
those whose homes were flooded above floor level) took special measures
after the flood against future floods (home owners: χ2(2) = 54.28, p < 0.01,
Fig. 3(e); renters: χ2(2) = 3.69, n.s., Fig. 3(f)) . However, those who suffered
little damage (i.e., those whose homes were flooded below floor level) did
not take any special measures and neither did those whose homes were not
damaged by the flood.
3.3 Discussion
a) The effects of flood experience

Generally, it is believed that those who have experienced a flood are more
likely to take special measures to prepare for future floods. However, this
study found that flood experience and flood anticipation do not necessarily
contribute to a person’s preparedness for floods. This means that previous ex-
perience does not necessarily contribute positively to awareness about future
floods and preparedness against them.
b) Effects of flood anticipation and fear of floods

There was a statistically significant relationship between the fear of floods
and preparedness for floods, although flood anticipation was not related to
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preparedness. It was also found that home ownership affected the residents’
preparedness for floods and the relationship between the fear of floods and
preparedness. Those home owners who were more fearful of floods were
more likely to prepare for future floods than those who were less fearful of
floods. In contrast, those who lived in rented accommodation did not nec-
essarily improve their preparedness for floods, even if they were fearful of
floods. This result suggests that emotional response has a stronger effect on
preparedness for floods than cognitive response such as flood anticipation.

Sjöberg (1998) was the first to suggest the difference between emotional
response and cognitive response in events that involve a certain amount of
risk, such as traffic accidents or thunderstorms. Assuming the validity of these
findings, it can be concluded, based on the results of this study, that cognitive
response (e.g., flood anticipation) does not contribute to residents’ prepared-
ness for floods; rather it is the emotional response (e.g., fear of floods) that
is strongly related to residents’ preparedness. The results of the study are,
however, insufficient to permit conclusions about the difference between emo-
tional and cognitive reactions.
c) The effect of home ownership

A crucial factor found in this study to have determined preparedness for
floods was home ownership. Thus Mulilis et al.’s (2000) conclusion that home
owners feel more in control of their lives and tend to be more responsible than
renters with respect to preparedness against tornados should not be surpris-
ing. A similar conclusion can be drawn in the case of floods. For home
owners, there was a strong relationship between the fear of floods and tak-
ing out an insurance policy as well as taking special measures after the Tokai
flood against future floods. In addition, there was a statistically significant
relationship between the amount of damage in the Tokai flood and prepared-
ness for floods among home owners. These results mean that residents who
own their homes manage the risk of floods based on the amount of damage
from previous floods. In contrast, the fear of floods and the amount of damage
sustained in a previous flood by renters do not necessarily contribute to their
preparedness for future floods. This is because those who own their homes
are more likely than renters to want to protect their property from floods. This
result implies that home owners invest more time and money in constructing
their homes and acquiring household goods than those who live in rented ac-
commodation. Therefore, home owners are likely to place more emphasis on
their preparedness for floods and are likely to be more fearful of floods than
renters.
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4 Do flood risk perception and fear of floods directly affect prepared-
ness against floods?

4.1 Hypothesis model of residents’ preparedness against floods
It is generally believed that flood-risk perception and flood experience

are directly related to preparedness against floods. Our findings, however,
indicate that these do not always directly affect residents’ preparedness. This
suggests that other factors are related to the behavioral intention to prepare
against floods. Therefore, we need to reconsider the determinant factors of
residents’ preparedness against flood in this chapter.

A prior psychological study categorized worry as an emotional response
and risk perception as a cognitive one in events such as thunderstorms (Sjöberg,
1998). Those who perceive flood risk and fear of floods will try to reduce their
worries because they feel uneasy in dangerous situations. If this hypothesis
is right, both flood-risk perception and fear of floods should increase individ-
uals’ sense of self-responsibility and concern about floods because residents
who perceive flood risk and who are afraid of floods, will voluntarily learn
about floods or preparedness.

Both concerns about floods and the sense of self-responsibility should af-
fect preparedness against floods. The sense of self-responsibility should in-
crease the concern about floods because those who have the sense of self-
responsibility need to check potentially dangerous areas on flood maps and
taking out insurance policies themselves. Based on that thinking, we can pre-
dict that the sense of self-responsibility and the concerns about floods are
related to the behavioral intentions about floods. Furthermore, the sense of
self-responsibility should be related to the concern about floods. Such factors
might affect residents’ preparedness against floods.

Moreover, the residents’ evaluations of flood policies are related to their
own preparedness against floods. When the public administrators decide on
flood prevention policies without explaining these to residents, the residents
may not voluntarily accept their decisions. Prior social psychological studies
have revealed that both those who perceived that public administrators listened
to residents’ opinions and those who perceived that they had explained their
decisions were willing to accept these decisions (Takao, 2002; Takao et al.,
2003a; Tyler and Lind, 1992; Tyler et al., 1997). In other words, those who
evaluated the decision-making process for policies as being fair were willing
to obey the decisions made by public administrators, including being prepared
for floods (see hypothesis model in Fig. 4). The next section contains an
analysis of the hypothesis model.
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4.2 Methodology
A questionnaire-based survey was conducted in Nagoya City and adjacent

areas (Fig. 1) in February 2002, 17 months after the disaster occurred. We
mailed the questionaire to 4,000 residents of Nagoya City and the adjacent
areas of Shinkawa and Nishibiwajima Town. We received 3,036 replies (i.e.,
response rate of 75.9%). The following items were assessed using a 5-point
Likert scale that ranged from “I strongly disagree” to “I strongly agree”.
a) Evaluation of flood administrative procedures

The respondents were asked to agree or disagree with the statements: “The
administration explained their decisions to residents in making flood preven-
tion policies”, and “The administration listened to residents’ opinions in mak-
ing flood prevention policies”.
b) Flood risk perception

The respondents were asked to agree or disagree with “I think my home is
capable of being damaged by flood”, “I think my home will be flooded above
floor level”, and “I think my living area can be damaged by flood”.
c) Fear of floods

The respondents were asked to agree or disagree with “I feel a fear of
floods when it rains” and “When I think about rain, I feel uncomfortable”.
d) Sense of self-responsibility

The respondents were asked to agree or disagree with “Residents should
prepare emergency rations by themselves”, “Residents should prepare for
floods because public agencies cannot protect all of them when unexpectedly
heavy rainfalls occur”, and “If possible, residents should protect both their
household goods and their lives”.
e) Concern about floods

The respondents were asked to agree or disagree with “I think we should
check flood maps for potential areas of inundation”, “I had concerns about
taking the measures recommended by public agencies”, and “Floods represent
a serious threat for me”.
f) Behavioral intention of flood preparedness

The respondents were asked to agree or disagree with “I want to partici-
pate in a residents’ flood action group”, “I want to participate in disaster pre-
vention activities in my town”, and “I want to participate in disaster prevention
seminars or disaster prevention training”.
4.3 Results

We used structural equation modeling. Structural equation modeling is a
statistical technique commonly used in questionnaire-based surveys to estab-
lish the causal relationship among variables. The values are standardized path
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coefficients. The model was estimated using the covariance structure analy-
sis in AMOS (Fig. 5). The results indicated that flood-risk perceptions, fear
of floods, and sense of self-responsibility were not directly related to behav-
ioral intention of preparedness against floods. The analysis also indicated that
the fear of floods was not related to self-responsibility. Furthermore, flood
risk perceptions were not related to concerns about floods. We modified the
hypothesis model based on these results to create the one in Fig. 6.

The chi-square test revealed that the model was statistically significant.
Generally, when there are more than a thousand sample models, chi-square
tests indicate they are statistically significant. We also estimated its goodness
of fit index (GFI), adjusted goodness of fit index (AGFI), confirmatory factor
index (CFI), and root mean square error of approximation (RMSEA) in this
study. Covariance structure analysis was conducted on the modified model.
Values above 0.90 on the GFI, AGFI, and CFI are generally considered a good
fit, as are values below 0.08 on the RMSEA.

The modified model yielded values of 0.953 on the GFI, 0.936 on the
AGFI, 0.915 on the CFI, and 0.061 on the RMSEA and analysis indicated
that the model was valid. The modified model indicated a strong correlation
between flood-risk perceptions and the fear of floods. Flood-risk perceptions
are strongly related to the sense of self-responsibility. Furthermore, the fear
of floods is related to concerns about floods. The sense of self-responsibility
is not strongly affected by assessments of administrative procedure on flood
policies and the fear of floods. Thus, the sense of self-responsibility is de-
termined mainly by flood-risk perceptions. The sense of self-responsibility
determines concern about floods. Also, concern about floods is related to the
intention to prepare against floods.
4.4 Discussion

These results mean that both the flood-risk perception and the fear of
floods do not directly affect personal preparedness against floods. The percep-
tion of flood risk was strongly related to residents’ sense of self-responsibility
in being prepared against floods, but it was not related to their willingness to
know more about them. However, their fear of floods was related to actual
concerns about them; this was an important factor that affected their attitudes
toward preparedness. This means that the sense of self-responsibility and
the fear of floods were important factors that affected their concerns about
floods. The results also indicated that residents’ willingness to learn more
about floods was an important factor that affected their attitudes toward pre-
paredness.

Public administrators are generally trying to promote residents’ aware-
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ness of self-responsibility (e.g., Aichi Prefectural Government, 2000; Cabinet
Office, 2002) because they cannot always protect all residents in time of un-
expectedly heavy rainfalls. This study discovered that if residents were not
individually responsible for their own preparedness, they did not demonstrate
concern for floods. Moreover, if residents did not fear floods, they were not
concerned about floods. We therefore need to construct a learning system
whereby residents can have access to issues related to floods. The amount
of information we give to residents should depend on their perceived level of
flood risk and fear of floods. The system would motivate residents to partici-
pate in resident-based risk management systems.

5 Concluding Remarks
Our analysis shows that we should focus on residents’ fear of floods and

that the fact that residents’ fear of floods and flood-risk perception are not
directly related to preparedness against floods. It may not be right to value
only residents’ flood-risk perception and fear of floods. We should also pay
attention to some psychological factors such as a sense of self-responsibility
and concern with floods. Almost all learning systems for flood prevention for
residents, however, have been focused on the sense of risk and fear of floods.
Therefore, it is important that residents should learn about floods through a
new education system that takes into account the models in this study.

However, this will not be easy to achieve. How should we do it? The
above analyses suggest some important points for enhancing residents’ pre-
paredness. First, we should consider the relationship between flood-risk per-
ception and sense of self-responsibility. The sense of self-responsibility is
important because it corresponds with residents’ intention of preparedness
against floods. Although flood-related learning activities in general have tried
to enhance residents’ flood-risk perception, giving information about why res-
idents have to take responsibility for preparedness is not enough. To give
a currency to people’s responsibility as residents, the Pafrics developed by
the NIED project (refer to Part III) is equipped with some information about
residents’ responsibility on flood preparedness. One of the basic functions
installed in the Pafrics is based on the analysed models in this study. This
is a newly constructed flood learning system because it is based on some so-
cial psychological analysis. Second, we should not miss the relationship be-
tween the fear of floods and the concern with floods. A determinant of the
concern with flood is important because it relates directly to residents’ pre-
paredness. Although traditional flood learning has tried to enhance residents’
feeling of fear, even if fear of flood is enhanced, it is not enough to motivate
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residents to prepare against floods. Actually, if residents are to prepare against
floods, they need to know flood mechanisms. If residents were to take part in
workshops that used PAFRICS, they might get an opportunity to reconsider
resident-based flood prevention. Many scientists have emphasized the im-
portance of resident-based disaster preventive plans, and our new education
system will take an important step in that direction by providing residents
opportunities to participate in such resident-based flood risk management.
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Roles of Volunteers in Disaster Prevention:
Implications of questionnaire

and interview surveys

Isamu Suzuki

1 Introduction
In Japan, a country prone to natural disasters, community organizations

such as volunteer fire corps and flood-fighting organizations have assumed a
role in preventing disasters. To enable rapid early relief activities in the event
of a disaster, local disaster prevention efforts must be made in normal times.
Local residents as well as government authorities also need to participate and
cooperate in devising ways to protect communities so that residents’ efforts
can be reflected in administrative planning. It has been pointed out (Cabinet
Office, 2002), however, that the ability of communities to prevent disasters has
declined as nuclear families have become predominant, traditional communi-
ties have declined, and the number of solitary elderly people has increased.
Despite such decline of communities’ preparedness to disasters, the number
of people volunteering to participate in relief activities has increased in the
event of disasters in recent years.

More than ten years have passed since the Hanshin-Awaji Earthquake of
1995, which was said to be the first year of volunteer activities in Japan, and
volunteer activities in times of disaster are no longer matters worthy of special
mention. Today, there are several nationwide networks established by disaster
volunteer groups, and their relief activities performed through nationwide net-
working are proving successful. It is therefore important to study the activities
that are actually performed by these disaster volunteers, the problems being
encountered by them, and the role that they now play in disaster management
in terms of facilitating communities’ preparedness to disasters through all cy-
cle of them.

To study these subjects, questionnaire surveys and interview surveys have
been conducted. The questionnaire surveys were done in the areas affected
by the Niigata Heavy Rain, the Fukui Heavy Rain, and Typhoon No. 23 and
Heavy Rain in 2004. The interview surveys were done in the areas affected
by the Niigata Heavy Rain and the Niigata-ken Chuetsu Earthquake in 2004.

153
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In this chapter, first we summarize the history and state of disaster vol-
unteers in Japan (Section 2). Second, on the basis of the results of the ques-
tionnaire surveys and interview surveys, we discuss current disaster volunteer
activities and the challenges being encountered (Section 3). We then discuss
what disaster prevention efforts should be like in the coming years on the basis
of the study results obtained thus far (Section 4).

2 Past and Present of Disaster Volunteer Activities in Japan
Numerous volunteer workers have been involved in disaster relief since

the Great Hanshin-Awaji earthquake of 1995 and the oil spill off the coast
of the Japan Sea of 1997. Today, volunteers are essential to disaster re-
lief. Nationwide networks of disaster volunteer groups have been established.
The “National Earthquake Disaster Network” was founded in November 1997
composed of a dozen member groups nationwide. “Japan Disaster Relief Net-
work (J-net)” was organized in January 2000 with twenty-odd members all
over Japan (Fig. 1).

