
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tcej20

Coastal Engineering Journal

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tcej20

Coastal adaptation to climate change in Japan: a
review

Fuminori Kato & Yoshimitsu Tajima

To cite this article: Fuminori Kato & Yoshimitsu Tajima (05 Oct 2023): Coastal
adaptation to climate change in Japan: a review, Coastal Engineering Journal, DOI:
10.1080/21664250.2023.2259187

To link to this article:  https://doi.org/10.1080/21664250.2023.2259187

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 05 Oct 2023.

Submit your article to this journal 

Article views: 399

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tcej20
https://www.tandfonline.com/loi/tcej20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/21664250.2023.2259187
https://doi.org/10.1080/21664250.2023.2259187
https://www.tandfonline.com/action/authorSubmission?journalCode=tcej20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tcej20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/21664250.2023.2259187
https://www.tandfonline.com/doi/mlt/10.1080/21664250.2023.2259187
http://crossmark.crossref.org/dialog/?doi=10.1080/21664250.2023.2259187&domain=pdf&date_stamp=05 Oct 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/21664250.2023.2259187&domain=pdf&date_stamp=05 Oct 2023


Coastal adaptation to climate change in Japan: a review
Fuminori Katoa,b and Yoshimitsu Tajimaa

aDepartment of Civil Engineering, The University of Tokyo, Tokyo, Japan; bCoast Division, National Institute for Land and Infrastructure 
Management, Tsukuba, Japan

ABSTRACT
In parallel with many other countries, the government of Japan has started to tackle 
coastal adaptations to climate change. In 2020, the national Basic Policy for Coastal 
Protection was revised to add the statement that coastal management should account 
for future changes in coastal hydrodynamic conditions due to climate change. 
Following this policy, the management body of each coast is requested to revise the 
Basic Plan for Coastal Protection by 2025. This paper first reviews the current legal 
frameworks and measures of coastal protection and conservation, such as disaster 
prevention and mitigation against stormy waves, storm surges and tsunamis, beach 
conservation, and maintenance of coastal protection facilities. Second, the paper out
lines the recent actions taken for coastal adaptation to climate change. With example 
cases in Osaka and Tokyo bays, it is described how design conditions such as design 
waves and water levels should account for the influence of climate change. It is also 
described how adaptive beach management should be implemented accounting for 
projections of future beach changes. Finally, the paper discusses future challenges in 
coastal adaptation strategies to climate change in Japan, such as introduction of 
integrated coastal zone management and other potential options that have not been 
implemented in Japan.
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1. Introduction

Global warming has various impacts on coastlines: it 
may cause sea level rise and intensify storm waves and 
surges, resulting in an increase in the frequency of 
coastal flooding events, and it may also intensify coastal 
erosion and thus reduce the space available for human 
activities and nearshore habitats. According to the sixth 
Assessment Report (AR6) of the Intergovernmental 
Panel on Climate Change (IPCC), for example, it is vir
tually certain that the global mean sea level will con
tinue to rise over the 21st century, and the projected sea 
level rise magnitudes by 2100 are 38 cm under SSP1–1.9, 
the most optimistic scenario, and 77 cm under SSP1–8.5 
(Intergovernmental Panel on Climate Change 2022b). 
The sea level around Japan is also projected to rise, 
while the alongshore variation in the projected sea 
level rise is relatively small. The projected sea level rise 
totals around Japan are 39 cm under the RCP2.6 sce
nario and 71 cm under RCP8.5 (Ministry of Education, 
Culture, Sports, Science and Technology, and Japan 
Meteorological Agency 2020, hereafter, MEXT and 
JMA, 2020). It has also been reported that storm surges 
in three major bays in Japan, i.e. Tokyo, Osaka and Ise 
Bay, will be amplified by intensified typhoons in the 
future (MEXT and JMA, 2020). Mori et al. (2020) noted 
that the ensemble average of the projected maximum 
storm surges by the end of the 21st century reported by 

different studies exceeded the present design sea level 
anomaly in each bay. It is also projected that sea level 
rise will most likely cause shoreline retreat around Japan 
(Ministry of the Environment (MOE, hereafter), 2020). 
According to Udo and Takeda (2017), the losses of 
beach areas along the entire coast of Japan from 2081 
to 2100 will be 62% under the RCP2.6 scenario and 83% 
under the RCP8.5 scenario. Mori et al. (2018) also pro
jected a decrease in the sandy beach area in Japan due 
to sea level rise and claimed that approximately one- 
third of beaches may disappear under the RCP 8.5 
scenario.

In parallel with many other countries (e.g. Delta 
Programme Coast 2013; Environment Agency 2020), 
the government of Japan has also started to tackle 
coastal adaptations to climate change. In 2020, the 
national Basic Policy for Coastal Protection was revised, 
and the revised policy added the statement that 
coastal management should account for future 
changes in coastal hydrodynamic conditions due to 
climate change. Following this policy, the manage
ment body of each coast is requested to revise the 
Basic Plan for Coastal Protection by 2025. This review 
paper outlines the current legal frameworks and mea
sures of coastal protection and conservation in Japan 
and discusses the current situations and challenges of 
coastal adaptation strategies to climate change.
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2. Coastal protection in Japan

2.1. Seacoast law and national policy for coastal 
protection

In Japan, coastal management is governed by the 
Seacoast Law, and the Seacoast Law states that the 
national government first determines the Basic Policy 
for Coastal Protection. Based on this Basic Policy, each 
coastal management body, such as a prefecture, 
should determine the Basic Plan for Coastal 
Protection at each coast. The following sub-sections 
outline the Seacoast Law and the Basic Policy for 
Coastal Protection. Hereafter, the literal translation of 
these Japanese documents is typed in italic form.

2.1.1. The seacoast law
The Seacoast Law was established in 1956. While the 
original 1956 Seacoast Law aimed only for coastal 
protection, it was amended in 1999 to account not 
only for coastal protection but also for coastal environ
ment and coastal use. While coastal protection focuses 
on countermeasures of coastal erosion and disaster 
prevention and mitigation from various coastal 
hazards, such as tsunamis, storm surges, and stormy 
waves, the revised Seacoast Law in 1999 states that it is 
important to contribute to national land conservation 
through the maintenance and conservation of the 
coastal environment and the management and appro
priate public use of coastal zones.

In the Seacoast Law, coastal management is desig
nated to the prefectural governor. The tasks of the 
coastal management body are to determine and des
ignate the area for coastal protection and to conserve 
the designated coastal protection area through the 
installation and maintenance of coastal protection 
facilities. In principle, the target area for coastal 

protection should be determined within 50 m seaward 
from the low water line and 50 m landward from the 
high tide line. The coastal protection facilities specified 
in the Seacoast Law include coastal dikes, groins, revet
ments, parapets, detached breakwaters, and beaches. 
Here, a beach can be considered a coastal protection 
facility only if it has been designated so by the coastal 
management body. The Seacoast Law also states that 
the national government should determine the 
Technical Standards for Coastal Protection Facilities, 
specifying the required minimum technical standards 
for the design of coastal protection facilities. Coastal 
management bodies should determine the properties 
of coastal protection facilities, such as their scales, 
layouts, and structures, based on the Technical 
Standards for Coastal Protection Facilities.

2.1.2. The basic policy for coastal protection
The Seacoast Law states that the national government 
first determines the Basic Policy for Coastal Protection, 
and based on this Basic Policy, each coastal manage
ment body, such as a prefecture, should determine the 
Basic Plan for Coastal Protection at each coast. Table 1 
outlines the framework of the Basic Policy for Coastal 
Protection. In the section 1-1 indicated in Table 1, the 
Basic Policy for Coastal Protection states as follows: the 
principle idea of coastal protection and conservation is to 
ensure a beautiful, safe, and lively coastal area for the 
next generations, and based on this principle, integrated 
coastal conservation measures should be planned to 
realize the desirable harmony of coastal protection 
against various coastal hazards; the conservation and 
maintenance of the coastal environment; and the facil
itation of the appropriate public use of coastal areas.

In the section 1-2 indicated in Table 1, basic matters 
for coastal protection are described for the following 

Table 1. Framework of the Basic Policy for coastal protection (Ministry of Agriculture, Forestry and 
Fisheries and Ministry of Land, Infrastructure, Transport and Tourism 2020).

I. Basic Guiding Principle for Coastal Protection
1. Basic Principle for Coastal Protection 1–1
2. Basic Matters for Coastal Protection 1–2
(1) Basic matters for coastal defense
(2) Basic matters for maintenance and conservation of coastal environment
(3) Basic matters for appropriate public use of coastal areas
3. Basic Matters for Maintenance of Coastal Protection Facilities 1–3
(1) Basic matters for new construction or improvement of coastal protection facilities 　
(2) Basic matters for maintenance or repairing of coastal protection facilities 　
4. Other Important Matters for Coastal Protection 1–4
(1) Promotion of actions based on wide and integrated viewpoints
(2) Promotion of regional cooperation and education for coastal protection
(3) Promotion of survey and study

II. Coastal Zones for Establishment of Basic Plan for Coastal Protection
71 coastal zones are specified, in which the Basic Plan for Coastal Protection should be established. 2

III. Basic Matters for Establishment of Basic Plan for Coastal Protection
1. Basic Matters to be Determined 3–1
(1) Basic matters for coastal protection
(2) Basic matters for maintenance of coastal protection facilities
2. Other Important Matters to be Considered
(1) Consistency with other related plans 　
(2) Cooperation and coordination with other related public organizations 　
(3) Involvement of local residents and disclosure of information 　
(4) Revision of the plan 　

2 F. KATO AND Y. TAJIMA



three items: (i) coastal defense; (ii) maintenance and 
conservation of coastal environment; and (iii) appro
priate public use of coastal areas. Translations of some 
sentences for each of these three items are listed 
below.

