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FOREWORD

The establishment of the Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services (IPBES) reflected the need to enhance the interface between science 

and policy, through the construction of a conceptual framework for assessment in this field 

and an approach to make the framework operational. In parallel with this, the group of 

nearly 100 experts across Japan has started the national scale scenario analysis of nature and 

ecosystem services to help the government revise the existing National Biodiversity Strategy 

and Action Plan. The IPBES Global Assessment Report published in May 2019 indicated 

that the ongoing loss of biodiversity on a global scale might jeopardise the achievement of 

the Aichi Biodiversity Targets, the Sustainable Development Goals (SDGs), the 2050 Vision 

for Biodiversity and the Paris Agreement adopted under the UN Framework Convention on 

Climate Change (UNFCCC), and more. Many of the insights presented in the IPBES Global 

Assessment do not directly apply to Japan due to its declining birth rate and dwindling and 

ageing population; where declining utilization (underuse) of nature is considered to be one 

of the drivers causing biodiversity loss. In line with the global efforts of assessing nature 

and ecosystem services, it is of vital importance to conduct assessments and gain a future 

perspective in light of the unique social and economic conditions of Japan. Based on the 

current findings of the Predicting and Assessing Natural Capital and Ecosystem Services 

through an Integrated Social-Ecological Systems Approach (PANCES) project, which is 

funded by the Environment Research and Technology Development Fund (S-15) from the 

Ministry of the Environment, Japan, this Synthesis Summary for Policy Makers sets out 

comprehensive policy recommendations, through a view of building future scenarios and 

integrated models of social-ecological systems on national and regional scales.



1.1. Projection of Natural Capitals and Ecosystem Services through Integrating   
      Social-Ecological Systems

1.2. Future Scenarios
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Future Scenarios and the Integrated Model of
Social-Ecological Systems1.

The PANCES project assessed and projected 
ecological and socio-economic values of natural 

capitals and ecosystem services under multiple future 
scenarios and associated quantitative and spacially 
explicit models of population and land use at natural 
scale and at four case study sites (Hokkaido, Noto 
Peninsula, Sado Island and Okinawa). The project 
developed four future national scale scenarios until 2050 
in collaboration with experts from various research fields 
(Section 1.2), and simulated changes in population and 
land use under each scenario (Section 1.3). Based on the 

simulated population and land use changes of four 
scenarios and business-as-usual (BAU) scenario, 
ecological and socio-economic values of terrestrial and 
marine natural capitals and ecosystem services were 
projected (Chapter 2, Chapter 3, Section 4.4 and Section 
4.5). Through this scenario analysis, key policy options, 
such as conversion/restoration of abandoned farmland, 
protection of seagrass bed, and expansion of marine 
protected areas were identified, and their effectiveness 
was assessed.

I n order to construct future scenarios that explore 
plausible ‘futures’ of Japan up-to 2050, four scenarios 

were built for future socioeconomic changes around 
major uncertainties about Japanese society (Saito et al., 
2019). The two conceptual axes to shape the scenarios 
were identified through: (1) a questionnaire survey 
(Delphi method) of experts on the direct and indirect 
factors that might impact natural capital and ecosystem 
services at the national level; (2) a statistical analysis of 
the findings; and (3) an interview with officials of the 
Ministry of the Environment, Japan.

The first axis (X axis), identified from this process, 
represents the alternative population distribution 
patterns: whether the population continues to concentrate 
on existing inner urban areas and city centres or will 
disperse to the suburbs and semi-rural areas. The second 
axis (Y axis) of uncertainties focuses on the capital to be 
prioritised in society going forward: which domestic 
natural capital (e.g. forests) or natural capital overseas 
and produced capital (e.g. concrete) should be utilized 
more proactively.

In the PANCES project, the four scenarios plotted 
along those two axes were named ‘natural capital-based 
compact society’, ‘natural capital-based dispersed 

society’, ‘produced capital-based compact society’ and 
‘produced capital-based dispersed society’, respectively 
(Fig. 1-2). The most beneficial future is considered by 
assessing natural capital and ecosystem services under 
the four future scenarios, developing and analyzing the 
differences among them. In a compact society with 
produced capital, for example, policies will be enhanced 
to promote increased imports of agricultural products 
and timber, centralised use of energy and heat, and 
horticulture under a structure driven by information and 
communication technology (ICT). On the other hand, in 
a dispersed society with natural capital, it is important to 
enhance policies to promote self-sufficiency in food and 
timber, ecosystem-driven disaster risk reduction and 
management on abandoned arable land, among others.

Fundamental trends underlying all future scenarios 
were identified: there will be no significant increase in 
the growth of Japan’s gross domestic product (GDP); the 
concentration of population on large- and medium-sized 
cities will accelerate to the detriment of rural areas; there 
will be no significant improvement in the fertility rate; 
and there will be no substantial enhancement of public 
transport systems.

Social-ecological systems are coupled human and natural systems in which people interact with natural 
components, and people are considered as a part of nature. An integrated model of social-ecological 
systems aims to enable comprehensive analysis of natural capital and ecosystem services from both 
social and ecological perspectives. This PANCES project developed the integrated model which 
consists of co-designing future scenarios, translating scenario narratives into simulation models of 
population distribution and land use/cover, and assessing and projecting ecological and socio-economic 
values of terrestrial and marine natural capitals and ecosystem services as well as inclusive well-being 
(Fig. 1-1). Multiple key policy options were incorporated in each scenario to assess effectiveness and 
tradeoffs of different policy options through scenarios comparison.

Scenario building and analysis is a useful tool to help explore plausible futures under various drivers and 
associated uncertainties. Two major drivers with relatively high uncertainties could differentiate 
socioeconomic development pathways, affecting the future of nature and ecosystem services in Japan 
until 2050. The two major drivers are ‘population distribution patterns’ (further concentrations on urban 
areas or dispersion to countryside) and ‘the utilization of natural capital’ (utilize more domestic natural 
capital or rely more on produced capital and material contributions from abroad).

Fig. 1-1 Overall Structure of the Integrated Model

Fig. 1-2 Four national scale scenarios developed by the PANCES project



1.2.2. Building Marine Future Scenarios Based on the National Scale Future Scenarios

 Natural capital & 
Dispersed (ND)

Natural capital · 
Compact (NC)

Produced capital · 
Dispersed (PD)

Produced capital · 
compact (PC)

Utilization of domestic natural capital Utilization of overseas natural capital 
and artificial capital

Population

Present / 
Concentration Present projection Concentration Present projection Concentration

Correction of 
population 

concentration
 

Population 
sub scenario 
according to the 
other change

 
Population 
sub scenario 
according to the 
other change

Economy

Seafood self-
sufficiency 

rate

· Exceeds the 
current situation 
(65%)

· Exceeds the 
current situation 
(65%)

· Below the 
national target 
(Fisheries Basic 
Plan 60%)

· Below the 
national target 
(Fisheries Basic 
Plan 60%)

Aquaculture 
production

・ Maintain current 
status

・ Increase 
aquaculture (no 
feeding) near 
urban

· Increase feeding 
aquaculture

· Increase import

· Increase 
of feeding 
aquaculture near 
the city

· Increase import

Fishery 
production ·Local fishery

· Increase 
in shellfish 
production

· Offshore fishery 
industry

· Increase import

· Offshore fishery 
industry

· Increase import

Society and 
politics

Policy · 
infrastructure

· Fisheries 
resources 
management

· Fisheries 
resources 
management

· Gray infra all 
over Japan such 
as Sea wall, port 
maintenance, 
protection from 
sand runoff

· Gray 
infrastractures 
only near the 
cities

Science and 
technology Energy

· Development 
of offshore wind 
power, tidal 
current power 
generation

· Development 
of offshore wind 
power, tidal 
current power 
generation

Social relationship

· New industries 
such as 
ecotourism by 
local fishery 
cooperatives

· New industries 
such as 
ecotourism by 
new company

· Classical fishery 
industries by 
local fishery 
cooperatives

· Classical fishery 
industries by 
local fishery 
cooperatives
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No socioeconomic future scenarios have been 
formulated for marine areas. We therefore 

examined marine-specific factors in line with the 
PANCES scenarios (Saito et al., 2019) to identify change 
factors  for  marine areas  and suggest  re levant 
interventions in a qualitative manner.

Specifically, we conducted brainstorming sessions on 
changing elements specific to marine areas, followed by 
an expert meeting to select and specify the relevant 
elements, and determine the direction of such changes. 
Key elements extracted include: decline in marine 
production and increase in imports including through 
feeding fish culture and offshore/pelagic fishing under 
the produced capital scenario; limitation of seawall and 
infrastructure development to suburban areas under the 
compactification scenario; and promotion of ecotourism 
and other emerging industries as a cultural service under 
the natural capital scenario (Fig. 1-3, Table 1-1).

In qualitative terms, the following measures may be 
taken in response to those elements. First, measures to 

mitigate ecosystem degradation by the construction of 
produced capital are important (e.g. building of a 
network of reserves suited to the life history of the target 
species, spontaneous regeneration projects for degraded 
areas, and FAD deployment and seed-releasing as 
necessary) under the produced capital scenario. Second, 
required measures under the natural capital scenario 
include the enhancement of ecosystem conservation and 
regeneration activities including in marine reserves, and 
the promotion of a robust fish stock management and 
ecotourism. Under the compactification scenario, 
assuming the retention of urban population, effective 
measures would include building a comprehensive 
system to promote measures against environmental load 
from land sources (such as pollutants) in a basin area 
including cities. Under the population dispersion 
scenario, necessary measures would entail wide-area 
networking and labour-saving through the promotion of 
IoT, including for a smart fishery sector.

Regarding the aforementioned national scale future scenarios, key factors specific to marine areas 
include: decline in coastal production and increase in imports including through feeding fish culture and 
offshore/pelagic fishing, under the produced capital scenario; limitation of seawall and infrastructure 
development to suburban areas under the compactification scenario; and promotion of ecotourism and 
other emerging industries as a cultural service under the natural capital scenario.

Fig.1-3 Two axes for building marine-area scenarios and the characteristics of each scenario

Table 1-1 Assumptions on components of marine-area scenarios
 (measures expected under each scenario and their consequences)
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As a basic framework to proceed with the predictive 
assessment of natural capital and ecosystem 

services effectively, population redistribution models 
were built to correspond to the storylines of the four 
future scenarios at the national level. The purpose was to 
estimate the residential and industrial populations, and 
the resulting changes in land use for each of the 
scenarios, in a spatially explicit manner. In accordance 
with this basic framework, population was developed 
and analyzed (Fig. 1-4), land use (Fig. 1-5) data for 2050 
at a resolution of 500 m was utilized (Matsui et al., 2019; 
Shoyama et al., 2019; Shoyama, 2021; Hori et al., 
2020a), and a dataset capable of assessing the impact of 
climate change for each scenario was prepared. The 
common data foundation effectively enabled the 
predictive assessment of various natural capital and 
ecosystem services on land and in the sea up to 2050.

The formation of medium-sized population centers 
and rural city blocks were assumed for the compact 
scenario. The formulation of a large number of small-
sized population centers and rural city blocks was 
assumed for the dispersed scenario. In each of the 
municipalities, the compact scenario assumed migration 
to densely populated areas, and the dispersed scenario 
assumed migration to the sparsely populated areas. 
Projection of the population distribution under each of 
the scenarios was conducted. The results (Fig. 1-4) 
indicate the expected population distribution and age 
structure in 2050 under each scenario. Under the 
compact scenario, assuming further concentration of 
population, the areas with no residents (zero population 
areas) will increase by approximately 30% compared 
with the business as usual (BAU) scenario. It was also 
found that there would be over 50% less, zero population 
areas under the distribution scenario than under BAU. 
Given the result, decision-makers should develop plans 
on the formation and distribution of population centers 
and rural city blocks in line with their vision on 
transport, industry, and natural environment, while 
considering the promotion of migration and how to 
address the issue of zero population areas. 