Disaster relief activities by national networks, although still at a trial-and-
error stage, have been steadily producing effective results. For example, vol-
unteers began exchanging information and helped establish volunteer centers
in affected areas immediately after the Tokai Heavy Rain of 2000, the eruption
of Mt. Usu in Hokkaido in 2000 and the earthquake centered in the northern
part of Miyagi Prefecture in 2003. When floods occurred in many parts of
the country in 2004, disaster volunteer centers were established in affected
areas and volunteers participated in relief activities. According to published
figures (FDMA, 2004; Ibaraki Social Welfare Council, 2004), the number of
volunteers who participated in relief activities was about 45,000 in Niigata
Prefecture at the time of the Niigata Heavy Rain, about 58,000 in the Fukui
Prefecture at the time of the Fukui Heavy Rain, and about 22,000 in the Hyogo
Prefecture at the time of Typhoon No. 23, respectively. From a practical view-
point, it is of great significance that various groups have been seeking relief
activities more focused on victims and making efforts to participate in timely
activities via networks.

Behind the active formation of networks of disaster volunteer groups was
the difficulty in maintaining volunteer activities under normal conditions. Boy
scouts, YMCA and other numerous existing volunteer organizations were in-
volved in relief activities different from those under normal conditions dur-
ing the Great Hanshin-Awaji Earthquake (Nishinomiya Volunteer Network,
1995). In business circles, the labor union of Matsushita Electric Industrial
Co., Ltd., COOP Kobe, and other groups delivered goods, prepared hot meals
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Fig. 1. Locations of groups constituting J-net.

or were engaged in cleaning (Kaneya, 1996). Emergent organizations were
created as networks of these groups. Typical examples include local NGO
support coordination councils and “Nishinomiya volunteer network”. Several
other emergent organizations were created. Not many emergent organiza-
tions have, however, been continuing activities after the earthquake. Volun-
teer workers also participated in relief on such occasions as the Great Kanto
Earthquake of 1923, Fukui Earthquake of 1948, Typhoon Ise Bay of 1959
(Noda, 1995; Urban Disaster Research Institute, Disaster Prevention Bureau,
National Land Agency, 1987), and the pyroclastic flow disaster due to the
eruption of Mt. Fugen, Nagasaki Prefecture in 1991 (Kanegae, 1993; Ya-
mashita, 1994). Not many of such activities have been continued at normal
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times. As Dynes and Quarantelli (1968) pointed out some time ago, volun-
teers who work in emergent organizations return to their normal life once the
urgent relief period is over. Extending organizations resume their daily activ-
ities. Then, these types of organizations have difficulty in continuing relief
activities. To compensate for such drawbacks of volunteer work, disaster vol-
unteer groups develop a national network to continue activities under normal
conditions through coordination with other groups.

Excessively organized emergent groups through networking to continue
activities is likely to reduce flexibility. In emergency conditions, including
disasters, uncertainty increases (Noda, 1997) and one event occurs after an-
other that is unexpected based on pre-prepared manuals or scenarios. What is
most important in the field in disaster relief is therefore relief measures taken
according to circumstances. For example, when distributing relief goods at a
specific shelter or when providing relief services to specific elderly or physi-
cally impaired people, quick measures should be taken focused on immediate
needs while no explicit specifications are available in manuals. Actions are
required to modify available principles described in manuals when they are
found to be inappropriate under actual conditions, or to work out response
to events not assumed in manuals (Tachiki, 1999). Excessive organization of
volunteers is likely to hamper such actions. Volunteer workers are expected to
prove their potential in situations not assumed in disaster manuals or scenarios
if they are not excessively organized but are allowed to work freely (Atsumi,
1998).

National networks of disaster volunteer groups therefore need to continue
daily activities under normal conditions while keeping themselves prepared
to take impromptu measures during a disaster under a situation not defined
in predetermined relief programs. It is necessary to organize volunteers to
enable them to take actions according to the circumstance during a disaster
and continue activities under normal conditions.

Subsequent sections will focus on the above issue and discuss activities of
volunteers during a disaster.

3 Disaster Volunteer Activities and Problems of Disaster Prevention
3.1 Purpose and method

A questionnaire survey and interview surveys were conducted to collect
information on volunteer activities in times of floods or earthquakes. The
questionnaire survey covered the cities of Sanjo (Niigata Prefecture), Fukui
(Fukui Prefecture), and Toyooka (Hyogo Prefecture) which respectively suf-
fered flood damage caused by the Niigata Heavy Rain, the Fukui Heavy Rain,
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and Typhoon No. 23 in 2004. From the Basic Resident Register, 1,000 house-
holds were chosen from each city by random sampling. Replies were obtained
from 1,259 households (the response ratio was 42%).

An interview survey was conducted in September, 2004, in flood-affected
areas in the Niigata Prefecture. The interviewees were members of the Sanjo
City Hall, Sanjo City Social Welfare Council, Mitsuke City Hall, Mitsuke
City Social Welfare Council, and the Nakanoshima Social Welfare Council.
In February, 2005, an interview survey concerning the Niigata-ken Chuetsu
Earthquake was conducted. The interviewees were members of the Nagaoka
City Social Welfare Council, the former Yamakoshi Village Volunteer Cen-
ter, and KOBE-kara Ouen-suru Kai (Supporters from KOBE; a disaster-relief
NPO).
3.2 Results and discussion

According to questionnaire results, “mud removal” and “disaster debris
removal” were the most common activities carried out by volunteers in the
aftermath of floods, and both of these activities accounted for about 30% of
all volunteer activities, followed by “assistance to evacuees” (13%). With re-
spect to the questions concerning the respondents’ opinions about volunteers,
72% of the respondents chose “Strongly agree” concerning the statement “As-
sistance provided by volunteers contributed to the recovery of the affected ar-
eas.” Concerning the statement “I am grateful to the volunteers”, 74% of the
respondents chose “Strongly agree.” These results indicate that the people
in the affected areas have positive opinions of volunteers. The high percent-
ages of respondents who felt grateful to the volunteers and who thought the
volunteers contributed to the recovery of the affected areas indicate that the
volunteers were not regarded as mere “feel-gooders”, but as people who re-
ally helped the affected areas.

Disaster volunteer activities in Japan gathered momentum at the time of
the Hanshin-Awaji Earthquake. During the 10 years that followed, a num-
ber of disasters occurred, and today volunteers participating in disaster re-
lief activities are no longer a rare sight. In times of disaster, disaster-relief
NPOs, government agencies, and local organizations in the affected areas,
often jointly establish disaster volunteer centers. At the time of the recent Ni-
igata Heavy Rain, five volunteer centers were established during the period
from July 14 to 16 under the leadership of the social welfare council.

At the time of the Niigata flood, however, cooperation between volunteers
and the administrative authorities posed a number of problems. The interview
survey revealed that in areas which had not previously experienced disasters,
cooperation between the government, disaster-relief NPOs, and local organi-
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zations such as social welfare councils was essential to carry out relief activ-
ities. Some confusion arose, therefore, when the disaster volunteer centers
were established.

A major factor was the lack of know-how regarding cooperation between
volunteers and local government. Because the use of volunteers in times of
disaster was a novel step, each action was a new experience and took time to
implement. Another factor that contributed to confusion was that the govern-
ment and the social welfare council accepted volunteers separately.

In contrast, at the time of the Niigata-ken Chuetsu Earthquake, disaster
volunteer centers were quickly established. During the period from October
24 to 30, 11 disaster volunteer centers were established in Niigata Prefecture
under the leadership of the social welfare council. Websites were also opened,
and information concerning volunteers and supplies was disseminated through
the Internet. The ability to establish quickly the volunteer centers was re-
lated to the experience gained from the past flood disaster. First, a system
to facilitate cooperation between disaster-relief NPOs from other areas, the
government, and the social welfare council (which played an important role
in establishing and operating the volunteer centers) was already established.
Second, having learned from the past flood disaster, the government clearly
identified the contact organization responsible for accepting volunteers.

The interview survey, however, revealed some remaining challenges re-
lated to volunteer activities. First, it was difficult to take appropriate and
prompt action in a situation where no operational manual was available and
unexpected events occurred one after another. To overcome this problem,
appropriate coordination of personnel, goods and equipment, money, and in-
formation is needed. A second challenge is to find ways to make effective use
of the knowledge accumulated in connection with the recent earthquake in
future disasters within the same areas and elsewhere. For example, from ex-
perience acquired through this flood and earthquake, NPOs and social welfare
councils in other prefectures have gained the know-how needed to smoothly
accept volunteers. Thus, the challenge is to enable effective dissemination of
such know-how so that it can be applied in future disasters regardless of where
they occur. A third challenge concerns the need to train volunteer leaders who
can work over an extended period of time. Volunteers arrive at an affected area
determined to work hard to help, but there are not always suitable activities
for them to participate in so they often remain idle for a long time. Volunteer
leaders need to be trained so that they can cope with such situations. A fourth
challenge concerns the need to turn over volunteer activities to local organiza-
tions or local NPOs. Sooner or later, volunteers have to leave the affected area
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during the emergency period. To provide long-term assistance and ensure re-
covery of the affected area, local organizations must be prepared to take over
the volunteer activities.
3.3 Implications to the activities of disaster volunteers

Based on the above survey results, this section summarizes the main chal-
lenges regarding disaster volunteer activities and proposes measures to meet
those challenges.
(1) Need for rear-echelon support

In times of disaster, information must be shared concerning personnel,
goods and equipment, and funding, and emergency relief supplies and volun-
teers must be efficiently coordinated. At disaster volunteer centers established
in an affected area, it is difficult to take the entire affected area into consider-
ation because of the need to cope with changing conditions in the immediate
vicinity. There is a need for rear-echelon organizations or groups that can
liaise between disaster volunteer centers in different areas and coordinate the
traffic of personnel, goods and equipment, and money to enable efficient relief
activities.
(2) Need for long-term support

Evacuees may need to live in temporary housing for two or more years.
At the time of the Hanshin-Awaji Earthquake, the deaths of elderly people liv-
ing alone in temporary housing was reported later by mass media. To prevent
similar incidents, long-term support must be provided to the residents of such
temporary housing. Fortunately, there are many areas, such as in Nagaoka
City and Yamakoshi Village, where disaster volunteer centers have been estab-
lished within temporary housing sites. Such disaster volunteer centers need to
provide long-term livelihood support to evacuees living in temporary housing
in cooperation with the government, social welfare councils, social welfare
organizations, local NPOs, and other organizations.
(3) Importance of the role of volunteers or NPOs in reconnecting the af-
fected area with the rest of the world

In the interview survey, volunteers and NPOs were often likened to “ad-
hesives” or “catalysts”. That is, volunteers and NPOs were described as adhe-
sives for connecting people together or connecting various activities together
and as catalysts for reconnecting the affected area with the rest of the world.
As various people and activities became connected, new relationships came
into being. Relationships thus formed while dealing with a disaster together
may have commercial and cultural significance and might help the affected
area recover.
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(4) Need for regional cooperation in sharing and accumulating disaster
experience

The know-how gained from the experience of the Niigata-ken Chuetsu
Earthquake is invaluable, and the knowledge thus gained must be used ef-
fectively to cope with future disasters. The acquired disaster experience and
knowledge should be shared with the world, rather than simply retained in the
affected area. To enable such sharing, it will be necessary to create regional
cooperative relationships with outside organizations and groups.
(5) Need for cooperation in normal times

Disaster prevention is synonymous with community building. It is not a
task that can be fulfilled by disaster-related organizations or groups working
alone in times of disaster. For example, providing assistance to elderly people
and people with disabilities requires cooperation between the various people
who are engaged in welfare activities in normal times. Likewise, the rapid and
smooth dissemination of information through the Internet in times of disaster
requires the prior cooperation in normal times of people who are well versed
in information technology and who have the knowledge needed to transmit
relevant information. By building cooperative relationships among various
local resources in normal times, activities in times of disaster can be carried
out more smoothly and long-term assistance can be provided to affected areas.

4 Concluding Remarks: Ways to Enhance the Ability of Communities
to Prevent Disasters
The surveys have led to the following major findings. Concerning prob-

lems and challenges related to volunteers in times of disaster, there is a need
for rear-echelon support in times of disaster and long-term assistance in af-
fected areas. Volunteers and NPOs play an important role of “catalysts”. In
addition, regional cooperation in sharing and accumulating knowledge gained
from disaster experiences and prior cooperation in normal times are beneficial.

These findings make it possible to define an alternative approach to disas-
ter prevention for the coming years. As mentioned, it is generally acknowl-
edged that the ability of communities in Japan to prevent disasters has de-
clined, as the decreasing number of volunteer fire corps indicates. However,
local communities have to continue to play an important role in relief activ-
ities in times of disaster and in the subsequent recovery efforts. Thus, it is
necessary to enhance the ability of communities to prevent disasters through
approaches that differ from the conventional ones.

Important factors that help enhance the ability of communities to prevent
disaster are acquired knowledge, information, and mutual trust. In a tradi-
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tional territorial society, where almost all people are mutual acquaintances,
the history of local disasters and the experiences of those disasters are handed
down as wisdom, and information regarding dangerous sites and persons who
need help in times of disaster is shared. In modern society, though, people’s
lives are isolated by their lifestyles. Newcomers to an area do not know the
history of local disasters and, not knowing who lives where, they are unable to
build relationships of trust. If alternative ties are to be created under such cir-
cumstances, there is a need for a new type of cooperation that enables people
who are engaged in different types of activities to build ties with one another.

Disaster volunteer organizations can serve an important purpose in this
situation. The history of disaster volunteering in Japan is relatively short, and
disaster volunteer organizations are still sometimes “outsiders” in the eyes of
traditional local organizations. Outsiders and mavericks, however, can cause
major changes in existing communities (e.g., Sugiman, 2000). This is one
way volunteers can serve as catalysts. It is possible, therefore, that disas-
ter volunteer organizations will change existing ties in a local community so
as to improve local disaster prevention activities. Local organizations (such
as neighborhood community associations, volunteer fire corps, and volun-
teer disaster-prevention organizations), various NPOs (such as disaster-relief
NPOs and social welfare NPOs), and local government authorities need to
build a network through interorganizational cooperation (Fig. 2).

To enhance the ability of communities to prevent disasters, these organi-
zations and individuals should share knowledge and information while also
building mutual trust on the basis of the concept of risk communication. To
do so, it is necessary to deal with various types of risk (e.g., risk of crimes,
environment, welfare, and so on) instead of focusing only on disaster preven-
tion. It is also worth keeping in mind that unilaterally conveying knowledge
about flood prediction, etc., is not enough; local residents must also discover
various local risks by themselves. To do this, it may be helpful for a disaster
volunteer organization to hold, for example, a “town walking workshop” to
learn more about the local community (e.g., Watanabe, 2000). A town walk-
ing workshop is an activity to identify dangerous sites and problems that may
be encountered in the event of a disaster while walking in the local commu-
nity. Activities like this make it possible to discover that there are various
interrelated risks, including disaster risks, in the local community and to learn
that these various risks must be addressed through various types of knowledge
and activities.