(1) Coastal defense 
At each coast, the level of coastal defense should be 
determined based on investigations of natural conditions 
such as the meteorologic, hydrographic and topographic 
conditions, history of coastal disasters, projections of 
future coastal hazard changes, and sociological condi
tions of the hinterland, such as the population, assets, 
and land use. The defense level against tsunamis is deter
mined for tsunamis with return periods of few or several 
decades to ahundred and several tens of years based on 
the history of tsunami inundation events around the tar
get coast. The defense level against storm surges is deter
mined for the sum of sea level anomalies and the effect of 
waves. The sea level anomaly is determined based on the 
recorded highest sea level or the predicted sea water level 
based on past data and numerical simulations. Ahigher 
coastal defense level accounting for future changes in 
coastal hazards may be taken if the target coast is more 
vulnerable to inundation, such as the coast around Tokyo, 
Ise and Osaka Bays, along which the hinterland has alarge 
zero-meter zone with the ground level being lower than 
the mean sea level and the region containing adense 
population and assets. 

Adaptive management approaches should be taken for 
shore protection against coastal erosion. In this 
approach, coastal protection measures should account 
for the coastal erosion mechanism and for projections 
of future topography changes due to climate change 
and the impacts of human activities based on the 
long-term monitoring of nearshore bathymetry and 
the entire sediment transport system. The effectiveness 
of conducted measures should also be monitored, and 
then the optimal measures should be decided based on 
projections of future topography changes. If the coast 
has already eroded, the goal of coastal protection in 
general should be to maintain and conserve the exist
ing coast, while if necessary, goals can also be set for 
recovery of eroded beaches. In addition to the local 
protection of the target eroding coast, coastal protec
tion measures should also account for the continuity of 
littoral sediment transport and maintain the appropri
ate sediment transport balance over the entire sedi
mentary system. Shore protections of capes and 
remote islands are a high priority for the protection 
of national territorial land and sea. 

(2) Conservation and maintenance of coastal 
environment 
Since the carrying capacity of coastal environments is 
limited, we should avoid or minimize activities that may 
disturb the coastal environment, and lost or disturbed 
coastal environments should be recovered as much as 
possible. Appropriate conservation and maintenance 
measures should be implemented to achieve desirable 
harmony between the natural environment and human 
activities. Special measures and attention should be 
taken for coasts that have precious environments, such 
as scenic spots, natural parks, academically or scientifi
cally important natural areas, natural monuments, and 

precious natural habitats. Some human activities, such 
as driving entry, should be controlled or regulated for 
conservation of the environment, and appropriate and 
prompt actions should be prepared in advance for inci
dents such as oil spills to minimize and mitigate their 
impacts on the environment. 

(3) Appropriate public use of coastal areas 
Coastal management bodies should conduct the 
installation and maintenance of coastal facilities to 
utilize various coastal functions and facilitate the 
public use of coastal zones. Appropriate and prompt 
actions should also be taken to address damages to 
those facilities and neglected ships that may ruin the 
coastal landscapes and public usage. Coastal man
agement bodies should also maintain appropriate 
public access to the seashore to account for the 
conservation of the natural environment.

Here, examples of “activities that may disturb the 
coastal environment” are described in the introduction 
of Basic Policy for Coastal Protection such as fouling of 
the coast and driving on the beach. While details of 
“desirable harmony between the natural environment and 
human activities” are not specifically described in the 
Policy, it should indicate the state in which both conser
vation of natural environment and social demands for 
coastal protection and public use are satisfied.

In the section 2 indicated in Table 1, the Basic Policy 
for Coastal Protection states that a Basic Plan for 
Coastal Protection should be established for each of 
71 coastal zones which are specified in the separate 
table in the document. Here, the coastal zone is 
a segment of the alongshore coast of Japan, and the 
littoral range of each segment is determined based on 
the similarity of bathymetric and hydrographic condi
tions and the continuity of littoral sediment transport.

In the section 3-1 in Table 1, the Basic Policy for 
Coastal Protection states that matters required for 
establishment of the Basic Plan for Coastal Protection. 
Translations of main matters described in this section 
are listed below.

(1) Basic matters for coastal protection
(i) The present condition of the coast and future direc

tion of coastal conservation 
Long-term state of the coast should be determined 
based on natural and social characteristics.

(ii) Coastal defense 
Goals of coastal defense such as target areas and 
defense level, and detailed measures to achieve 
these goals should be determined.

(iii) Coastal environment 
Detailed measures to be implemented for mainte
nance and conservation of coastal environment 
should be determined.

(iv) Appropriate public use of coastal areas 
Detailed measures to be implemented to promote 
appropriate public use of coastal areas should be 
determined.

COASTAL ENGINEERING JOURNAL 3



(2) Basic matters for construction and maintenance of 
coastal protection facilities

(i) New construction and improvement of coastal pro
tection facilities 
Areas where coastal protection facilities are newly 
constructed or improved; type, scale and layout of 
coastal protection facilities; and areas where 
receive benefits by coastal protection facilities and 
the land use of these areas.

(ii) Maintenance and repair of coastal protection facil
ities 
Areas with coastal protection facilities; type, scale 
and layout of coastal protection facilities; and 
methods of maintenance or repair of coastal pro
tection facilities

2.2. Coastal protection and disaster prevention 
measures against storm surges and high waves

Coasts in Japan require appropriate protection and 
disaster prevention measures against storm surges 
and high waves induced by typhoons and winter 
storms. Disaster prevention measures are most impor
tant around Tokyo, Ise and Osaka Bays, where the large 
lowland areas behind the coasts have high populations 
and dense assets and the coastlines are threatened by 
severe storm surge disasters. In 1959, for example, the 
storm surge induced by Typhoon Vera, also known as 
Ise-Wan Typhoon in Japan, caused a severe coastal 
flooding disaster with more than 5,000 deaths. Six 
decades after Typhoon Vera, Japan again experienced 
severe, record-breaking-level typhoons, such as 
Typhoon Jebi and Trami around Osaka Bay in 2018 
(Mori et al. 2019) and Typhoon Faxai (Suzuki et al.  

2020) and Hagibis (Shimozono et al. 2020) around 
Tokyo Bay in 2019.

After the frequent experiences of severe storm 
surge disasters in the 1950s, Japan constructed con
crete seawalls and water gates as disaster prevention 
measures against storm surges. Figure 1 shows the 
history of the total stretch of coastal protection facil
ities such as seawalls. Figure 2 shows an example of 
a revetment and seawall. As seen in Figure 1, the total 
length of the sea wall reached 3,000 km by 1980 and 
stayed nearly constant afterward.

The height of the seawall is determined by the sum of 
the design water level and the required height account
ing for the influence of high waves. In general, the 
design water level is determined based on either (i) 
the recorded highest sea level, (ii) the sum of the 
mean high-water springs and the recorded highest sea 
level anomaly due to a storm surge, or (iii) the sum of 
the mean high-water springs and the estimated highest 
storm surge induced by the specified typhoon. In Tokyo 
Bay, for example, the estimated storm surge height is 
based on a virtual typhoon with an intensity equivalent 
to that of Ise-Wan Typhoon and the worst potential 
track that would cause the highest storm surge at each 
target coast. Unlike the determination of design wave 
conditions, probabilistic approaches such as the occur
rence probability of the past recorded sea level anomaly 
have not been applied in Tokyo, Osaka or Ise Bays, three 
major bays in Japan. The required height for the influ
ence of high waves is determined as the height by 
which the estimated wave overtopping rate is limited 
below the allowable rate. Here, in general, the wave 
overtopping rate is estimated for waves with return 
periods of 30 to 50 years.

Figure 1. History of the total stretch of installed coastal protection structures in Japan.
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In addition to seawalls and dikes, shore protec
tion measures are often combined with offshore 
structures such as detached breakwaters and artifi
cial reefs, which dissipate wave energy and thus 
reduce the required height of seawalls and dikes 
against wave overtopping. Such a combination of 
coastal protection facilities, including not only facil
ities along coastlines such as dikes, seawalls and 
parapets but also offshore structures, is called inte
grated coastal protection measures. In recent years, 
the application of such integrated coastal protec
tion measures has been encouraged since an inte
grated approach can lower the required height of 
the seawall and benefit the conservation of desired 
coastal landscapes. As seen in Figure 1, the total 
length of constructed detached breakwaters has 
shown a drastic increase since 1980. Moreover, 
beach nourishment has also been selected as 
a coastal protection facility that allows wave energy 
to dissipate near the shore. The Seacoast Law also 

states that coastal management bodies can desig
nate sandy beaches as coastal protection facilities 
and conduct maintenance of designated beaches to 
ensure the required coastal protection functions. 
Beaches designated as coastal protection facilities 
are required to maintain their coastal protection 
function over a long period of time against design 
wave conditions. Due to these requirements, the 
number of designated beaches was still only two 
as of December 2022. Figure 3 shows an aerial 
photograph of Ishikawa coast that has the first 
beach designated as coastal protection facilities. 
Location of the coast is indicated in Figure 5, pre
sented later.

2.3. Disaster prevention and mitigation measures 
against tsunamis

While the southern and eastern coasts of Japan face 
the Pacific Ocean and have suffered tsunamis, coastal 
protection and disaster prevention measures against 
tsunamis are of importance along most coasts. In the 
2011 Great East Japan Earthquake, the observed tsu
nami height exceeded 10 m and caused severe disas
ters along a 530-km stretch of the east coast of Japan 
(Mori, Takahashi, and the 2011Tohoku Earthquake 
Tsunami Joint Survey Group 2012). In the near future, 
moreover, the coasts of Japan may suffer severe tsu
namis due to Nankai megathrust earthquakes and 
earthquakes along the Japan Trench.

