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our result with the Convention of Biological Diversity (CBD), 
the Intergovernmental Science-Policy Platform on Biodiver-
sity and Ecosystem Services (IPBES) regional and global 
assessments, Ecologically or Biologically Significant Marine 
Areas (EBSAs), and ecosystem-based climate change adapta-
tion programs of the IPCC. We also expect to make contribu-
tions to national and local biodiversity strategic action plans 
in Japan. With the program outputs, we expect to promote the 
implementation of Sustainable Development Goals (SDGs), 
localization of the Inclusive Wealth Index, establishment of a 
Green Economy in the Asian region through the efforts of the 
International SATOYAMA Initiative, participation in ecosys-
tem-based disaster risk reduction (Eco-DRR), and develop-
ment of new multilevel governance of natural capital. We also 
hope to collaborate with international and national global 
environment research initiatives such as Future Earth and 
other ERTDF projects.

As a first step, our group focused on the spatial and tempo-
ral distribution of several cultural ecosystem services in tem-
perate coastal areas of Japan. We evaluated indicators such as 
the number of visitors and the distribution of these services. 
As examples of coastal area services, we considered sea 
bathing, shellfish gathering, and coral reef diving.
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Ecosystem services are an important concept that connects 
biodiversity and human well-being. However, evaluations of 
coastal ecosystem services are very limited, and few such 
studies have directly connected biodiversity and human 
well-being. Even monetary-based evaluations, a standard 
technique in this area of study, are still in the early stages. For 
example, Costanza et al. (2014) modified the monetary-based 
evaluation of coral reefs reported in Costanza et al. (1997) 
from USD8000 to USD350,000 per ha. Of the estimated 
increase, USD104000 was from the addition of cultural eco-
system services. Martin et al. (2016) did a systematic survey of 
studies of coastal and marine ecosystems from 2004 to 2014 
and found only 24 papers that evaluated cultural ecosystem 
services. Moreover, half of these papers were published in 
2014. Although it may be difficult to evaluate cultural ecosys-
tem services, the number of studies is beginning to increase 
(Yamakita 2017).

In the case of Japan, coral reefs and tidal flats were evalu-
ated by a committee established by the Ministry of the Envi-
ronment (Fig. 1). The committee found high monetary values 
for coral reef services (JPY234.4 billion) but not for the cul-
tural services provided by tidal flats based on a travel cost 
method for shellfish gathering (JPY45 billion; Ministry of the 
Environment Japan).

In 2016 we started a research program named “Predicting 
and Assessing Natural Capital and Ecosystem Services” under 
the Environment Research and Technology Development Fund 
(ERTDF), Ministry of the Environment, Japan. Through our 
project, we are assessing and predicting the social and eco-
nomic value of natural capital and ecosystem services, and 
assessing the potential of the ecosystem functions of related 
services through various means, including a survey of biodi-
versity and the status of various ecosystems.

In particular, we expect to produce outputs related to the 
latter items during this five-year program. We plan to share 

Fig. 1.  Summary of a monetary-based evaluation (modified from a report of the Ministry 
of the Environment).

Fig. 2. Illustration of people clamming near Tokyo tower (Shinagawa) in 1861.

Fig. 3.  Distribution of clamming grounds in Japan (dots) overlaid on important marine 
areas (rectangles) using criteria from Ecologically or Biologically Significant 
Marine Areas (EBSAs) integrated with a Marxan complementarity analysis 
(based on the methodology explained in Yamakita et al. 2015; 2017a). Colors of 
the rectangles means the importance considering EBSA criteria based on the 
number of selection using Marxan.
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A case study of a clamming ground
Clamming (shellfish gathering; shio-hi-gari) is one of the 

most popular coastal leisure activities in Japan. Historically, it 
has been a leisure activity since at least the 9th century and 
became popular in the 17th century (a picture in 19thC in Fig. 
2). In 2003, 2,240,000 people throughout Japan enjoyed clam-
ming (Fig. 3).

To investigate the dynamics of clamming activities, we eval-
uated people’s use of a tidal flat area based on field observa-
tions (Fig. 4) and questionnaires administered before and 
after the 2011 Tohoku earthquake and tsunami (Yamakita et al. 
2017b). The study was conducted at the Urayasu city side of 
the Sanbanze wetland in Tokyo Bay. We chose this study site 
because of its proximity to residential areas, its local history 
(which includes cessation of a land reclamation plan in 2011), 
and the involvement of local citizens in the participatory 
process that includes multiple stakeholders in the consen-
sus-building and planning processes (Kawabe 2004; Sanbanze 
Restoration Planning Committee 2004).