As a result of exchanges between people working in different fields, peo-
ple who have never met should be able to work together outside of the frame-
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work of organizations and activities and develop ties that will help re-energize
communities. Revitalization of communities will strengthen their ability to
prevent disasters. The consequence will be to enable prompt and flexible re-
sponses to disasters and long-term assistance to victims through local disaster
prevention efforts to protect communities from river flooding.
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Issues and Attitudes of Local Government Officials for
Flood Risk Management

Kiyomine Terumoto

1 Introduction
Flood risk management is currently in transition and there are several is-

sues involved: 1) Not only flood control structures but also non-structure mea-
sures in flood risk management have been considered as being important. 2) A
shift from the concept of building flood control structures in order to prevent
flood disasters to the direction that allows a certain flood risks is emerging. 3)
There is a social situation in which the necessity to offer risk information in-
cluding flood risk, responses based on self-responsibility, and the importance
of citizen participation have been recognized.

The objectives of this chapter are to analyze the awareness related to the
current flood risk management issues among local government officials, based
on the survey. Then, issues and attitudes of local government officials for
promotion of flood risk management in the future will be examined.

2 Reviews of Current Issues with Regard to Flood Risk Management
2.1 Provision of public funds to disaster victims

The Natural Disaster Victims Relief Law, which was enforced in Novem-
ber 1998 to provide money for disaster victims in order to support their liveli-
hood, was revised in April 2004. Following the revision of the law, a housing
stabilization support system was implemented to assist with the expenses re-
lated to housing repairs and land leveling. However, the law does not cover
the actual costs of reconstructing the main bodies of buildings. Also, there
are income and age restrictions in the law. In addition, regarding the recogni-
tion of the damage, support is not provided to the victims of inundation above
floor level, unless the building damage is recognized as “complete collapsed”
or “large-scale half-collapsed”.

What the damaged areas want does not agree with what the support sys-
tems based on the law provide for them. In addition, support depends on how
the local government recognizes the degree of the damage. Providing money
directly to the victims is actually effective in advancing the reconstruction of
the damaged area. On the other hand, generous support for the victims may
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create moral hazards, and it may discourage the promotion of disaster reduc-
tion measures. Well-balanced systems in which support is fairly provided and
the needs of the victims are taken into account are necessary.
2.2 Development of the awareness of self-responsibility among citizens

When a large-scale disaster occurs, it is impossible for administrative of-
ficials to carry out disaster-related responses only by themselves. Disasters
have to be reduced through self-help by each citizen and cooperation by citi-
zens. However, many citizens don’t take disaster-reduction action, even under
crisis and depend on the government to do that in Japan. So, in terms of
disaster-reduction measures, citizens’ awareness of their self-responsibility is
a big problem. Therefore, disaster education is an important factor in increas-
ing disaster-reduction awareness among citizens. However, it is also pointed
out that local government officials tend to see the ineffectiveness of ordinary
disaster education and material distributed to citizens (Terumoto et al., 2004).
Regarding disaster education, disaster-reduction measures and the roles of cit-
izens in disaster-risk mitigations must be clarified.
2.3 Expansion of authorities of the local governments regarding river

improvement
As rivers form a network, consistent management of river systems is effec-

tive. On the other hand, rivers have important functions in local areas, such as
amenity facilities and landmarks. So rivers in local areas should be regarded
as a part of land-use planning.

Local government authority over river improvement was expanded in 2000.
As a result, local governments were able to carry out certain levels of river
improvement to the first-grade rivers that are under their direct jurisdiction.
However, items such as the establishment of primary river improvement plans
are not included in the local government authorities. River improvement man-
agement should be linked with local areas and with each management unit, in
terms of various functions related to flood control, irrigation, and the environ-
ment.
2.4 Publishing of flood hazard map

Publishing risk information on areas which might have high flood risk is
requested from the social point of view. For instance, citizens should have
the right to know, and should be able to choose some options for the disaster
measures based on the information. Such information is also expected to raise
disaster reduction awareness and increase citizens’ knowledge.

Publishing risk information of high flood risk areas in designated rivers
has been the obligation of local governments, through the revision of the Flood
Prevention Law in 2001. Furthermore, based on the fact that many flood dis-
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asters occurred in 2004, the Flood Prevention Law was revised again in 2005,
expanding the range of designated rivers, which included small-to-medium-
sized rivers. However, only 434 local governments had made and published
flood hazard maps as of September 2005 (MLIT, 2005).

On the other hand, hazard maps have various problems. For example, 1)
it is extremely difficult to identify property flood risks, 2) hazard maps reflect
only some of the extreme cases, 3) ordinary hazard maps do not take into
account internal flooding, 4) it is worrying that inaccurate information may
affect the value of real estate, and, 5) there are other risks that the information
on hazard maps may be treated as “safety information”. So, there are various
barriers against using hazard maps effectively.
2.5 The disclosure of flood risk information on real estate transaction

Land which had been originally flood control basins is targeted as new
development areas, because the number of designated developmental areas
have decreased due to urbanization. Consequently, in some cases new devel-
opment areas have high flood risks. Many citizens may choose such areas as
their new places to live without knowing about flood risks and other character-
istics. They want to know and should know how high the risk of flooding is in
their area. Therefore, it is important that the sellers are forced to disclose any
relevant hazard information to the buyers at the time of real-estate transaction.

Under the Real Estate Business Law in Japan, there are items related to
the disclosure of important information at the time of real-estate transactions.
A question of whether the land is in landslide disaster warning areas is also in-
cluded among these items. However, other natural disasters are not included.
The disclosure of the information on other natural disasters should be also
discussed.
2.6 Land-use restrictions in flood risk mitigation measures

Damage caused through internal flooding is increasing in urban areas in
Japan. This is caused by the fact that the ability to drain rainwater has de-
creased in river basins due to urban development. Another reason is the fact
that river improvement projects and regional development projects have been
planned individually under vertically-segmented administrative systems. For
this reason, such projects have been carried out individually without any mu-
tual consistency.

New development areas or high flood risk areas should be actually targeted
at land use restriction areas in flood risk mitigation measures. Currently, some
local governments, although the number of such local governments is lim-
ited, are imposing building restrictions in high flood risk areas, based on the
Building Standards Law in Japan. Regarding land-use management for flood
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disaster-reduction measures, the main issue is to appropriately control land-
use to keep pervious areas from unregulated development. It is necessary to
create such a scheme to manage urban and regional planning linked with the
flood control measures.
2.7 Necessity to make plans based on citizen participation

It has become more and more necessary for citizens to participate in pro-
cedures in making plans regarding not only river improvement projects but
also overall public projects. Major river improvement projects must reflect
residents’ opinions according to the River Law. Based on these social and
systematic requests, river improvement projects reflecting citizens’ opinions
have been carried out in various areas. On the other hand, there are still more
cases in which citizens only partially participate in the processes. In other
words, in such cases project plans are completed in advance, and those plans
will be hardly changed, even though residents receive explanations on the
project at a meeting afterwards.

River improvement project with citizen participation is currently at its
germinal stage in Japan. The accountability to citizens of related various
projects and the transparency of planning procedures have become increas-
ingly needed, and citizen participation has also become important. There is
another aspect that river improvement planning requires high expertise. So
decisions cannot always be made in terms of reflecting the ideas and opin-
ions of citizens. It is necessary to match the citizens’ ideas and opinions and
experts’ special knowledge.
2.8 Improvement of interface functions for planning support

In order to offer a common platform where citizens, administrative of-
ficials, and experts could cooperate to draw up the plans for flood disaster-
reduction measures, some supportive systems are required. For meaningful
discussions, residents’ ideas and opinions, based on reasonable understanding
of flood risks in local areas, cost-effectiveness regarding flood disaster reduc-
tion measures, and other important factors, are required.

Recently, many government authorities have been putting out information
about flood hazards on websites, as the Internet is far-reaching. Some govern-
ment offices are carrying out trials of holding discussions related to the project
plans via online forums. Additionally, the provision of information regarding
flood risks through the use of GIS is an effective function. There is a report
that shows the information provided on disaster risks through GIS changed
citizens’ awareness of disaster risks (Kawasaki et al., 2003).

Flood risks and cost-benefit of disaster reduction measures are generally
unclear to citizens. So it is effective to offer the information by using var-
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ious tools and to exchange opinions based on that information, in order not
only to improve citizens’ awareness of flood disasters, but also examine flood
disaster-reduction plans that reflect citizens’ ideas and opinions. These efforts
are still at the infant stage, but similar efforts will be made in various areas in
the future.

3 Methods and Materials
The survey was carried out among officials in river management and emer-

gency response sections of local governments in Japan. (There were 3,238
local governments at the time of the survey, including the 23 wards of Tokyo.)
Questionnaires were mailed to each local government on February 13 and 14,
2003, and they were to be returned by mail by March 24, 2003.

The official who has worked the longest in the section was requested to
answer, regardless of his/her job class. In those instances where one sec-
tion was in charge of both river management and emergency responses, each
different official at the section took care of answering the questionnaires. The
response rate was 40.2% among river management sections and 46.6% among
emergency response sections.

In the awareness of flood risk management, it was anticipated that there
would be differences between local governments with high flood risks and
those with relatively low risks. Accordingly, the differences of the awareness
based on their disaster experience in each local government were also ana-
lyzed. As to the records of flood disasters, the number of disasters (which
had affected each local government for the last five years before the survey)
was figured out, based on flood damage statistics (MLIT 2000–2004). In the
analyses, the number of disasters was classified into three categories: zero
disaster, one disaster, and two or more disasters. The attributes of respondants
in terms of their age and disaster experience are shown in Figs. 1-1 and 1-2.

Eight questionnaire items related to flood risk management, which were
reviewed in Section 2, were investigated in the survey. The items are as fol-
lows.

i) To spend taxpayers’ money to compensate damages for disaster victims.

ii) To restrict building structures and uses in high flood risk areas to reduce
flood risks.

iii) To develop citizens’ awareness of self-responsibility.

iv) To impose disclosure about flood risk information for sellers or lenders
of properties, relating to real-estate transactions in high flood risk areas.
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Fig. 1-2. Attribute of Respondents in terms of age and flood disasters experience (Officials in
Emergency Response Section).

v) To publish risk information on hazard maps or other materials.

vi) To expand the local government authority for river improvement.

vii) To make river improvement project plans through citizen participation.

viii) To create interface functions to support planning activities for flood risk
mitigation among citizens, administrative offices, and experts.

4 Results
4.1 The awareness of flood risk management

The responses were measured on a seven-point scale where “7” means
“extremely necessary” and “1” means “not necessary at all”, for each item. In
the following analyses, seven points were assigned to the answer “extremely
necessary”, and one point to the answer “not necessary at all”. The ordinal
scale was treated as an interval scale.
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Table 1. The awareness to questionnaire items in relation to flood risk management.

River Management Section Emergency Response Section

Items Mean SD Mean SD

  To spend taxpayers  money to compensate damages

for disaster victims.
5.08 1.41 5.23 1.26 f=9.278**

  To restrict building structures and uses in high flood

risk areas to reduce flood risks.
4.88 1.32 4.85 1.19 f=0.438

  To develop citizens  awareness of self-

responsibility.
5.66 1.11 5.87 1.09 f=26.03***

  To impose disclosure about flood risk information

for sellers or lenders of properties, relating to real-

estate transactions in high flood risk areas.

5.28 1.35 5.27 1.27 f=0.002

  To publish risk information on hazard maps or other

materials.
5.41 1.23 5.41 1.18 f=0.002

  To expand the authority of local government for

river improvement.
4.71 1.17 4.70 1.11 f=0.061

  To make river improvement project plans through

citizen participation.
4.57 1.18 4.59 1.13 f=0.137

  To create interface functions to support planning

activities for flood risk mitigation among citizens,

administrative offices, and experts.

4.67 1.18 4.74 1.10 f=2.961

***p<0.1% **p<1% *p<5%

The means and standard deviations of responses to each item are shown in
Table 1. One-way analyses of variance for each item were conducted between
the awareness of river management section officials and emergency response
section officials (see Table 1). Moreover, to see the differences between the
attributes, one-way analyses of variance (multiple comparison: Tukey’s HSD
test) were carried out in each section. The result of the analyses indicates a
significant difference at the 5% level. The means and standard deviations and
the results of one-way analyses for each attribute in each section are shown in
Table 2.

Table 1 shows that item iii) marks the highest mean in both the river man-
agement sections and the emergency response sections. Especially among
emergency response sections, the mean is relatively high. And also, Table 2
shows that the attribute of the “two or more disasters” is higher than “none”.
This result seems to be caused by local government officials’ perception of
the effectiveness in the experience of flood-disaster responses.

Item v) marked the second highest mean (see Table 1). Regarding item v),
Table 2 shows that the local government officials in the attribute of the “two
or more disasters”, tend to be more aware of the necessity for the disclosure
of high flood risk areas, compared to other local government officials.

Item iv) marked the third highest mean both among river management
sections and emergency response sections. This result indicates that making
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Table 2. Comparisons among disaster experience.

River management section Emergency response section

Items None Once Twice
or more

None Once
Twice

or more

5.10 5.12 5.00 n.s. 5.29 5.26 5.14 n.s.

4.78 4.82 5.03
None, Once<Twice or mo

re 4.78 4.87 4.90 n.s.

5.54 5.70 5.73 None<Twice or more 5.71 5.94 5.98 None, Once<Twice or more

5.18 5.23 5.43 None<Twice or more 5.22 5.31 5.30 n.s.

5.25 5.43 5.55 None<Twice or more 5.30 5.40 5.53 None<Twice or more

4.61 4.69 4.83 None<Twice or more 4.63 4.76 4.72 n.s.

4.56 4.57 4.59 n.s. 4.57 4.58 4.62 n.s.

4.62 4.64 4.75 n.s. 4.66 4.75 4.83 None<Twice or more

it mandatory to disclose the information on high flood risk areas is required
by local government officials. In addition, item ii), “building restrictions in
high flood risk areas”, shows a relatively low mean compared to item iv) (t =
−10.915, p < 0.001 for river management sections; and t = −13.82, p <

0.001 for emergency response sections). Local government officials tend to
be disinclined to impose building restrictions than to make it mandatory to
disclose the information.

Item i) related to compensation for damage was also high means. The
mean value was higher among emergency response section officials than river
management section officials (see Table 1). As to item vi), local government
officials in the attribute of the “two or more disasters” of river management
sections tend to perceive it more necessity to expand local government author-
ities (see Table 2).