After the experience of coastal flooding induced by 
the 1960 Valdivia earthquake and tsunami, dikes, para
pets, and water gates were constructed as coastal 
protection facilities against tsunamis. While these 
structures were designed to protect the hinterlands 

Figure 2. Example of a revetment and seawall on the Urayasu 
coast in Chiba Prefecture, located at a in Figure 5.

Figure 3. The first beach designated as coastal protection facilities on the Ishikawa coast located at B in Figure 5.
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from tsunamis, the 2011 Great East Japan Earthquake 
Tsunami overflew the dikes and caused them to col
lapse over a total alongshore stretch of approximately 
190 km. One of most important lessons learned from 
this severe tsunami disaster was that we should not 
rely too much on coastal dikes for disaster prevention 
from tsunamis. After the 2011 disaster, the concept of 
two different tsunami levels was introduced, and 
based on this concept, in general, the functions of 
coastal dikes should be determined for Level-1 tsuna
mis with return periods of several decades to 
a hundred years and a few decades. In the case of 
a Level-2 tsunami, the maximum possible tsunami at 
each coast, the tsunami would likely overflow the 
coastal dikes, and thus, comprehensive disaster mitiga
tion strategies should be implemented by combining 
shore protection structures and nonstructure-based 
early evacuation plans (Sato 2015; Suppasri et al.  
2016). The required heights of the dikes to protect 
against tsunamis should be determined for Level-1 
tsunamis. If the target coast is partially protected by 
the breakwater constructed around the bay mouth, the 
required height of the dike accounts for the tsunami- 
reduction effect of these breakwaters. Finally, the 
actual heights of coastal protection structures such as 
dikes, seawalls and parapets should be determined 
through considerations of the various functions of 
coastal structures, accounting not only for tsunamis 
but also for the design sea level and design wave 
conditions.

The 2011 tsunami collapsed breakwaters and dikes 
along the coast, and the ground areas around these 
structures were severely scoured and eroded (Udo, 
Takeda, and Tanaka 2016; Yamashita et al. 2016). 
Such severe bed deformation around the structures 
appeared to enhance the collapse of the structures 
and required significant restoration work after the dis
aster. Based on these lessons, a new concept for the 
design of dikes and seawalls was introduced: dike and 
seawall structures should be designed so that severe 
and sudden collapse of the structures is avoided even 
under an overflowing tsunami. Through investigations 
of the damage mechanisms of dikes and seawalls, such 
as scour, it was found that an effective way to reinforce 
coastal dikes is to cover the top, front and backside 
slopes of the dike with concrete blocks and to reinforce 
the landside toe of the dike against scour (Kato et al.  
2012, 2013, 2014). Such reinforced structures have 
been introduced not only to the dikes restored after 
the 2011 tsunami but also to those along the coasts 
where severe tsunami attacks are anticipated due to 
Nankai megathrust earthquakes (Inukai et al. 2017). It 
should also be noted that seismic reinforcement of 
these coastal structures is also being conducted since 
the seismic waves associated with earthquakes also 
significantly impact the deformation and subsidence 
of these structures (Hara 2017).

2.4. Measures against coastal erosion

The total alongshore stretch of beaches in Japan is 
approximately 5,000 km (Ministry of Land, 
Infrastructure, Transport and Tourism, Water 
Management and Land Conservation Bureau, Coast 
Office 2021), approximately one-seventh of the entire 
coastline stretch. These beaches have been eroded 
everywhere as a result of the imbalanced littoral sedi
ment transport due to the construction of coastal 
structures and chronic decrease in sediment supply 
from rivers (Uda 2010). Tanaka et al. (1993) investi
gated the changes in shoreline location extracted 
from topographic maps and noted that the average 
beach area loss rates across Japan were 0.7 km2/year 
over the 70 years before 1978 and 1.6 km2/year from 
1978 to 1992. Watanabe et al. (2022) conducted 
a similar analysis and found that the change in the 
beach area due to shoreline retreat from 1992 to 
2006 was small (Figure 4). Figure 5 shows locations of 
coasts where annual shoreline retreat was more than 3  
m. It should, however, be noted that the beach area 
itself decreased in this period due to forestation and 
land use of the land side areas of the beaches. Defeo 
et al. (2021) noted that coastal squeeze is caused by 
encroachment on both sides of the beach: the shore
line retreats due to erosion and sea level rise, and the 
land side retreats due to land use for recreation, urba
nization and industrial activities. Japan also faces long- 
term coastal squeeze problems from both the sea and 
land sides of the beaches.

The principle concept of shore protection against 
coastal erosion is to maintain the present shoreline 
locations. In the past, counter measures against coastal 
erosion were simply the construction of revetment and 
wave dissipation works before the 1980s. After the 
1980s, similar to shore protection against storm surges, 
the concept of integrated coastal protection was 

Figure 4. History of area change of beaches where the shore
line was advanced or retreated (modified from the source: 
Watanabe et al. 2022).
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introduced. For example, the total lengths of groins, 
detached breakwaters, and artificial reefs increased to 
404 km, 711 km and 185 km, respectively, as of 2021. 
A headland, a groin with a breakwater attached on the 
head of the groin, combines the effects of groins and 
detached breakwaters. A headland has merit in its 
longer alongshore interval than groins, allowing head
lands to achieve dynamic equilibrium conditions 
between littoral drift and the beach. Examples of coastal 
protection measures involving headlands can be seen at 
various coasts, such as the Kashima-nada coast in Ibaraki 
Prefecture (e.g. Uda, Sumiya, and Sakuramoto 1988) 
(Figure 6). On the Kaike coast in Tottori Prefecture, multi
ple detached breakwaters and artificial reefs are com
bined to achieve a stable beach.

In addition to these structure-based solutions, non
structural measures such as beach nourishment, sand 
bypassing and sand recycling are also combined as 
a part of the comprehensive sediment management 

of the entire sedimentary system. Under this concept 
of comprehensive sediment management, various 
sediment control measures are comprehensively inte
grated to maintain the desired conditions of the entire 
sedimentary system from the headwater to the coast. 
Examples of these measures include dredging depos
ited sediments from dam reservoirs and riverbeds; 
placement of these dredged sediments on the down
stream sides of dams; beach nourishment using sedi
ments dredged from riverbeds; and sand bypassing 
and recycling along the coasts (e.g. Hadano, Sato, 
and Sakurazawa 2017; Matsuba, Sato, and Hadano  
2017; Shibutani, Matsubara, and Kuroiwa 2013; 
Yajima et al. 1983). Figures 7 and 8 show examples of 
sand-bypassing system at Fukude fishery port and 
sand recycling at the Yumigahama coast. In the last 
two decades from 2000 to 2020 in Japan, the annual 
beach nourishment volume was approximately 
600,000 m3.

Figure 5. Locations of coasts (red dots) with annual shoreline retreat of more than 3 m in two different period from 1978 to 1992 
and from 1992 to 2006. Capital letters indicate the locations of: (A) Urayasu coast, (B) Ishikawa coast, (C) Kashima-nada coast, (D) 
Fukude fishery port, and (E) yumigahama coast (modified from the source: Watanabe et al. 2022).

Figure 6. Headlands along the Kashima-nada coast, located at C in Figure 5.
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2.5. Maintenance of shore protection facilities

As described in Section 2.2, most concrete coastal protec
tion facilities, such as revetments and dikes, were con
structed by 1980 in Japan. One of the important issues 
faced in coastal protection and conservation in Japan is, 
therefore, maintaining these aged facilities. As of 2015, 
the total alongshore stretch of coastal protection facilities 
with ages unknown or older than 50 years was approxi
mately 40% of that of all coastal protection facilities, and 
this ratio is estimated to reach approximately 70% by 
2035 (Ministry of Agriculture, Forestry and Fisheries and 
Ministry of Land, Infrastructure, Transport and Tourism  
2020). The Basic Policy for Coastal Protection requires 
a coastal management body to formulate the plan for 
the lifespan expansion of coastal facilities and, following 
this plan, to conduct inspections, necessary repairs and 
reinforcement of these facilities.

3. Coastal adaptation to climate change

3.1. National policy on coastal protection 
considering climate change

In Japan, discussions and investigations on the impacts 
of climate change on the coast started in approximately 
1990. The Coastal Engineering Committee under the 
Japan Society of Civil Engineers, for example, launched 
a working group in 1991 to investigate the impacts of 
climate change on coastal natural systems and 

infrastructures; the outcomes of this working group 
were published in 1994 (Coastal Engineering 
Committee, Japan Society of Civil Engineers 
Subcommittee on Global Environmental 
Problems 1994). The national government has also con
ducted a series of technical committee meetings to 
investigate the impact of climate change on the coasts 
and to discuss appropriate adaptation strategies. These 
successive technical meetings resulted in the sugges
tion of the following policy: (i) the impact of climate 
change on the coasts should be continuously moni
tored; and (ii) adaptive coastal protection and conserva
tion measures should be taken in response to gradually 
intensifying external forces (Ministry of Land, 
Infrastructure, Transport and Tourism, Coastal Global 
Warming Adaptation Strategy Review Committee 2011).

In 2019, to further clarify the actual coastal adapta
tion measures designed to combat climate change, the 
government of Japan launched a technical committee 
to investigate how coastal protection and conservation 
should be conducted under the influence of climate 
change. This committee conducted the following 
investigations: (i) the future changes in coastal hydro
dynamics such as sea level rise and the intensification 
of storm surges and high waves; (ii) the impacts of 
hydrodynamic changes on the coasts; (iii) how the 
hydrodynamic forces acting on the coasts should be 
determined; and (iv) how coastal maintenance and 
conservation measures should be planned and 
implemented.

