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All over Japan, damage has occurred from flood from
inland waters. Because the measures against urban
inundation should be promoted swiftly and econom-
ically, the Ministry of Land, Infrastructure, Trans-
port and Tourism has implemented policies to push
forward efficient and effective mitigation measures.
Such comprehensive policies combine tangible and
intangible measures and select prioritized areas for
implementation. In June 2020, forecasting methods
for probable maximum rainfall were announced, tak-
ing heavy rain and climate change into considera-
tion. Furthermore, because a sewer system itself can
be damaged from heavy rain, measures have been
adopted to make a water-resistant sewerage system.
In this manner, various policies in Japan address mea-
sures against urban inundation.
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1. Introduction

Recently, frequent floods were attributed to climate
change and other reasons. According to the Fifth Assess-
ment Report of the Intergovernmental Panel on Climate
Change (IPCC) [1], in most of the middle-latitude coun-
tries extreme precipitation becomes highly intensified and
it is projected to worsen by the end of the 21st century.
Damage may increase due to the increase of annual rain-
fall. The Japan Meteorological Agency (JMA) credits
global warming with the “heavy rain in July 2018” [2].
This is the first time that the JMA made reference to the
influence of climate change in terms of heavy rainfall. As
shown in Fig. 1, damage from river flooding is serious
in Japan. The value of the damage caused by flooding
in Japan from 2008 to 2017 amounts to about 1.8 tril-
lion JPY (173 billion USD). However, the flood from in-
land waters triggered by insufficient drainage capacity of
sewerage systems accounts for 40% of all flooding in the
country. Especially in metropolitan Tokyo, floods from
inland waters account for about 70% of all floods in the
city.

Alleviating the urban inundation caused by climate
change is a worldwide challenge. This study aims to
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Fig. 1. Breakdown of flood damage (classification of statis-
tics of flood damage from 2008 to 2017).

optimize rainfall management, by combining information
on water quality and levels in urban areas [3], to formu-
late efficient policy that considers the influence of climate
change on rainfall variations and the economy [4, 5].

Municipalities implement sewerage systems in Japan.
The projects are financially supported by the Ministry of
Land, Infrastructure, Transport and Tourism (MLIT) for
the municipalities that implement efficient drainage sys-
tem projects.

This paper reviews the significance of the policies
against urban inundation, which were established over the
last 10 to 15 years. Furthermore, it examines the latest
policy trends from a long-term viewpoint, taking climate
change into consideration. As for the measures against ur-
ban inundation, various projects, technical developments,
and research studies have been conducted. However, there
are four basic concepts (see Fig. 2). The policy view-
points of these concepts are reviewed.

2. Basic Concepts of Measures Against Urban
Inundation in Japan

Preventing urban inundation is one of the objectives
stipulated in the Sewerage Service Act. Mitigation steps
have been implemented throughout Japan. As shown in
Fig. 3, in recent years heavy rain has been more frequent.
The impermeable urban area has increased with the ad-
vancement of urbanization. The risk of damage from ur-
ban inundation has increased. In fact, large-scale damage
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Fig. 2. Four concepts of measures against urban inundation.

Fig. 3. Frequency of rainfall events that amount to 50 mm
or more per hour (nationwide).

occurs regularly. However, due to the increased cost of
social security for the aging (among other reasons), it is
difficult to secure from both the Japanese Government and
the local public bodies the budgetary support for public
works. For this reason, new policies are sought urgently to
implement low-cost and highly effective measures against
urban inundation. In 2004, MLIT formulated new con-
cepts for the measures against urban inundation.

About 15 years have passed since the formulation of
these concepts, but they are the basis for many of today’s
policies. First, the concepts are explained below.

2.1. Comprehensive Policies Combining Tangible
and Intangible Measures

As urbanization increases, the number of occurrences
of high intensity rainfall increases; the impermeable area
increases and rainwater outflow increases. This causes
increased risk of damage from inundation. Local pub-
lic bodies are not financially equipped to manage these
situations. In Japan, measures have been implemented
for a long time to improve the infrastructure. However,
adopting only tangible measures would be costly and time
consuming. Accordingly, also important “intangible mea-
sures” were adopted to have residents evacuate quickly
and a flood hazard map for inland waters was prepared.

This large policy shift accepts the idea that all the risks
could not be mitigated only by infrastructure.