Clamming and walking/jogging were the most common 
activities in the area before the earthquake (Over 50% people 
did. See Blue shaded bars in Fig. 5). Although walking/jogging 
decreased only slightly after the earthquake, clamming activ-
ity decreased by 64% based on the questionnaire data and by 
73% based on field observations in 2013 compared with 2010 
(one year before the earthquake). Interestingly, other minor 
uses did not show clear trends, possibly because of the small 
sample sizes.

Another clamming ground in Tokyo Bay showed a 62% 
decrease on average after the earthquake compared with the 
mean from 2008 to 2010 (Fig. 6). The percentage of visitors 
entering the clamming area was 48% of the previous average 
(2008 to 2010) in 2012 and 63% in 2013. 

In contrast to similar trends observed for sea bathing fol-
lowing the earthquake in 2011, both the number of visitors to 
swimming pools and the total number of visitors for all sight-
seeing in Chiba prefecture in 2011 were at least 80% of the 
mean from 2008 to 2010 (Fig. 6). The number of visitors fully 
recovered to 2010 levels by 2012. Differences in the recovery 
rates between marine leisure use and other leisure uses there-
fore were evident. The earthquake decreased clamming, the 
most important cultural ecosystem service of the tidal flat, 

even in the Tokyo Bay area, which is located far from the earth-
quake’s epicenter.

Predictions of future coral diving locations 
To evaluate the potential future demand and supply for 

coral diving spots, we conducted an investigation of current 
and future potential diving locations considering the distribu-
tion of coral reefs.

As a first step, we analyzed a scatter plot of the area of coral 
reefs and the present number of diving spots in 10km grids. 
We did not use a simple correlation, but rather the observed 
maximum value of diving locations. Therefore, we used a 95% 
quantile regression analysis on the scatter plot to estimate the 
potential number of diving spots depending on the area of the 
coral reef. The current distribution of potential diving spots 
was then mapped on the basis of these results. By doing so, 
we were able to show the gaps between the actual use 
(demand) and amount of potential service (supply) based on 
natural capital.

There was a notable gap near Okinawa’s southern island in 
2000 (Fig. 7). Okinawa is in a subtropical region and a large 
area of coral reefs was recorded in the area, but the area was 
not suitable for comparison with the studied temperate areas 
where we expending northward up of the distribution of coral 
reefs. Thus, we did not focus on the area around Okinawa in 
this study. Relatively large gaps were present at the tip of the 

Fig. 4.  Images taken by an automated camera system used to count the number of people 
at high tide (top), low tide (middle), and when the tide was coming in (bottom). We 
used this system to count the maximum number of people because the number 
depends on the tide (modified from Urayasu Whole Nature Explorers 2014).

Fig. 5.  Comparison of ratios of various uses of a wetland area (%) in 2010 (Blue 
shaded line bars; Q1) and 2013 (Green filles bars; Q1-Q5). A large decrease was 
observed in clamming use after the 2011 earthquake (modified from Yamakita et 
al. 2017b)

Fig. 6.  The ratio of annual visitors participating in various activities after the 
earthquake relative to the mean for 2008–2010 (data extracted from Yamakita et 
al. 2017b).
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peninsulas in Kyushu and Shikoku, all of which are affected by 
the Kuroshio Warm Current that meanders off the Pacific side 
of the Japanese coast.

As a second step, future changes in the area of coral reefs 
and gaps in the number of diving spots were evaluated. We 
applied the future sea temperatures presented in MIROC 
model RCP8.5 of IPCC AR5 as the scenario. The area of coral 
reefs was estimated from the relationship between the area 
and seawater temperature in the current reefs and the possi-
bility of the establishment of the reef are limited using several 
environmental factors such as coastline length and complex-
ity and water depth. Most of increase of the reefs are conver-
sion from rockey interidal in the complex coast line facing 
warm currents.

Given the projected area of coral reefs in the future, we esti-
mated the gap between the potential number of diving spots 
in the future estimate and the current actual number of diving 
spots. In Figure 7, the larger area of darker colors in 2050 show 
the gap increased as compared to the year 2000.

In particular, the gaps increased west of Kyushu. Although 
the Ryukyu archipelago located south of Kyusyu also showed 
increases, the gaps may have been overestimated because we 
neglected the negative impact of high temperatures in tropi-
cal areas, such as coral bleaching.

These results reveal a high potential, on the supply side, to 
use the coral resource to increase tourism. To further consider 
the potential use of such areas, we need to better understand 
demand-side aspects, such as population, infrastructure, 
transportation, and existing local industry (e.g., fisheries).