Figure 7. Sand bypassing system across Fukude fishery port, located at D in Figure 5.
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In 2020, the committee published a report sug
gesting the following items for coastal adaptation 
strategies (Ministry of Land, Infrastructure, Transport 
and Tourism 2020): (i) coastal conservation and pro
tection plans should explicitly account for the future 
changes in coastal phenomena due to climate 
change; (ii) as of now, in general, the planning of 
coastal protection and conservation measures can be 
made for the projected future changes in coastal 
phenomena based on the RCP2.6 scenario; (iii) for 
sea level rise, the RCP 8.5 scenario, under which 
a sea level rise of 1 m is projected by 2100, should 
also be accounted for in the case that requires longer 
perspectives; (iv) coastal protection and conservation 
measures should account for the appropriately pro
jected storm surges and high waves; (v) projections 

of future coastal phenomena can be made based on 
the Database for Policy Decision-Making for Future 
Climate Change (d4PDF) (Mizuta et al. 2017; Umeda, 
Nakajo, and Mori 2019); (vi) efforts should be made 
to implement comprehensive measures against 
storm surges and tsunamis that combine coastal pro
tection facilities and non-structural measures such as 
integrated land use planning accounting for disaster 
prevention/mitigation; and (vii) cooperation with 
management bodies of rivers and reservoirs should 
be strengthened to promote comprehensive sedi
ment management plans accounting for the impact 
of the climate change on sediment budget over the 
entire sedimentary system.

Following this report, in 2020, the government of 
Japan revised the Basic Policy for Coastal Protection as 

Figure 8. Sand recycling at the Yumigahama coast, located at E in Figure 5.
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was outlined in section 2.1.2. This was the first time in 
Japan that the revised policy clearly stated that coastal 
conservation and protection should explicitly account 
for the influence of climate change and that the coastal 
protection levels against various hazards should be 
appropriately determined to sufficiently accommodate 
the long-term changes in the hydrodynamic forces 
that occur due to the influence of climate change. 
Here, the coastal protection level is specified in terms 
of the design water level and design waves. In the 
policy, it is specified that the design water level should 
account for the future sea level rise and amplification 
of sea level anomalies due to intensified climate con
ditions such as typhoons. It is also specified that the 
design wave height should also account for the influ
ence of intensified climate conditions such as 
typhoons and winter storms. Furthermore, the Policy 
states that integrated and systematic disaster preven
tion/mitigation measures should be conducted in 
cooperation with related organizations to defend the 
consecutive coastal hinterland. Through such coopera
tion, for example, consistency of defense levels should 
be assured among not only coastal facilities but also 
other facilities in the hinterland. For essential counter 
measures against coastal erosion, the Policy also states 
that adaptive beach management based on projec
tions of future changes should be implemented, and 
that various related organizations should cooperate to 
promote a comprehensive sediment management of 
the entire sedimentary system, accounting for the 
nationwide projection of the impact of climate change 
on long-term sediment budget.

3.2. Projection of the design high tide level and 
wave

The Government of Japan issued a notice titled 
“Methodology for determination of the design force 
acting on coastal protection facilities accounting for 
the influence of climate change,” following the revision 
of the “Technical standards for coastal protection facil
ities” in 2011. In this notice, the design forces acting on 
coastal protection facilities should be generally based 
on the average values of future projections under the 
RCP 2.6 scenario, i.e. the 2° warming scenario intro
duced in Working Group I (WGI), the Fifth Assessment 
Report of IPCC (IPCC-AR5) (IPCC 2013). This notice also 
states that the coastal management body should 
account for the uncertainties in climate projections 
and in the efficiency of the improvement and main
tenance of coastal protection facilities in their deci
sions regarding to what extent the influence of 
climate change should be accounted for in determin
ing design conditions such as the design water level 
and design wave.

The reference material attached to the abovemen
tioned note shows examples of methods for future 

projections of sea level anomalies and waves, as listed 
in Table 2. These methods are classified into two 
groups, A and B. Group A estimates sea level anomalies 
and waves based on specified typhoons with modifica
tions accounting for the influence of climate change. 
Here, a specific typhoon is selected from historical 
typhoons, such as Ise-Bay Typhoon in 1954 and 
Muroto Typhoon in 1934, that caused severe storm 
surge disasters and are used to obtain the present 
design conditions of coastal protection facilities. The 
influence of global warming is then accounted for by 
increasing the central pressure depth of the specified 
typhoon. In Group A, A-1 and A-2 differ from each 
other in terms of their computation methods of the 
typhoon wind and pressure fields. For example, A-1 
uses an empirical typhoon model (e.g. Myers 1954), 
while A-2 uses physics-based numerical prediction 
models such as the Weather Research & Forecasting 
model (WRF; Skamarock et al. 2008). On the other 
hand, methods in Group B use a large number of 
arbitrary typhoons. The three methods in Group 
B differ from each other in how these typhoons are 
specified, as outlined in Table 2. For example, the 
following subsections outline the cases used to esti
mate future sea level anomalies and waves in Osaka 
Bay and Tokyo Bay.

3.3. Example cases of coastal protection 
adaptations to climate change

3.3.1. Reconstruction of water gates in Osaka Bay
This section outlines an example case in Osaka 
Prefecture in which the design high tide and wave 
were revised while accounting for the influence of 
climate change (Osaka Prefectural Council for River 
Structures 2021). After significant storm surge disas
ters occurred in 1950 and 1961 around Osaka Bay, 
Osaka Prefecture constructed three water gates at 
the mouths of three major rivers flowing through 
the Osaka lowland area in 1970. Figure 9 shows 
locations of these three water gates. These water 
gates were designed for the assumed extreme con
ditions in which a typhoon equivalent to Ise Bay 
typhoon passed the worst potential track for each 
coast around Osaka Bay during high tide. These 
water gates were also designed to prevent tsunami 
disasters, and thus, Osaka Prefecture expects that 
these disaster prevention facilities should be well 
maintained so that these structures will retain suffi
cient disaster prevention functions until the end of 
the 21st century. Therefore, it was decided that these 
structures should be designed so that their functions 
should be assured over the entire lifetimes of the 
structures and their components even under future 
intensified forces due to climate change. The follow
ing subsections outline how these forces are deter
mined and how the design concept accounting for 
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the impact of climate change was made for recon
struction of water gates.

(1) Mean high-water springs
Updating the temporal variations in the mean high- 

water springs (MHWS) observed at the Osaka tide 
gauge station, it was confirmed that the recent 
MHWS tends to be higher than the one used for the 
present design high water: O.P. +2.2 m. Here, O.P. 
(Osaka Peil) indicates the low water level in Osaka 
Bay, and O.P. +0.0 m=T.P. +1.3 m with T.P. (Tokyo Peil, 
mean water level in Tokyo Bay). The MHWS in 2100 was 
therefore determined by summing the MHWS in the 
typhoon seasons within the period from 1986 to 2005, 
O.P. +2.3 m, and the projected sea level rise. Here, the 
period from 1986 to 2005 was determined so that it 
corresponded to the baseline period of the present 
climate used by the IPCC. The amount of sea level 
rise in 2100 was determined based on the projected 
sea level rise reported in the Special Report on the 
Ocean and Cryosphere in a Changing Climate 
(Oppenheimer et al., 2019). According to the report, 
the highest and the lowest projected global average 
sea level rise, that of the area around Japan, and that of 
the area around Osaka Bay ranged from 0.25 to 0.67 m 
under the 2° warming scenario and from 0.58 to 1.28 
under the 4° warming scenario. In Osaka, the sea level 

rise corresponding to the design water level was set to 
0.7 m from the base year to the future, from 2051 to 
2111. This value was determined based on the values 
of the 95th percentile projected sea level rise under the 
2° warming scenario of the global average (0.59 m), 
around Japan (0.67 m), and around Osaka Bay (0.62  
m). Here, relatively severe conditions were selected 
based on the following discussions: the in-service per
iod of these water gates will most likely be extended 
even after 2100; the sea level will likely keep rising 
even after 2100; and the impacts of sea level rise will 
spread widely and continuously even under daily con
ditions. In contrast to the 2° warming scenario, the sea 
level rise under the 4° warming scenario, the most 
pessimistic CO2 emission scenario, was set to 0.9 m 
based on the median values of projections of the 
global average (0.84 m), the average around Japan 
(0.90 m) and the average around Osaka (0.86 m).

(2) Sea level anomalies and waves
The properties of typhoons, such as the atmo

spheric pressure, wind speed and wind directions, 
under the future climate can be determined through 
two different methods: (i) methods based on the pro
jected data given by the Global Climate Model (GCM) 
and (ii) those based on the specific typhoon used for 
the present design but with the influence of global 

Table 2. Estimation methods of future sea level anomalies and waves (Ministry of Agriculture, Forestry and Fisheries and Ministry 
of Land, Infrastructure, Transport and Tourism 2021).

Atmospheric 
force Notes Influence of global warming Applicability

A. Specified 
typhoon

A typhoon equivalent to historical severe event such as Ise-Bay-Typhoon and Muroto Typhoon

A-1. Parametric 
typhoon 
model

Empirical typhoon model (e.g. Myers 
model)

Increase in the central pressure depth 
based on the projected data base such 
as d2PDF and d4PDF.

Consistent with the coasts where the 
specific typhoon used for the present 
design and plan occurred. Probabilistic 
estimations can be obtained by 
combining models with ensemble 
datasets in B-1.