Compared to the other items, items vii) and viii) scored relatively low
means. This result seems to show that citizen participation is less attention by
local government officials.
4.2 Relations among the awareness of each flood disaster measures

In order to find the relevance between the items, correlation analysis was
used. The correlation coefficients of the river management sections and emer-
gency response sections are shown in Tables 3-1 and 3-2 which indicate that
there is a strong correlation between items vii) and viii), items vi) and vii),
items vi) and viii), items iv) and v), and items ii) and iv), respectively. The
correlation coefficient between items vii) and viii) is the largest both among
the river management sections and emergency response sections. These two
items and item vi) are related to river improvement planning and citizen par-
ticipation. The correlation between items iv) and v) is the relevance to disclose
risk information. In addition, the correlation between items ii) and iv) is re-
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Table 3-1. Correlation Coefficients (River Management Section).

Items

  To spend taxpayers  money to compensate damages for

disaster victims.
1.00

  To restrict building structures and uses in high flood risk

areas to reduce flood risks.
0.35 1.00

  To develop citizens  awareness of self-responsibility. 0.20 0.40 1.00
  To impose disclosure about flood risk information for sellers

or lenders of properties, relating to real-estate transactions in

high flood risk areas.

0.21 0.52 0.46 1.00

  To publish risk information on hazard maps or other

materials.
0.19 0.42 0.46 0.58 1.00

  To expand the authority of local government for river

improvement.
0.23 0.33 0.30 0.38 0.46 1.00

  To make river improvement project plans through citizen

participation.
0.27 0.29 0.23 0.30 0.39 0.51 1.00

  To create interface functions to support planning activities for

flood risk mitigation among citizens, administrative offices,

and experts.

0.26 0.36 0.31 0.37 0.47 0.53 0.73 1.00

i) ii) iii) iv) v) vi) vii) viii)

i)

ii)

iii)

iv)

v)

vi)

vii)

viii)

Table 3-2. Correlation Coefficients (Emergency Response Section).

Items

  To spend taxpayers  money to compensate damages for

disaster victims.
1.00

  To restrict building structures and uses in high flood risk areas

to reduce flood risks.
0.29 1.00

  To develop citizens  awareness of self-responsibility. 0.25 0.35 1.00
  To impose disclosure about flood risk information for sellers

or lenders of properties, relating to real-estate transactions in

high flood risk areas.

0.20 0.52 0.44 1.00

  To publish risk information on hazard maps or other

materials.
0.24 0.41 0.43 0.50 1.00

  To expand the authority of local government for river

improvement.
0.26 0.37 0.27 0.37 0.43 1.00

  To make river improvement project plans through citizen

participation.
0.19 0.27 0.20 0.29 0.37 0.44 1.00

  To create interface functions to support planning activities for

flood risk mitigation among citizens, administrative offices,

and experts.

0.22 0.31 0.30 0.34 0.45 0.47 0.68 1.00

i)

ii)

iii)

iv)

v)

vi)

vii)

viii)

i) ii) iii) iv) v) vi) vii) viii)

lated to the restrictions.

5 Discussion
5.1 Citizen participation in flood risk management

Developing citizens’ self-responsibility is a crucial issue among local gov-
ernment officials. This tendency was especially strong among local govern-
ments stricken by flood disasters. Publishing risk information is also relatively
crucial. In the current hazard maps, however, there are many problems to be
resolved in this respect (Section 2.3).

Currently, new efforts, such as making new hazard maps through citizen
participation and outreach activities, are being made in various areas in Japan.
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When citizens made hazard maps by themselves as a part of flood disaster re-
duction measures, they would come to understand the nature of flood risks in
each area. It is also effective to develop citizens’ self-responsibility through
these outreach activities. So, it becomes more necessary to provide the infor-
mation regarding flood risks and other matters to citizens, as river improve-
ment plans produced with citizen participation is going to be more frequent
and be diversified. However, the requirement of citizen participation by local
government officials was relatively low. It seems that the importance of risk
communication between citizens and local government officials has not been
well recognized so far by government officials.
5.2 Provision of public funds for disaster victims and the trend of local

governments that suffered natural disasters
The result of the survey showed that compensation for victims is consid-

ered to be necessary by local government officials. This result is different from
the basic concept of the national government’s system that does not compen-
sate private property.

On the other hand, regarding the conditions of the application of the Nat-
ural Disaster Victims Relief Law, for example, Tottori Prefecture instituted
its own regulations after the Western Tottori Prefecture Earthquake and pro-
vided a maximum of 3 million yen for each household to cover its rebuilding
costs. And other local governments have individually expanded support sys-
tems for victims after great disasters. This seems to be caused by the fact that
the details of the restrictions under the law do not correspond with the needs
of disaster-stricken local governments. The problem was seen in the aware-
ness of local government officials. Arrangements are necessary to implement
support measures under appropriate local conditions and disaster situations.
5.3 Importance of flood risk information

Currently in Japan, the disclosure of flood-risk information is not neces-
sarily obligated at a time of real-estate transactions. The survey results, how-
ever, show that the necessity of obligation related to disclosure was perceived
by the local government officials. Local government officials tend to think
that the disclosure of information about high flood risk areas at the time of
real estate transactions should be mandatory.

There are examples of this practice in foreign countries. In California,
when a parcel of land or a building subject to high flood risk is traded, the
seller must notify the buyer that the property is in special hazard area. If the
buyer suffers damage to the property and the seller failed to provide enough
information, the seller will be liable for the damages in some cases.

There remain many problems in making accurate hazard maps in terms
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Fig. 2. Enforcement of Building Restrictions in Areas prone to be flooded.

of flood risk information, as indicated in Section 2.4. However, in order to
enable buyers to receive risk information in Japan, making it mandatory to
provide flood risk information at the time of a real-estate transaction must be
examined.
5.4 Building restrictions in flood risk management

The response for “enforcement of building restrictions for flood risk mit-
igation in the areas prone to be flooded” is shown in Fig. 2. This result was
based on another questionnaire item for officials in the river management sec-
tions. Approximately 1% of local governments have imposed building re-
strictions in areas prone to be flooded (see Fig. 2). Results indicate that an
extremely small number of local governments have imposed building restric-
tions, while many local government officials considered it necessary to impose
restrictions in areas prone to be flooded.

It seems really difficult to implement building restrictions which restrict
public rights at the level of local government in Japan. Nevertheless, build-
ing restrictions for flood risk mitigation was considered necessary by local
government officials who are to be responsible for protecting the lives and
properties of citizens. If the necessity of building restrictions in local gov-
ernments was recognized based on careful consideration, building restrictions
should be examined with sufficient explanations of flood risk to residents.

6 Concluding Remarks
This chapter examined problems and prospects of flood risk management

based on a survey and reviews. The results of the survey showed that there are
still a number of gaps between the requirements of local government officials
and current regulatory institutions in Japan. Bridging the gaps is a future
task in the integrated flood risk management. For that purpose, clarifying the
government authorities’ and citizens’ responsibilities is an essential problem.
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The Niigata Flood in 2004 as a Flood Risk of
“Low Probability but High Consequence”

Teruko Sato, Teruki Fukuzono, and Saburo Ikeda

1 Introduction
On 13 July 2004, torrential rains fell over the Chuetsu region of the Niigata

Prefecture that were remarkable for the total rainfall and amount of rainfall
within a relatively short period of time that triggered hundreds of landslide
events-collapsing hillsides, mudslides, and debris-and in the alluvial lowlands,
the Ikarashi, the Kariyata, and other small to medium-sized rivers feeding
into the Shinano River broke through their levees. Large-scale flooding dev-
astated Sanjo City, Mitsuke City, and Nakanoshima Town where 16 people
died, 2,500 hectares of land were inundated, 29 homes completely destroyed,
158 homes partly destroyed, 13,289 homes with major water damage, and
6,199 other buildings severely damaged. This disaster is referred to as the
Niigata flood of 2004 or simple the flood.

The flood was primarily caused by the failure of the local levees, a highly
unusual low probability but high consequences (LPHC) event because the lev-
ees are built to withstand torrential rain-induced flows. We begin by exploring
the nature and exposure to flood hazard and by defining a damage and loss-
risk structure framework. Then in the rest of the paper, we will describe the
actual conditions and particulars of the Niigata flood risk.

2 Region and Drainage Environment of the Study
2.1 Topography

The Niigata Plain is an alluvial plain formed by centuries by flooding of
the Shinano River. The plain is flat and narrow, sloping from north to south
(see Fig. 1) with beach ridges and sand dunes to the west (i.e., on the Japan
sea side) and hilly and higher mountains to the east. Starting at an elevation
of about 19 m in the vicinity of Nagaoka City, the plain slopes gradually at
a rate of about 0.7 to 0.8 m per 1,000 m and continues until the Nagaoka
lowlands to the south and the Shinano River lowlands to the north (refer to
the topography map). The Shinano River lowlands consists of formerly filled
lagoons in which drainage is deficient and are frequently subject to flooding.

177
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Fig. 1. Contour map of the alluvial plain of the lower reaches of the Ikarashi and Kariyata
Rivers in the Chuetsu region.

The section of the Shinano River from the intake of the Okozu Flood
Diversion Channel to the river mouth is called the lower reaches of the Shinano
River. When the water level is low, the lower reaches of the Shinano River
functions as the lowest downstream section of the Shinano River with a chan-
nel length of 367 km and a drainage area of 11,900 km2. But when flooding
occurs, all the flood waters flow from the Okozu Flood Diversion Channel to
the Japan Sea (Fig. 1), and the lower section of the Shinano River becomes
a major catchment basin that is independent of the upper reaches of the river.
When this occurs, the drainage area shrinks to 1,420 km2 and channel length
to 58.2 km. In other words, under flooding conditions, the Kariyata and
Ikarashi Rivers function as the uppermost tributaries feeding into the lower
reaches of the Shinano, such that the upper section of the Shinano has little
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Fig. 2. Change of the land use of the Nakanoshima Town along the Kariyata River from 1948
to 2001.

effect on the flood runoff to the lower section of the river, while the two trib-
utaries -the Ikarashi and the Kariyata- have an enormous impact on flooding
in the lower drainage of the Shinano River. On the other hand, the slope of
the lower reaches of the Shinano River and the two tributaries is gradual, so
when the water level of the Shinano River rises, the backwater effect impedes
the flow of the tributaries and the flood flow.
2.2 Flood history: social and land use changes and increased damage

potential
Flood flows and the incidence of floods on the lower reaches of the Shinano

River have markedly decreased since completion of the Okozu Flood Diversion
Channel in 1931, but major flooding sometimes occurs on the Ikarashi and
Kariyata tributaries. Levees failed due to flooding on both rivers in 1964,
and levees along the Ikarashi River were breached in 1978. Thus, the alluvial
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lowlands of the lower reaches of both these rivers have seen floodins in the
past and today, although flooding occurs less frequently, there is nevertheless
a potential flood hazard in this area.

Figure 2 shows side-by-side topographical maps of Nakanoshima Town in
1948 and 2001. Comparing the two maps, one can see the extent that housing
and factories and warehouses have encroached upon what were formerly wet-
lands used as rice paddies. It is also apparent that the Town office formerly
built on a natural levee along the river at an elevation of 15.4 m has now been
moved to reclaimed land on infilled wetland. The old commercial district of
Sanjo City developed along the natural levee on the right bank of the Ikarashi
River, but now the newer district of Rannan, has been built on the left bank
and the commercial district pushed out into former paddy lands. In Mitsuke
City too, there are ongoing efforts to upgrade and improve the river channel,
the former now-abandoned river channel has been converted for commercial
purposes, and paddy fields on the left bank of the river are also giving way to
commercial development.
2.3 Awareness and responsiveness to flood risk: low probability but high

consequences events
The 2004 flood was the first time in 40 years that the Chuetsu area has

been by such massive flooding due to the failure of levees. Yet the potential
for large-scale flooding is still clearly there. Given the region’s potential for
massive destruction from flooding, what is the degree of awareness of the local
governments and inhabitants to their vulnerability to flooding?

Regarding flooding of the Ikarashi River, Sanjo City’s “Community Disaster
Prevention Plan 2003 Revised Version” states that “· · ·the Ikarashi River is not
very safe. Although some flood control is provided by upstream dams, there
are occasions when the levees leak or even fail as a result of heavy rains.
Furthermore, when the water level of the Shinano River rises, this impedes
drainage of the Ikarashi River into the Shinano River , which causes the level
of the Ikarashi to rise and increases the danger of flooding.” In addition, the
“Sanjo City Flood Control Plan” notes that, although there are eight places
along the Ikarashi River susceptible to flooding, critical flood controls are be-
ing implemented because levee failure is clearly a prospective danger. And
yet in our interviews with local officials in Sanjo City, Mitsuke City, and
Nakanoshima Town, we did not find one official who foresaw the failure of
the levees. In addition, we noticed that all the recent disaster-prevention drills
carried out by the City of Sanjo assumed an earthquake as the disaster, and no
drills based on the assumption of a flood had been carried out for quite a long
time.
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The local inhabitants also felt secure in believing that the Ikarashi River
would not flood, but, based on a fact-finding survey of people living in the
stricken area gauging people’s response to proposed river infrastructure im-
provements decided after the flood, their confidence had been expressed more
symbolically. According to the Sanjo City Director of Public Works, “In 1996
when the previous Mayor was in office, the city in cooperation with the pre-
fecture handed out a pamphlet detailing an Ikarashi River infrastructure im-
provement plan to every household in the district and warned people that the
river was narrow and definitely posed a danger, but the response was pretty
lukewarm. The fact that dams had been built upriver and no flooding had
occurred for 40 years pulled most people into a false sense of security.”

The National Research Institute for Earth Science and Disaster Prevention
(NIED) conducted a questionnaire survey after the flood (Research Project on
Societal Systems Resilient Against Natural Disasters, 2005), and asked people
in the community “Do you know of anything that the volunteer Flood Brigade
did to alleviate the disaster?” About 30% of the respondents said that they “did
not know anything that the Flood Brigade did to help the situation,” a percent-
age that increases to 50% if you include the respondents who “couldn’t say
one way or another whether the Flood Brigade helped”. We also got a mixed
response when we asked people if the “actions of the Flood Brigade were ef-
fective in mitigating hardship from the flood?” About half the respondents felt
that the Flood Brigade was “somewhat effective” or “very effective” (42.2%),
but an even larger percentage of people felt that the Brigade’s actions were
“not especially effective” or “can’t say if their actions were effective or not”.

