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ABSTRACT. Flood is a natural phenomenon but flooding causes damage to human society. In recent decades, flood risk has been intensi-
fied due to rapid urbanization and climate change. Furthermore, it becomes more complicated in regions where social vulnerability
evolves with mechanisms such as population aging. This paper provides an analysis of flood risk in Japan in relation to climate change
and aging. It highlights changes in hazard and exposure, which resulted in higher vulnerability. Especially, it detected a turning point in
the frequency of heavy rainfalls in Japan. It also assessed the latest strategies the Japanese government took to counteract the impacts of
climate change. These analyses shed new light on Japan's challenges to achieve better flood risk management. Although a large amount
of research on flood risk is available in the literature, the present study provides new thoughts and directions for further studies.
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1. Introduction

The water cycle on the planet is regulated by climate. Cli-
mate change is expected to affect hydrological processes in a
very complex way. Although the impact of climate change may
have significant regional variations, the affected regions will con-
tinue to grow in number and size in years to come. A particular
manifestation of climate change is that floods are becoming more
intensive and frequent with timing shifted, and record-breaking
floods becoming the new normal (Fang et al., 2022; Milly et
al., 2002; Rohde, 2023). A serious consequence is the skyrock-
eting of flood damage. A study by Stanford researchers re-
ported that intensifying precipitation contributed 36% of the
financial costs of flooding in the United States over the past
three decades from 1988 to 2017. Over the next three decades,
the cost of flood damage will rise 26% due to climate change
alone (Frances et al., 2021). In Europe, annual flood losses are
being expected to increase fivefold by 2050 and up to 17-fold by
2080 (European Environmental Agency, 2024). Asia may face
more severe impacts than other regions. The monsoons in Pa-
kistan have been exceptionally harsh in recent decades, result-
ing in extraordinary drought conditions and record flooding ev-
ents (Ashfaq et al., 2023). In India, a statistically significant in-
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crease in monsoon precipitation extremes was found to be cor-
related with climatological parameters (Falga and Wang, 2022).
Bangladesh, as a climate-sensitive country, has been placed in
the fifth position in the list of 171 environmentally vulnerable
countries (Jerin et al., 2023).

Japan has a long history of battering against flood disasters
due to its natural and socio-economic conditions (Huang, 2014).
Although it has successfully reduced flood risk and alleviated
the consequence of flooding to a large extent, suffering from rec-
ord-breaking floods in recent years has brought flooding issue
into the focus of the general public again. If air temperature
rose 2 °C, the frequency of flooding would be doubled, accord-
ing to a report of the Ministry of Land, Infrastructure, Transport
and Tourism (MLIT, 2024a). A study by Zhao et al. (2003) re-
ported a greater increase in the rainfall intensities for shorter
durations and higher return periods in Japan, highlighting the
importance of projections for rainfall events with sub-daily scales
and higher return periods. Another study provided evidence that
Japan is not safer now than before despite massive efforts made
up to now (Huang, 2021). More fundamentally, Japan lags be-
hind the United States and European Union countries regarding
flood control safety standards. Besides, the achievement rates are
still not satisfactory even for these relatively low standards.
One example is the Arakawa River, one of Japan’s most im-
portant rivers; the achievement rate of flood control projects for
a 200-year flood is 67%.

Furthermore, Japan is aging fast, with 28.7% of the popu-
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lation over 65 at present. Such an aging population poses a se-
vere threat to flood risk management. Considering climate and
demographic drivers of flood disasters, the present study focused
on the characterization of climate-caused escalation of hazard
and aging-induced vulnerability. The overall objective is to elu-
cidate the compound impact of climate change and aging on
flood risk and to identify new challenges Japan must overcome
in times of climate change and societal aging. A better under-
standing of the interlinkage between climatic and non-climatic
drivers of vulnerability is critical for developing better flood risk
management.

2. Materials and Methods

Risk has not been universally defined. Different disciplines
and different studies adopt different definitions. The present study
defined flood risk as the product of hazards and vulnerability (Ha
et al., 2023). Like risk, vulnerability has not been universally de-
fined. Following the works of Turner et al. (2003), Adger (2006),
Balica et al. (2012), and the present study addressed the vulnera-
bility from three aspects: exposure, susceptibility and coping ca-
pacity. Therefore, the definitions of flood risk and vulnerability a-
dopted in this study can be conceptually expressed as follows:

Risk = Hazard x Vulnerability
Exposure x Susceptibility (1)

Vulnerability =
Y Coping capacity

For exposure, the definition adopted in this study is “the
people, property, systems, or other elements present in flood
zones that are subject to losses”. Susceptibility can be defined
as “the state of a system resulting from exposure in relation to
its capacity/inability to withstand, cope, recover, or adapt. It re-
fers to the factors and attributes that make a community or soci-
ety more or less likely to be negatively affected by perturbation.
Coping capacity is defined as the ability to cope with, absorb,
and adapt to hazard impacts.