A-2. Physics- 
based 
numerical 
prediction 
model

Mesoscale numerical weather prediction 
model (e.g. WRF)

Dynamical downscaling of the specific 
typhoon under pseudoglobal warming 
conditions derived based on databases 
such as d2PDF and d4PDF (e.g. 
Ninomiya et al. 2016).

Applicable to the coast where the same 
approach without global warming was 
applied. It should be noted, however, 
that the computed typhoon is not 
perfectly consistent with one that may 
occur in the present climate (e.g. 
tracks).

B. Many 
unspecified 
typhoons

Large number of samples enables probabilistic estimation

B-1. 
Global climate 
model 
Mesoscale 
climate model

Typhoons extracted from global climate 
models or the downscaling of global 
models, such as d2PDF and d4PDF.

While d2PDF and d4PDF include the 
influence of global warming, the 
computed results require bias 
corrections to ensure consistency with 
the current design conditions (e.g. 
Yamamoto, Mori, and Kjerland 2018)

A large number of samples enables 
probabilistic determination of the 
design conditions. Suitable for coast 
where the design conditions are 
determined by the values 
corresponding to a specified return 
period.

B-2  
Climatological 

approach

Storm surge is empirically estimated from 
climatological conditions based on GCM 
accounting for the concept of the 
maximum potential intensity (MPI).

Estimations are based directly on d2PDF 
and d4PDF and include the influence of 
global warming (e.g. Ariyoshi and Mori  
2018)

Applicable to coasts where a specific 
typhoon was used for the present 
design and plan.

B-3. Stochastic 
typhoon 
model (STM)

Monte Carlo simulation of waves and 
surges corresponding to a number of 
synthetic typhoons generated by the 
STM based on the statistical 
characteristics of past typhoons.

STM can be modified accounting for the 
future projection data such as d4PDF 
(e.g. Umeda, Nakajo, and Mori 2019)

A large number of samples enables the 
probabilistic determination of the 
design conditions. Suitable for coasts 
where the design conditions are 
determined by the values 
corresponding to a specified return 
period.
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warming. The first method corresponds to B-1 in 
Table 1, while the second method corresponds to A-1 
in Table 1. In this investigation, Osaka Prefecture used 
the d2PDF climate change projection data for the 2° 
warming scenario and those of d4PDF for the 4° warm
ing scenario. The spatial resolutions of these data are 
20 km for both d2PDF and d4PDF. Through compari
sons of these two methods, the second method (A-1 in 
Table 1) was adopted here, as this method was more 
consistent with the present design policy.

The central pressure of the typhoon in the future 
climate was determined through comparisons of climate 
projection data of the present climate and the future 
climates (in both the 2° warming and 4° warming scenar
ios). The typhoon intensity was determined so that the 
return period of the typhoon events was equivalent 
between the present climate and the future climate. 
Based on this concept, the central pressure of the 
typhoon under future climate conditions was determined 
through the following procedures.

(1) Based on the observed typhoon data, the return 
period of the typhoon event was estimated to 
be equivalent to the Ise-Bay typhoon with 
a central pressure of 940 hPa, which was used 
for the present coastal protection plan.

(2) The central pressure of typhoons with the same 
return periods was estimated based on the cli
mate projection data of the present and future 
climates.

(3) The amplification factor was computed as a ratio 
of the obtained central pressure depths under 
the future and present climate conditions.

(4) This amplification factor was multiplied by the 
present central pressure depth, i.e. 1013 hPa- 
940 hPa = 73 hPa, to obtain the maximum cen
tral pressure depth of the future typhoon, which 
was then used for the revision of the coastal 
protection plan.

Through these procedures, the amplification factor 
and the minimum central pressure were found to be 
1.09 and 933 hPa under the 2° warming scenario and 
1.21 and 925 hPa under the 4° warming scenario, 
respectively. The radius to the maximum wind of the 
future typhoon was determined based on the relation
ship of the central pressure and the radius of the Ise 
Bay typhoon. The migration speed of the future 
typhoon was set to be equivalent to that of the Ise 
Bay Typhoon since no clear difference in typhoon 
migration speed was observed between the present 
and future climates in the abovementioned dataset.

The sea level anomaly was computed by a two- 
dimensional horizontal storm surge model based on 
nonlinear shallow-water equations with external forces 
induced by the abovementioned typhoons. In this 
computation, it was assumed that the water gates 
were closed. At the upstream boundaries of the rivers 
flowing into Osaka Bay, the volume fluxes were speci
fied by the discharge corresponding to the design 

Figure 9. Osaka Bay and locations of three water gates, Aji river water gate(G1), Shirinashi river water gate (G2) and Kizu river 
water gate (G3).
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water level under the present climate conditions. The 
computed sea level anomaly at the Kyu-Yodo River 
mouth, the location indicated by the capital letter, A, 
in Figure 9, was higher than the present anomalies of 
the design water level by 0.5 m under the 2° warming 
scenario and 1.2 m under the 4° warming scenario. 
Similarly, the increase in the sea level anomaly due to 
the influence of climate change in front of these water 
gates was 0.72 ~ 1.06 m under the 2° warming scenario 
and 1.65 ~ 1.94 m under the 4° warming scenario. 
Since the computation was performed using the 
model based on the latest knowledge and the updated 
higher resolution bathymetry data that differs from the 
one used for setting of the current design conditions in 
1961, we should note that the above mentioned 
increase in sea level anomalies is not solely due to 
the impact of climate change. In contrast to relatively 
large increase in sea level anomalies, projected design 
wave heights showed no significant increase, which 
may be partly due to the shielding effects of surround
ing structures. These results indicate that coastal man
agement body should note that the projections of 
future design conditions may be affected by various 
factors such as evolution of computational model and 
topography change.

(3) Crown height of the water gate accounting for 
the influence of climate change

Integrating the influences of sea level rise, sea level 
anomalies and waves, the required crown heights of 
the water gates were set to OP +8.64 m under the 2° 
warming scenario and to OP +9.85 m under the 4° 
warming scenario. Difference from the present height, 
the OP +7.40 m values were therefore 1.24 m and 2.45  
m, respectively. These three water gates are not 
affected by intensified precipitation due to climate 
change since river water is discharged from other 
water gates.

(4) Design concept for reconstruction of the water 
gate

Based on the future projections described in the 
preceding sub-sections, the design concept for recon
struction of water gates was decided. A part of transla
tions of the design concept decided by Osaka 
Prefectural Council for River Structures (2021) are listed 
below.

In all scenarios for climate change projections, 
a temperature rise of 2° above pre-industrial levels will 
occur between 2040 and 2050. Therefore, the design 
should be done so that there will be no rework or regret 
in the next generation. On the other hand, future external 
forces, determined from the results of climate change 
projection, should include uncertainties due to climate 
projections, scenarios, and the time when the external 
forces will rise. Accounting for such uncertainty, we 
should avoid overinvestment in the present design.

Basically, the external forces for the design should be 
based on the 2° warming scenario, which is consistent 

with the policy of national government. However, we 
should note that the external forces can be as high as 
the ones corresponding to the 4° warming scenarios or 
higher. The design should accommodate such higher 
external forces beyond the design external forces through 
post-construction measures such as reinforcement.

Since each structural component of the water gate 
has different conditions such as service life, renewal time, 
and applicability of reinforcement, counter measures 
against climate change should be determined for respec
tive components. These counter measures can be classi
fied into two: “proactive measures” in which measures 
are taken in advance; and “adaptive measures” in which 
measures are taken after confirming the impact of cli
mate change.

Proactive measures should be taken for gateposts, 
piers, floor slabs and foundations because it is virtually 
difficult to repair these components while they are in 
service. The gate strength should also be determined as 
proactive measures since it is virtually difficult to change 
while the water gate is in service.

Adaptive measures should be taken for mechanical 
and electrical equipment because it has a short service 
life and adaptive measures can be made at the time of 
renewal. Adaptive measures can also be taken for the 
height of the gate since it is possible to raise the gate 
after the construction. It is important to design the water 
gate so that reliable gate operation is assured even if the 
size of components of the water gate are increased 
through adaptive measures in the future. This concept 
should also be reinvestigated and, if necessary, revised, 
responding to the progress of the projections of climate 
change.

3.3.2. Revision of the basic plan for coastal 
protection along Tokyo Bay
This section outlines another example case, the revision 
of the Basic Plan for Coastal Protection along Tokyo Bay. 
While the Tokyo Bay area has a significantly large low
land area with a dense population and assets and con
centrated industry, the area is prone to storm surge 
disasters and has suffered several storm surge inunda
tion events, such as that induced by Typhoon Kitty in 
1949. After the severe storm surge disaster occurred 
around Ise Bay in 1959, coastal protection works such 
as seawalls and water gates were reconstructed, and the 
construction of all outer seawalls along Tokyo Bay had 
been completed by 2003.

Following the revision of the Basic Policy for Coastal 
Protection in 2020, the Tokyo Metropolitan government 
started to work on revising the Basic Plan for Coastal 
Protection of Tokyo. In March 2023, the Tokyo 
Metropolitan Government published the revised shore 
protection basic plan (Tokyo Metropolitan Government,  
2023).