For land use, assumptions were developed for each of 
the four scenarios about the future land use demand and 
possible land use transitions. The change of land use 
distribution under different geographic and social 
conditions in each region was spatially predicted. The 
overall result (Fig. 1-5), the natural capital-based 
scenarios (NC/ND) resulted in a few percent more 
agricultural land cover than BAU. In contrast, the 
produced capital-based compact scenario (PC) resulted 
in a decrease of 0.8%. Similarly, the percentage of 
grassland and abandoned land was projected to increase 
by about 3% under the PC scenario and decrease by 
about 3% under the ND scenario. For forests, there was 
an increase in secondary forests and a decrease in 
plantation forests in all four scenarios relative to BAU. 
However, the range of change was larger in the produced 
capital-based scenarios (PC/PD), where the percentage 
of secondary forest was projected to increase by about 
4%, and plantation forests were projected to decrease by 
4-6%. Utilizing these results, which spatially show the 
land that may no longer be used as agricultural land or 
plantation forests, the strategic land use conversion 
policies must be considered to avoid degradation but 
improve biodiversity and ecosystem functions.

Depending on the characteristics of future scenarios on a national scale, a model needs to be developed 
to project and illustrate, in a spatially explicit way, how the distribution of population, industrial population 
and land use might change by 2050. This will enable projection and estimation of the effectiveness of 
policies on terrestrial and marine natural capital and ecosystem services for each of the future national 
scenarios, in light of changes in human capital and land use up to 2050.

Fig. 1-4 
Population distribution projected 
by scenario
 (resolution of 500 m, Hori et al., 
2020a)

Fig. 1-5 
Change in land use by scenario: indicating a) increase or
 b) decrease in each land use category

NC: Natural capital-based Compact scenario
ND: Natural capital-based Dispersed scenario
PC: Produced capital-based Compact scenario
PD: Produced capital-based Dispersed scenario 

(Mapped based on Shoyama, 2021)
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T he amount of change between 2050 ecosystem service values and current 2020 values (around 2010, depending 
on the service) for each 1 km grid at a national scale under each scenario was calculated and summarized the 

results in Fig.2-1. White circles indicate mean values, black horizontal bars indicate medians, boxes indicate quartiles, 
and vertical bars indicate 95% confidence intervals.

Most ecosystem services were predicted to decrease by 2050 in all scenarios, but no such trend was seen when 
results were converted to per-population values (data not shown). Differences in trends between regions were often 
greater than differences between scenarios. Of the four scenarios, the produced capital-based compact society (PC) 
scenario was notable for the frequently conspicuous variation in amount of change within a region. For rice yield and 
cultural services (camping, hiking, field education), the difference between natural capital-based and produced capital-
based (NC/ND vs PC/PD) was often more important. Whereas, for timber production potential (Japanese cedar and 
Japanese cypress), the difference between compact society and dispersed society (NC/PC vs ND/PD) was often more 
important. For more details on results, see sections 2.1 (Japanese cedar, Japanese cypress, rice, spinach), 2.2 (water 
quality), and 2.3.2 (camping, hiking, and field education).

1.

As part of this project, a questionnaire survey of 
7,556 Japanese citizens was conducted on preferred 

destinations for future migration or multi-habitation and 
the areas where they frequently visit as part of ‘related 
population’. Related population is defined as people who 
travel between their place of residence and another area 
to engage with the area in various ways, they are 
expected to support depopulated rural areas (Hori et al., 
2020b). The results indicated that metropolitan areas are 
the most preferred destination for migration or as a 
secondary place of residence. Although limited as a 
proportion, a certain number of respondents preferred 
migration from metropolitan to rural areas or multi-
habitation. Rural areas were preferred more as a 
secondary home than a destination for migration from 
urban areas. Thus, a policy aimed at dispersing the 
population should promote the whole process of 
gradually deepening the relationship between the regions 
and the visitors through repeat visits and multi-
habitation. Respondents preferring to migrate to a rural 
area tend to prioritise accessibility to nature, and the 
most selected reason to visit rural areas repeatedly was 
for “tourism and leisure”. Therefore, communities 
promoting tourism while maintaining accessibility to 
natural resources that can provide cultural services, 
would be effective to get the repeated visitors to rural 
areas as the first step to acquire immigrants from 

metropolitan areas.
With some variation, depending on the purpose of 

visit, the mean value of the distance between the place of 
residence of the related population and the repeatedly 
visited area remained within about a 100 km radius. 
Based on this result, estimation models of "the 
probability to be selected as a destination of repeated 
visits" for 47 prefectures was developed by machine 
learning (explanatory variables: distance, age, sex). 
Fig.1-6 shows the estimated related population by 
multiplying the calculated "probability to be selected as 
a destination” and the prefectural population of 2015.  
The number of related populations visiting from each 
prefecture to others ranged from the highest of 6.86 
million in Tokyo to the lowest of 90 thousand in 
Okinawa Prefecture. The number of people visiting each 
prefecture from others ranged from the highest of 9.12 
million in Tokyo to the lowest of 190 thousand in Tottori 
Prefecture. Therefore, in the scenarios which need to 
expand the related population to support the management 
of natural capitals in rural areas, it is important to 
formulate a regional development strategy that 
incorporates quantitative estimates of manpower that can 
be expected from the related population, and promotion 
to attract the related population by targeting residents 
within a radius of around 100 km.

In order to expand the interaction of people between rural and urban areas undergoing depopulation, it 
is important to create a process so that repeat visitors can deepen the relationship with the region 
leading to multi- habitation and migration. As the first step of the process, it is effective to attract visitors 
by tourism and leisure opportunities in rural areas. Through the analysis of the distribution of the distance 
between residential areas of the related population repeatedly visited regions and their motivations, this 
study obtained knowledge that will contribute to the development of strategic policies to promote the 
related population, which is currently estimated to exist on the scale of several million to tens of millions 
in each prefecture.

Fig.1-6 Estimated related population (Based on the population in 2015)

Fig.2-1 Summary of analysis of terrestrial ecosystem service scenarios
 (A comparison between regions and large cities or other regions)

Future Scenarios and the Integrated Model of Social-Ecological Systems
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2. Projection and Assessment of Terrestrial Natural Capitals and Ecosystem Services

predicting the growth rate of cedar and cypress was 
created based on the tree density, average tree size, 
climate, population distribution (population within a 
radius of 500 m and 14.5 km from the forest), and forest 
type (natural forest or plantation forest). By applying 
2010 conditions and future scenarios to the models, 
changes were predicted in annual tree growth between 
2010 and 2050 and the factors contributing to these 
changes.

In all scenarios, the decrease in the amount of cedar 
and cypress growth exceeded the increase throughout 

Japan, and the decrease was particularly large in the 
produced capital-compact scenario (Fig. 2-4). The 
decrease in productivity due to climate change and 
changes in population distribution was the main cause of 
the change in the natural capital-dispersed scenario. 
While the decrease in cedar and cypress forests was the 
main cause of the change in the other scenarios. In the 
compact scenarios, the decline in cedar and cypress 
forests was stronger when population density increased. 
These results indicate that the main factors that reduce 
tree growth vary depending on the scenario, and that 
future changes may occur through the interaction of 
population distribution, climate change, and land use 
change.

On the other hand, changes in the supply-demand 
balance under each PANCES scenario showed that 
potential wood production (tree growth) exceeded wood 
demand under all scenarios if current average tree 
density and average tree size were maintained (Fig. 2-5). 
This result indicates that forests can be used sustainably 
if excessive logging is avoided and forests are 
maintained at the same level of tree density and tree size 
as at present.

 Note that the current climate data was produced using 
the AMeDAS Mesh Climate Data Production System 
ver. 4 (NARO).

Data was used on paddy rice and spinach production 
as well as climate conditions from 1993-2015, 

land-use in 1998, and population distribution in 2010 in 
order to create models that predict paddy rice and 
spinach supply services based on climate, land-use, and 
population distribution. Conditions in 2010 and each of 
the PANCES and BAU scenarios were applied to the 
models to predict changes in crop supply amount and its 
causes for each PANCES scenario from 2010-2050.

In all scenarios, rice supply services decreased 
throughout Japan, with the primary cause predicted to be 
the loss of paddy fields. These decreases were 
particularly large in the produced capital use scenarios 
(Fig. 2-2, top row). Thus, countermeasures for cultivated 
land that has been abandoned are necessary for 
maintaining rice supply amounts. On the other hand, the 
natural capital use scenarios predicted an increase in 
spinach supply services at the national level (Fig. 2-2, 
bottom row). However, the BAU and produced capital 
dispersed scenarios indicated a decrease in the supply 
amount, and the primary cause in these cases was the 

decrease in productivity due to climate change and 
changes in population and land-use rather than the 
decrease in cropland (Fig. 2-2, bottom row). To 
summarize,  the countermeasures necessary for 
preventing decreased crop supply may vary according to 
crop type.

When investigating the changes in the supply/demand 
balance in each PANCES scenario, decreases in demand 
exceed decreases in supply in almost all future scenarios, 
in which the rice and spinach supply decreases (Fig. 
2-3). These results indicate the possibility of converting 
cultivated land that has been abandoned to other land-
use purposes (e.g., forests), and using such land to 
improve other ecosystem services (For the results 
showing predicted change in natural capital and carbon 
sequestration under reforestation of abandoned 
croplands, see section 4.5).

The growth rate of Japanese cedar and Japanese 
cypress was calculated based on data from the second 
(2004-2008) and third (2009-2013) seasons of the Basic 
Survey on Forest Ecosystem Diversity. A model 

Crop supply prediction models estimated that differences in paddy rice supply services are caused by 
decreased production due to disappearing paddy fields rather than changes in productivity due to 
climate change and population/land-use changes. However, predicted differences in vegetable (spinach) 
supply services were caused by changes in productivity due to interactions between climate change 
and population/land-use change. Whereas, an increase or decrease of croplands are predicted to have 
a smaller effect. These results indicate that the relative importance of population change, land-use 
change, and climate change on future crop supply services may vary according to crop type.

Estimates from the timber supply prediction model showed that the supply of cedar and cypress was 
projected to decrease due to productivity changes caused by climate change and changes in population 
distribution under the natural capital-dispersed scenario, and due to a decrease in cedar and cypress 
forests under the other scenarios. These results suggest that future changes in timber production may 
be affected by the interaction of climate change, land use change, and changes in population distribution.

Fig. 2-2 
Predicted changes in rice (top row) and 
spinach (bottom row) supply services 
throughout Japan for variations in land-use, 
population distribution, and climate

Panel differences indicate differences in land-use and population 
scenarios. The differences in the bars within each panel denote 
differences in climate scenarios (current climate, MIROC5 RCP 
2.6, and MIROC5 RCP 8.5). The dark colors in the bars indicate 
changes due to cropland fluctuation, and the light colors refer to 
changes in productivity due to changes in land-use, climate, and 
population distribution near croplands. Minimal differences between 
representative concentration pathways (RCPs) are thought to be a 
characteristic of the model used here, and therefore, care should be 
taken when interpreting the results

Strong and weak denote population condensation and dispersion depending on the PANCES scenario. 
Because there were locations where growth decreased and increased, the changes in growth were 
aggregated separately. Since spatial distribution of tree density and average diameter were not available, 
the national average values (cedar: tree density = 479/ha, average diameter = 25.6 cm; cypress: tree 
density = 469/ha, average diameter = 20.9 cm) were used for the prediction. Because the distribution of 
cedar and cypress forests is not expected to follow climate change, the effects of climate change were 
not incorporated into the projections of the distribution of cedar and cypress forests. Therefore, the 
projections assume that the forestry industry will not take climate change adaptation measures.

Fig. 2-3  Predicted relative changes in supply and demand 
of rice (top row) and spinach (bottom row) under each 
PANCES scenario

Fig. 2-4 Change in potential growth of Japanese cedar (top row) and 
Japanese cypress (bottom row) in each scenario

Fig. 2-5 Predicted balances between supply 
and demand under current and future scenario 
conditions
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Using current (2015 2017) river nitrate and nitrite 
concentration data, the natural/social environment 

of the upstream area, and climate data for each location, 
a model was created for predicting nationwide spatial 
distribution of river water quality that partly reflects the 
contribution of water purification services. The PANCES 
future scenarios for 2050 and climate change scenarios 
were applied to this model to predict differences in water 
quality changes between scenarios. (Note that this 
analysis differs from other ecosystem service analyses in 
tha t  i t  i s  focused  on  the  combined  output  o f 
environmental loads, ecosystem service benefits, and 
other outputs rather than on ecosystem services 
themselves.)