Climate change and societal change result in changes in
hazards and vulnerability, respectively. Thus, how a natural dis-
aster risk responds to climate change and societal change should
be assessed through the two components in an integrated man-
ner. Increased hazards due to climate change may worsen expo-
sure and susceptibility, but can also trigger reinforcement of
coping capacity, and capacity building can reduce susceptibility
and exposure. Based on these considerations, the framework for
assessing flood risk in times of climate and societal change em-
ployed by the present study is graphically shown in Figure 1.

In literature, flood risk was often defined as the function
of hazard, exposure and vulnerability (Kron, 2005; IPCC, 2012).
Meanwhile, exposure also appeared in flood vulnerability stud-
ies (Mitchell, 2006; Tate et al., 2021). If vulnerability is studied
as an endpoint of any assessment there is no conflict. However,
if vulnerability is studied as part of risk assessment, the pres-
ence of exposure in both risk and vulnerability definitions causes
duplication. Thus, the framework of the present study is better

suited for integrated studies. The societal change this study fo-
cused on is the aging. Aging increases flood vulnerability since
it affects people’s ability to respond to emergency properly.

Climate Change

Hazards - Vulnerability

‘ Societal Change

-
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Figure 1. Framework for risk assessment.

Major factors of flood hazard include heavy rainfall, high
water level in river channel, waterlogging on streets, and levee
breach. Previous studies usually list precipitation or rainfall as
a hazard, this study replaced precipitation with heavy rainfall
to emphasize that rainfall is essential to human life unless its in-
tensity is too high.

For vulnerability assessment, the present study has two main
focuses. One is how aging and climate change are combined to
affect flood vulnerability in Japan. Another is how flood man-
agement strategies may lead to exposure reduction in Japan. For
vulnerability analysis, it followed the conceptual Equation (1),
probing into three aspects with a particular emphasis on suscep-
tibility.

The present study used a mixed methods approach. For anal-
ysis, relevant data from meteorological records, population struc-
ture and government policies to past disaster damage information
were collected from central government’s documents, govern-
mentrun statistics databases and academic publications included
in Scopus and J-stage. The information collection was conducted
by keyword search with Boolean logic. Two particular sources
of information are the repository of the Ministry of Land, In-
frastructure, Transport and Tourism of Japan and the portal site
for Japanese Government Statistics. They are in public domain
(e-Stat, 2024; MLIT, 2024b). The period of target for information
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Figure 2. The annual number of heavy rainfalls in Japan (data source: Japan Meteorological Agency (2024a, b)).

search is mainly the last three decades.

Then, it performed a change-point analysis on rainfall data
for trend detection based on the cumulative sum charts (CUSUM).
CUSUM is defined as a statistical tool that graphically repre-
sents the sequential monitoring of cumulative performance of any
dichotomized or continuous variable under assessment. It can
be created without the need of a specific sample size and grow
with every new case included. It is a well-established statistical
process control method to detect changes in a sequence. A re-
view of the use of CUSUM was provided by Bandurek (Ban-
durek, 2008). Although the CUSUM-based change-point anal-
ysis is an effective and reliable statistical tool for detecting
mean shifts in a time series, it has been mainly used in medical
science (Novoa and Varela, 2020; Woodall et al., 2021), its ap-
plication to environmental issues were limited. The present study
presented a pioneering application of CUSUM to rainfall data
of different intensities for trend detection. Furthermore, it per-
formed a change-point analysis on flood casualties (death and
injuries) to see any upward shift from the year when the turning
point for heavy rainfall frequency occurred.

Table 1. Results of Change Point Analysis

Rainfall Shift from
Intensity Chgnge Confidence (Mean Num- To
(mm) Point Level (%) ber of Occur-

rence)
50 1998 100 227.59 317.48
80 1998 93 16.10 24.00
100 1998 94 2.22 4.52

On the other hand, it performed information synthesis for
vulnerability assessment in the context of climate and societal
changes. It also conducted a narrative synthesis to assess how ef-
fective new strategies taken by the Japanese government to deal
with flood risk may reduce exposure.
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Based on the findings from various analyses, this article
highlighted major challenges Japan is currently faced with in
its journey toward flood risk minimization. The overall value
of present study is that it provided a new, unique and thought-
provoking diagnosis of flood risk change in Japan considering
both climatic and societal drivers. It serves as a call for further
in-depth studies.