Based on these responses, it is apparent the people’s awareness about the
risk of flooding and their concern about the activities of the Flood Brigade are
fairly low.

3 Response to Flood Risk
3.1 Flood Mitigation Response by the Government
3.1.1 Tangible flood control initiatives

Table 1 shows the milestones of flood control infrastructure improvements
on the Ikarashi River. Levee building on the Ikarashi was spurred by a major
flood in August 1872, and construction of the levee on the left bank of the river
was completed in 1877. A major river infrastructure improvement project was
begun in November 1933 after another disaster in 1926 and by 1937, the river
control infrastructure that you see on the Ikarashi today was more or less in
place. Major floods were averted after that, but torrential rain and flooding in
August 1961 resulted in the Mikura and Watarase bridges being washed out,
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Table 1. Changes of the design flood discharge of a river channel.

Year

1875

1933

1961

1980

Design Flood
Discharge
(m3/sec)

- -

- 1,120

2,000 1,600

3,600 2,400

Design Flood
Discharge of
a river
channel
(m3/sec)

Contents of Improvement works

Construction of levee on the left side
of the river in lower reaches
(completion in 1977)

River improvement works, Construction
of levee, and bank protection work
(completion in 1926)

Construction of Kasahori dam
(completion in 1964)

Construction of Ohtani dam
(completion in 1993)

Triger of the work

Aug. 1872 Flood

July 1926 Flood

Aug. 1961 Flood

Aug. 1969 Flood

an incident that led to the construction of the Kasahori dam in 1964, which
permitted the design scale of the river to be revised up to 1,600 m3/sec. Then
after disastrous flooding in August 1969, the Otani Dam was completed in
1993, which allowed revision of the river’s design scale to 2,400 m3/sec, and
the basic high-water flow capacity to 3,600 m3/sec (Niigata Prefecture data,
2005).

Work began on the Kariyata River after a flood in 1949, and even more
substantial public work was done on the Kariyata River after a disastrous
flood in 1964, at which time the Kariyata dam was planned. The design scale
of the river was revised upward several times to 950 m3/sec, 1,050 m3/sec,
and finally to 1,550 m3/sec with a basic high-water flow capacity of 1,700
m3/sec when the dam was constructed. Through these repeated public works
improvements, the incidence of flooding on the Ikarashi and Kariyata Rivers
was greatly reduced, communities were spared common flooding, and the risk
of rains heavy enough to cause flooding was reduced to about once every 100
years. But the possibility of large-scale flooding that exceeded the design
scale of the local rivers was never entirely eliminated. Indeed, as we shall de-
scribe, a scenario emerged of a new potential risk of substantially larger-scale
hazards as a result of levee failure.
3.1.2 Intangible damage mitigation initiatives

It is apparent though interviews with local officials that the main thrust
of preliminary disaster preparedness in the stricken area was to rely on large-
scale public infrastructural improvements -continuous high levees and dams-
for flood hazard control, and not enough concern was given to intangible flood
mitigation efforts. Earlier we described how there was little awareness among
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local officials and the local populace about the risk of flooding, and it is appar-
ent from our interviews and from newspaper accounts, that genuine advance
preparedness for flooding by the government and the local people was inade-
quate. For example, in Nakanoshima Town “it was known that the waters of
the Kariyata River had reached dangerously high levels two hours before the
levees failed, but they stepped up inspections and, based on past experience,
issued an evacuation advisory just before the levees actually failed, saying that
the situation was under control”. The fact that the town offices were inundated
is another indication that advance flood preparation was insufficient.
3.2 Local and citizens’ response: Efforts by the local fire brigade and

volunteers
Although the local populous was only dimly aware of the flooding risk,

the Volunteer Flood Brigade (organized on a community basis) played a ma-
jor role in mitigating hardship and damage from the flood. Beginning in the
early morning of 13 July 2004, there was one catastrophe after another in
Sanjo City: slope failures, inland flooding, rising water level in rivers, and the
waters of the Ikarashi started coming over the levee. In the midst of efforts
to respond to all these crises by the city, the Fire Department, the Volunteer
Flood Brigade, and others, at 1:15 in the afternoon the Ikarashi River levee
failed. First water started coming over the top of the levee at 12:40, then 10
minutes later the back of the levee began to be eroded. By 1:00 a 50-m breach
had opened up and a muddy torrent of water was pouring through, and at 1:25
the levee failed and a huge breach 117 m across was washed out.

By nightfall, the entire Rannan District was covered with water up to
2 m deep in some places. Rescue efforts began immediately after the levee
failed with a total man-days of 4,500 people involved in the effort, includ-
ing volunteer Flood Brigade personnel from nearby cities and towns, mem-
bers of the Self Defense Forces, coast guard personnel, policemen, and oth-
ers. Close to 40% or 1,800 of these rescue workers were members of the
Volunteer Flood Brigades, from Sanjo City itself and other nearby cities and
towns (see Fig. 3-1).

By the morning of 15 July the waters had receded, and by nightfall the
emergency call-out of regular and volunteer flood fighters was cancelled. Then
the cleanup efforts started when 29,000 volunteers descended on the disaster-
stricken area to help the victims clear mud and debris from their homes.

At the initial stage of seeing multiple crises unfolding across the entire city
at the same time, the government realized that it was going to take substan-
tial human resources to cope with the situation. Considering that the Ikarashi
levee had already sprung leaks, overtopped, and failed in 13 places, it was



184 T. Sato et al.

Local Fire Brigade
19%

Coast Guard
3%

Volunteer Flood
Brigade

31%

Self-Defence
Forces

7%
Fire Brigates from

all over the
Country

13%

Prefectural Fire
Brigade

8%

Local Police
19%

Fig. 3-1. Flood fighting and rescue operations by disaster prevention related agencies in the
Sanjyo City.

Volunteer
78%

Central
Government

0.1%

Police
8%

Local
governments

5%
Prefectural

Government
1%

Fire Brigade
5%

Self-Defence
Forces

3%

Fig. 3-2. Recovery operations by disaster prevention related agencies in the Sanjyo City.

entirely possible that the levee could fail elsewhere, so in addition to the
regular firefighters employed by the local government who numbered only
152, the government also mobilized 1,166 workers from the volunteer Flood
Brigades (7.7 times the number of regular firefighters). Massive human re-
sources were committed to the flood control efforts that were needed at many
different places at the same time, and the additional manpower provided by the
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Photo 1. Flood-fighting activities to prevent water leakage of the levee.

Volunteer Flood Brigades made up of local communities was indispensable.
Photograph 1 shows the flood control activities in progress.

After the disaster had occurred, Flood Brigade volunteers from throughout
the prefecture and beyond were quickly mobilized through extensive govern-
ment coordination, and rushed to the scene to help fight the flood and assist the
victims. The involvement of the National Disaster Volunteer Center that orga-
nized 30,000 volunteers to come in and help with the cleanup and restoration
in the aftermath of the flood, also deserves special mention (Fig. 3-2).

4 Extent of Devastation
During the Niigata flood of 2004, levees failed at 11 different places on

six different small-to-medium-sized rivers throughout the Chuetsu region in
the Niigata prefecture, and more than 340 mudslides were counted through-
out the prefecture centering again on the Chuetsu region. In the Ikarashi River
drainage area, this resulted in the inundation of 490 ha of residential neigh-
borhoods and 830 ha of farmland, and in the Kariyata River basin, 250 ha of
residential land and 903 ha of farmland were flooded, for a total of 2,473 ha of
farm and developed land covered by the flood waters. In Sanjo and Mitsuke
Cities 2,914 non-residential buildings were damaged or destroyed, a number
far in excess of the 1,776 building destroyed in the previously most destruc-
tive flood. Sanjo suffered the greatest number of casualties with nine deaths
caused by the flood, and 12 of the victims were elderly people in their 70s.
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Fig. 4-1. Hydrographs of the Kariyata and Shinano Rivers and hourly amount of rainfall.

The total financial losses resulting from the disaster were Y=200.125 billion
(Niigata Prefecture Public Works Department River Management Section,
2005), of which 98% was attributed to flooding (Y=196.1225 billion) and 2%
attributed to mudslides (Y=4.0025 billion). Breaking down the economic losses
by sector, 71.62% (Y=100.545 billion) of the damage was to the private sector
property, 0.44% (Y=900 million) to public utilities, and 27.94% (Y=57 billion)
to public works infrastructure.

Turning now to loss density, we find that dividing Sanjo’s private sector
economic losses of Y=82.3 billion by the total number of residential hectares
in Sanjo, that were inundated (490 ha), we obtain a loss density (i.e., private
losses per ha) of Y=170 million per ha. Nationwide, we have been observing
a trend toward increasing loss density in recent years. The devastation of
commercial parts of Nagoya by the Tokai flood in 2000 when the Shin River
levee failed, resulted in a loss density of Y=121.583 million per ha (Sato, 2002).
The fact that the loss density of the Sanjo City flood tops even that figure,
reveal just how destructive the Sanjo flood was.

Along with the structural damage, much of what people had inside their
homes-tatami mats on the floor, furnishings, and so on-was ruined and added
to the vast amount of flood-damaged refuse that was discarded. These moun-
tains of water-damaged garbage hampered cleanup efforts in the flooded
neighborhoods, and concerns over sanitation and environmental contamina-
tion also slowed down the restoration work and had other detrimental effects.
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Fig. 4-2. Hydrographs of the Ikarashi and Shinano Rivers and hourly amount of rainfall.

A month after the flood, the local newspaper reported that, on 12 August close
to 48,000 tons of garbage resulting from the flood had been collected at three
makeshift sites including the former Sanjo horse track, and it was going to
cost more than an estimated Y=2.6 billion to dispose of the garbage (Niigata
Nippo, 17 August, 2004).

5 Characteristics of the 2004 Niigata Flood Hazard
5.1 Rain

The cause of the 2004 Niigata floods was the inordinate amount of
rainfall—both the total amount and rainfall over a short period of time—that
was intensified by the seasonal rain (baiu) front that stalled over the region.
The rain extended over the entire lower reaches of the Shinano River, and was
especially intense over the drainages of the Ikarashi and Kariyata Rivers in
the Chuetsu region. The headwaters of both rivers received 200–400 mm of
precipitation over a 24-hour period (see hourly rainfall for the Kariyata River
drainage in Fig. 4.1).

Reconstructing torrential rain patterns over different intervals based on
precipitation data collected over a 23-year period (1979–2002) by the
AMeDAS (Automated Meteorological Data Acquisition System) rain obser-
vation station at Tochio, Niigata, it was found that 422 mm of rainfall over a
24-hour period would occur every 530 years, 267 mm of rainfall over a 6-hour
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period would occur every 500 years, and 58 mm of rainfall in a 1-hour period
would occur every 208 years (JSCE, 2004). Figures 4-1 and 4-2 show hydro-
graphs for Mitsuke on the Kariyata River and Sanjo on the Ikarashi River, re-
spectively. In the Kariyata watershed, the most intense rainfall of 58 mm/hour
fell upriver on Tochio between 8 and 9 in the morning, but peak flooding did
not reach Mitsuke at the foot of mountains until 1 to 2 in the afternoon, so
there was a lag of about 4 hours between the heavy rainfall over the head-
waters and the peak flooding that can be partly attributed to the water storage
capacity of the upstream dam. In the Ikarashi River, the peak flooding reached
the alluvial lower reaches after an 8-hour delay. If the flood arrival time is two
times the time difference between the rainfall and when the peak flood flow
appears, this yields a value of 8 to 16 hours. Thus the amounts of rain when
the Niigata flood occurred were equivalent to a precipitation event that might
occur once in approximately 500 years, and this concentrated torrential rain
caused the water levels recorded at many of the observation stations along the
rivers to break all previous records.
5.2 Conditions exacerbating the flood hazard

Typically, flood waters in the lowlands downriver from the Ikarashi and
Kariyata Rivers flow slowly because the slope is fairly gradual, but the scale
and character of the 2004 Niigata flood were vastly different because the re-
moval of structural impediments when the levees failed resulted in a powerful
flood flow that swept through the breach to cover an immense area.
5.3 Increased volume of inland flooding due to levee failure

Approximately 13.93 million m3 of water poured through the breach in
the left bank levee of the Ikarashi as opposed to only 340 thousand m3 of
water that came over the top of the levee in that sector. It is thus clear that
the overwhelming bulk of flood waters that inundated the inland area (about
98% of the total) can be attributed to the failure of the levee. In other words,
the failure of the levee resulted in a sudden surge of massive amounts of flood
water, so that a much more extensive area was inundated with deeper water,
and the force of the flood water surge was extremely powerful around the
breach.

Photograph 2 shows the breach in the Kariyata River levee in Nakanoshima
at 6:11 pm. The Buddhist temple Myoeiji that stood close to the breach has
already been swept away, and houses in the area are submerged up to second
floor level. Levees are intended protect the inland areas and communities be-
hind them, but when they fail they expose these same communities to massive
devastation from surging flood waters.
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Photo 2. Flood water flowing into the housing area from the bank break site of Kariyata River
(Photo by Kyodo-Tushinsha).

5.3.1 Increased flood flow hydrodynamic force due to levee failure
The flood plain around where the levee failed slopes very gradually at a

rate of about 0.7 to 0.8 meters per 1,000 m, so the flood waters that came over
the top of the levee flowed very placidly. But the flood waters that surged
through the breach in the levee were extremely powerful, indeed so power-
ful that many homes located even considerable distance from the breach were
completely destroyed within a very short time. Members of the 7.13 (13 July)
Niigata Rain and Flood Disaster Survey Committee charged with investigat-
ing the flood have discussed at length whether this incredible surge force of
the water through the breach can be attributed to the difference in water level
between the river channel and the lowlands behind the levee, or to the abrupt-
ness with which the levee failed (Niigata Prefecture).
5.3.2 Increased flood peak flow and infrastructure improvements

Earlier we have described how flooding on the Ikarashi and Kariyata Rivers
and the history of efforts to cope with the flooding exhibit a classic pattern
of flooding−→flood control improvements−→more flooding−→more flood
control improvements−→levees fail−→massive flooding. Certainly, these
repeated public works infrastructure improvements have enhanced flood con-
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trol safety, reduced the incidence of flooding on the Ikarashi and Kariyata
Rivers, and spared downriver communities from common flooding. Yet we
must also realize that straightening out meandering river channels and build-
ing long continuous levees to inhibit flooding upriver can have the adverse
effect of enabling substantially greater flood flows on the lower reaches of
the river. We would also note that infrastructure improvements increase the
volume of flood flow waters that course through river channels by 2.1 to 2.4
times, and considering that the difference in elevation between the water level
of flooded rivers and the inland areas behind the levees in downriver areas is
close to 5 m, people must be prepared for much larger-scale flooding in the
event that levees do fail.