In the revised basic plan, the sea level rise from 
2000 to 2100 was set to 0.6 m, which corresponds to 
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the highest projections of various GCMs under the 
RCP 2.6 scenario, i.e. the 2° warming scenario. The 
potential amplification of sea level anomalies and 
waves due to intensified typhoons was investigated 
through comparisons of the following three methods: 
(i) computations of waves and storm surges with the 
force induced by a specified synthetic typhoon set to 
be equivalent to that of the Ise-Bay typhoon with an 
amplified intensity accounting for the influence of 
climate change; (ii) sea level anomalies and waves 
with return periods of 50 years based on observed 
data; and (iii) wave hindcasts of the top five historical 
extreme wave events. Here, method (i) corresponds 
to A-1 in Table 1, and the minimum central pressure 
of the typhoon was set to 930 hPa, that of a typhoon 
with a return period of 100 years under the future 
climate conditions. This central pressure is lower than 
that of the Ise Bay typhoon. The tracks of these 
model typhoons were determined by shifting the 
tracks of the Ise-Bay typhoon and the other two 
past typhoons that caused the highest storm surges 
in Tokyo Bay in the east‒west directions. The compu
tations of waves and storm surges were performed 
for these specified typhoons with different tracks, 
and the highest results were used at each location 
along Tokyo Bay. For the storm surge computation, 
the boundary conditions at the upstream boundaries 
of the rivers were determined by the volume flux 
equivalent to the present design high-water dis
charge of each river. Among the results computed 
with these three methods, the first method yielded 
the highest elevation and was thus adopted for the 
subsequent determination of the required seawall 
height. As a result, the required seawall heights 
increased at some locations, with ranges changing 
from A.P. +4.6 ~ 8.0 m to A.P. +5.6 ~ 8.0 m. Here, A.P. 
(Arakawa Peil) indicates the low water level in Tokyo 
Bay, and A.P. +0.0 m=T.P. +1.1344 m.

The revised basic plan also states that the required 
seawall raising should be conducted in a stepwise 
manner. In the first step, the seawall raise magnitude 
should be determined by the sum of the required 
height under the climate conditions 50 years in the 
future and the allowance for uncertainty (30 cm). In 
the second step, the required seawall height should 
target the climate conditions in 2100, while the specific 
required height should be revised later, accounting for 
the latest knowledge of the long-term sea condition 
trends.

3.4. Adaptive beach management based on 
projections of future beach changes

In Japan, countermeasures against coastal erosion are 
conducted only after severe coastal erosion problems 
have clearly appeared. These reactive, delayed coun
termeasures result in little mitigation of coastal erosion 

or required relatively long-term coastal protection 
measures. To avoid such delays in effective counter
measures, the revised Basic Policy of Coastal Protection 
in 2020 stated the importance of accommodative 
coastal management accounting for projections of 
beach topography changes. Under this policy, coastal 
conservation and protection measures are accommo
datively planned based on future projections of local 
topography changes, the entire sediment transport 
system, and the mechanisms of coastal erosion while 
accounting for the influence of global warming and 
human activities. To realize such accommodative 
coastal management, continuous monitoring is neces
sary to evaluate and confirm the effectiveness of the 
present conservation and protection measures and to 
apply the findings to the planning of future measures.

MLIT organized the Advisory Panel on Tsunami- 
Resistant Communities and Beach Conservation, 
focusing on “how regional development resilient to 
tsunami disasters and the conservation of sandy bea
ches should be achieved” in 2018. The midterm report 
of the workshop of this advisory panel states that 
accommodative and feasible management should 
be planned and conducted for the protection and 
conservation of sandy beaches through an integrated 
overview of the entire sediment transport system 
(Ministry of Land, Infrastructure, Transport and 
Tourism 2019). The report claims that to conduct 
efficient and effective management of long sandy 
beaches in Japan, the Basic Plan for Coastal 
Protection should be revised to include more strate
gic approaches to coastal management. For example, 
various coastal protection and conservation measures 
at each coast should be conducted in the order of 
their priority. Coastal management bodies should 
determine the priority ranking accounting for indices 
such as the relative importance of the beach and the 
hinterlands to be protected by the beach and the 
level of progress of beach erosion. The report also 
proposes the following procedures for ranking the 
priorities of beach conservation and protection 
measures.

(1) Rank classification of sandy beaches
The beach ranks are determined based on the 

extent of erosion progress and the relative importance 
of the hinterland area to be protected, as shown in 
Figure 10. In Figure 10, five different ranks are indi
cated by a, b, c, d and e, and the apostrophe on each 
letter indicates the beaches at which continuous beach 
conservation measures and management have already 
been conducted. The beach characteristics of each 
rank are described as follows.

a: Severe erosion and deterioration of disaster pre
vention/protection functions

b: Severely eroded but disaster prevention/protection 
functions are retained. Further beach erosion may dete
riorate the disaster prevention/protection functions.
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c: Sufficient beach width is kept stable, and disaster 
prevention/protection functions are retained.

d: The hinterland area is less important, and the 
priority of beach protection is low.

e: A vast and stable beach width is maintained.
While the report does not describe the specific 

criteria for rank classification of each sandy beach, 
the management body of each sandy beaches is 
responsible for these classifications, monitoring, and 
future revisions of the classification based on the mon
itoring results. Each management body should deter
mine the contents of monitoring, such as monitoring 
subject, spatiotemporal coverage and resolution, and 
required accuracy, based on the required level of 
dynamic management of the beach. Then, monitoring 
system, organizations, and methodologies should be 
determined. Obtained data should then be investi
gated with the past data and future projections.

(2) Rank classification of coastal zones
As shown in Figure 11, the rank of each coastal zone 

is determined based on combinations of the above
mentioned ranks of the sandy beaches belonging to 
each coastal zone. In the figure, A, B, C, D and E are the 
ranks of the coastal zones, whereas a, b, c, d and e are 
the ranks of each sandy beach segment. As shown in 
Figure 11, the rank of each coastal zone is automati
cally determined by the following rule.

A: The coastal zone having “a”-rank sandy beaches.
B: The coastal zone having “b”-rank beaches but not 

beaches ranked higher than “b”-rank.
C: The coastal zone having “c”-rank beaches but not 

beaches ranked higher than “c”-rank.
D: The coastal zone having “d”-rank beaches but not 

beaches ranked higher than “d”-rank.
E: The coastal zone having “e”-rank beaches but not 

beaches ranked higher than “e”-rank.
Based on the classified rank of each coastal zone, 

coastal management bodies should determine their 
required functions. For example, the required disaster 
prevention/protection function should be to keep the 
wave runup height lower than the designed crest 
height of the coast, and the required environment 
and coastal usage function should be specified by 
other properties, such as the sandy beach width. The 
report also states that the coastal management body 
should focus on required environmental and coastal 
usage functions if the sandy beach is ranked c (not c’), 
d, or e. After the determination of the required func
tion of each sandy beach, each management body 
should determine the target criteria for management, 
such as the shoreline location, entire sediment trans
port budget, shore vegetation area, and area of the 
beach used for recreation. Based on these target cri
teria, the Basic Plan for Coastal Protection and 

Figure 10. Classifications of beach ranks based on the importance of the hinterland area and the extent of erosion (based on 
Ministry of Land, Infrastructure, Transport and Tourism 2019).

Figure 11. Example of the rank classification of coastal zones (based on Ministry of Land, Infrastructure, Transport and Tourism  
2019).
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designation of coastal preservation zones should be 
revised accordingly. If a sandy beach is ranked as c,’ 
moreover, the management body should consider des
ignating the beach as a coastal conservation/protec
tion facility.

4. Challenges for coastal adaptation in Japan

4.1. Introduction of the concept of integrated 
coastal zone management to coastal adaptation

The present coastal adaptation policy in Japan aims to 
retain the same disaster prevention level along the 
same coastline even in a future affected by the influ
ence of global warming because the area of plain lands 
is limited and most of the nearshore plain areas are 
filled with residential buildings or industrial facilities. 
Most of the coasts also has coastal protection facilities 
such as seawalls and coastal dikes to protect the near
shore plain areas from tsunamis and storm surges. 
These coastal areas with coastal protection facilities 
may suffer coastal erosion and lose sufficient disaster 
prevention functions in the future due to the impacts 
of global warming, such as sea level rise and the 
amplification of sea level anomalies and storm waves. 
If we keep the same coastal protection line, i.e. main
tain the cross-shore locations of coastal dikes, some 
coasts with relatively narrow sandy beaches will most 
likely lose the beach areas in front of these structures 
in the future.

To retain such sandy beaches, recent coastal protec
tion measures have tended to combine the construc
tion of coastal protection facilities with beach 
nourishment. Moreover, against severe coastal hazards 
such as tsunamis and storm surges that exceed the 
targeted disaster protection level of these facilities, 
disaster mitigation measures are planned in the hinter
lands to minimize fatalities against the estimated worst 
hazard conditions through combinations of “soft” mea
sures such as evacuations and “hard” measures such as 
the construction of seawalls and evacuation towers.

On the other hand, the report of the Working Group 
II of IPCC AR6 (Intergovernmental Panel on Climate 
Change 2022a) suggested that coastal adaptation 
should aim not only to maintain the coastal protection 
function at the same protection line but also to include 
various other measures such as raising the ground 
level, adapting buildings such as reinforcing buildings 
to enhance flood resistance, landfilling, and the retreat 
of certain land use types such as the relocation of 
residential areas. In addition to the construction of 
coastal structures and nourishment, the report also 
suggests other options for coastal protection, such as 
the use of natural resources such as mangroves. The 
report also notes that structure-based coastal protec
tion at the same locations carries the risk of severe 
damages once these structures collapse and fail to 

play their expected coastal protection functions. In 
addition, the construction of coastal protection struc
tures may cause further development in the area 
exposed to the risk of coastal disasters.

To assure the sustainability of coastal adaptation 
measures, the concept of integrated coastal zone man
agement (ICZM) should be further enhanced in Japan. 
Isobe (1998) introduced examples of ICZM in Japan 
and discussed issues for the further promotion of 
ICZM in Japan. Especially for coastal adaptation, the 
revised Basic Plan for Coastal Protection should con
sider various other potential options that have not yet 
been applied in Japan. The following subsections dis
cuss how these other options can be combined in the 
context of ICZM to reach desirable coastal adaptation 
strategies in Japan.