3. Results

3.1. Hazards

For flood risk, the climate-related hazard is precipitation.
Figure 2 shows annual changes in the number of heavy rainfalls
occurring in Japan with hourly precipitation of 50 mm or more,
80 mm or more, and 100 mm or more during 1976 ~2022. Pre-
vious studies used the straight line shown in the figure to assert
the impact of climate change on rainfall (Japan Meteorological
Agency, 2024a, b). However, it is not more than a visual judg-
ment. To find out a long-term change trend of heavy rainfalls
nationwide in a scientifically sound manner, the change-point
analysis was employed. Its application to the rainfall data de-
tected a change point in 1998. The analysis revealed that the
average numbers of annual occurrences of heavy rainfalls of 50
mm or more, 80 mm or more, and 100 mm or more per hour have
all shifted upward since 1998 as compiled in Table 1. The con-
fidence levels show that the change in the frequency of 50 mm
per hour is certain and the confidence level for 50 mm rainfall
is higher than that for more intensive rainfalls.

In 1998, intensive heavy rainfalls occurred in several re-
gions in a short period of time, such as Niigata in early August,
Tochigi and Fukushima at the end of August, and Kochi in Sep-
tember, and the highest in the history of observation was re-
corded in each region. In particular, during the torrential rains
at the end of August, the cumulative rainfall exceeded 1,200 mm
near the border between Tochigi and Fukushima prefectures,
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resulting in an unprecedented flooding. In addition, Typhoons
No. 5, 7 and 8 in September and Typhoon No. 10 in October
caused flooding in various areas, causing flooding and washing
away of houses, as well as paralysis of transportation such as
roads and railways, and causing serious impact on the lives of
residents. The total number of first-class river basins in Japan
is 109. Of the 109 first-class river basins in Japan, 96 river ba-
sins had its water levels that exceeded the warning level in
1998. It should be mentioned here that data analysis also shows
that there is no statistically significant long-term trend of change
in annual precipitation in Japan.
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Figure 3. Change in percentage of rivers having water levels
higher than flood danger water levels (data source: MLIT
(2021)).

In Japan, the total length of rivers managed by the national
government is 10,600 km, while the total length of rivers man-
aged by prefectural governments is about 113,000 km. Flow in
small and medium-sized reivers managed by prefectural gov-
ernments is usually fast, and the water level rises rapidly be-
cause of channel steepness and single cross-section, which means
limited flood plains for flood retarding. Climate change may in-
crease surface runoff and cause water levels increase more rap-
idly.

Figure 3 shows the changes in annual percentages of both
state-managed and prefecture-managed rivers having their wa-
ter levels exceeding flood danger levels (MLIT, 2021). It can
be clearly seen that small and medium-sized rivers in Japan
managed by prefectures are being more affected by climate change
than state-managed rivers. Therefore, how to upgrade the safety
level for small and medium-sized rivers is a critical issue Japan
must solve.

3.2. Vulnerability

In addition to climate change-caused intensification of haz-
ard, Japan is becoming increasingly vulnerable to flood disas-
ters for the reasons given below.

3.2.1. Aging-Induced Susceptibility

Figure 4 shows the change in the percentage of people aged
65 and above in Japan. Data after 2020 are a projection. It can

be clearly seen that Japan is already aging and will experience
more severe aging in years to come. According to studies in
geriatrics, the balance power of a person in the 60 and 70s is 30
and 20% of that in the 20s, respectively (Cabinet Office, 2020).
Impairment in balance performance can hinder the evacuation
of older people since evacuation should be carried out on foot
in principle. Weakness of physical strength can cause the fall-
ing of older people on their way to shelters, leading to death.
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Figure 4. Change in percentage of people above 65 in Japan
(data source: Cabinet Office (2024)).
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Figure 5. Change in the number of elderly (over 65) requiring
caring (data source: Japan Meteorological Agency (2024c)).

Furthermore, people with disabilities or requiring nursing
care need help for timely evacuation Figure 5 shows that aging
increases the number of people requiring nursing care or assis-
tance in daily life.