2.2. Selection of High Priority Areas for Implemen-
tation of Measures Against Inundation

This concept prioritizes tangible implementation based
on high priority locations where damage has already oc-
curred or is expected to occur. For example, underground
shopping malls and the area around a terminal station
were prioritized based on public safety and social im-
pact. Before this concept was adopted in Japan, measures
presupposed equal rainfall intensity across regions. Ac-
cordingly, this concept represents a large policy shift. Al-
though there is good reason to prioritize areas, there was
strong opposition to this approach from the local public
bodies. As managers of sewerage works, they are ac-
countable to the citizens. Thus, local public bodies must
explain their prioritization based on vulnerabilities. How-
ever, to eliminate life-threatening damage within the lim-
ited range of municipal budgets, this policy is now being
implemented throughout the country.

2.3. Allowing a Certain Degree of Inundation
The third concept is accepting minor damage from in-

undation. This is a very challenging policy shift. Before
adoption of this idea, the system was expected to com-
pletely drain all the rainwater, leaving no runoff. How-
ever, facilities rarely have this capacity. In order to es-
tablish capacity for a large-scale rain event, a large (and
costly) facility must be constructed. Moreover, the full ca-
pacity of such a facility would be used infrequently. Thus,
in determining the capacity of a facility, this concept in-
troduces the idea that a certain degree of inundation is
allowed.

For example, in the case of inundation below floor
level, life-threatening danger is minimal and the amount
of damage to property tends to be contained. For this rea-
son, the idea that inundation below floor level is allowed
was introduced into the sewerage facility plans. Yet, the
local public bodies raise opposition. Although the scale
of damage is minimal, it is extremely difficult for local
public bodies to explain this to citizens.

2.4. Maximum Practical Use of Stock
It takes time and money to establish a new facility. Ac-

cordingly, the concept of maximum practical use of the
capacity of the existing facilities was introduced (i.e., how
to operate a facility in coordination with other sewerage
facilities). The MLIT has applied this concept to infras-
tructural inundation measures, as well as to road construc-
tion. Regarding the measures against urban inundation,
the concept is not limited to efficient use of the existing
sewerage facilities by using information and communica-
tion technology (ICT), but it includes coordination with
an urban development project, such as a river manage-
ment project and establishment of a water storage facility.
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Fig. 4. Publication of hazard map for flood from inland waters.

Four concepts of the new policies to mitigate inunda-
tion swiftly and cost effectively (Fig. 2) change the ex-
isting concepts and are not easily understood by the local
public bodies that manage sewerage facilities on behalf of
citizens. Due to increasing social security costs, there are
budgetary constraints for public work projects. Under the
circumstances, citizens are aware of the increased dam-
age from heavy rain and they are conscious to “protect
life.” The policy trends behind this concept are described
below.

3. Trend of Intangible Measures

3.1. Flood Hazard Map for Inland Waters

As mentioned above, it is important to promote and en-
hance intangible measures that minimize damage. Of the
484 local public bodies necessary to formulate the hazard
map for inland water floods, 361 bodies (or 75%) have
already formulated a flood hazard map for inland waters,
estimating from the maximum rainfall record (Fig. 4) [6].

As for the underground shopping mall where life-
threatening damage could be caused, the MLIT demands
the formulation of a flood hazard map, assuming the
maximum-scale rainfall, not estimating from the maxi-
mum rainfall record of the place where underground shop-
ping mall exists. Ten local public bodies are listed to for-
mulate the hazard map within the 2020 fiscal year. The
maximum-scale rainfall is defined as the maximum rain-
fall that can be assumed scientifically. This value is de-
termined by estimating from the national rainfall record
(different from the maximum rainfall record). Different
from the rainfall (which has a long duration) used in river
flooding, the maximum-scale rainfall (with short dura-
tion) used in projecting floods from inland waters, which
has smaller temporal and spatial characteristic deviation.
In other words, according to studies, an extremely heavy
rainfall that has occurred in one part of the country could
occur elsewhere [7].

In recent years, inland waters were not discharged, be-
cause of the high water-level of the river into which sewer-
age is normally discharged. That causes flood from inland
waters. Therefore, it is increasingly necessary to consider
both the flood from inland waters and river flooding. Fur-
thermore, it is necessary to map the hazard of flood from
inland waters, taking the variation of river levels into con-
sideration.

3.2. Observation of Water Level and Provision of
Information

It is also important to practically use a map for urban
development. Concretely, it is necessary to conduct flood
risk evaluations of flood from inland waters for several
external forces, like the probable rainfall and the maxi-
mum rainfall record. Results could be provided to those
involved with urban development projects.

In July 2019, the MLIT requested that real estate devel-
opers exhibit the hazard map for the area where the hous-
ing and land is located, before making real estate deals.