6 Summary
A major flood disaster occurred in Niigata Prefecture on 13 July 2004 as

a result of heavy rainfall that exceeded the design scale of the river infrastruc-
ture. Flood waters breached the levees in downstream urban areas, causing
tremendous damage. Examining the flood from the perspectives of risk the-
ory, we observe the following specific characteristics:

1. The flood was of a low probability but high consequences (LPHC) type;
that is, an event that rarely occurs, but results in catastrophic damages
when it does occur.

2. Factors contributing to increased flood hazard were (1) levee failure
due to flood waters far exceeding the design scales of the rivers, which
increased the force and volume of the flood waters, and (2) development
of a narrow valley plain without considering the potential for LPHC-
type flooding.

3. Private sector economic losses were substantial at Y=154 billion, repre-
senting 71.62% of the total economic losses. This is the second highest
percentage of private sector losses in Japan’s history, only exceeded by
a loss figure of 80% in the Tokai flood that devastated urban areas of
Nagoya in 2000.

4. In terms of human suffering, a large number of the casualties were el-
derly. This could be seen as a reflection of the aging of Japanese society.

5. Regional disaster prevention plans and flood prevention plans created
by local governments consider the possibility that levees might fail in
the event of a major flood. However, local officials in charge of flood-
disaster management had no true sense that such an event might ac-
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tually occur, so advance measures and preparations were insufficient.
Local residents also showed little awareness of the danger of LPHC
type flooding, and almost none had made any advanced preparations.

6. Locally organized Flood Brigades played a major role in efforts involv-
ing large numbers of people mobilized to undertake rescue and recovery
activities. Indeed, these local Flood Brigades were on the scene almost
immediately after the flood occurred, and until support started to arrive
from other regions, they accounted for 30% of the total number of peo-
ple on the ground working on behalf of the regional disaster prevention
organizations.

We should also note that, according to some reports, Flood Brigade efforts
to stem overtopping by piling sandbags on the levees was a key factor in the
eventual failure of the levees, which of course was the primary cause of the
devastating inland flooding.

Materials and Data
I Local Government Materials
1) Niigata Prefecture, materials relating to the July 2004 Niigata flood disaster.

2) Mitsuke City, materials relating to the July 2004 Niigata flood disaster.

3) Nakanoshima Town, materials relating to the July 2004 Niigata flood disaster.

4) Sanjo City, materials relating to the July 2004 Niigata flood disaster.

II Government Institute Materials
1) Ministry of Land Infrastructure and Transport River Bureau, materials relating to the July

2004 Niigata flood disaster, http://www.mlit.go.jp/.

2) Ministry of Land Infrastructure and Transport Hokuriku Regional Development Bureau,
materials relating to the July 2004 Niigata flood disaster, http://www.hrr.nilit.go.jp/.

3) Cabinet Office, Government of Japan, materials relating to the July 2004 Niigata flood dis-
aster.

4) Fire and Disaster Management Agency, materials relating to the July 2004 Niigata flood
disaster.

5) Niigata District Weather Station, weather information relating to the July 2004 Niigata and
Fukushima flooding (final report), p. 25.

III Newspaper Articles
1) Articles in Niigata Nippo News, July 14 to September 30, 2004.

IV Maps
1) Geographical Survey Institute maps.

1:25,000 scale, Mitsuke City, source revised and published in 1948, updated and revised in
2001.

Sanjo City, revised in 1931, source revised and published in 1948, updated and revised in 2001.

1:200,000 scale, Niigata and Nagaoka 1996.
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1:25,000 scale, topographical map, p. 11.

2) Geographical Survey Institute, 1:25,000 scale, Sanjo, topographical map, p. 11, 1990.

3) Nakanoshima district planning map.

4) Mitsuke City planning map.

5) Sanjo City planning map.
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Insurance Issues of Catastrophic Disasters in Japan:
Lessons from the 2005 Hurricane Katrina Disaster

Hiroaki Tsubokawa

1 Introduction
A series of hurricanes including Hurricane Katrina hit the Gulf Coast in

the summer of 2005, causing the worst damage in the U.S. history of natural
disaster and raising many issues regarding the nation’s insurance system. The
experience of Hurricane Katrina can provide valuable lessons for Japan. It
must be remembered that this kind of disaster could also happen in the future
in Japan, which has a great deal of risk for major disasters such as large-scale
typhoons, localized torrential rains, and massive earthquakes. In this paper,
I will present an overview of the events of Hurricane Katrina and discuss the
lessons to be learned in Japan.

2 Natural Disasters and Problems of Public Insurance Systems
Founded in 1968, the National Flood Insurance Program (NFIP:

http://www.fema.gov/nfip/), administered by the Federal Emergency Man-
agement Agency (FEMA), is a state-run insurance system with a history of
nearly 40 years. In general, homeowners insurance from the private sector
does not cover flood damage. A geographical bias is seen with NFIP poli-
cies, as is usual with insurance for natural disasters. A hurricane-prone re-
gion extends from the southern United States to its eastern seaboard, and
about 40% of NFIP policies are concentrated in Florida, followed by Texas
in second place. Louisiana has the third highest number of policies, account-
ing for about 8% of all NFIP policies. Many policies in Louisiana are lo-
cated in highly flood-prone areas such as New Orleans and Jefferson Parish.
One reason for the difficulty of administering natural disaster insurance is that
policies are concentrated in high-risk areas, resulting in higher premiums. In
Japan as well, there are clear differences in the number of earthquake insur-
ance policies in each region. Most policies are concentrated in the Tokyo
metropolitan area and the prefectures of the Pacific seaboard (Tsubokawa,
2004). Table 1 presents a comparison of NFIP and Japan’s earthquake insur-
ance (http://www.nihonjishin.co.jp/english/index.html), the major insurance
programs with public support in the U.S. and Japan. In Japan, unlike the U.S.,
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Table 1. Comparison of NFIP and Japan’s earthquake insurance.

Name National Flood Insurance Program
(NFIP)*

Earthquake Insurance**

Year created 1968 1966

Administered by Federal government Private sector and national government

Role of private insurance
firms

Role of national
government

Insurer Reinsurer (excess of loss reinsurance)

Number of insurance
policies

9.32 million policies (as of March 2005)

Total coverage $743 billion Y= 71 trillion

Total annual premiums $ 2 billion Y= 120 billion

Premium rate categories

Premium discount 
system

Highest claims settle-
ment incident

Hanshin-Awaji (Kobe) Earthquake, Y=78 billion

Maximum total payment

Participation rate

Recent developments

*NFIP: http://www.fema.gov/nfip/
**Earthquake Insurance: http://www.nihonjishin.co.jp/english/index.html

Sales and primary insurance. All primary insur-
ance policies are ceded to the Japan Earth-
quake Reinsurance Co., Ltd. for reinsurance, 
and the national government provides reinsur-
ance.

Four zones nationwide, plus two classifications 
based on building structure (wood or other).

Discounts of up to 30% are available, depend-
ing on the building’s earthquake resistance 
and year of construction.

Y=5 trillion.  Under law, if the total exceeds Y=5 tril-
lion, benefits will be proportionately reduced.

Varies somewhat by region. Nationwide, 
37.4% of fire insurance policy holders also had 
earthquake insurance in 2004.

Study is underway concerning introduction of a 
system to discount insurance premiums for ex-
isting buildings as well, reflecting the results of 
earthquake resistance evaluation by local gov-
ernments and the like. Income tax deductions 
for earthquake insurance premiums are also 
being considered as a way to promote adoption 
of earthquake insurance.

Sales.  Through the "Write Your Own" 
(WYO) program, private insurance com-
panies can handle flood insurance sales 
in the same way as their own products. 
Most policies are sold through WYO.

4.56 million policies (as of December 
2004)

Divided into about ten zones, based 
on flood hazard maps prepared in ac-
cordance with FEMA surveys.

Under the Community Rating System 
(CRS), discounts of up to 45% are 
available based on community efforts 
to reduce risk.

Hurricane Katrina, at least $20 billion 
(estimated)

No particular limit is set. However, fol-
lowing  Katrina, the limit on borrowing 
from the federal government was 
raised from $1.5 billion to $3.5 billion.

Varies by region, ranging from over 
70% in some areas to a few percen-
tage points in others.

The Flood Insurance Reform Act of 
2004 revises compensation for proper-
ties subject to repeated claims. Disas-
ter victims receiving benefits in multiple 
incidents are subject to revised com-
pensation.

flood damage is covered by private insurance alone, due to the country’s past
experiences and flood control characteristics. However, earthquake risk in-
volves the potential for large-scale natural disasters throughout Japan, so it
is necessary for the national government to provide support in the form of
reinsurance. Some problems with NFIP have been pointed out following the
hurricane disaster.

First, it is difficult to rebuild a house with NFIP insurance benefits alone.
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Insurance coverage is limited to the primary dwelling, and there are limi-
tations on insurance benefits for the building and household goods. The ap-
proach of placing limits on insurance benefits is often used in public insurance
systems. For example, there are limited benefits in Japan’s earthquake insur-
ance, which only pays up to half of the benefits from fire insurance (NLIRO,
2003). This limited coverage is one reason why homeowners may hesitate to
purchase insurance from NFIP. Homeowners may also purchase insufficient
coverage because of high insurance premiums, resulting in inadequate bene-
fits in case of a claim. According to FEMA, the average insurance premium
with NFIP is $438 per year. For a nonprofit public insurance program that
only covers flood damage, this is quite expensive. Homeowners hesitate to
purchase flood insurance because of the high premiums and limited coverage.

Second, NFIP does not cover miscellaneous costs associated with a flood,
such as temporary living expenses. “Not having that coverage is going to
bankrupt a lot of people,” said Alex Soto, an insurance agent in Miami. Ac-
cording to Edward Pasterick, spokesman for NFIP, “Covering additional living
expenses would be very expensive. It might put the price of the coverage out
of reach.” (Both quotes from www.sun-sentinel.com, “Floridians keep eye on
program as reform urged,” October 9, 2005.) Japan’s earthquake insurance
also consists only of damage insurance and does not cover any incidental ex-
penses. Proposals have been made several times in the past to introduce cov-
erage for incidental expenses, but as in the case of NFIP, this was abandoned
because increases in insurance premiums would be inevitable.

Third, there are issues related to the need for flexibility and more efficient
handling of claims settlement. One troublesome point in the administration
of a natural disaster insurance program is that a large number of claims oc-
cur simultaneously. It is important to handle claims settlement promptly, but
there are limits to the extent of advance preparation that can be done, and the
costs are considerable. Although a large number of claims adjustment officers
were dispatched from all over the U.S., New Orleans remained underwater
for a lengthy period of time, and it was initially a slow process to check on
damaged properties. As disaster victims demanded a faster and more effi-
cient claims settlement response, FEMA decided to use aerial photographs to
reach a decision about properties located within certain areas, without requir-
ing on-site confirmation. In the kind of massive ocean-trench earthquake that
is expected to occur in Japan in the future along the Tokai-Nankai Trough, an
unprecedented number of claims would be inevitable. The Katrina experience
can serve as a valuable reference.

Last, issues related to risk communication can, in a sense, be seen as
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the most important problem area. On October 17, the Washington Post re-
ported that in the Lower Ninth Ward of New Orleans, which suffered heavy
flood damage, few residents had purchased flood insurance because this area
had been evaluated as low-risk in a flood insurance map prepared by FEMA.
(Washington Post, “Risk Estimate Led to Few Flood Policies: For Most in
New Orleans’ Ninth Ward, Extra Coverage Wasn’t Required,” October 17,
2005.) Mortgage companies generally require NFIP policies when taking out
a home loan, but there was no such requirement in this area.

This reality is not only a problem of insurance, but also involves important
problems regarding risk evaluation for low-frequency events as well as the
expression and interpretation of such evaluations. In this case, the results of
risk evaluation were used and interpreted in a manner that ended up having
the opposite effect to its intended outcome of reducing risk.

3 Debate on the Accuracy of Claims Settlement Models
A Swiss reinsurance company has estimated the total damage from

natural disasters worldwide in 2005 at $225 billion. Damage from Hurri-
cane Katrina is estimated at $135 billion, or 60% of the total (Swiss Re.:
http://www.swissre.com/).

Forecasting techniques have reportedly become more accurate and sophis-
ticated due to advances in computer technology in recent years. Damage es-
timates are calculated with predictive functions based on variables regarding
the strength of a disaster event and the vulnerability of property subject to
damage. In general, wind speed is the central factor in the destructive force of
a hurricane or typhoon, and wind speed is generally used as the index express-
ing damage strength. However, this technique alone cannot produce accurate
estimates when levees are breached and flooding also enters the picture, as in
the Katrina disaster.

Market trust for modeling technology has reportedly declined because of
the wide range of damage forecasts, from several billion to several hundred
billion dollars. This subject was discussed at a reinsurance conference held
in Monte Carlo in September 2004 (Business Insurance, “Modeling Helpful
but no Substitute for Underwriting,” September 26, 2005). As simulations
become more sophisticated, the reproducibility of physical phenomena has
greatly improved. Meanwhile, information concerning the damage involves
elements that are difficult to quantify regarding the attributes of buildings,
household goods, and other insured property, and there are limits to the level
of accuracy that can be achieved. The insurance industry is gaining a bet-
ter understanding of the limits and uses of modeling, but it is dangerous for
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underwriting to rely on modeling alone.
Another basic problem in the future modeling of natural disasters is that

opinions are divided on predictive elements for climate change and large-
scale abnormal events. More highly accurate research is needed regarding
the effects that global warming due to increases in carbon dioxide levels will
exert on catastrophic events. For the determination of probable maximum
loss (PML), an important index in insurance operations, further debate is also
needed regarding future predictions and the probability of detection of large-
scale natural disasters that have not yet been experienced.

4 The Role of Insurance in Societies where Inequalities Exist
NFIP is a special type of insurance with a highly public nature, adminis-

tered by the federal government. Nonetheless, as stated earlier, its insurance
premiums are certainly not cheap. With natural disasters such as floods, an-
other dilemma is that low-income residents who are unable to afford high
insurance premiums live in high-risk areas, and as a result, the system can-
not function effectively when a disaster occurs. No matter how excellent an
insurance product may be, it is meaningless unless it is available. Even if a
policy is obtained, no one will purchase continuing coverage unless it is af-
fordable. The keys to the widespread adoption of insurance are availability
and affordability. In New Orleans, a vicious cycle has emerged in which poor
people cannot obtain insurance benefits and are unable to return to the neigh-
borhoods that were their homes, resulting in further delays to reconstruction.