In 2020, a heavy rainfall caused levee breaching along the
Kuma River, which resulted in a serious disaster. Figure 6 show
that there were no young victims in this disaster, and the death
tolls increased with age for both genders. This is another evi-
dence that the elderly are more vulnerable to flood disasters in
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Figure 6. Death tolls in the Kuma River flooding (data source: e-Stat (2024)).
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Figure 7. The location of the flooded nursery home (data source: Yatsushiro River and National Highway Office (2024)).

recent years.

In Japan, many nursery homes are located in high flood
risk zones. In the case of Kuma River flooding, 14 elderly on
wheelchair in a nursing home perished when the facility was

inundated (Yatsushiro River and National Highway Office, 2024).

Figure 7 shows the location of the nursing home inside a high-
risk zone.

3.2.2. Climate Change-Induced Susceptibility

Figure 8 shows flood hazard maps for the upstream section
of Kuma River based on design rainfall and probable maximum
precipitation, respectively. The difference between the two reflects
the impact of climate change. It can be seen clearly that inundation
depths were greatly deepened and flood extent was expanded
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due to climate change. Such a change in depth and extent makes
the society much more likely to be negatively affected, result-
ing in higher flood susceptibility.

3.2.3. Exposure

Typhoons visit Japan almost yearly and are the main factor
regulating the annual precipitation. Figure 9 shows the number
of typhoons that made landfall from 1951 to 2022 (Japan Me-
teorological Agency, 2024d). A statistically meaningful trend
was not detected from the records.

In 2010, Typhoon No. 4 hit Hokkaido for the first time. In
2016, Typhoon No. 10 made landfall on the Pacific side of the
Tohoku region for the first time in history and approached to
Hokkaido as shown in Figure 10. As a result, Iwate Prefecture,
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Figure 8. Flood hazard maps for the upstream section of Kuma River based on design rainfall and probable maximum precipita-
tion, respectively (data source: Yatsushiro River and National Highway Office (2024)).

Aomori Prefecture, and other areas that had experienced rela-
tively little heavy rain experienced record-breaking heavy rain-
fall, and it also caused significant damage in Hokkaido.

In 2017, Typhoon No. 5 landed on the Kii Peninsula, which
is located in the south central of Japan’s main island, and caused
heavy rains nationwide (JMA, 2024). It lasted 18 days and 18
hours, making it the third longest-lived Typhoon in the Typhoon’s
observation history. In 2019, Typhoon No. 19 brought 1,000 mm
of rainfall in Hakone, which is less than one hundred kilometers
from Tokyo, and Kanagawa Prefecture on the doorstep of To-
kyo from October 10 to 13, and more than 500 mm at 17 loca-
tions, mainly in eastern Japan (Japan Meteorological Agency,
2024e). In particular, many places in Shizuoka, Niigata, Kanto-
Koshinetsu, and the Tohoku region experienced record-break-
ing heavy rainfall, with 3-, 6-, 12-, and 24-hour precipitation
being the highest in the history of observation. Consequently,
a special heavy rain warning was issued in 12 prefectures. The
path of Typhoon No. 19 is shown in Figure 11. As a matter of
fact, this typhoon was the first typhoon during the recent four
decades killing more than 100 people. Furthermore, typhoons
in Japan are characterized as having strong winds on the right
side of the center than on the left. However, the right-left wind
asymmetry is changing (Fujibe and Kitabatake, 2007). What

caused the change and how the change may further worsen expo-
sure are questions to be explored.
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Figure 9. Number of Typhoons landed in Japan (data source:
Japan Meteorological Agency (2024d)).

As the Typhoon’s path may become longer over the land
of Japan, more people would be exposed to the danger. How-
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Figure 11. Path of Typhoon No. 19 and affected population (data source: Japan Meteorological Agency (2024d)).
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Figure 12. Time lag in change between the total and exposed populations.

ever, the population of Japan has been shrinking since 2010 be-
cause the total fertility rate has been declining from 1.75 in 1980
to 1.24 in 2023 (MHLW, 2024). Therefore, the question is how
the exposed population will evolve. A study by Toma and Tada
(2022) estimated the population in flood-prone areas across
the nation for the period of 1995 ~ 2015 and also projected how
the number of people living in flood-prone areas will change
from 2025 to 2050. The present study combined these results with
population census data and population projection to examine how
the exposed population varies differently from the total popu-
lation. As shown in Figure 12, the exposed population in-
creased from 1995 to 2015 although the total population started
to decline in 2010. It can also be observed from the figure that
the total population will decline faster than the exposed popu-
lation from 2025. This indicates that there would be a time lag
in decline between the total and exposed populations.
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Figure 13. Highly vulnerable portion of the
exposed population.