(1) Nature-based solutions
IUCN (2016) defines nature-based solutions (NbS) as 

follows. “Nature-based solutions are actions to protect, 
sustainably manage and restore natural and modified 
ecosystems in ways that address societal challenges 
effectively and adaptively, to provide both human well- 
being and biodiversity benefits.” Here, disaster preven
tion is also counted as a social challenge; thus, disaster 
prevention and mitigation measures utilizing the nat
ural environment are also NbS. NbS may also have 
merits due to their relatively high resilience and low 
cost (e.g. Kuwae and Crooks 2021). In Japan, words 
such as “green infrastructure” and “ECO-DRR” may be 
more frequently used than NbS. For example, MLIT 
published the report “Grand Design of National Land 
2050” that proposed principles and ideas for the devel
opment and preservation of national land in 2050. In 
this report, the development and maintenance of 
green infrastructure was listed as a basic strategy for 
obtaining the desired national land. Moreover, the 
MOE established the Workshop on National 
Biodiversity Strategies, and the report published by 
this workshop in 2021 stated that the application and 
promotion of green infrastructures and ECO-DRR, 
which have various functions, including disaster pre
vention and mitigation, are important actions to be 
taken to realize the desired features of a society in 
harmony with nature by 2050.

International guidelines (e.g. Bridges et al. 2021) 
illustrate examples of NbS that are applicable to 
coastal adaptation measures. Among these options, 
some natural resources may be applicable to the 
coasts in Japan. First, sandy beaches have effective 
wave dissipation function and foot protection func
tions for coastal structures. Sandy beaches can be 
designated as coastal protection facilities if their 
stability against waves is assured. Sand dunes, 
most of which are located along the coastlines on 
the Japan Sea side and are often managed sepa
rately from sandy beaches, also serve the function 
of protecting the hinterland area against tsunamis 
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(e.g. Yamanaka and Shimozono 2022). Coral reefs 
and mangroves also have wave dissipation func
tions and are found along subtropical coasts such 
as the coasts of the Amami Islands in Kagoshima, 
Ryukyu Islands in Okinawa, and Ogasawara Islands 
in Tokyo. To ensure the sustainable wave dissipa
tion effects of coral reefs, appropriate coral restora
tion and preservation measures may be required for 
protection against threats of coral deterioration, 
such as bleaching due to ocean temperature rise. 
Coastal forests also have disaster mitigation func
tions along the coasts of temperate and subarctic 
regions, such as the coasts of the main islands of 
Japan and Hokkaido (Chang and Mori 2021). While 
coastal forests such as black pines were originally 
planted as windbreaks and to block wind-blown 
sand transport, these coastal forests also have 
effects on the dissipation of tsunami inundation 
(Tanaka et al. 2014). Eelgrass beds, which are widely 
distributed all over the coast of Japan with a total 
area of approximately 330 km2, have certain effects 
on wave dissipation and CO2 absorption. The main
tenance and preservation of environments suitable 
for the growth of eelgrass are required to enhance 
the functions of eelgrass beds.

NbS can be conducted not solely by nature itself but 
also through combinations with hard structures such 
as coastal dikes. For example, the sand covering both 
the sea- and land-side slopes of concrete coastal dikes 
has the effects of both expansion of the sand dune 
vegetation area and reinforcement of the coastal dikes 
(Matsushima and Zhong 2022). In Hamamatsu City, 
Shizuoka, a coastal dike was constructed with 
Cemented Sand and Gravel (CSG) to protect the hinter
land area tsunamis, and the slopes on both sides of the 
dike were covered by soil with planted black pines on 
the surface so that the entire structure would be har
monized with the surrounding environment and the 
landscapes of the sand dunes (Figure 12).

One of the challenges in NbS is that, in contrast to 
hard structures, most NbS do not have the concepts of 
the in-service period or external forces for design and 
thus have no clear standards of maintenance levels or 
methodologies. It is also not clear to what extent we 
can rely on the expected functions of NbS. A sandy 
beach, designated as a coastal protection facility, is an 
exceptional case of NbS. The management body of the 
designated sandy beach is required to monitor the 
shoreline locations and conduct appropriate mainte
nance so that the designated beaches retain their 
functions to limit the wave runup height lower than 
the designed level even if the beaches are deformed 
by waves.

Another challenge in NbS in Japan is that hard-type 
coastal protection structures and natural environ
ments, such as coral reefs, are controlled by different 
management bodies. For the further promotion of 

integrated NbS measures and hard structures, various 
related organizations need to jointly collaborate with 
each other to improve the reliability of NbS through 
investigations of various aspects, such as the resilience 
and cost-effectiveness of NbS, and to clarify the meth
ods and roles of the organizational bodies to ensure 
the sustainable maintenance and management of 
these integrated NbS.

(2) Integration of disaster mitigation measures on 
hinterlands

In addition to protections along the coastlines, inte
grations of various disaster mitigation and prevention 
measures are essential tasks for improving the resili
ence of coastal areas. Raising the ground level of the 
hinterlands along coasts has disaster mitigation effects 
by reducing the inundation area and depth due to 
tsunamis and storm surges. Before the disaster of the 
2011 Great East Japan Earthquake and Tsunami, raising 
the ground level was privately conducted only in 
a relatively small, limited area within the flood-prone 
region. After the 2011 disaster, ground raising was 
largely performed in the area damaged by tsunami 
inundation. The reinforcement of buildings to enhance 
flood resistance was effective in reducing the number 
of buildings collapsed and washed away by inunda
tion. In Japan, the local government can designate the 
disaster risk area due to various hazards, such as tsu
namis, storm surges and floods, and in the designated 
disaster risk area, the local government can regulate 
the types of buildings and structures. However, the 
number of designated cases within disaster risk areas 
is limited. Nagoya City in Aichi Prefecture, for example, 
designated the area damaged by Ise Bay Typhoon in 
1959 as a disaster risk area, and the structures of 
houses and elevation of rooms in houses are now 
regulated in this area. While the Federal Emergency 
Management Agency (FEMA) provides financial aid 
widely for individual residents to elevate their homes 
(Federal Emergency Management Agency 2023) in the 
United States, such aid is limited in Japan, including in 
terms of building reformation projects aiming to 

Figure 12. A coastal dike in Hamamatsu city, Shizuoka, located 
at D in Figure 5. Top and both sides of CSG dike were covered 
by soil.

COASTAL ENGINEERING JOURNAL 17



enhance disaster resilience in disaster risk areas. In 
addition to these building measures, well-urbanized 
regions should also have disaster prevention and miti
gation measures to protect themselves against the 
inundation of underground spaces such as subways 
and underground shopping complexes. Although 
such underground protection measures focus mostly 
on flood disasters, the same measures should also be 
prepared against storm surges and tsunamis.

(3) Advancement of coastal protection lines by land 
reclamation

In Japan, land fill and land reclamation have 
been conducted to expand the areas of farmlands 
and lands designated for industrial use. The total 
area of reclamation from 1945 to 1999 was 1,483  
km2, out of which 38% was reclaimed for farmlands, 
33% for residential areas, and 29% for industrial use 
(Yasui and Yabunaka 2002). On the other hand, the 
area of tidal flats was largely reduced. Some 
reclaimed lands have residential areas on the sea- 
front side. Some of these residential areas were 
damaged by the overtopping waves induced by 
Typhoon Jebi in 2018 (e.g. Hattori et al. 2020; Mori 
et al. 2019). While the advancement of the coastline 
by land-filling and reclamation may have disaster 
reduction effects on the hinterland area, such land 
reclamation may also promote seaward advance
ment of the populated area, which subsequently 
requires additional coastal protection measures. 
Furthermore, land reclamation may significantly 
negatively impact the ecosystems of the surround
ing tidal flats. It is therefore quite difficult to main
tain the desired sustainable coastal environment 
and protection functions provided by land reclama
tion in Japan.

(4) Managed retreat and resettlement
While another option for disaster mitigation mea

sures against intensified storm surge and waves is to 
move the nearshore residential areas inland, Japan has 
no such administrative scheme to move houses from 
disaster-prone areas to safer areas based on future 
projections of hazards before the actual incidence of 
a disaster. After the 2011 Great East Japan Earthquake 
and Tsunami disaster, approximately 37,000 houses 
were relocated from the nearshore inundated area 
under a project designed for promoting group reloca
tion and disaster mitigation, and these inundated areas 
were designated as disaster risk areas where residential 
land use was restricted. The total area of this desig
nated disaster risk area was 227 km2.

For flood disaster prevention and mitigation, the 
government of Japan launched a new policy, “River 
Basin Disaster Resilience and Sustainability by All 
(RBDRSA),” in which comprehensive and multilayered 
actions were taken for (i) flood prevention; (ii) exposure 
reduction; and (iii) the enhancement of disaster resi
lience (Koike 2021). For example, one of the actions 

taken for exposure reduction and the enhancement of 
disaster resilience was the designation of flood-prone 
zones. Conditions for the designation of flood-prone 
zones vary among each local government, and as of 
now, these conditions are based on past records of 
precipitation and tide levels. RBDRSA also states that 
these conditions should account for the future impacts 
of climate change.

The setback of coastal dikes has a positive impact 
on the coastal environment, as it enlarges the habitat 
spaces of marine organisms. Along the Ise-wan-Seinan 
coast in Mie Prefecture, located on the southwest side 
of Ise Bay, for example, the coastal dike was set back 
for the preservation of the coastal environment in 
2009. As a result, the amount of new coastal vegetation 
increased and stabilized (Watanabe et al. 2014). In the 
restoration of coastal dikes damaged by the 2011 Great 
East Japan Earthquake and Tsunami, setbacks were 
selected at three coasts for the conservation of near
shore biodiversity (Kurosawa 2021).