Past expansion of sea-bathing locations
We also evaluated temporal changes in the distribution of 

sea-bathing locations (Fig. 8).
In Japan, travel to soak in sea water (yu-ami) has been 

known since at least the 10th century, and it became more 
popular in the 17th century as shio-touji (sanatorium/recuper-
ative use) in some places. However, modern sea bathing for 
the general public is considered to have started in the 1870s. 
The practice was influenced by foreign visitors and returnees 
from the Iwakura Mission following the opening of the 
country. At that time, sanatoriums and associated travel 
became popular in the United Kingdom, such as in the Scar-
borough and Brighton areas. The first modern sea-bathing 
spots in Japan were Kanazawa-ku in Yokohama, Yuigahama in 
Kamakura, Oiso beach in Oiso, and Futami-Ura in Ise.

As shown by the green dots in Figure 8, by 1910 sea bathing 
had spread to several prefectures on the Pacific side of Honshu 
(the main island of Japan) and the west side of Kyushu. In 
terms of the number of tourists, the Shonan area attracted 10 
million people as did the beaches at Kyoto in that period.

By 2016 the number of sun-bathing beaches had increased, 
not only on the Pacific coast but also on the Sea of Japan, 
northeastern Honshu, and even on the northern island of Hok-
kaido (not shown in Fig. 8). Interesting patterns of develop-
ment can also be observed in enclosed bays. Compared to the 
increase in the numbers of sun-bathing locations in the coun-
tryside, Tokyo Bay and Osaka Bay showed a decreasing trend 
after the 1970s. Before then, there were several sea-bathing 
beaches, even on the inner part of the bay. In the 1970s in Tokyo 
Bay, almost all sea bathing stopped as areas closed because of 
landfilling and a decrease in water quality. In 1989, artificial 
beaches were created in some locations. Even with the crea-
tion of new areas (i.e., the alteration of natural capital into arti-
ficial capital), the water quality was not yet good enough for 
sea bathing in the innermost part of the bay. The consideration 
of both artificial and natural capital will be a challenging issue 
for in future evaluation of these types of conditions.
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Fig. 7. The area of coral reef in 2000 (lower), and gaps between of the potential number 
of diving spots and area of coral reef in 2000 (middle) and 2050 (upper). Increases in 
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analysis.

Fig. 8. Distribution of areas for the traditional use of beaches, and the rapid expansion 
of sea-bathing locations from the early 1880s to the present.



293

supported by the Environment Research and Technology 
Development Fund (S-15 Predicting and Assessing Natural 
Capital and Ecosystem Services; S-9; 4RF-1501) of the Ministry 
of the Environment, Japan; an Environmental Conservation 
Activities Grant (FY2010) using funds raised with the help of 
radio station BAY FM Love Our Bay by the Chiba Prefecture 
Environment Foundation; and a Urayasu City citizen action 
activation grant in FY2013.

References
Costanza, R�, d’Arge, R�, de Groot, R�, et al� (1997) The value of the world’s 

ecosystem services and natural capital� Nature, 387, 253-260�
Costanza, R�, de Groot, R�, Sutton, P�, et al� (2014) Changes in the global value of 

ecosystem services� Global Environmental Change, 26, 152-158�
Kawabe, M� (2004) The evolution of citizen coastal conservation activities in 

Japan� Coastal Management, 32, 389-404�
Martin, C� L�, Momtaz, S�, Gaston, T�, Moltschaniwskyj, N� A� (2016) A system-

atic quantitative review of coastal and marine cultural ecosystem services: 
Current status and future research� Marine Policy, 74, 25–32�

Sanbanze Restoration Planning Committee (2004) Proposal for the restoration of 
Sanbanze (summary)� Chiba, Japan, 38pp�

Urayasu Whole Nature Explorers (2014) “Sanbanze” The Tokyo Bay, Seaside 
story from Shin-Urayasu� Urayasu press, Urayasu, Japan� 162 pp� (in Japa-
nese)

Yamakita, T�, (2017) Current Status of Marine Biodiversity Assessment in the 
Asia and Status of Assessing Marine Ecosystem Services� Journal of Rural 
Planning Association, 36, 25-28 (Written in Japanese with English summary)

Yamakita, T�, Yamamoto, H�, Nakaoka, M�, et al� (2015) Identification of impor-
tant marine areas around the Japanese Archipelago: Establishment of a 
protocol for evaluating a broad area using ecologically and biologically 
significant areas selection criteria� Marine Policy, 51, 136-147�

Yamakita, T�, Sudo, K�, Jintsu-Uchifune, Y�, et al� (2017a) Identification of 
important marine areas using ecologically or biologically significant areas 
(EBSAs) criteria in the East to Southeast Asia region and comparison with 
existing registered areas for the purpose of conservation� Marine Policy, 81, 
273-284, doi:10�1016/j�marpol�2017�03�040

Yamakita, T�, Matsuoka, Y�, Iwasaki, S� (2017b) Impact of the 2011 Tohoku 
Earthquake on the Use of Tidal Flats: a Case Study in Inner Tokyo Bay� 
Journal of Environmental Information Science, 2017(1),25-36