In addition, using the percentage of the population aged 65

or older projected by the National Institute of Population and
Social Security Research (2024), a rough estimation of the ex-
posed highly vulnerable population without considering its spa-
tial distribution is shown in Figure 13. This indicates that even
though the total exposure population may decline due to the to-
tal population change, the highly vulnerable portion of the ex-
posure population may increase. As a result, the exposure re-
duction might be offset by a susceptibility increase. It indicates
the need to further study the linkage between exposure and sus-
ceptibility, which has been neglected in vulnerability studies.
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Figure 14. Flood casualties from 1990 to 2022 (data source:
MHLW (2024)).

Figure 14 shows the number of flood victims (death and
injuries) from 1990 to 2022. In 2004, ten typhoons landed in
Japan, resulting in the highest flood casualty in recent decades.
However, the change-point analysis did not detect any upward
shift point in this time series data. Since 1998 was a turning point
in the frequency of heavy rainfall, this finding implies that cli-
mate change has not caused more casualties so far, although
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the exposure increased from 1995 to 2015. This can be consid-
ered evidence of the effectiveness of Japan’s flood countermeas-
ures.

3.2.4. Coping Capacity

Flood hazard mapping is an essential element of coping
capacity. Japan has two types of flood hazard maps: Design rain-
fall-based and Probable Maximum Precipitation-based. Approx-
imately 98 and 83% of municipalities have made flood hazard
maps for a design rainfall and Probable Maximum Precipitation,
respectively. However, a survey by the Mobile Society Research
Institute (2024) showed that the public awareness of hazard
maps was as low as 38.6%. In particular, the awareness among
people in their 20s was the lowest. On the contrary, another
web-based survey by the Ministry of Land, Infrastructure, Trans-
portation and Tourism (MLIT, 2024c) showed that 69% of re-
spondents had seen a flood hazard map of their location. More
studies are needed to clarify the level of awareness.

Flood warning is another essential element of coping ca-
pacity. Japan has developed a flood warning system consisting
of five levels. Level 1 is an early warning for the possibility of
heavy rain. Level 2 is the warning for heavy rain and flooding
alerts. Level 3 indicates that danger is approaching. At this stage,
the elderly and disabled should start evacuation while others
prepare for evacuation. Level 4 calls for the evacuation of all
residents. Level 5 signifies the occurrence of disaster and the need
to take whatever possible actions to safeguard one’s life. How-
ever, the number of rivers with such a multi-level warning sys-
tem account for just less than 2% of all important rivers in Ja-
pan at present (Huang and Fan, 2023).

In Japan, a nationwide organization for flood control ac-
tivities is named Suibodan (flood control group) and was estab-
lished in accordance with the provisions of Article 5 of the Flood
Control Act of Japan (MLIT, 2024d). Flood control group members
are mainly composed of residents with regular careers on ordi-
nary days, but will perform flood control duties, help residents
with evacuation and carry out rescue operation during an emer-
gency. Therefore, this system can be described as a community-
based flood management. As shown in Figure 15, the number of
flood control personnel has declined and members above 60
years old account for 44% at present. The decline rate is around
0.2%, less that the population decline rate of Japan. The decrease
in the number and strength of flood control personnel weakens
the community’s coping capacity and increases flood vulnera-
bility.

On the other hand, in addition to Suibodan, there are com-
munity-based voluntary disaster prevention organizations made
up of local residents. They voluntarily carry out disaster preven-
tion activities in solidarity with neighborhood associations as
their parent body. The number of voluntary disaster prevention
organizations has increased to 169,804 in 2021. However, a sur-
vey by Citizen Disaster Prevention Institute (Citizen Disaster
Prevention Institute, 2024) identified that the top challenge of
voluntary disaster prevention activities is the aging of members,
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followed low participation of young people.