The water quality prediction model indicated that the 
water quality was better when upstream areas are well-
forested, and particularly when the forest cover is natural 
rather than a plantation forest. On the other hand, water 
quality was worse when upstream areas were more 
densely populated and contained significant areas of 
farmland and orchards. As a result, the model predicted 
that water quality would be particularly good in 
mountainous regions nearer to the Sea of Japan and poor 
in densely populated areas and heavily cultivated 
lowlands (Fig. 2-6).

Both areas where water quality improved and areas 
where it deteriorated compared with the BAU scenario 
were detected irrespective of scenarios (Fig. 2-7). 
Comparing compact and dispersed society scenarios, 
there were fewer areas in which water quality improved 
and more areas in which it deteriorated in the dispersed 
society scenarios (ND, PD) than in the compact society 
scenarios (NC, PC) (Fig. 2-7). This is thought to be 
because residential areas would spread upstream in the 
dispersed society scenarios, expanding the area affected 
by domestic wastewater. Comparing natural capital-
based and produced capital-based scenarios, there were 
more areas in which water quality either improved or 
deteriorated in the produced capital-based scenarios (PC, 

PD) than in the natural capital-based scenarios (NC, ND) 
(Fig. 2-7). This is thought to be because the produced 
capital-based scenarios would entail greater changes in 
land use than the natural capital-based scenarios, 
including decrease in plantation forest, increase in 
secondary forest, and decrease in farmland, thereby 
having a large impact on water quality in downstream 
areas.

Compared with the BAU scenario, nationwide spatial 
distribution of predicted water quality change according 
to future scenarios showed regional differences in the 
direction of change. Areas with improved water quality 
were distributed mainly in Hokkaido, Tohoku, Chuubu, 
and Chugoku regions in all future scenarios, whereas 
areas showing deterioration in water quality were 
distributed in coastal regions of western Japan in the 
natural capital-based scenarios (NC, ND), and in 
mountainous regions of western Japan in the produced 
capital-based scenarios (PC, PD) (Fig. 2-8).

These results indicate that river water quality may 
deteriorate in some areas in the scenarios. Regions with 
deteriorating water quality are also likely to vary 
according to future population and spatial patterns of 
land use. Reducing future deterioration of river water 
quality, by extension, adverse effects on the natural 
environment and human wellbeing, will require the 
appropriate building of sewage treatment plants and 
promotion of sustainable agriculture corresponding to 
the actual population dynamics and circumstances of 
local land use.

The analysis based on the prediction model of water quality revealed that in some regions, river water 
quality may deteriorate in all future scenarios. Regions with deteriorating water quality are also likely to 
vary according to future population and spatial patterns of land use. Reducing future deterioration of 
river water quality and the resulting adverse effects on the natural environment and wellbeing will require 
the building of sewage treatment plants and promotion of sustainable agriculture corresponding to the 
actual population dynamics and circumstances of local land use.

Fig.2-6 
Predicted nationwide spatial distribution for 
current (2015-2017) river water quality

Fig.2-8 Spatial distribution of predicted water quality changes for future scenarios 
compared with the BAU scenario

Fig.2-7 
Changes in water quality when land use and 
population distribution are modified

The lower the nitrogen concentration (blue) is, the better the 
water quality is.

The bars represent the number of 1km grid squares with improved 
(blue) or deteriorating (red) water quality compared with the BAU 
scenario.

NC: Natural capital-based compact society scenario
ND: Natural capital-based dispersed society scenario
PC: Produced capital-based compact society scenario
PD: Produced capital-based dispersed society scenario

(We used MIROC5 RCP2.6 for all climate change scenarios, counting 
the number of 1km grid squares that were 0.01 mg/L more (or less) 
than the nitrogen concentration in the 2050 BAU scenario.)



2.3. Advanced Modelling of Cultural Services
2.3.1. Important Contributions of Ecosystem Components on Recreational 
           and Educational Activities

2.3.2. Scenario Analysis of Recreational and Educational Activities
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Prediction models were built for nationwide spatial 
distribution of current (around 2015) leisure 

activities (camping, hiking) and educational activities 
(nature education) from the natural  and social 
environment variables. They were applied to PANCES 
future scenarios for 2050 to forecast changes in the 
ecosystem service flows from the present to 2050.

Leisure and educational activities were predicted to 
decrease in all future scenarios. This is thought to be 
mainly because nationwide population decline would 
lead to a decrease in total demand. There was only a 
small difference between population distribution future 
scenarios (compact vs. dispersed). The impact of land 
use changes differed considerably between future 
scenarios, with camping and hiking activities showing a 
marked increase particularly in the produced capital-
based compact society scenario (PC). As a result, the 
rate of decrease in leisure activities was predicted to be 
less in the produced capital-based compact society 
scenario than in the other scenarios (Fig.2-10).

For example, a camping activity as an indicator of an 
ecosystem service would decrease with population 

decline in all future scenarios, with this decrease being 
particularly marked in tourist destinations near suburban 
areas. However, in the produced capital-based scenarios 
(PC, PD), an increase in the activity was predicted in all 
regions (Fig.2-11). This corresponds to areas where 
plantation forests decrease and secondary natural 
environments such as grasslands or secondary forest 
increased, and is therefore likely attributable to the 
emergence of the kind of natural landscapes favorable 
for leisure activities. However, if vegetation quality 
degrades after logging of plantation forests, this may 
increase the area of unattractive landscapes, leading to a 
possible decrease in leisure activities.

Similar trends were also observed with hiking and 
nature education, suggesting that population decline and 
plantation forest management could have a significant 
impact on leisure and educational activities. Particularly 
a management policy that promotes conversion of a 
plantation forest to favorable land cover, such as natural 
forests, could improve ecosystem services as a location 
for leisure and educational activities in the depopulating 
future.

A large-scale and spatially clarified analysis on 
cultural ecosystem services was conducted, which 

have rarely been the subject of quantitative investigation 
at a national scale. The influence of a variety of natural 
and social environments on ecosystem services was also 
analyzed. In particular, detailed analysis of recreational 
activities (hiking and camping) and educational activities 
(nature education) was conducted.

In addition to physical environments (e.g., elevation 
and climate) and social environments (e.g., local 
population and traffic accessibility), ecological factors 
(e.g., amount and quality of vegetation) were important 
explanatory variables for the activities. Fluctuations of 
over 5% in the amount of hiking activities were 
predicted at many locations when the three vegetation 
characteristics (vegetation cover, proportion of natural 
vegetation, and proportion of primary vegetation) were 
each decreased by 10% (Fig. 2-9).

Ecosystem factors showed variable positive or 

negative relationships with hiking activities depending 
on the location and season. The variable associations 
with ecological variables were dependent on regional 
conditions such as elevation and local population. For 
example, the vegetation cover showed a strong positive 
correlation with hiking activities in suburban areas, but 
no such trends were observed in rural areas. In addition, 
correlations between the proportion of primary 
vegetation and hiking activities were positive in the 
mountainous areas such as the Japan Alps but negative 
near metropolitan areas.

Similar trends were observed in analyses of camping 
and nature education, indicating that ecosystem factors 
play an important role in citizens’ recreational activities 
and education. These results should be sufficiently 
considered during land-use and vegetation management. 
It should be also noted that the influence of ecological 
factors can be entirely different depending on the local 
conditions.

The possible influence of ecosystem components, such as the area and degree of natural vegetation, 
on citizens’ recreational activities and outdoor education, should be sufficiently considered in decision-
making regarding land use and forest management. Moreover, the fact that specific ecological 
components (e.g., the percentage of primary vegetation) can influence citizens’ activities to various 
degrees depending on context, such as distance from a major city, must be considered. For example, 
it is highly likely that the amount of vegetation is an important factor for hiking activities on the outskirts 
of a metropolis; while it is highly likely that the proportion of primary vegetation is important in locations 
like the Japan Alps.

Our analysis, based on a leisure and educational activities prediction model, indicated that leisure and 
educational activities would decrease with population decline in all future scenarios, with this decrease 
being particularly marked in near suburban areas. However, the impact of land use changes was different 
among future scenarios, with leisure and educational activities predicted to increase in areas where 
plantation forest is replaced by secondary natural environment under the produced capital-based 
scenarios. This result indicates that a management policy increasing favorable natural landscapes via 
conversion of plantation forest to broadleaf forest may improve flows of ecosystem services for leisure 
and educational activities even in the depopulating future.

Fig.2-9 Impact of changes in vegetation amount/quality on hiking activities

Fig.2-10. 
Forecasted nationwide changes in 
recreation activities (camping, hiking) and 
educational activities (nature education) 
when land use and population distribution 
are changed according to future scenarios

Fig.2-11 
Amount of change in potential as a 
camping site for each future scenario

(The three bars for each PANCES scenario in the above bar 
graphs represent percentage change respectively when 
both land use and population distribution are changed (left), 
when only land use is changed (center), and when only the 
population distribution is changed (right).)

NC: Natural capital-based compact society scenario
ND: Natural capital-based dispersed society scenario
PC: Produced capital-based compact society scenario
PD: Produced capital-based dispersed society scenario
BAU: BAU scenario



2.4. Bandle and Tradeoffs Analysis of the Assessed Ecosystem Services 2.5. Tradeoffs and Synergies between Climate Change and Biodiversity Policies
2.5.1. Tradeoffs and Synergies between Climate Change Policies and 
           Ecosystem Conservation Policies at National Level
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This study examined tradeoffs and synergies between 
three environmental policies in Japan that could 

positively or negatively affect each other. The three 
policies are, climate change mitigation policies, 
adaptation policies, and ecosystem conservation policies 
(Kameyama, 2019).

There was a possibility of tradeoffs between climate 
mitigation and ecosystem conservation policies in the 
area of installment of renewable energy facilities (Table 
2-1). Most energy must be supplied by renewable energy 
in order to reach the long term emission goal of “net-
zero” by the end of this century. A procedure to check 
that mega solar panels and other facilities are not 
harming the ecosystem is required to avoid negative 
tradeoffs between the environmental goals. For example, 
the replacement of rice straw into soil for composting is 
said to be effective to reduce methane emissions, but it 
was suggested to harm ecosystems in rice paddies.

Meanwhile synergies between climate mitigation and 
ecosystem conservation policies were found within the 
industry sector reducing GHG emissions, transportation 

sector reducing exhaust gas, and forest conservation. 
Forest conservation is effective in many areas such as, 
sequestering carbon, water retention function in case of 
heavy rainfall, and conserving the ecosystem.

As for tradeoffs between climate adaptation and 
ecosystem policies, there was a concern in the 
agricultural sector, where more pesticides may be used 
in response to a warmer climate. Also, in the area of 
disaster prevention, many measures like building dykes 
along rivers and seashores are listed under adaptation 
policies, but there was no mention of consideration for 
ecosystem conservation.

Synergies between adaptation and ecosystem 
conservation policies were found in the fields of nature 
protection, water environment, and urban design. 
Adaptation policies related to nature protection 
emphasize the importance of habitat monitoring, which 
is also effective for ecosystem management. The 
mainstreaming of adaptation strategies in urban designs 
promotes biodiversity in the area.

Understanding the relationships between different 
ecosystem services is important in the management 

of those services. In cases where a trade-off exists 
among services, strategies that do not consider the 
balance between the two will  result  in loss of 
multifunctionality in ecosystem services. However, 
virtually no analyses have been conducted on the 
relationships between ecosystem services in Japan.

Here, eight ecosystem services were estimated, namely 
paddy rice production, lettuce production, timber stock, 
carbon absorption, water quality, hiking activity, 
camping, and education, in 1-km grids, and the 
relationships between these ecosystem services were 
studied in each municipality of Japan (excluding the 
remote islands).

The relationships between the ecosystem services 
varied considerably depending on the municipality, and 

both positive (synergy) and negative (tradeoff) 
correlations were detected in nearly all service 
combinations. Differences in the relationships were 
detected not only at the larger regional scale (e.g., 
differences between the northern and the southern parts 
of Japan), but also between neighboring municipalities. 
For example, the relationship between timber stocks and 
number of camping grounds was positive for many 
municipalities in southern Japan, whereas many negative 
relationships were noted in Hokkaido (Fig. 2-12). This 
suggests that management targeted for timber production 
can simultaneously promote camp use in southern Japan, 
whereas the same management would result in hindering 
camp use in Hokkaido.