In the amendment of the 2015 Flood Prevention Law,
a system was established that a manager of sewerage
works shall actively cooperate in evacuation activities
of sites like the underground shopping mall where life-
threatening damage could be caused by floods. In this
system, a manager of sewerage works shall observe the
water level of manholes in real time, using ICT. In case
the water-level rises to dangerous heights, the manager
shall notify the Disaster Prevention Division of the munic-
ipality concerned and facilitate safe evacuation. In May
2020, the system was first applied to the Hakata Station in
Fukuoka City.

4. Promoting the Formulation of the Compre-
hensive Plan for Rainwater Management

4.1. Outline of the Comprehensive Plan for Rain-
water Management

To implement the above-mentioned regional prioritiza-
tion for inundation mitigation the MLIT instructs the lo-
cal public bodies throughout the country to formulate a
“Comprehensive Plan for Rainwater Management.” In
the previous rainwater plan, an uniform target level was
set (Fig. 5), but in the Comprehensive Plan for Rainwa-
ter Management the basic items, such as the areas sewer-
age measures and targets are determined according to the
risk of inundation in each area (Fig. 6). The MLIT pro-
vides the financial backing to the local public bodies for
the measures required in this plan.

4.2. Formulation of Rainwater Management Plan
Taking Global Warming into Consideration
the Latest Trend

There is a total of 1,700 local public bodies in Japan.
In the areas necessary to take the measures for rainwa-
ter of the annual exceedance probability of 1/5, 59% of
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Fig. 5. Previous rainwater plan.

Fig. 6. New rainwater management plan.

the area has already completed the planned upgrades [6].
The long-term objective of these policies is to imple-
ment tangible and intangible inundation mitigation mea-
sures against the maximum record rainfall. As mentioned
above, the maximum-scale of rainfall should be set in
the hazard map for inland waters in the area with an un-
derground shopping mall, where life-threatening damage
could be caused.

At the time of the 2019 Typhoon Hagibis (Typhoon
No.19), tremendous damage occurred from the inunda-
tion caused by flood from inland waters. Also, sewer-
age facilities were also damaged, influencing civilian life
significantly. In the future, measures against inundation
should be promoted from a long-term perspective, taking
climate change into consideration in advance to prevent
disaster. To respond to this request, the “Study Group
on Urban Inundation Countermeasures Based on Climate
Change” was established to review the measures against
urban inundation. As for the abovementioned Compre-
hensive Plan for Rainwater Management, the study group

Table 1. Magnification of rainfall variation according to region.

Region
RCP2.6

(increase 2◦C)
(provisional value)

RCP8.5
(increase 4◦C)

Northern Hokkaido,
Southern Hokkaido,
and North-West Kyushu

1.15 times 1.5 times

Okinawa etc. 1.1 times
1.3 times

(provisional
value)

Another 12 regions 1.1 times 1.3 times

meeting on June 2020 confirmed that a plan should be
formulated from a long-term viewpoint, taking climate
change into consideration [8]. From the proposal, a new
assumption about the probable maximum rainfall used for
facility improvements is explained below.

In the Fifth Assessment Report of the IPCC [1], there
are four scenarios for greenhouse gas emissions. These
scenarios are termed as the “Representative Concentration
Pathways Scenario” (RCP Scenario). The average sur-
face temperature in the world is estimated to rise by 2.6
to 4.8◦C in RCP8.5 Scenario (an increase of 4◦C). This
scenario assumes that if greenhouse gas emissions con-
tinue as they are now, the total greenhouse gas emissions
would double by the end of the 21st century, in compari-
son to levels before the Industrial Revolution. Also, it is
estimated to rise by 0.3 to 1.7◦C in RCP2.6 Scenario (a
2◦C increase). Therefore, the emission of greenhouse gas
would become almost zero at the end of 21st century and
the process of global warming would be contained.

To improve data prediction in the future and to set the
characteristics of the sewerage plans needed for climate
change, the estimated stormwater flow is found by multi-
plying the probable maximum rainfall, which is now used
for improvement of the tangible measures by the magni-
fication of rainfall variation. This method is examined
based on “the recommendation about hydraulic control
plans based on climate change” [9] that is the recommen-
dation on the hydraulic control examined prior to consid-
eration of urban inundation measures. The magnification
of rainfall variation in RCP2.6 Scenario corresponds to an
increase of 2◦C and is regarded as the provisional value
converted from the RCP8.5 Scenario, which corresponds
to an increase of 4◦C (Table 1). This is because the cur-
rent climate change prediction model has limitations in
reproducing the rainfall and rain area. Rainfall duration
and urban climate must be considered in the sewerage
plan appropriately. The abovementioned method is to be
reviewed further by accumulating new knowledge in the
future.