If the setback of coastal dikes and properties in 
hinterlands can be synchronized with the shoreline 
retreat, sandy beaches can also be set back without 
losing their widths. On coasts where shoreline retreat is 
anticipated due to future sea level rise, such systematic 
setback of coastal facilities and properties through 
land use regulations based on projected shoreline 
retreat may be a promising and sustainable measure 
for maintaining sandy beaches with required coastal 
protection functions. In North Carolina, United States, 
for example, the setback factor, the distance in which 
no buildings are allowed, is determined based on the 
past record of long-term shoreline retreat (North 
Carolina Department of Environmental Quality 2022). 
In Japan, the authors could not find any case in which 
coasts prone to severe erosion were designated as 
disaster risk areas. To do so, it will be necessary to 
build a regional consensus for future setbacks and 
develop a reliable methodology for accurately project
ing future shoreline retreat.

The total population of Japan was 127.09 million 
people in 2015 and is expected to decrease to 
88.08 million people by 2065. It is also projected that 
the population will be less than 60 million by 2100 
(National Institute of Population and Social Security 
Research 2022). Such population shrinkage is expected 
to be more notable in local districts, and thus, the 
setback option may be more feasible in local districts 
in the future. It should, however, be noted that, as was 
pointed out by Bragg et al. (2021), consensus building 
for future setbacks will require close communication 
with local residents.

4.2. Uncertainties in climate change projections

Projections of sea level rise and future amplifications of 
storm surges due to climate change contain 
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uncertainties, and thus, when planning and designing 
coastal protection facilities, those in charge should 
appropriately account for such uncertainties to avoid 
suggesting overdesigned structures and unnecessary 
reconstruction works. In the IPCC AR6 report, the 
future climate projections are performed by various 
GCMs for five different CO2-emission scenarios. As dis
cussed in Section 3.1, projections of the design waves 
and sea level anomalies along the coast of Japan are 
based on the d4PDF database containing large ensem
ble simulations of climate conditions in the future and 
in the latter half of the 20th century under different 
warming scenarios. These ensemble simulation results 
enable the probabilistic future changes to be esti
mated while accounting for uncertainties. As shown 
in Table 1, several options are used for projecting the 
future design waves and sea level anomalies based on 
these datasets. Mori et al. (2020) compared recent 
existing studies on the maximum sea level anomalies 
in three major bays in Japan, i.e. Tokyo, Osaka and Ise 
Bays, and showed that the future increases in the 
projected sea level anomalies in these studies fell in 
the range from 0.7 to 1.7 m.

In the case of the water gates in Osaka Bay intro
duced in Section 3.2, each component of the water 
gates has different conditions, such as different life 
periods, renewal timing, and reinforcement applicabil
ities. Osaka Prefecture therefore classified these com
ponents into two adaptation types: (i) the proactive 
type and (ii) reactive type (Osaka Prefectural Council 
for River Structures 2021). In the proactive type, certain 
measures are taken before the impacts of climate 
change appear, while in the reactive type, necessary 
measures are taken after confirming the impacts of 
climate change. Reactive-type measures should have 
merits in accommodating uncertainties if a facility 
structure has flexibility to allow stepwise gradual refor
mation and respond to the unexpected intensification 
of external forces in the future.

It is also important to enhance the resistance of 
coastal facilities to significant collapse under severe 
external forces beyond the design level, which may 
occur due to underestimations of the projected 
impacts of climate change. Significant and sudden 
collapse of coastal protection facilities would cause 
severe inundation damage in the hinterlands. As dis
cussed in Section 2.3, coastal dikes were severely col
lapsed by the 2011 tsunami, and in the process of 
restoring these collapsed coastal dikes, a new concept 
in structural design was introduced so that the rein
forced coastal dikes could avoid sudden and signifi
cant collapse under overflowing tsunamis to retain the 
disaster mitigation functions of the dikes. The Seacoast 
Law was also revised in 2014, and the revised law 
states that, if necessary, coastal dikes should have 
reinforced structures to avoid sudden and significant 
collapses under severe storm surges and waves 

beyond the design level. While further research and 
investigation are required to obtain effective designs 
of structures while aiming to enhance their resistance 
to significant collapse under storm surges and waves 
(Takeshita et al. 2018), this concept and related knowl
edge and techniques should be considered an effec
tive climate change adaptation measure.

4.3. Impact of adaptation measures on coastal 
environments and public uses

Climate change causes significant impacts not only on 
coastal hazards but also on the coastal environment 
and human activities around the coast. For example, 
sea level rise and wave amplification may reduce the 
areas of sandy beaches, the habitat spaces of marine 
organisms, and the field area available for public use 
and human activities. The nearshore zone has unique 
environments that provide habitats that are indispen
sable for some marine organisms. For example, coastal 
plants grow in very unique and often severe nearshore 
environments. Some sandy beaches on the Pacific 
coast of Japan provide limited egg-laying sites for 
loggerhead turtles, an endangered species. Thus, the 
loss of such sandy beaches may also threaten the 
survival of endangered species.

The use of coastal areas reinvigorates human activ
ities and local economies and is thus an important 
factor in maintaining sustainable and lively coastal 
regions. The important factors that attract people and 
stimulate their use of the coasts are the unique fea
tures of the coastlines themselves, such as the land
scapes, environments, and various coastal activities. 
The use of the coasts in Japan includes various activ
ities, such as walking, bathing, beach sports and var
ious events.

Coastal adaptation measures, such as the reforma
tion of coastal protection facilities, should also have 
significant impacts on the coastal environment and 
human activities. For example, raising the crest level 
of coastal dikes to protect hinterlands with dense 
populations and assets from the intensified hazards 
due to sea level rise and amplified waves may affect 
coastal landscapes and require additional land area for 
expanding the widths of coastal dikes.

The designs of coastal adaptation measures should 
therefore account for the resulting impacts of the mea
sures on coastal environments and the human usage of 
the coastal area. For example, countermeasures against 
coastal erosion should be planned so that protected 
sandy beaches retain sufficient space for the habitats 
of marine organisms and human activities. A required 
goal of countermeasures against coastal erosion is gen
erally determined from the viewpoint of coastal protec
tion functions, such as retaining the present shoreline 
location or sufficient beach width to limit the runup 
heights of design waves to be lower than the crest levels 
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of the coastal dikes. For the maintenance of unique and 
various coastal functions, it is also important to add 
other requirements accounting for different aspects, 
such as sufficient beach widths for coastal vegetation, 
egg-laying sites for loggerhead turtles, and human 
activities such as bathing.

One effective option for planning coastal adaptation 
measures is zoning coastal areas while accounting for 
the local variations in the relative importance levels of 
three aspects described in the Seacoast Law: (i) disaster 
prevention, (ii) the coastal environment, and (iii) coastal 
usage. On some coasts, the Basic Plan for Coastal 
Protection determines segmented regions with differ
ent relative importance levels of the abovementioned 
three aspects. It is desirable that each coastal manage
ment body conduct more detailed and subdivided zon
ing based on the local characteristics of each coast. The 
concepts of green infrastructure, Eco-DRR and NbS 
accommodate various objectives, including not only 
coastal protection but also the preservation of marine 
organism habitats and the effective use of coasts for 
human activities. These concepts can be applied to 
sandy beaches, dunes and coastal forests. To allow bet
ter application of these concepts, further investigations 
and studies should be conducted on the evaluation 
methods of the coastal protection functions of green 
infrastructures, better combinations of green and hard 
infrastructures, and methodologies for the effective and 
sustainable maintenance and management of green 
infrastructures.

Compared to the data and knowledge related to 
coastal protections, those related to coastal environ
ments and usage are limited. Significant and continu
ous monitoring efforts should therefore be made to 
acquire data and knowledge regarding the abovemen
tioned investigations and studies for the promotion of 
Eco-DRR and NbS. While the MOE conducted the 
National Survey on the Natural Environment and 
obtained data on coral reefs and marine forests such 
as mangrove, seagrass and kelp forests, there are lim
ited monitoring data on beach ecosystems (Suda  
2017). MLIT conducts the National Census on Beach- 
inhabiting Plants and Animals every five years to obtain 
data on nearshore organisms at a limited number of 
beaches. Such monitoring campaigns should be 
expanded to the entire coast of Japan, and based on 
the collected data, further analyses should be con
ducted to capture the long-term and wide-area eco
system trends. The human usage of the coasts should 
be monitored in terms of the number of sea bathers. 
The continuous monitoring of other activities and uses 
of coasts should also be carried out.

5. Conclusions

This paper first outlined the current legal frameworks 
and measures of coastal protection and conservation in 

Japan and then described the current policy and plans 
involving coastal adaptation measures to combat cli
mate change, followed by discussions of the challenges 
faced in future coastal adaptation strategies. Japan has 
a long stretch of coastlines vulnerable to the impacts of 
climate change through the intensification of coastal 
hazards. The revised Basic Policy for Coastal Protection 
states that the coastal protection level, in general, 
should target the projected coastal hazard under a 2° 
warming scenario, in which the impacts of climate 
change account not only for sea level rise but also for 
the future amplification of storm surge and waves. To 
achieve the sustainable adaptation of coastal protection 
and conservation, several challenges must be solved, 
such as (i) the optimum integration and selection of 
various coastal protection measures; (ii) evaluation of 
the reliability, feasibility and sustainability of various 
measures such as NbS and setback; (iii) determining 
how to accommodate the uncertainties of various pro
jections; and (iv) integrated coastal zone management 
accounting for the desirable harmony of the coastal 
environments and human usage of coasts.
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