Such associations among different services should be 
carefully considered in ecosystem management, as to not 
lose multifunctionality of ecosystem services.

Attention must be paid to how management policies that dismiss the striking differences in the 
relationships between different ecosystem services among municipalities can damage multifunctionality 
in ecosystem services at the local government level. For example, in southern Japan, policies that 
maximize timber production have the potential to simultaneously promote recreational activities. But in 
Hokkaido, maximizing timber production can potentially inhibit such activities. As the relationships 
between ecosystem services change depending on various natural and social conditions, the number 
of policies that can be applied uniformly to all local governments is limited. 

Fig.2-12 Synergies and tradeoffs analysis of ecosystem services at municipality scale

The trade-offs between climate change mitigation and ecosystem preservation are a concern in 
promoting the use of renewable energy. It will be necessary to meet most of the demand for energy with 
renewable sources in order to achieve an 80% reduction in greenhouse gas emissions by 2050, and 
net-zero emissions by the end of the century. This transition might cause ecosystems to be lost 
depending on where renewable energy is sourced.

Table 2-1 
Tradeoffs and synergies between 
climate change mitigation and 
ecosystem conservation policies



2.5.2. Effect of Mega Solar Plant Installation on Ecosystems and Ecosystem Services 2.6. Supply-Demand Balance Assessment on Ecosystem Services
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Ecosystem service assessments have often defined 
ecosystem services as the potential amount of 

services that may be obtained from specific land use. 
Although this approach is useful for assessing the 
potential of ecosystem services, it is not able to assess 
the underuse of natural capital scientifically, which is 
one of the crises for biodiversity in Japan.

Thus, in addition to the traditional ecosystem service 
assessment on the supply side, based on land use, this 
project adopted a demand-based approach to ecosystem 
service assessment. This integrates the declining 
population and individual consumption behaviour (e.g. 
per capita consumption of rice and fish). Fig.2-14 
visualizes the gap between rice production and 
consumption at the municipal scale. Red, blue, and 
purple colors are oversupply, overdemand, and balanced, 
respectively. The natural capital-based dispersed society 
has a potential to mitigate the supply and demand gap 
and to enhance the balance compared with the produced 
capital-based compact society. These results enable one 
to evaluate spatially explicit quantification of the supply 

and demand gap. This type of supply and demand gap 
analysis, and integrated assessment of ecosystem 
services linked with the future scenarios on a national 
scale enables scientific evidence-based decision-making 
on underuse or overuse that has previously only been 
discussed quantitatively. For example, whether 
abandoned farmland, which will increase in the future, 
should be directed towards spontaneous regeneration 
(into broadleaf forests, etc.) or maintained and preserved 
as farmland.  This may be considered in a qualitative, 
spatially distinct manner in accordance with the future 
demand for food estimated from the expected population 
change. It should be noted that policies on ecosystem 
services have been largely considered from the supply 
side, mostly in terms of payment systems and protected 
areas for farms and forests. In conducting predictive 
assessment of ecosystem services from the demand side, 
it is important for policies to address the factors affecting 
demand for ecosystem services, including through the 
conservation of traditional local vegetables and dishes, 
and the promotion of dietary education.

Since the introduction of the Feed-in Tariff Scheme 
for Renewable Energy (FIT) system in 2012, the 

amount of electricity generated by solar power, including 
mega solar power plants, has been increasing rapidly in 
Japan. Photovoltaic power generation is an important 
energy source that does not emit greenhouse gases 
during power generation, while creating a secure energy 
supply. On the other hand, there are concerns about the 
impact on the ecosystem when power plants are 
developed on highly natural land. In this project, (1) the 
amount of land converted caused by the development of 
mega solar power plants throughout Japan, and (2) the 
amount of change in ecosystem services caused by the 
land alteration was analyzed.

First, the amount of land converted by the installation 
of mega-solar power plants was analyzed by comparing 
current aerial photographs with past land use maps. It 
was found that most mega-solar power plants were 
developed by cutting down forest (Fig. 2-13). It was 

clear that forests (deciduous broad-leaved forests, 
deciduous coniferous forests, deciduous broad-leaved 
forests, and deciduous coniferous forests) have been 
modified the most, accounting for about 30% of the total 
deforestation. A detailed regional analysis revealed that 
the amount of converted forests was particularly large in 
the Kanto and Kyushu-Okinawa regions. Next, the 
results of the analysis of the changes in ecosystem 
services associated with land alteration is shown. In this 
project, the changes in ecosystem services such as wood 
supply, carbon sequestration and runoff characteristics 
were analyzed. It was found that changes in ecosystem 
services were greater in forests where the amount of land 
use change was greater. In other words, deforestation 
and the installation of mega solar power plants resulted 
in the loss of ecosystem services. Future development of 
mega-solar power plants should take into account the 
impact on ecosystems based on the results of the above 
studies.

The amount of electricity generated by solar power is rapidly increasing. The installation of solar power 
plants is accompanied by changes in land use, and in Japan, many forests were cut down to install 
power plants. There were also concerns about the loss of ecosystem services due to deforestation. In 
the future, it will be necessary to take into account the location and scale of the installation of solar 
power plants in each region.

On both national and local scales, projection of ecosystem services needs to consider that the ecosystem 
services on the demand side are primarily determined by the size of population (e.g. demand for rice, 
forestry products and marine products). Ecosystem services on the supply side are primarily determined 
by land use (e.g. rice production, timber production and fish catches). Such assessment will allow 
consideration of policies on ecosystem services (flow) in light of the supply-and-demand balance 
required for the sustainable use of natural capital (stock).

Fig. 2-13 Amount of land converted by land use type due to installation of mega-solar power plants Fig. 2-14 Gap between rice production and consumption in the municipality resolution (Miyamoto et al., 2020)



3.1. Major Ecosystem Services such as Seafood, Carbon Fixation and Marine Leisure
3.1.1. Substantial Regional Variation in the Present Distribution of Ecosystem Services
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and Ecosystem Services3.

To identify the national distribution of key ecosystem 
services and their mutual relationships, the 

provisioning service by fish (coastal species) caught 
mainly from coastal ecosystems around Honshu, the 
regulating service by carbon fixation, and the cultural 
service by the number of coastal visitors were evaluated 
(Fig.3-1). The results of the analysis of the 10-km grid 
squares indicate the existence of areas, mostly located in 
a bay, with higher scores than the surrounding areas, 
even at the municipality level. This tendency is 
particularly significant in the distribution of seaweed 
beds. Therefore, special attention should be paid to the 
relationship between environmental changes in each of 
those areas, the local specialty products, and tourism 
resources.

The relationships between ecosystem services, coastal 

fish catching, and carbon fixation tend to show a high 
correlation in parts of western Japan (Fig.3-2). The 
number of coastal area users is also high in western 
Japan due to the warmer weather, with a high correlation 
with production. Thus, any change in the environment in 
western Japan, caused by climate change for example, 
might have a larger impact on society than is implied by 
the measurable variances (such as water temperature). 
Potential impacts indicated, include reduction in habitat 
for kelp and increase in diving sites in Honshu (Sudo et 
al., 2020; Yamakita, 2018). Taking action should be 
considered in response to the changing local ecosystems, 
including investment of social capital in infrastructure to 
benef i t  f rom ecosys tem services  and f lexible 
collaboration with areas that have already developed 
such infrastructure.

National estimation of ecosystem services reveal substantial regional variation: western Japan leads in 
fish catching from coastal ecosystems excluding seaweed; Hokkaido has the largest catches overall; 
and leisure fishing is particularly active on the Pacific coast and in southern areas. Synergies or trade-
offs among services also differ depending on the prefecture concerned. In view of these regional 
characteristics, appropriate measures are needed for the regional characteristics, the importance of 
each service, and its mutual relationships with other services.

Fig.3-1 National distribution of ecosystem services by category under current climate conditions

Fig.3-2 Regional variation in correlation between categories of ecosystem services

Notes: Total score ranks of fish catches for species comprising natural capital in the coastal Honshu areas; carbon absorption estimated 
using natural resource-specific basic units in the seven regions nationwide (fixation-equivalent, Kuwae et al., 2019); and differences in ranks 
of the number of coastal visitors as identified by mobile phone location data in early May and winter.

There has been limited research on quantitative assessment of ecosystem services in the coastal and marine areas. 
In Chapter 3, we first present the results of the assessment of the current status of major services in 3.1 and then 

discuss the changes under future scenarios in 3.2.1 (socio-economic scenarios) and 3.2.2 (climate change scenarios). In 
particular, in 3.3, specific examples are presented especially for each northern and southern region. In 3.4 we discussed 
cross-cutting issues related to the linkage with terrestrial systems.



3.1.2. Analysis of the Ocean Health Index (OHI) including for 
           Evaluation of the Near Future
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The Ocean Health Index (OHI) is designed for 
comprehensive evaluation of various ecosystem 

services provided by the sea to humans based on a series 
of goals set in accordance with functional, social, and 
economic approaches. The Index evaluates the current 
condition on a scale of 0 to 100 against each goal, 
allowing for the achievement levels against the goals and 
comparisons between different areas to be seen. In this 
study, indices were developed using available data for 
the nation and to set goals mostly corresponding to the 
highest scores for individual components during the last 
10 years for evaluation purposes.

 Our analysis found that the composition of key 
ecosystem services and their evaluation scores may vary 
substantially within the same prefecture, due to 
differences in the industrial structure and natural 
ecosystem of the local community (Fig. 3-3).In 
Hokkaido for example, the eastern part (Tokachi, 
Kushiro and Nemuro) has a high score for regulating 
services such as coastal protection and water quality 
adjustment, while the scores for tourism, recreation, and 
the image of places are relatively high in Iburi and 
Shiribeshi which locate around big cities. Okhotsk had 
the highest overall OHI score, which is due to the high 
value of food supply related to productive fisheries and 
aquaculture. On the other hand, in Ishikari and Rumoi, 
the production of fisheries and aquaculture is low, and 
fewer people visit natural parks in the coastal areas, 
which lead to low values in both the food supply and the 
image of places, and to the lower overall OHI score.

Our analysis of the nationwide evaluation by 
prefecture (Fig.3-4）reveals improvement or no 
movement in a few scores, including clean waters, which 
has the highest scores recorded on a national scale in the 
last 10 years. Many of the scores, however, show a 

decline from the goal. In the case of sub-prefectures in 
Hokkaido, the results indicate significant variation 
among prefectures in Honshu. For example, better 
performance against ecological goals is observed mainly 
in western Japan, while peri-urban areas show higher 
scores in social goals. Fish catching efficiency tends to 
be higher in Tohoku and Hokkaido. The findings indicate 
the importance of considering not only changes on a 
national scale but also the specific and actual conditions 
in prefectural/sub-prefectural areas. To develop 
appropriate environmental policy measures based on the 
future scenario there is the necessity of reversing the 
downward trend in scores to ensure progress towards the 
goals where evaluation scores are lower than historical 
scores.

Our analysis of the Ocean Health Index found that the composition of key ecosystem services and their 
evaluation scores may differ substantially between neighbouring prefectures and even within the same 
prefecture, depending on the industrial structure and natural ecosystem of the local community. Many 
of the evaluation scores that consider trends show a decline against the goals corresponding to the 
highest values recorded in the last 10 years, except that the score on clean waters was high in many 
areas reflecting an improvement tendency. It was found that OHI would be one of the key indicators for 
developing environmental policy measures based on a future scenario. Given the importance of 
considering not only developments on a national scale but also the specificities and actual conditions 
in sub-prefectural areas, and of reversing the downtrend in recent years.