Because on announcement of this idea, it is necessary
to formulate and review the Comprehensive Plan for Rain-
water Management with a long-term perspective based on
future climate change. As mentioned above, in reviewing
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Fig. 7. Drainage pump vehicle of Kawagoe City.

the plan the probable maximum rainfall now used for im-
provement of the tangible measures is to be multiplied by
the magnification of rainfall variation of a long period of
time. However, as for a method of how to handle the in-
fluence of climate change in the plan, an increase of 2◦C
is to be considered at the moment, based on the Govern-
ment in the Paris Agreement goals and the durable life of
a sewerage facility.

5. Maximum Practical Use of Existing Facili-
ties

Not only to proceed with establishing facilities, but also
to minimize the risk of inundation in an early stage, ef-
forts are made to optimize the operation of existing facil-
ities. Concrete recommendations include practical use of
the pumps (they have been allocated as reserve at the time
of failure) and a drainage pump vehicle (Fig. 7) to move
flexibly to the location of inundation.

To control the rainfall and outflow, which vary over
time, it is also necessary to use efficient capacity flows
into the existing river and to plan for the capacity of the
sewerage facility reciprocally. It is important to improve
the operability of the sluice gate by exchanging informa-
tion between the river manager and the sewerage manager.
Accordingly, it is effective to install observation and con-
trol equipment, such as remote control, water gauge, and
monitoring camera using ICT, so that an operator could
remotely operate equipment in case of emergency.

Storage of rainwater in buildings is also carried out in
an urban development project under the cooperation of
city planning measures for flood mitigation. However,
mainly the regulations of the local public bodies require
an urban developer to install such equipment and there is
little benefit for an urban developer. Therefore, as an in-
centive for a building owner to actively install such equip-
ment, the MLIT notifies the leading local public bodies
with jurisdiction to examine increases of ground area ra-
tios in the urban development project. Doing so con-
tributes to the measures against inundation and storage
equipment will be installed in September 2020. This is re-
garded as unprecedented cooperation between urban flood
mitigation and urban development, which previously op-

Fig. 8. Making entrance door watertight.

erated under the harmful practice of segmented adminis-
trative systems.

Foreign countries promote research and practical im-
plementation of green infrastructures [10]. Although
green infrastructure has not spread throughout Japan,
measures for urban landscaping and containment of
stormwater are being implemented simultaneously, using
green infrastructure in Yokohama City and other munici-
palities. Moreover, the idea of the “hydraulic control of
basin” [11] (i.e., efforts to store stormwater by all the
stakeholders who are engaged in the activities throughout
the basin) is a key policy for the future.

6. Promotion of Waterproofing of Sewerage
Facilities

In the 2019 Typhoon Hagibis flood event the sewerage
facilities were damaged severely. Sewerage facilities are
significant infrastructures, required to promote drainage
and pumping during river flooding and to minimize the
social impact of damage to a sewerage facility. These
policies are described in this chapter.

Because sewerage is a system to collect wastewater us-
ing gravity flow, the facility is often located in low lying
areas that overlap with hazardous flood areas. About 50%
of all the sewerage treatment plants in Japan and about
70% of all the pump stations are in hazardous flood zones.
As of December 2019, waterproofed sewerage treatment
plants and the pump stations account for only 14% and
15%, respectively [6]. The inundation depth is ordinarily
set based on the lifetime of the facility, by supposing river
flooding would occur with the medium and high frequent
annual levels at the probability of 1/30 to 1/80 [8]. In
the case of inundation depth exceeding the goal, sewerage
functions should be restored swiftly using the intangible
measures by Business Continuity Plan (BCP). Review-
ing the layout of important equipment and the structure
of construction, it is necessary to proceed efficiently with
the measures, by combining relocation of electric equip-
ment to upper floors, updating equipment to waterproof
specifications, waterproofing the whole building (Fig. 8),
and waterproofing prioritized areas.

The MLIT notified the local public bodies that within
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the fiscal year 2020 they should review the BCP, including
facility protection and intangible measures. This should
include review of their sewerage facilities at a high risk for
flood damage and they should formulate the waterproof-
ing plan, including revising the inundation depth goal, pri-
oritizing flood zones, and proceeding with waterproofing
improvements in fiscal year 2021.

7. Conclusion

This paper describes the new flood policies (i.e., the ba-
sic concepts of the measures against urban inundation by
the sewerage works in Japan), as well as the system of
policies based on these concepts and the probable maxi-
mum rainfall due to global warming.

In recent years, unprecedented heavy rain occurs al-
most every year and the damage from inundation is caused
by inland waters throughout the country. It is necessary to
promote policies that respond to such conditions. Various
urban inundation models should be developed.

Real-time data should be collected using new mod-
elling technology to steadily advance this research.
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