Insurance is a mirror that reflects a country’s society. An excellent insur-
ance system should disperse risk in an effective and impartial manner. The
time has come when we must consider how to keep the future of Japan from
becoming like the difficult reality faced by American society, with its large
inequalities.

5 Summary
Every year, losses from natural disasters continue to increase in the world-

wide insurance market. Along with the risks of terrorism and widespread
infectious diseases such as avian influenza, natural disasters remain a seri-
ous threat for the non-life insurance business. With disasters of this scale,
a surprising number of points in common can be found in a variety of sub-
sequent discussions, going beyond the type of disaster or differences among
countries. After the Hanshin-Awaji (Kobe) Earthquake, the immunity of fire
insurance from earthquake claims was contested in court, and proposals from
many quarters called for the creation of a funding system for natural disasters.
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Media coverage following Hurricane Katrina was reminiscent of the situation
in Japan just 11 years ago. We have many lessons to learn from Hurricane
Katrina.

The Kobe Earthquake gave impetus to the preparation of various natu-
ral disaster hazard maps in Japan. National Research Institute for Earth Sci-
ence and Disaster Prevention (NIED) provides probabilistic seismic motion
forecasting maps on its website (Japan Seismic Hazard Information Station,
http://www.j-shis.bosai.go.jp/), and now everyone can easily find the earth-
quake risk for their own area of residence. Local governments are working
hard to prepare river hazard maps. We have reached an era when each indi-
vidual will judge his or her own level of risk and make decisions on that basis.
The Participatory Flood Risk Communication Support System (PAFRICS) is
expected to play a large role in this kind of progress. It is necessary to ac-
tively promote risk communication based on the effective use of IT, while
taking care to avoid the future development of a digital divide.
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Participatory Flood Risk Communication Support System
(Pafrics)

Teruki Fukuzono, Teruko Sato, Yukiko Takeuchi, Kenji Takao,
Shinya Shimokawa, Isamu Suzuki, Guofang Zhai, Kiyomine Terumoto,

Toshinari Nagasaga, Kami Seo, and Saburo Ikeda

1 Introduction
A community-based approach is the key to success in integrated disaster

risk management. The participation of local people in the design and planning
processes in flood risk management, particularly with respect to soft policy
measures, is important. For that reason, enhancement of individuals’ disaster
preparedness and flood risk communication among residents, regional com-
munities, and administrative authorities are needed. In order to promote these
activities, we have developed a new participatory type of decision support sys-
tem that reflects the results of research into the flood risk perception and disas-
ter preventive activities of local people obtained through recent questionnaire
surveys. This is called the Participatory Flood Risk Communication Sup-
port System (Pafrics). The system facilitates the integration of soft and hard
measures in local communities to be resilient against an unexpected scale of
flooding. The system has been already used to conduct a kind of social exper-
iment in schools and workshops of disaster prevention by collaborating with
volunteer groups of NGO, administrative authorities, and so on. Some exam-
ples of use and results are introduced in detail in the following chapter. This
provides both configuration and content of the system.

2 Basic Concept for System Development
Pafrics, a flood risk communication support tool, basically aims at popu-

larizing a new concept of flood risk management based on theory of risk anal-
ysis. A concept of integrated flood risk management through the combination
of physical and procedural disaster control measures taken by administrative
authorities, regional communities, and residents will be widely applicable.
The system is being developed from the following viewpoints.

(1) Providing support in participatory decision-making.

199
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(2) Defining the responsibilities of administration, local communities, and
residents.

(3) Enhancing pubic and local disaster prevention capacity.

(4) Integrating physical and institutional disaster management measures.

(5) Increasing social and economic efficiency, preserving the environment
and ecosystems and sharing costs fairly from a long-term viewpoint.

(6) Applying fair and transparent processes.

(7) Providing easy-to-understand flood risk information (estimating quali-
tatively and quantitatively the possibility of damage and the costs and
benefits of damage mitigation).

(8) Developing human resources for promoting new integrated flood risk
management.

(9) Building flood risk communication support methods tailored to Japan.

(10) Taking comprehensive disaster prevention measures to build safe and
secure local communities.

3 Content of Pafrics
Pafrics is one of the indispensable vehicles for facilitating flood risk gov-

ernance based on an integrated framework. It helps users obtain a deeper
understanding of a new approach to flood risk management and flood control
strategies by learning about flood risk or having a simulated experience of
the combination of specific measures to reduce the flood risks. The system
is designed mainly for small-member workshops administered by facilitators,
but can also be used for self-study. The system is therefore designed for use
with mobile personal computers. Some of the system functions are already
publicly available and the system is accessible via the Internet Web.

3.1 System environment
Requirements for the Pafrics system include the 1) sharing and rapid pro-

vision of research results, 2) accessibility via the Internet, 3) easy information
update, 4) an edit function for changing the sequence of information displayed
and 5) flexible system expansibility. To meet the requirements, the system
is composed of contents (information), contents inventory (information cat-
alogue database), and a contents authoring system (editing the sequence of
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information display). The system environment consists of a database server
and web server.

The system profile is given below.

Performance

- Simple mobile system (based on XML. A web server is available).

- Sharing of know-how and intellectual properties of researchers and ex-
perts.

- An edit function that provides for easy modification of the sequence of
displaying contents and information.

- Easy update of contents.

- System expansibility for reinforcement.

Components

- Contents (information, and still and animated images).

- Contents inventory (information catalogue database).

- Contents authoring (editing the sequence of information display).

Environment

- Database server, web server, and client systems.

3.2 Configuration of Pafrics
The system configuration is shown in Fig. 1. Major functions are (1) flood

risk literacy learning support, (2) information provision for participatory flood
risk communication support in damage-reduction measures, (3) facilitators
support to organize workshops or meetings, and (4) recording of workshop
results.

(1) flood risk literacy learning support
The flood risk literacy learning support function (Fig. 2) aims at provid-

ing the assistance to users for learning a new approach or concept of flood risk
management to make people more knowledgeable about flood risks. The func-
tion provides easy-to-understand information on the characteristics of flood
risk, a new flood risk management concept, and flood risk assessment meth-
ods. It also supports flood risk literacy learning. Pafrics is superior to con-
ventional systems in two respects. First, the system is designed based on a
number of our social studies on disaster risks which include public risk per-
ception, relationships among psychological variables such as risk awareness,
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anxiety, sense of responsibility, and disaster risk reduction actions (Chapters
7–11). Second, the system emphasizes the understanding of probability, fre-
quency, and statistical distributions of risks, which provides a foundation for
considering acceptability of risks (Chapters 4 and 6).

For example, disaster risk preparedness of participants can be measured
using questionnaires and contents can be provided according to the results.
This is based on a research result that better recognition of flood risk increases
self-responsibility, interest in flood damage, and finally the willingness to take
flood risk control measures. System users can freely refer to different contents
of the database for learning, and use contents according to the “scenario pre-
pared for learning a new flood risk management concept” (Chapters 1–5).

(2) Consultation in selecting risk reduction options
This function provides not only straightforward information relevant to

the selection of regional flood control measures, but also objective and de-
tailed information related to flood risk analysis based on scientific knowledge
and cost-benefit assessments of risk reduction measures. It also enables users
to learn about new flood risk management strategies by simulating a decision-
making process based on discussions among people who has diverse values
(Fig. 3). The advice sub-function helps participants to select flood risk reduc-
tion measures in view of regional characteristics, and the consultation sub-
function enables participants to address inquiries to experts regarding their
comments concerning assessment results.

Annual precipitation exceeding the threshold, flood flow inside embank-
ments, flood flow behind embankments, and spatial distributions of maximum
inundation depths and damage in value that are required for flood risk assess-
ment and cost-benefit analysis, are estimated by conventional, simple meth-
ods using an Excel macro code. For risk reduction, expected reduction of loss
and expected total damage and loss are estimated and presented based on risk
analysis framework.

(3) Facilitator support
This function provides materials or data for facilitators to organize pub-

lic meetings or workshops regarding the new risk management approach and
to lead the discussions between stakeholders such as government authorities,
community representatives, NGOs, and local residents regarding the selection
of local flood reduction measures. To that end, the function provides a num-
ber of important scenarios for learning about the new flood risk management
approach and methods. Using these tools, facilitators can easily lead work-
shops enabling participants to learn about the problems of disaster risks. An-
other supporting function is also available to facilitators who are familiar with
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Fig. 5. Enter page of Pafrics (Original is in Japanese).

Pafrics. The facilitator can make his own workshop scenario by editing the
sequence and content of the information accommodated in the Pafrics or by
developing original contents of the scenarios according to the size, duration,
and participants of a workshop. The facilitator support function also includes
manuals on preparing and organizing workshops, and reporting outcome of
the meetings.

4 Pafrics on the Internet Web
4.1 Outline

An Internet-accessible variation of Pafrics has been developed and is now
publicly available. Users can access the contents prepared for workshops by
simply selecting one of the desired scenarios using a general browser (e.g.,
Microsoft Internet Explorer). The website consists of two features of Pafrics,
“flood risk literacy learning support” and “facilitator support”. The “flood risk
literacy learning support” feature provides scenarios for operating workshops
for teaching participants on flood risks by selecting contents. Descriptions
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Fig. 6. Documents available at Pafrics website.

of the content for each scenario, guidelines on workshop operation methods,
and questionnaires to be distributed to workshop participants are provided
to organizers and facilitators of workshops. In the future, it will be made
possible for users to register their own content to create new workshop sce-
narios. So far, we have installed the following six scenarios on the web site
(http://www.bousai.go.jp/sougou/shakai/index.html) to have wider public ac-
cessibility to the social platform of disaster risk communication support sys-
tem:

(1) Flood risk reduction measures and the role of local residents.

(2) Concept of integrated participatory flood risk management.

(3) Local flood risks and hazard maps.

(4) flood risk awareness and flood control measures taken by residents.

(5) Characteristics of flood risks and damage.

(6) Probable precipitation and flood risk.

Each scenario is designed to take 60 minutes to be given at workshops.
Descriptions, material to be distributed, and questionnaires to be distributed
to participants are provided in a package. Terminologies, references and ques-
tionnaires to be distributed to organizers are also available for facilitator learn-
ing support and information gathering for enhancing Pafrics.
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Fig. 7. Sample contents at Pafrics website (Originals are in Japanese).
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4.2 Scenarios in relation integrated flood risk management
Presented here are the scenarios under “flood risk reduction measures and

the role of local residents” and “Local flood risks and hazard maps”.
(1) Sample scenario 1: Learning about flood risk reduction measures

and the role of local residents
The objective of the workshop under the theme of this scenario is to “pre-

pare for flood damage that could occur at any time”. The workshop consists
of 1) “Characteristics of urban flood damage”, 2) “How to prepare for great
flood damage” and 3) “Measures for reducing flood damage through the co-
operation of local residents”. Twenty-four contents constitute the workshop.
Under 1) “Characteristics of urban flood damage”, the structural vulnerability
of cities to flood damage is described. 2) “How to prepare for great flood dam-
age” educates participants on probabilities and probable precipitation, which
are important when considering flood damage, and presents examples of flood
control measures and flood damage prevention measures taken by flood af-
fected residents based on the results of questionnaire surveys described in Part
II. 3) “Measures for reducing flood damage through the cooperation of local
residents” lists not only conventional physical measures but also flood dam-
age control measures taken through the cooperation of local residents. The
contents are designed to achieve the objectives of the workshop and provide
participants with an insight into flood risk communication.

(2) Sample scenario 2: Local flood risks and hazard maps
This scenario has the objective of learning about hazard maps, one of the

most important soft measures of flood risk reductions. The workshop includes
1) “Understanding the background to the preparation of the hazard map that
has been distributed”, 2) “Understanding the allocation of flood risk reduc-
tion roles”, 3) “Requirements prior to taking flood risk reduction measures”
and 4) “How to use hazard maps”. The workshop has 18 contents. In 1)
“Understanding the background to the preparation of the hazard map that has
been distributed”, types, mechanisms, and topographic conditions of flooding
are explained. 2) “Understanding the allocation of flood risk reduction roles”
shows that many of the flood damage control measures can be taken under nor-
mal conditions and that hazard maps are useful for damage prevention under
normal conditions. The results of questionnaire surveys on the awareness and
ownership of hazard maps among flood affected residents are presented. In 3)
“Requirements prior to taking flood risk reduction measures”, the magnitude,
frequency, and probability of flood damage are studied, and explanations are
given about uncertainty, preparation process, and differences in presentation
of hazard maps and from inundated area maps. 4) “How to use hazard maps”
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describes considerations when using hazard maps and how to use them. These
contents are designed to achieve the objectives of the workshop and enable
participants to understand the importance of observing nature of flood risks in
local communities under normal conditions.

5 Closing Remarks
The system is now being evaluated through verification tests at a number

of disaster prevention workshops in Japan for local residents to find ways to
make it easier to use. The knowledge and information required for effective
risk communication have been gathered and compiled in this system through
cooperation with local residents, disaster prevention NPOs, and other con-
cerned groups. The system performance will be enhanced by strengthening
the cost-benefit analysis function through the addition of GIS functions and
incorporating the latest research results, and by improving the method of con-
tent presentation. The system will also be extended so that it can be used
for risk communication regarding other types of diasters such as land-slides,
sediment and seismic ones.
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Flood Risk Communication with Pafrics

Yukiko Takeuchi and Isamu Suzuki

1 Introduction
An approach of integrated flood risk management is needed to protect so-

ciety against flood disasters. Residents, local communities, and government
agencies will all be involved in the flood risk management. For effective flood
risk management, risk communication between residents, local communities,
and government agencies will be necessary. Therefore, the disaster prevention
knowledge available to each of these groups should be improved. To support
risk communication to prevent flood disasters, the Research on Social Systems
Resilient to Natural Disaster project team at the National Research Institute
for Earth Science and Disaster Prevention (NIED) has developed a new sys-
tem: the Participatory Flood Risk Communication Support System (Pafrics).
Pafrics includes three support functions; i.e. a learning support system for
flood risk literacy, making a choice of flood disaster mitigation measures, and
supporting to hold workshops. This chapter is concened with the examination
of effective Pafrics from the questionnaire survey result to the participant by
using Pafrics in the university lectures and the workshops in local communi-
ties. Examines are three; the educational effectiveness of the Pafrics learning
support system for flood risk literacy, the workshop conducted using Pafrics,
and the use of web version of Pafrics at the residents meeting.