Fig. 3-3 Result of a comparative analysis of OHI between sub-prefecture in Hokkaido

Fig. 3-4 Comparative analysis of OHI scores for coastal areas nationwide (ver. 0.45)

It measures each of the following eight elements with a score ranging from 0 to 100: (1) food; (2) tourism and 
recreation; (3) livelihood and economy; (4) perception of the site; (5) carbon storage; (6) coastal protection; (7) water 
conditioning; and (8) biodiversity (Wang, 2020)

The following components were evaluated on a scale of 0 to 100 against the highest scores ever recorded for the whole country or same region: 
major non-feeding aquaculture activities; production volume par MSY and efficiency for major coastal species fish catches related to coastal 
ecosystems; user of marine leisure (clamming and sea bathing); biodiversity (area of seaweed/seagrass beds, tidelands and coral reefs serving 
as habitats); clean waters (good water quality); coastal protection (effect of coral reefs, seaweed/seagrass beds and tidelands); carbon storage 
(seaweed/seagrass beds); and sense of place (area of (quasi-)national parks). No evaluation was made for Tokyo Metropolis or Osaka Prefecture 
due to their specificities, such as advanced urbanization and the inclusion of island areas. Different sets of indicators were used to calculate goals 
for the same OHI component for Hokkaido and the whole country, depending on the availability of data, which precludes direct comparison of 
absolute scores.



3.2. Future Forecast of Ecosystem Services Derived from Scenario Analysis
3.2.1. Different Socioeconomic Scenarios indicating Different Changes 
           in Ecosystem Services

28 29

Ⅰ
NATIONAL

SCALE
ASSESSMENT

3. Projection and Assessment of Marine Natural Capitals and Ecosystem Services

In order to identify future trends in ecosystem services 
under socioeconomic scenarios, the focus was on a 

subset of provisioning services including fishing port 
persistence and production, oyster farming and demand, 
and suitable locations for seaweed farming (Table 3-1, 
Fig. 3-5). Under the compactification scenario, most of 
the fisheries operated in suburban areas will see their 
production decline, but aquaculture still has potential for 
growth if it is conducted in urban areas. 

Among the regulation services, the future impacts of 
disasters (waves, typhoons, and tsunamis) were 
evaluated at the nationwide scale (1-km spatial 
resolution grid) for each social scenario (Fig.3-6). The 
results showed that the impact of future disasters will 
decrease in all social scenarios. This is due to the fact 
that the future population decreases in all social 
scenarios, reducing the exposure to disasters. Therefore, 
the dispersed population scenario resulted in some areas 
with little change or even increase in disaster impacts 
compared to the concentrated population scenario, as 
exposure to disaster impact is not reduced. 

For the other regulation services, only small changes 
are expected in terms of clean waters and carbon 
absorption, but some variance can be observed between 
different scenarios in connection with developments in 
water quality and the population.

With regard to fishing port persistence, in particular, 
the viability of fishing ports was assessed in view of 
population change around the ports, using the working-
age population of 1 as a threshold for viability. The 
results indicate that 160 fishing ports will not survive 
under the population concentration scenario. This 
number is three times larger than under the dispersion 
scenario. Assuming that the fish production of a port is 
simply a function of the population in the surrounding 
area, coastal fish production under the population 
concentration scenario will be about 40% smaller than 
under the dispersion scenario. 

Regarding aquaculture and oyster farming, specifically 
large-scale farming in the Seto Inland Sea, it has 
potential for growth under the natural capital-based 
compact society scenario, particularly in urban areas. In 
a produced capital-based society, dependence on imports 
will rise. Without any increase in oyster farming in urban 
areas under the dispersion scenario, it could result in the 
disappearance of all but branded farming sites. In a 
dispersed society, oyster demand might increase in many 
areas, thanks to population growth in the vicinity of local 
cities. Aquaculture also has potential for substantial 
changes depending on policy measures, which presents a 
major policy issue under any of the future marine area 
scenarios.

Socioeconomic scenarios were used to estimate future changes in ecosystem services on a national 
scale. The results indicate that most of the ecosystem services will follow a downtrend or remain 
unchanged regardless of the scenario adopted, except that the impact of disasters will be alleviated. 
However, a few local areas show an opposite trend: in an extreme case scenario, ecosystem services 
might even increase in the future.

Table 3-1 
Trend of change by scenario. Most of 
the changes are due to the population 
factor, but other elements, including 
the climate change factor, are also 
considered for regulating services.

Fig. 3-5 Examples of differences between areas: spatial distribution of large-scale 
oyster farming potential expected in a natural capital-based compact society (left), 

spatial distribution of changes in oyster demand in a dispersed society (right)
The light blue areas indicate the locations where the potential for oyster aquaculture by different aquaculture methods

 in each existing aquaculture regions.

Fig. 3-6 Examples of differences between areas: the number of grids
 (by prefecture) selected as highly susceptible to disasters (top 5-30%) 

under each scenario



3.2.2. Substantial Regional Differences in the Impact of Climate Change
            on Ecosystem Services

3.3. Climate Change Impacts on the Marine Ecosystem and Ecosystem Services
3.3.1. Substantial Impact of Climate Change on Kelp Beds in Northern Japan
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Information was collected on the past and present 
distribution of 11 major kelp species found in 

Northern Japan. This information was from an existing 
biodiversity database to estimate the distribution area for 
each of the species in the 1980s, when the effect of 
global warming was not yet apparent. Then changes 
were predicted in the distribution of kelp species in the 
2040s and 2090s based on future global warming 
scenarios (Fig. 3-8).

The result indicates that a substantial northward shift 
of the range, or possible disappearance of the habit area, 
is expected for all of the analyzed kelp species. 
According to the scenario supposing rapid progress in 
global warming, the range of kelp in Northern Japan in 

the 2090s will be reduced to 0-25% of that in the 1980s. 
Even under a scenario assuming slower global warming, 
six of the 11 species might vanish from Japanese waters 
in the 2090s (Sudo et al., 2020). Another scenario, 
incorporating some mitigation measures, predicts that 
39-58% of the range will survive into the 2090s, 
indicating the importance of such measures.

Accordingly, suggested actions include: 1) shifting the 
target species in each area and 2) selecting an area suited 
to aquaculture. For example, the latter option would 
entail enhanced, systematic management of the cultured 
species, such as Japanese kelp, including by maintaining 
populations in some areas where water temperatures are 
expected to rise less rapidly.

A downscaling with physical simulation of climate 
models, revealed regional variation in climate 

change largely due to the influence of currents. In 
particular, sea temperatures show substantial increase 
with high uncertainties particularly off the Pacific coast 
of eastern Japan (Fig. Fig. 3-7). Furthermore, the impact 
of climate change differs between areas less than 100 km 
apart, while expected changes in sea temperatures show 
lower correlation with ecology service scores in many 
cases.

Our forecast for future ecosystem services taking into 
account the impact of climate change shows that climate 
change in itself has greater impacts than the differences 
between scenarios. For example, the area of eelgrass 

beds will decline 2% at most under a model ignoring 
changes in sea temperature, but the reduction may reach 
5% if we take into account the sea temperatures expected 
in 2050.

Aside from the regional specificities considered under 
the socioeconomic scenarios, it is necessary to estimate 
changes in the quality of ecosystem services for marine 
areas affected by different levels of climate change to 
measure their impact. In doing so, we need to focus on 
the possibility of climate change resulting in differences 
in future changes in the quality of ecological services 
between areas characterized by comparable services and 
social structures at present.

Regional differences from the impact of climate change were demonstrated by overlaying ecosystem 
services so that the predicted changes in future ocean temperatures and sea level could be downscaled 
under high resolution. The findings show a faster rise in ocean temperatures off the Pacific coast of 
eastern Japan (albeit with wider dispersion), a region that does not overlap with western Japan, where 
many ecosystem services show better performance. As compared with the impact of the socioeconomic 
changes described above, it was also found that in some cases greater impacts of climate change 
occurred. Thus, the analysis highlights the necessity of understanding regional trends in climate change 
to make forecasts under socioeconomic scenarios for use in developing policy measures applicable to 
specific areas.

Fig. 3-7 Difference between sea surface temperatures expected in 2050 and 2100

Fig. 3-8 Estimated diversity of kelp species in Northern Japan

The temperatures tend to rise rapidly off the Pacific coast of eastern Japan (Tohoku) and Near Shikoku to Wakayama. 
However, estimated values show a wider dispersion in the mixed-current areas off the Pacific coast of eastern Japan.

Assuming that the range of kelp depends on the water temperature in the coldest month, 
the habitable area in the 2090s under the RCP8.5 scenario will be reduced to some 25% 
of that in the 1980s.

The findings show a substantial impact of climate change on kelp seaweed beds in Northern Japan, 
with the possible loss of many existing species under a scenario supposing a significant rise in sea 
temperatures. This impact would be smaller under the modest Representative Concentration Pathway 
(RCP) scenario, which indicates the importance of climate change mitigation measures. In addition, 
measures need to be considered in light of the possibility that the ecosystems cannot be sustained as 
they are, including the shift of species to be caught or the selection of areas fit for aquaculture.



3.3.2. Leveraging Mobile Big Data to Estimate a Larger Drop in Values
           due to the Sea Level Rise on Sandy Beaches in the South

3.4. Interaction between Terrestrial and Marine Ecosystems
3.4.1. Preservation of Ecosystem Services Provided by Forests, 
           the Countryside, Rivers, and the Sea in Watersheds
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Connections between forests, the countryside, rivers, 
and the sea in watersheds are closely related to the 

natural capital and ecosystem services of a region. 
Forests located in upstream watersheds function as sites 
for carbon fixation and global warming mitigation. 
Suitable forest management relates to the maintenance 
of carbon accumulation amounts as well as clean water 
supply in ecosystems due to nutrient cycling (Fig. 3-10 
(left)). An appropriate balance between crop production 
and fertilizer management in downstream and midstream 
countryside is important for stable regional food supply 
and environmental preservation. For these reasons, it is 
essential to quantitatively evaluate the relationships 
between resource use, food production, and material 
cycling as well as variable land-use in the overall 
watershed ecosystem. The preservation of riparian 
marshes, which are distributed over the boundaries 
between countryside and rivers, must also be given 
particular attention due to their water purification 
function. Nutrients supplied from forests, rivers, and the 
countryside to oceans are important for biological 

production and biodiversity in coastal regions. While 
land-use changes and climate change in watersheds are 
connected to changes in the nutrient supply.

Studying the connections between forests, the 
countryside, rivers, and the sea, while sufficiently 
considering regional characteristics (particularly the 
dynamics of nutrients through rivers as movement 
routes), is essential to ensure sustainable regional 
development based on the regional circular and 
ecological  sphere proposed by the Fifth Basic 
Environmental Plan. As shown in Fig. 3-10 (right), 
nutrient supply and water quality connected to forests, 
the countryside, rivers, and the sea are predicted to 
change according to future land-use change scenarios. 
As such, it is important to facilitate quantitative 
predictions of future changes in natural conditions (e.g., 
global warming and extreme climate change) and 
socioeconomic conditions (e.g., land-use change 
accompanying aging and depopulation), so that regional 
stakeholders can analyze future scenarios based on these 
predictions.

By integrating big data on location information 
available via mobile phones, the recreational value 

of sandy beaches was identified nationwide to predict 
future value changes of the view of the rising sea level 
driven by climate change (Fig. 3-9). In general, the 
recreational value declines faster than the reduction of 
area itself, implying that the result of assessing climate 
change impact based on predictions of the natural 
environment alone might underestimate its impact on 
society (Kubo et al., 2020).

Focusing on geographical differences, the recreational 
value of sandy beaches will vary in the future, as the 
high present value of southern beaches will be eroded 

while northern beaches are not expected to have much 
value in the future. The result reveals the importance of 
taking the future status into account when prioritizing 
efforts for beach conservation.

The findings of this study may be used to assess the 
recreational value of individual beaches, and hence to 
predict substantial changes in the current beach ranking 
in terms of recreational value going forward. As the 
urgent need for climate action becomes apparent 
worldwide, the findings will help make decisions on 
how to allocate limited resources and where to focus 
management efforts.

The recreational value of sandy beaches was evaluated with location-enabled mobile devices. The 
result showed that the decline in the recreational value of sandy beaches exceeds the rate of future 
decrease in beach area due to climate change (rising sea level). This suggests that the result of assessing 
climate change impact solely based on forecasts of the natural environment underestimates its impact 
on society. Furthermore, the recreational value of sandy beaches may change in future, implying that 
future outcomes must be considered when prioritizing beach conservation measures.