3.2.5. New Strategy

In 2021, the Japanese government issued a new river basin
management plan to deal with increasing water-related disasters
due to climate change (Citizen Disaster Prevention Institute,
2024). It aims to pursue integrated and comprehensive manage-
ment of the entire river basin based on the co-ordination of all
stakeholders, considering the relationship between the upper,
middle, and lower reaches of the river, the relationship between
the mainstream and tributaries, and the land use as well. It also
promotes the organic integration of structural and non-structural
measures. To provide such an integrated river basin manage-
ment with legal support, the Act on Countermeasures against
Flood Damage of Specified Rivers Running Across Cities was
amended in 2021 (MLIT, 2024e). The amendment of the law can
be considered a breakthrough in reducing flood vulnerability.
The amendment’s centerpiece is to establish a “flood damage
prevention zone” system. Prefectural governors have the authority
to designate a high flood risk area as a flood damage prevention
zone. In a flood damage prevention zone, the construction of
residential houses and nursing care facilities is only allowed if
a permission is obtained from the authority. The prior permission
system will confirm whether necessary measures have been
taken for safety against floods in the plan for development activ-
ities. For building construction, whether it is a residential house
on a private land or a public facility construction, flood-resistant
architecture designs such as Piloti, high foundation, or using a
water shuttle are needed to meet the technical standards of the
Ministry of Land, Infrastructure, Transport, and Tourism. Such a
permission regulation will prohibit development that does not
meet safety standards. On the other hand, if a flood-resistant de-
sign is planned, costs for raising the foundation to ensure that
the floor surface of the living room is above an expected water
level as sketched in Figure 16, construction work to secure evac-
uation spaces and other related works will be subsidized. Such
an incentive scheme can reduce flood susceptibility without bur-
dening residents financially.

Another strategy to reduce flood vulnerability is to encour-
age collective relocation from flood damage prevention zones
to relatively safer places (MLIT, 2024g). As sketched in Figure
17, for collective relocation of a community from the red zone
potential inundation depth > 3 m) and yellow zone (hazard area)
within a flood damage prevention zone to relatively safe blue
and white zones out of the flood damage prevention zone, the
costs of land acquisition and house construction will be subsi-
dized by both national and local governments, covering at least
94% of the total expenditure. The criterion for collective relo-
cation is that more than five households from a red zone or
more than ten households from a hazard area are moving out.
For individual relocation, tax incentives are available. Although
the number of families relocated remains unreported, the conti-
nuity of this strategy will reduce flood exposure in the long term.
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Figure 15. Number of flood control personnel and age distribution at present (data source: MLIT (2024d)).
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Figure 16. Building renovation for flood proof (drawn with reference to MLIT (2024f)).

4. Discussion

In Japan, climate change is compounded with aging, which
exacerbates flood risk. Conventional approaches are not suffi-
cient to deal with the new threats. The designation of flood dam-
age prevention zones is an innovative step forward. The purpose
of establishing flood damage prevention zones is not to prevent
inundation but to minimize flood-caused damage on the premise
of flooding. Therefore, it represents a paradigm shift in flood
risk management. It is the realization of the concept of living
with water. In the short run, it can reduce flood susceptibility,
while in the long run, it will reduce flood exposure and improve
coping capacity.

Based on the analyses described above, the new challenges
in flood risk management in Japan can be listed as below:

e  Climate change has not fully manifested its impacts on flood
risk. The large uncertainty imposes a big challenge for ef-
fecttive flood risk management in years to come.

e  Asaging will be a major factor in shaping future flood vul-
nerability, improving the coping capacity of an aging soci-
ety is another big challenge.

The combined effects of climate change and aging deserve
more in-depth studies from various perspectives. For in-
stance, how to minimize flood casualties by combining
structural and non-structural measures in the face of climate
change ang aging society.
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Figure 17. Moving out of a flood damage prevention zone
(drawn with reference to MLIT (2024g)).
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5. Conclusions

This paper provides a compact and unique characterization
of flood risk in Japan. It is not intended to be complete but to
highlight certain vital aspects. It conducted quantitative and
qualitative analyses to understand Japan’s current situation bet-
ter. The main findings are summarized below:

e A turning point in the frequency of heavy rainfalls in Ja-
pan was detected for the first time. Based on this, it can be
asserted that climate change enhanced flood hazards in terms
of the frequency of heavy rainfalls.

e  Typhoon’s path became extended, but there is little evidence
to relate it to climate change at this moment.

e  Climate change has not caused more casualties so far, al-
though the exposure increased from 1995 to 2015.

e Although the exposed population has started to decline, the
highly vulnerable portion of the exposed is likely to grow
till 2045.

e  Both susceptibility and coping capacity were affected by
aging.

e New strategies for flood risk management were explained
and they appear promising. Nevertheless, its actual effect-
tiveness is to be evaluated.

This paper also serves as information sharing, which is es-
sential in promoting better flood risk management in response
to climate change across the world.
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