2 Effectiveness of Pafrics for improving Flood Risk Literacy
2.1 Case of university lectures

The purpose of the learning support system for flood risk literacy is to help
users better understand flood risks. To test the effectiveness of this learning
support system, its application in a university lecture has been examined.

The lecture was held in 2004. There were 93 participants who ranged from
second-year to fourth-year students of the university. The lecture title was “A
lesson on integrated flood risk disaster prevention and hazard maps”, and the
goal was for the audience to fully understand flood mechanisms, the natures
of disaster risk and as well as the use of hazard maps as one of the important
soft measures to prevent disaster damages. For the 60-minute lecture, 21 slides
were chosen from the learning support system for flood risk literacy in Pafrics.

213
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The lecture first dealt with flood prevention measures and explained that the
frequency or probability occurring floods of floods is an important factor to
implement flood prevention measures. Then explained the purpose of hazard
maps and the process through which they are created. As teaching materials,
Pafrics and the Shonaigawa -Shinkawa flood hazard map which are prepared
for Nagoya City were used. Copies of the map (reduced to A4 size) were
distributed to the participants.

A 15-minute questionnaire survey was conducted before and after each
lecture to check how well the lecture was understood. The questionnaire also
asked about the respondents’ background information and flood disaster ex-
perience.
2.2 Method

The questionnaire results before and after the lecture was designed to ex-
amine whether the respondents gained a better understanding of flood disas-
ters and a basic understanding of the main points concerning the distributed
flood hazard map.

The questionnaire focused on risk information provided by the map. To
measure basic understanding of the flood risk information from the Shonaigawa-
Shinkawa flood hazard map, the questionnaires asked about landform condi-
tions that affect whether a flood disaster is likely to occur, a flood scale and
its speed, the occurrence frequency of flood disasters, and the uncertainty in-
volved in the simulation used to prepare the hazard map.

The questionnaire asked each respondent to choose the best response from
five choices: strongly disagree, disagree, do not know, agree, and strongly
agree.
2.3 Results and discussion

The differences of the participants’ understanding about the pre- and post-
lecture on flood risk are shown in Fig. 1. There was not a large change in the
responses regarding the flooded area. However, the responses for “usage at-
tention”, “method of map reading”, “map making aim”, and “original memo
about disaster prevention”, and another item provided by Pafrics were sig-
nificantly positive. Those for “usage attention” increased drastically. These
changes are probably due to the explanation of how the hazard map was pro-
duced and the fact that it was distributed among the students and explained in
detail through Pafrics.

The changes in flood risk information before and after lecture are shown in
Fig. 2. The degree of understanding about “featuring landform possible flood
disaster”, “flood disasters frequency”, and “the uncertainty involved in the
simulation” increased. The students’ understanding of “a flood scale and its
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speed” and “the uncertainty of the simulation to make a hazard map” deepened
considerable. These changes also appear to have been partially the effect of
the use of Pafrics to explain these risk issues.

The results from the questionnaires suggest that the Learning Support Sys-
tem for Flood Risk Literacy is useful for disaster prevention education. This
system can thus be used to provide education in places where knowledge about
namely flood risk is needed, such as in schools or within local communities.
The results also suggest that much of the overall educational effect comes
from Pafrics itself. The Learning Support System for Flood Risk Literacy
provides a content collection which allows users not only to learn about a
particular area but also to gain a general knowledge about flood risk. For
risk communication to take place local areas, specific area content must be
prepared. However, area information varies in its form, precision, and avail-
able quantity. During the system construction, it was thought that each local
workshop organizer would be able to register the necessary local area content
on Pafrics. It was decided, though, that the content has to be registered in a
way that ensures reliability, objectivity, and public access, while also taking
into account privacy and copyright concerns. Therefore, registering local area
content creates many problems. We think that it is best to prepare local area
content individually possibly by residents, themselves at present.

Integrated communication about risk is an effective way to implement risk
management. In the United States, the National Research Council (1989) de-
fined risk communication as “an interactive process of exchange of informa-
tion and opinion among individuals, groups, and institutions”. The smaller the
differences in the knowledge held by all parties and the greater the awareness
of differences, the smoother communication is likely to be. To enable smooth
flood risk communication, Pafrics may contribute to even out the differences
in knowledge of individual involved in flood risk management.

3 Pafrics Workshop
3.1 Case of river management

During the process to develop a river management plan, which included
the participation of the local area residents, our project conducted a Pafrics-
based workshop on flood risk communication. This workshop was called the
Tokigawa-Shonaigawa Korekara Project (the Korekara Project).

Tokigawa-Shonaigawa is an urbanized river in the Chubu area of Japan.
It flows into Ise Bay after crossing the Noubi plain from the Gifu Prefecture
ravine area. In Gifu Prefecture, it is called the Toki River; while in Aichi Pre-
fecture it is called the Shonai River. Urbanization in the basin has proceeded
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rapidly since the 1950s, and about 4,000,000 people now live there.
The purpose of the project was to create a river management plan for the

Toki River and Shonai River based on discussions between experts, city rep-
resentatives, and residents. The revision of the law concerning the river man-
agement was part of the project background. Local area residents (from both
the upper and the lower reaches of the river), government agencies, non-profit
organizations (NPOs), and experts in this field participated in the project.1

The Korekara Project consisted of the basin conference, a local area dis-
cussion meeting, and then a river administrator and Tokigawa-Shonaigawa
meeting. The river management plan was developed in five steps:

1. Determination of the project direction

2. Ranking the priority of problems

3. Getting goals of the river management goal

4. Examination of the river management plan

5. Decision regarding the river management plan

The basin committee was established to hear opinions from river-
management experts. The first committee meeting was on March 3, 2003.
The river administrator and Tokigawa-Shonaigawa met to hear opinions from
the Aichi and Gifu prefecture governments and communities within the basin.
The first meeting was on February 4, 2004. An area residents meeting led to
citizens’ opinion-exchange meetings, open houses, and a “Kurumaza2” meet-
ing. The open houses were display events where visitors were directly asked
about their opinions regarding the information of the river; they were held at
the town hall, in local shopping centers, etc. Opinions were gathered and put
together as the Korekara Voice or the Report of the Korekara Project, and,
consequently, were reflected in the river service plan. The “Kurumaza” meet-
ing was to hear the concerns and specific needs of people living in the basin.
This meeting was carried out in a face-to-face style. Ten citizens’ opinion-
exchange meetings were held to discuss and exchange local information and
proposals regarding river maintenance. The participants included residents,

1The participants, apart from residents, were from the Ministry of Land Infrastructure and
Transport (the river administrator), the Rescue Stock Yard (an NPO based in Nagoya City), a
university faculty, and the Disaster Prevention Research Group, National Research Institute for
Earth Science and Disaster Prevention (NIED), Japan.

2Kurumaza-meeting is open exchange meeting public.
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representatives from resident groups, people who worked in the basin, and
those who had some interest in the management of the river. They exchanged
opinions regarding four themes: having a beautiful river that supports various
ecosystems; utilization of virgin landscape, history, resources, and space; “To
tell the large stock of experience about the river, make the river a place for re-
laxation”; and how basin residents and the local communities can think about
flood control and prevention. Activities included collecting opinions and ideas
regarding the river plan and the joint enterprise plan, making a map, and walk-
ing along the river. The consulting staff and NPO provided management and
a facilitator for each citizen’s opinion-exchange meeting.
3.2 Case of the workshops at local community

Our project team conducted two workshops supported by Pafrics for flood
control and prevention work groups as part of the Korekara project. The par-
ticipants were river basin residents and a river administrator. A member of
the consulting staff, an NPO, or the NIED project team served as the facili-
tator. Each workshop lasted about 30 minutes and was based on one of two
themes. After that, a participant takes part in group discussion referring to the
workshop and gathered opinions, and forms an opinion.
3.2.1 First workshop: Flood control measures

The first workshop, on flood control measures, took place in Nagoya City
on August 1, 2004. The theme was how residents can prepare against severe
large-scale flood damage. The participants were six local area residents, two
river administrators, three NPO members, and three NIED project members.
Basis maps, vellum paper, memo pads, and Pafrics were used as learning ma-
terials.

Pafrics used workshop scenario 1, “learning about the flood damage risk
reduction plan and the role of area residents”, which was described in Chapter
13. After the learning session, the participants discussed the theme to identify
problems that could occur during normal times; such as an emergency, a dis-
aster, and the recovery phase and possible countermeasures to each problem.
3.2.2 Second workshop: Hazard map

The second workshop, on hazard maps, was also held in Nagoya City on
October 3, 2004. The purpose of the workshop was to explain what infor-
mation can be obtained from a hazard map, how a hazard map can be used,
and to discuss local area community awareness of disasters and preventive ac-
tion. The participants were six residents, four NPO members, and four NIED
project members. The learning materials were a local area hazard map, vellum
paper, memo pads, and Pafrics.

Pafrics used workshop scenario 3, “learning about flood risk and haz-
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ard mapping in the local area”, which was described in Chapter 13. After
the learning session, participants extract and categorize the information they
could, and could not understand from the hazard map. They discussed ways
to provide flood risk information and the measures a local person in charge of
protection against disasters in the area should take to reduce the risk of area
damage.
3.3 Results and discussion

Risk communication has been defined as “an interactive process of the
exchange of information and opinion about flood risk among individuals,
groups, and administratire”. Conventional risk transmission has been more of
a one-way information communication process from experts to local area res-
idents. The current approach to risk communication, though, emphasizes that
opinions and information should be exchanged in ways that encourage clear
expression and mutual confidence. Therefore, three aspects of risk communi-
cation require careful consideration: 1) instead of information being provided
in one direction only, there should be a two-way exchange of information and
opinions; 2) an expert must be willing to provide enough information to non-
experts for them to make reasonable choice among proposed measures; and
3) building a trusting relationship.

The workshop was evaluated with respect to these three aspects. There
are four reasons why this was necessary. First, at previous meetings where
river administrators and river-management experts stated an intended policy
and provided information in a one-sided manner to local residents, they were
unable to persuade the residents to support the policy. When information was
shared in a two-way exchange and the resident’s or opinions were expressed,
both sides gained a deeper understanding of the present situation and the ne-
cessity of the river management plan. Second, awareness of flood risks was
improved through mutual dialog. Specific risks recognized by some partici-
pants were sometimes apt to be neglected by others. Also, the river admin-
istrator and the experts could explain risks which residents were unaware of.
Third, an effort was needed to build up a trusting relationship through the mu-
tual understanding of participants. Although criticism, personal wishes, and
problems are often expressed in open dialog, opposition could be managed
and hopefully a consensus could be reached. Participants might established
amity through such discussion. Fourth, an effort was needed to ensure the
river maintenance plan reflecting the outcomes of discussions. Such outcomes
were gathered together as a proposal of the residents and presented to the river
administrator.

As for the risk communication, the facilitator played an important role.
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In addition to showing knowledge and experience, the facilitator took note of
the main points of the participants’ opinions and was able to use this middle
ground to encourage consensus among the participants. In this way, the risk
communication could proceed smoothly.

Out of the purposes of Pafrics is to promote this sort of smooth risk com-
munication at workshops and assist the facilitator. The staff involved in this
workshops says that compared to the former discussion, the workshops using
Pafrics were more specific in terms of clarifying the issues of of river flood
management. Throughout each workshop, residents showed a conviction that
they should work on disaster prevention in the local community and not be
overly reliant on NPO activities. There was also a desire to disseminate the
knowledge and interests of residents to others. Although these results will be
analyzed further to confirm the effectiveness of Pafrics, they acknowledged
that Pafrics can promote risk communication and support workshop facilita-
tors.

In the future, it is important that the residents become a mainstream to con-
tinue a discussion about river management plans and prevention about flood
disaster.

The participants showed a deep interest in reducing flood risk and had
considerable experience and knowledge during the workshops. However, the
questionnaire results showed that they were resistant to becoming a main-
stream leader in a locality. The effective use of Pafrics or other study tools,
though, should enable residents to continue useful discussions on river man-
agement plans and flood disaster prevention measures in cooperation with
NPOs and similar organizations.

4 Evaluation of the Pafrics Workshop Support System
4.1 The Pafrics workshop support system on the Web

When planning a workshop, in addition to deciding on a theme and find-
ing an objective person to facilitate, it is necessary to prepare the workshop
content. In addition, while the workshop facilitator plays an important role
in making sure a workshop proceeds properly, a good facilitator can be hard
to be obtained because of the preparation and knowledge needed. Therefore,
even if people recognize a workshop is needed, it might be hard to realize.
To alleviate this problem, the Web version of Pafrics provides various items
needed to hold a workshop. For example, it provides a manual with infor-
mation about the preparation content, the schedule, and the workshop theme.
Based on a report on workshops held using the Web version of Pafrics, the
workshop support system of the Web version is discussed below.
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4.2 Evaluation of workshop support system
This report was provided by NPO which conducted a workshop using the

Web version of Pafrics. This workshop used scenario 1 (described in Chapter
13) of the Web version of Pafrics. The workshop topic was the fear of flood
disaster and awareness of the role of residents in prevention. There were 25
participants. After the workshop, the NPO members completed a question-
naire about the Web version of Pafrics. The questionnaire (free description)
was chosen from the web version Pafrics.

The questionnaire results revealed that in one part of the workshop it was
difficult to understand the content and in one instance there was a problem
with the color and size of the screen. However, the results pointed out the
possibility of holding a workshop without preparatory practise. Moreover, it
is feasible that the workshop can be held even if the facilitator has no experi-
ence. From these answers it was suggested that the existence of a manual has
extensively supported the facilitator to organize the workshop. Besides, it is
though that, implementation of workshop without practising show that there
is a certain progress of the workshop support system of Pafrics. It suggests
that the improvement of the manual leads to the perfection of the workshop
support system.

5 Concluding remarks
Based on the questionnaire survey, we evaluated the educational effec-

tiveness of learning support system for flood risk literacy, the effectiveness of
workshops support, and the usefulness of Pafrics as a workshop support sys-
tem. The results from the lecture suggest that the learning support system for
flood risk literacy is useful for the understanding of risk information and build
up the workshop for disaster prevention education. In addition, Pafrics ap-
peared to promote two-way risk communication and aid the facilitator during
the workshops. Finally, the questionnaire responses from the NPO which held
the workshop using the Web version of Pafrics indicate that the support sys-
tem of Pafrics was useful. The performance of Pafrics will be improved with
repeated use. To enable support of many other types of risk communication
in the future, Pafrics will be extended to reflect more opinions and operations
in terms of other disasters.
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