Fig.3-9 Recreational value of sandy beaches (left) and remained rate of value under climate change (left)
Fig. 3-10 Various factors associated with connections between forests, the countryside, rivers, and the sea 

in a watershed (left), and an example of a future prediction model for nutrient (nitrate nitrogen)
 supply from watersheds in east Hokkaido (right)

Watershed management should be conducted at the watershed scale and from the viewpoint of 
connecting forests, the countryside, rivers, and the sea. Ecosystem services in watersheds should also 
be maintained and improved under the context of climate change and land-use change. Specifically, 
suitable nutrient supply can be effectively planned for downstream by sustainably preserving carbon 
storage and nutrient cycling in forests within watersheds, and maintaining both food production and 
fertilizer management in croplands.



3.4.2. Connectivity of Forests, the Countryside, Rivers, and the Sea, 
            and Use/Preservation of Indicator Species

3.4.3. Estimating the Benefits from Linkages between Terrestrial and Marine Ecosystems 
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Rain benefits forests and agricultural land, and the 
organic matter, sediment, and nutrients that flow 

into rivers. These areas serve as the foundation that 
supports the abundance of biota in estuaries through 
physical, chemical, and biological processes. This 
circulation of materials from the land to the sea has been 
the foundation of our lives (Likens & Bormann, 1974). 
However, the flow has become less visible and there are 
concerns that, as a result, these linkages are being 
modified and fragmented (Yamashita & Tanaka, 2008). 
To prevent this modification and fragmentation of 
ecosystems, it would be helpful to clarify the benefits of 
the linkages between terrestrial and aquatic ecosystems, 
and to make people aware of their importance.

As an effort to clarify the benefits of the linkages 
between terrestrial and aquatic ecosystems, the focus 
was placed on the relationship between oyster 
aquaculture in Hiroshima Bay and land use in the Ota 
River basin, which is its catchment area, and the effects 
that changes in land use are having on human activities 
carried out in the coastal area was quantitatively 
measured. The main findings obtained from the analysis 
were as follows. The optimal amount of phytoplankton 
differs depending on the growth stage of the oyster, but 
in general, the basic production capacity tends to be 
insufficient. Primary production of the inner area of 
Hiroshima Bay is affected by the forests in the Ota River 
basin, but this effect is not expressed immediately but 
appears gradually over a long period of time.

Based on the above findings, the effects of forest 
degradation and rising water temperature were examined 

on oyster production under some different scenarios, 
assuming the ratio of forest cover changes as -0.053% 
per year (high scenario equivalent to decreasing ratio at 
the watershed in the last 40 years), -0.026% per year 
(medium scenario equivalent to in more recent years), 
and ±0% (status quo scenario with complete forest 
conservation), while the rising water temperature by 
2100 as +3.64°C (high scenario reflecting RCP8.5 
projection, +2.13°C (medium scenario based on an 
increasing ratio at the bay in the last 40 years), +1.04°C 
(low scenario based on an increasing ratio in the sea near 
Japan in the last century), and ±0°C (status quo 
scenario). Considering all combinations of forest 
degradation and rising water temperature, it captures the 
potential interactive impacts of land use and climate on 
the provision of ecosystem services across systems. The 
obtained results are given in Fig.3-12. If it were not for 
adequate forest conservation, oyster production would 
decrease by 25.9%-33.0% by 2100. In addition, it was 
calculated that a specific shadow value of forest 
associated with oyster production as 14.1-29.2 million 
yen ha-1. Considering that the opportunity cost of 
conserving a hectare of forest is approximately 4.80 
million yen, this suggests that the social benefits brought 
about by improving the primary production in the inner 
area of Hiroshima Bay by conserving forests in the 
catchment area will exceed its opportunity cost. When 
a iming to  conduct  comprehensive  r iver  bas in 
management, it is essential to take into consideration the 
linkages between terrestrial and aquatic ecosystems.

The connectivity of forests, the countryside, rivers, 
and the sea is extremely important for organisms 

that move between the land and the sea. Based on these 
characteristics, the identification of indicator species that 
connect forests and the sea, monitoring of the habitat 
environments and distribution statuses, and analysis of 
the controlling factors are essential for the evaluation of 
the connectivity between forests, the countryside, rivers, 
and the sea. In eastern Hokkaido, for example, the 
relationships between masu salmon, which migrate 
between the land and the sea, and the freshwater pearl 
mussel, which inhabit symbiotically with them, have 
been studied as indicator species to evaluate the forest-
countryside-river-sea connectivity in watersheds (Fig. 
3-11). By assessing whether the habitat environments 
(e.g., particle size of riverbed substrates and extent of 
water pollution) necessary for species considered as 
indicator species are suitably preserved, continuously 
monitoring for any changes in the number of individuals 
in each growth stage (including diagenesis), and 

effectively implementing preservation strategies, the loss 
of forest-countryside-river-sea connectivity can be 
prevented. Riparian ecosystems in particular exhibit 
functionalities that mitigate the degradation of habitat 
environments for indicator species (e.g., decreased 
changes in water temperature/quality and prevention of 
sediment runoff). Thus, it is important to design suitable 
preservation strategies. It is also crucial to select 
indicator species that correspond with regional 
characteristics, preserve river habitat environments (e.g., 
establishment of a 20-30 m riparian vegetation zone and 
maintenance of riffle/pool structures within river flow 
channels), and continuously determine the distribution 
statuses of indicator species. Doing so will allow the 
sustainable use of the regionally abundant natural capital 
in regional circular and ecosystem spheres, as well as, 
the use of the various natural capital and ecosystem 
services facilitated by forest-countryside-river-sea 
connectivity.

Monitoring indicator species that connect the land and the sea, analyzing their controlling factors, and 
continuously observing their associated environmental factors are effective methods for evaluating the 
connectivity of forests, the countryside, rivers, and the sea. Additionally, river environments (including 
riparian zones) exhibit the connectivity of forests, the countryside, rivers, and the sea, as well as, serve 
the environmental functions of watersheds. In addition to the biological monitoring of the above-
mentioned species, preservation strategies of river environments such as the establishment of 20-30 m 
wide riparian vegetation zones and the maintenance of riffle/pool structures within river flow channels 
are effective methods for watershed management.

It is important to evaluate the benefits of the linkages between terrestrial and aquatic ecosystems. For 
fishery and other production activities in sea areas, it is necessary to have a sufficient primary production, 
and some of them are closely related to the land use in the catchment area that flows into it. In Hiroshima 
Bay, which is a production area for oyster aquaculture, the economic value of oyster production, which 
is maintained by preserving the forest in the Ota River basin that corresponds to the catchment area, is 
much higher than the conservation costs. To investigate effective watershed management, it is important 
to conduct governance that comprehensively considers the natural and societal connections between 
terrestrial and aquatic ecosystems.

Fig. 3-12 
Effects of forest 
degradation and rising 
water temperature on 
oyster aquaculture 
production

Fig. 3-11 Example of growth conditions, local environmental factors, and symbiotic relationship between masu salmon 
and the freshwater pearl mussel in relation to forest-countryside-river-sea connectivity in eastern Hokkaido 



4.1. Visualization of the Causal Association Network
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The network of causal connections was clarified and 
the impact of climate change on the socio-

ecological system of Sekisei Lagoon was summarized 
(Fig. 4-1). It was concluded that policy options are 
crucial for mitigating the negative impact, including 
coral protection, a network of marine reserves suited to 
the life history of fish species, and the construction and 
protection of shallow bottoms and habitats (or any 
combination of such interventions).

The bleaching and death of hermatypic coral due to 
climate change may impair the functions of spawning 
grounds, feeding grounds, habitats and seascape. The 
rising sea level is also expected to have a substantially 
negative impact on intertidal zones, affecting Ideal 
relationship between the nature and society in Sekisei 
Lagoon such as the traditional use of nearshore areas by 

local communities, as well as fisheries, tourism, 
education and research (Fig. 4-2). Effective policy 
options for mitigating such negative impacts would 
include: coral protection (conservation of climate-
resilient marine areas, protection and development of 
bleaching-resistant species and individuals); building a 
network of reserves suited to the life history of fish 
species, enhanced construction and protection of shallow 
bottoms and habitats; control of pests including 
acanthaster and action against red soil runoff; and the 
implementation of spontaneous regeneration in severely 
degraded areas. Meanwhile, global warming may help 
expand the range of seaweed beds, and the resulting 
phenomena may help reduce the negative impacts of 
global warming.

The impact of climate change on the socio-ecological system of Sekisei Lagoon was identified. From 
the result, it was concluded that mitigation of the negative impact depends on policy measures such as 
coral protection, a network of marine reserves suited to the life history of fish species, construction of 
shallow bottoms and habitats, and spontaneous regeneration.

Chapters 1-3 indicate policy recommendations based on projection of ecological values provided from terrestrial 
and marine natural capital and ecosystem services. Building on these previous chapters, this chapter focuses on 

policy recommendations toward realizing multi-level governance of natural capital and transformative change, by 
visualizing the causal association network (Section 4.1.), investigating traditional and local knowledge and its transfer 
over generations (Section 4.2.), and measuring residents identity utility to mitigate population outflow from rural 
communities to urban areas (Section 4.3.). Transformative change requires assessing not only for ecological values of 
natural capitals and ecosystem services, but also their socio-economic values. Thus, Section 4.4. assesses socio-
economic values of representative natural capitals and ecosystem services. Section 4.5. propose policy 
recommendations based on the integrated scenarios analysis using the   inclusive wellbeing concept. Finally, Section 
4.6. proposes policy recommendations to realize multi-level governance and facilitate science-policy interface toward 
transformative change.

Fig. 4-1 Example of assessing the impact of coral reef bleaching from the causal association network
 (Makino et al., 2020)

Fig. 4-2 Ideal relationship between the nature and society in Sekisei Lagoon 
(Okinawa-Amami area Nature Park Ranger’s Office, Ministry of Environment (2005) 

“Sekisei Lagoon Nature Restoration Master Plan”, http://www.sekiseisyouko.com/szn/pdf/7-1.pdf)

(Translation for reference)
Mountain and forest are well connected to the sea, and many coral reefs are developed at the coastal area. Many parottfish are swiming in a 
clear water, Giant clam and colorful corals are blooming. Many local women are enjoying collecting mozuku seaweed and sea lettuce, while 
local men are coming back from fishing with big simile. You can see local children laughing and playing under sunshine.



4.2. Importance of Traditional and Local Knowledge and its Transfer over Generations
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The participation of diverse stakeholders and the 
importance of traditional and local knowledge in 

ecosystem management have been stated. This research 
provided a concrete result about the participation of 
diverse stakeholders and the use of traditional and local 
knowledge in ecosystem management in Japan by 
comparing various cases of the Local Biodiversity 
Strategy and Action Plan (LBSAP). The activities and 
outcomes relating to LBSAPs were analyzed using a 
social-ecological system analysis framework, which 
showed that socioeconomic factors were generally more 
correlated to the activities and outcomes of LBSAPs 
than were natural and ecological factors (Fig. 4-3). The 
participation of diverse stakeholders had positive 
relationships with the amount of time spent discussing 
plans for LBSAP and the number of planned actions in 
LBSAP. The recognition and use of traditional and local 
knowledge had a positive relationship with information 
sharing with citizens, amount of time spent on 
discussions, activeness in evaluating actions, and 
changes of citizens’ awareness due to LBSAPs. These 
results indicate that the participation of diverse 
stakeholders and the use of traditional and local 
knowledge have important effects for ecosystem 

management, and actively promoting these aspects is 
effective for ecosystem management.

Additionally, a high degree of awareness existed with 
regards to the necessity of using traditional and local 
knowledge in LBSAPs (Fig. 4-4). A total of 89% of 
respondents (those who responded with “very necessary” 
as well as those who responded with “somewhat 
necessary”) recognized the necessity of incorporating 
traditional knowledge for promoting LBSAPs. Similarly, 
a total of 86% of respondents recognized the necessity of 
incorporating local knowledge for promoting LBSAPs 
(those who responded with “very necessary” as well as 
those who responded with “somewhat necessary”). 
Moreover, a total of 27% of respondents indicated that 
traditional knowledge is not well used in LBSAPs, and 
34% indicated that local knowledge is not done so. The 
responses were attributed to lack of information 
regarding traditional and local knowledge, and lack of 
unders tanding about  how to  incorporate  such 
information into LBSAP (Fig. 4-4). Thus, it is necessary 
to advance our understanding of traditional and local 
knowledge in the context of ecosystem management and 
specifically analyze how such knowledge may be used.

The participation of diverse stakeholders and the use of traditional and local knowledge that they 
possess, have significant roles and various functions in the management of social-ecological systems. 
Nevertheless, the traditional and local knowledge have not been adequately used in the Local Biodiversity 
Strategy and Action Plan (LBSAP) in many towns and cities, and those knowledges are being lost over 
the generations. LBSAPs should clearly focus on the comprehension and succession of traditional and 
local knowledge, and concrete strategies for its use should be implemented in LBSAPs.

Fig. 4-3 Effects of the participation of diverse stakeholders and the use of traditional 
and local knowledge in ecosystem management based on LBSAPs

Fig. 4-4 Awareness of the importance of traditional and local knowledge in LBSAPs, 
and reasons for not being used 

Results of analyses using the social-ecological system analysis framework by McGinnis & Ostrom (2014) showed that 
the participation of diverse stakeholders and the use of traditional and local knowledge had positive relationships with a 
variety of activities and effects relating to LBSAPs.

A high degree of awareness exists regarding the importance of incorporating traditional knowledge (A) or local knowledge 
(C) for promoting LBSAPs. Moreover, the lack of information or understanding were often expressed as reasons for not 
using traditional knowledge (B) or local knowledge (D).



4.3. Mitigating Population Outflow from Rural Communities
       by Improving Identity Utility as Local Residents

4.4. Socio-economic Valuation of Natural Capitals and Ecosystem Services
4.4.1. Regional Differences and Disparities within the Socioeconomic Value 
           of Natural Capitals
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Many earlier studies have calculated the value of 
specific natural capitals in specific areas. 

However, there has been little research that has 
calculated the value of natural capital in individual 
countries. There have been no comprehensive estimates 
of the value of natural capital that considers regional 
characteristics as seen in Japan’s agricultural land, 
forests, and sea areas. In this study, the WTP to maintain 
the natural capital in Japan, including its agricultural 
land, forests, and sea areas, and the WTP determinants 
were analyzed by conducting an online questionnaire 
survey among 7,556 people living throughout Japan. 
From the determinants analysis, it was 
found that the WTP for the conservation 
of practically all of the items was 
significantly affected by gender, age, 
household size, household income, 
frequency of visits to the target areas, 
and the subjective importance ascribed 
to the target item by the respondent. 
Additionally, the WTP to maintain 
seaweed beds was relatively low in 
comparison to that of the other items, 
which may be due to the low level of 
awareness about seaweed bed ecosystem 
services. In such cases, it is necessary to 
raise awareness of the ecosystem 
services provided by natural capital, 
including through environmental 
education.

From an analysis of the regional 
differences in Japan’s eight regional 
administrative divisions, it was found 
that some regional differences cannot be 
explained solely by the explanatory 
variables adopted for the regression 
analysis (Fig.  4-5).  For example, 
although in the Hokkaido region, the 
average annual household income ranks 
seventh out of the eight regions, its WTP 

was relatively high for nearly all the conservation items. 
Even for natural capital, which is often distributed in the 
southern regions and for which the frequency of visits by 
the Hokkaido respondents is low, such as coral reefs and 
mangrove swamps, it ranked second for the WTP to 
maintain it, behind only the Kanto region, where the 
average annual household income is high. This suggests 
that people in Hokkaido have a uniquely high awareness 
of the environment. To effectively maintain natural 
capital, it is necessary to implement policies to improve 
natural capital and ecosystem services that consider 
these kinds of regional differences.

Population outflow from rural communities is 
continuing. The background to this trend is thought 

to be the comparative advantage of cities in aspects such 
as convenience of daily life, employment, and income. 
On the other hand, some residents do not wish to move 
to cities. Rather than asking the question, “Why do 
people move to cities?” a better question would be, 
“Why do some people continue to live in rural areas?” 
This would be a useful point of discussion when 
investigating measures to mitigate population outflow 
from rural communities.

In this study, as one of the reasons people continue to 
remain in rural communities, the focus is placed on the 
identity utility that they enjoy from being a member of 
their community (Akerlof & Kranton, 2000, hereafter, 
ID utility). It seems the higher the social status of the 
person in the community to which he or she belongs, the 
higher their ID utility; it is also higher if the person is in 
harmony with the social norms of their community. The 
higher the ID utility accorded to a resident living in a 
rural community, the greater the welfare loss if that 
person moves to a city. It is considered highly likely, 
therefore, that such people will remain in the area in 
which they currently live. Another important point of 
discussion is how their use of the abundant ecosystem 
services in rural communities is connected to this ID 
utility.

To verify the above hypothesis, online surveys were 
conducted among the residents of 64 medium population 
municipalities in fiscal 2017, and 645 municipalities that 
had been designated as depopulated areas in the fiscal 
year 2018. In this survey, a living place choice 
experiment among respondents’ home communities and 
Tokyo’s 23 wards were conducted.

The main results of the analysis are summarized as 
follows. (i) In the evaluation of the social status 
(attractiveness) of each living place in the choice set, the 
attractiveness of the home communities was lower than 
the evaluation of Tokyo, but the evaluation of the 
harmony between the respondent’s lifestyle and his/her 

home community’s social norm was higher than in 
Tokyo. (ii) Those respondents frequently using the local-
specific cultural services tended to highly evaluate the 
attractiveness and harmony of their home communities. 
In the results of the choice experiments, (iii) for those 
respondents who highly evaluated the attractiveness and 
harmony of their home communities, there was a high 
probability that they would not choose to move to Tokyo 
and would stay in their current living places. (iv) The 
relationship of (iii) was stronger for respondents 
frequently using local cultural services.

From the above, it was confirmed that residents who 
use local-specific cultural services have high values for 
attractiveness and harmony of their home communities, 
which are the explanatory variables for the ID utility 
function as local residents (ii), and that those coefficients 
in their local resident’s ID utility function are also high 
(iv). Therefore, the use of cultural services has a positive 
relationship with the ID utility of residents of rural 
communities in a double pathway. Although this is 
nothing more than a correlational result, it can be said 
that, for mitigating the population outflow from rural 
communities, it would be effective to promote local 
specific traditional events and outdoor activities that 
utilize the area’s unique natural environment, and to 
provide environmental education.

In the context of the PANCES future scenarios, 
residents who use local-specific cultural services do not 
want to move to Tokyo or another big city, so it can be 
said that economic welfare, which is maintained in the 
population dispersion-type scenario, is high. From the 
above hypothesis, promoting the use of local specific 
cultural services in each community may increase the 
comparative advantage of the dispersal scenarios (NS, 
PD) compared to the compact-population scenarios (NC, 
PC).

It was confirmed that in rural communities, there is a positive correlation between local-specific 
ecosystem services (particularly cultural services) and identity utility as local residents (the utility that 
can be obtained from being a member of a local community). Therefore, local-specific traditional events, 
outdoor recreation that utilizes an area’s unique natural environment, and the promotion of environmental 
education may increase the residents’ identity utility and mitigate the population outflow from rural 
communities.

The willingness to pay (WTP) of natural capital in Japan was estimated, covering 13 area types, such as 
farmland, forests, and sea areas. The results confirm that regional differences cannot be explained 
solely by socioeconomic attributes, including household income and the distance from living spaces to 
natural capitals, which are crucial determinants of WTP. Paying attention to diverse factors associated 
with WTPs is necessary to implement policies that can improve natural capital and ecosystem services.

Fig. 4-5 The mean WTP for maintaining natural capitals by region 
(JPY/%/year)
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Recreation that is familiar to the general public 
includes cherry blossom viewing, autumn leaf 

viewing, and digging for clams. To a fairly large extent, 
people’s usage of such forms of nature are affected by 
seasonal changes, such as the coloring and distribution 
of the vegetation and the time they are available. It is 
important to develop a model to estimate the relationship 
between people’s leisure consumption activities and the 
natural environment to predict what effects that 
environmental changes that may occur in the future will 
have on leisure consumption activities.

In this study, as a first attempt, with 835 autumn leaf 
viewing locations in Japan as the targets of the study, 
direct  estimates of uti l i ty—namely, how much 
recreational value was ascribed to each of the locations 
by tourists residing in the various prefectures—are 
shown quantitatively. For this, the optimal transport 
theory framework was used,  and a model  was 
constructed that reformulates the discrete choice model 
based on utility maximization as a linear programming 
problem. Mobile data was used to calculate the 
probabilities that tourists would select the various 
destinations, and the utility to rationalize the discrete 
choice model was directly derived from the choice 
probabilities (Fig. 4-7). The results indicate that in large 
cities and cities with tourist attractions, people are 
attracted to urban parks and scenic spots in the city in 
urban areas with good access. While in regional areas, 
people still find value in the various locations even if 
traffic conditions to access them are somewhat poor, 
such as outlying forests and valleys. Next, based on the 
findings obtained from the above preliminary research, 
by incorporating the utility that people get from visiting 
each location and information about the natural attributes 
(such as changes to the coloring and distribution of 
vegetation, and to their seasonality), the economic value 
of these natural attributes were derived.

Developing an analysis tool to clarify the value that 
people find in natural attributes through their leisure 
consumption activities would seem beneficial when 

searching for new methods of regional promotion that 
consider environmental changes that may occur in the 
future.

The socioeconomic value of six ecosystems was 
estimated: kelp bed, seaweed bed, mixed habitat for 

seaweed and coral, eelgrass bed, tidal land and coral 
reef, using citizens’ willingness to pay for mitigating the 
impact of climate change and development, to conserve 
coastal environments (Fig. 4-6). Targeting 2100, a 
selection-based an experiment was applied to establish a 
coastal environmental tax. The result indicates that kelp 

beds in the north and coral reefs in the south received the 
highest willingness to pay for preventing changes in the 
environment, followed by tidal land and seaweed beds at 
the same level, and then mixed habitats and eelgrass 
beds. Since climate change will shift kelp beds to the 
north and cause bleaching and decline of coral reefs, it is 
expected that the value of Japan’s natural capital will 
decline as a whole in the future.

Fig. 4-6 Willingness to pay for 10% of the current status

Fig. 4-7 Utility of autumn leaf viewing
(Nov 25, 2017)

The socio-economic value of neritic ecosystems was evaluated based on willingness to pay. The result 
indicates that seaweed beds and coral reefs are highly evaluated. Since they are both vulnerable to 
climate change, it was presented as one of the reasons why measures for their conservation and 
regeneration should be prioritized.

Recreation activities that are familiar to the general public include cherry blossom viewing, autumn leaf 
viewing, and digging for clams, but to a fairly large extent, people’s usage of such forms of nature are 
affected by seasonal changes, such as the coloring and distribution of the vegetation and the time they 
are available. By developing a model to estimate the relationship between people’s leisure consumption 
activities and the natural environment, it will be possible to predict the effects that environmental 
changes that may occur in the future will have on leisure consumption activities.
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population dispersion scenario. The map on the right of 
Fig. 4-8 shows the distribution of the value of terrestrial 
natural capital when the ND scenario is followed.

The increase in the monetary value of the natural 
capital stock was quantified and generated by the 
conversion of abandoned agricultural land into forests. 
In this study, an increase in the value of terrestrial natural 
capital if all abandoned agricultural land existing in 2030 
is converted into forests in 2050 was calculated using 
scenarios in the land use data from Shoyama (2021). 
Three scenarios were prepared that hypothesize what 
abandoned agricultural lands will be converted into (1) 
plantation forests, (2) secondary forests, and (3) both 
plantation and secondary forests. Scenario (3) assumes 

that if the population within a circle with a radius of 5.5 
km around abandoned agricultural land is over 500, 
abandoned land becomes a plantation forest and if under 
500, abandoned land becomes a secondary forest. Under 
this assumption, approximately half of abandoned 
agricultural lands in Japan become plantation forests, 
while the other half becomes secondary forests.

The upper part of Figure 4-9 shows the results of the 
estimated values of the increases in terrestrial natural 
capital via the conversion of abandoned agricultural 
lands into forests. We found that the secondary forest-
only scenario yielded the highest increase in terrestrial 
natural capital. The main reason is that the average WTP 
value estimated in Section 4.4 is larger for natural forests 

Fig. 4-8 Scenario prediction of terrestrial natural capital in 2019 US$ (Kumagai et al., 2021)

Fig. 4-9 Increases in natural capital values (above) and carbon stocks (below) by conversion of abandoned 
agricultural lands into forests (Kumagai et al., 2021)

4.5. Scenario Analysis Using Inclusive Wealth Framework

In this study, a future prediction of natural capital in 
Japan in 2050 is conducted at the local municipality 

level using the inclusive wealth method. The inclusive 
wealth framework can measure the value of natural 
capital, including its contribution to the well-being of 
present and future generations, and has been of interest 
as a way to measure sustainability. Inclusive wealth 
consists of three types of capital: natural capital, human 
capital, and produced capital. In this framework, weak 
sustainability can be achieved if inclusive wealth as a 
whole does not decrease, assuming that natural capital 
can be substituted by other types of capital. In contrast, 
strong sustainability can be achieved if natural capital 
does not decrease, assuming that natural capital cannot 
be substituted by other types of capital. Focusing on 
future changes in natural capital is an effective way to 
examine the sustainability of Japanese society.

Natural capital in inclusive wealth is described by the 
product of capital stock and shadow price. Here, the 
capital stock corresponds to the total area of forests and 
agricultural lands in the subject area, and the shadow 
price is calculated as the value that the change per unit 
of the capital stock gives to the well-being of current and 
future generations.

First, the shadow prices of paddy fields, crop fields, 
other agricultural land, plantation forests, and natural 
forests were caluclated as of 2050 for each PANCES 
scenario (BAU, NC, ND, PC, PD) at the municipality 
level. For this calculation, the WTP value estimated 
using the questionnaire survey in Section 4.4 was used. 
Since the WTP value was calculated in the units of 
2019$/(ha*household*year), it was necessary to predict 
the number of households in each municipality to 
convert the value into the shadow price (2019$/ha). 
Therefore, the grid-level population forecasting data was 
scaled up (Hori et al., 2020a) to the municipality level, 
predicted the number of households in each municipality 

in 2050 by scenarios, and used the predicted value for 
calculating the shadow price of each natural capital in 
each municipality in 2050 by population scenarios. 
Furthermore, using grid-level land use prediction data 
(Shoyama, 2021), the area size of each type of natural 
capital in 2050 was predicted. By multiplying the 
predicted shadow price and the area size, the value of 
each natural capital was calculated, and by summing the 
values of paddy fields, crop fields, other agricultural 
land, plantation forests, and natural forests, the value of 
natural capital in 2050 in each municipality and each 
scenario was calculated.

The chart on the left of Fig. 4-8 shows the total value 
of the calculated value of terrestrial natural capital in 
urban and rural areas for each scenario. Here, the urban 
area refers to the area where the population will 
concentrate in the compact scenario of the population 
prediction data (Hori et al., 2020a). While the rural area 
refers to areas other than urban areas. Regardless of the 
scenarios, it can be seen that the value of terrestrial 
natural capital in rural areas will decrease from 2019 to 
2050. This can be mainly explained by a decrease in 
population in rural areas. In contrast, in urban areas, the 
value of terrestrial natural capital increases only in 
natural capital-based scenarios (NC, ND). In addition, 
the value of terrestrial natural capital in urban areas is 
affected by the difference in whether the scenario is 
natural capital-based or produced capital-based.Whereas 
in rural areas, it is greatly affected by the difference in 
whether the population is concentrated or dispersed. As 
a result, the ND scenario maintains the maximum value 
of terrestrial natural capital in Japan in 2050. One of the 
possible reasons for this result is that more agricultural 
lands and forests are maintained in urban areas in a 
natural capital-based scenario. It can also be thought that 
the value of natural capital in rural areas becomes higher 
as a result of the maintained rural population in the 

The future value of natural capital in Japan was predicted and then examined whether Japanese society 
can be sustainable when it follows each PANCES scenario. The inclusive wealth approach that considers 
the contribution to the well-being of present and future generations was used. It was found that the ND 
scenario maintains the highest value of terrestrial natural capital as of 2050 in both rural and urban 
areas. In addition, it was found that there is a greater potential for enhancing natural capital via the 
conversion of abandoned agricultural land into forests. The value of eelgrass beds and seaweed beds 
were predicted and found that the population dispersion scenario maintains these coastal natural 
capitals relatively compared to the population concentration scenario. Generally, it is implicated that 
promoting population dispersion can be one of the effective measures for conserving terrestrial and 
marine natural capital and achieving sustainability.



4.6. Multi-level Governance of Natural Capitals and Science-Policy Interface
       for Transformative Change

4.6.1. Strong Institutional Arrangement for Biodiversity Policy at National Scale

46 47

Ⅰ
NATIONAL

SCALE
ASSESSMENT

4. Multilevel Governance of Natural Capital and Transformative Change

Biodiversity-related policies involve not only the 
Ministry of the Environment (MOE) but also 

multiple other government ministries, such as the 
Ministry of Agriculture, Forestry and Fisheries (MAFF) 
and the Ministry of Land, Infrastructure, Transport and 
Tourism (MEXT). The National Biodiversity Strategies 
and Action Plan (NBSAP) explicitly regulates their 
engagement. In addition to biodiversity conservation, 
local governments are involved in various other related 
activities, such as wildlife hazard management and 
ecological approaches to disaster prevention and 
mitigation. Besides, actors such as national governments 
inc luding Japan’s ,  envi ronmenta l  specia l i s t s , 
international NGOs, multinational corporations, and 
i n t e r n a t i o n a l  o r g a n i s a t i o n s  i n c l u d i n g  t h e 
Intergovernmental  Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES) engage in 
efforts at an international level. Multilevel Governance 
(MLG) as a set of these efforts involving those 
international,  national,  and local characterizes 
biodiversity policy (Fig. 4-10), in which collaborations 
between actors in each level is key for an effective 
policy.

The nation-wide survey collected significant data on 
the specific measures deployed by municipalities, which 
often directly implement biodiversity policies on-site. 
This revealed the incoherent approaches of the 
municipalities and the characteristics of the policies in 
different contexts, such as in terms of relevant sections, 
policy coordination, and the degree of cooperation 
between the stakeholders involved. For example, in 
fields such as wildlife hazard management and hunting 
and fishing regulations, which are often under the 
agricultural section, responsive (bottom-up) measures 
that need the request of stakeholders and coordination 
between different interests are likely to be implemented. 
Elsewhere, ideocratic (top-down) measures based on 

ra t ional i ty  and sc ience  are  more  l ike ly  to  be 
implemented in fields often overseen by sections 
specialising in biodiversity, such as environment-related 
planning, education and PR activities, research, and 
biodiversity protection, and conservation activities.

What the analysis reveals is that biodiversity 
governance differs across municipalities, depending on 
the policy measures, the approaches of the responsible 
sections, and the relationship between the respective 
municipality and government ministries. For example, 
policymaking processes characterised by ideocratic 
approaches based on rationality perspectives (MOE’s 
processes), or agricultural implementation processes 
characterized by responsive approaches that emphasise 
short-term benefits, such as wildlife hazard management. 
To further enhance development policies in such a 
complex field, this study shows that it is necessary to 
strive for network governance and comprehensively 

than for planted forests. The respondents of the 
questionnaire value natural forests approximately twice 
as high as plantation forests, which leads to a greater 
increase if all abandoned agricultural lands are converted 
into secondary forests. In terms of the differences 
between the PANCES scenarios, the values of the 
increases in terrestrial natural capital are the highest in 
the PC scenario. This is because the largest area of 
abandoned agricultural lands remains in the PC scenario. 
As a result, the conversion from abandoned agricultural 
land into forests can increase terrestrial natural capital 
by up to approximately 1%. This implies that forest 
conversion of abandoned agricultural land has some 
potential in the context of natural capital conservation. 
In addition to the increase in value, the increase in 
carbon stocks maintained by the conversion were 
calculated (bottom of Fig. 4-9). It was found that the 
carbon stocks increased more in rural areas than in urban 
areas, in contrast to the greater increase in monetary 
value in urban areas. The possible reason is that 
monetary value is affected by the size of the population 
in an area, while carbon stocks are expressed purely by 
the objective amount of stock of natural capital.

Eelgrass and seaweed beds were another focus 

amongst coastal natural capitals and their future value 
was predicted using PANCES scenarios. The data of the 
distribution of eelgrass and seaweed beds collected at the 
10 km grid level by the Ministry of the Environment 
(1994) was used as the basic prediction data. Latitude, 
longitude, water temperature, coastline length, 
chlorophyll a, coastal farmland rate, wave intensity, tide 
size, coastal population, and predicted water quality 
(NO3) were included as explanatory variables. An 
estimation model was created by machine learning by 
the gradient boosting machine (GBM). The estimated 
area size was multiplied with the shadow prices based on 
WTP values in Section 4.4.1. Then the values of eelgrass 
beds and seaweed beds in Japan in 2050 were predicted 
for each PANCES scenario. In the calculation, two cases 
were set: (1) the case in which people all over Japan 
value eelgrass and seaweed beds and (2) the case in 
which only people living in municipalities near the 
ocean value eelgrass and seaweed beds. Table 4-1 shows 
the prediction results of the values of eelgrass and 
seaweed beds. Overall, the population dispersion 
scenario maintains relatively higher values of eelgrass 
and seaweed beds than the population concentration 
scenario.

The analysis of the governance of biodiversity conservation, which covered all municipalities in Japan, 
describes the policy-making processes characterised by ideocratic approaches drawn from rationality. 
For example, those involving the Ministry of the Environment (MOE), and the implementation processes 
in agriculture characterised by responsive approaches, prioritizing short-term benefits such as wildlife 
hazard management. To develop further biodiversity policies, a comprehensive system should be 
formed in which the national government deploys the policy measures currently covered by specific 
government ministries and local governments. For instance, the national government could establish a 
headquarters for biodiversity conservation in the Cabinet.

Table 4-1 Predicted values of eelgrass and seaweed beds in e10 2019US$

 Climate 
Change 2019 NC ND PC PD

Eelgrass 
beds (total 
population)

No 393.5 374.3 381.6 364.8 373.2

Yes 372.0 379.2 362.0 370.4

Seaweed 
beds (total 
population)

No 73.7 70.8 71.6 71.5 72.2

Yes  68.6 69.4 69.3 70.0

Eelgrass 
beds (coastal 
population)

No 150.7 138.1 143.6 134.6 140.4

Yes  137.2 142.6 133.5 139.3

Seaweed 
beds (coastal 
population)

No 28.2 26.1 26.9 26.4 27.2

Yes 25.3 26.1 25.6 26.3

Fig. 4-10 MLG in Japan's Natural Capitals
The olive arrow indicates responsive measures, the orange one does 
ideocratic measures, and the red one does measures for network 
governance
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Local biodiversity strategies and action plans 
(LBSAPs) (Fig. 4-11) play a vital role as locally 

contextual ized sc ience-pol icy in terfaces .  The 
development and implementation of LBSAPs create 
opportunities for local stakeholders to collaborate and 
thereby to promote locally-contextualized actions that 
contribute to national and global biodiversity goals.

A questionnaire survey was conducted of the 
municipalities across Japan that have already developed 
LBSAPs. The survey obtained 387 valid responses from 
government officials, as well as from the experts 
engaged in the committees for the development of 
LBSAPs of 66 (out of the 67) municipalities. A multiple 
regression analysis using the effort levels to strengthen 
relevant organizational structure, process and outputs as 
the independent variables, and the abundance of relevant 
evidence base and their use in the LBSAP documents as 

the dependent variable yielded the following results: 
efforts to strengthen the organizational structure, process 
and outputs relating to LBSAPs facilitate collective 
understanding among officials and experts of available 
evidence base, thereby accelerating the use of these 
evidences in the LBSAP documents. A platform-type 
arrangement that involves experts and multiple sectors 
was found particularly effective. Among other factors, 
the role of the committees that mobilized a sector-wide 
involvement including the government, experts and 
businesses was found important. In particular, the 
involvement of multiple sectors within local government, 
including agriculture, education and infrastructure 
services, in the LBSAP development increased the range 
of the ecosystem services identified in the LBSAP 
document. This can provide an important step to 
mainstream biodiversity into these sectors.

integrate diverse policies at a higher level while 
addressing the specific issues of each policy.

In particular, to develop biodiversity-related policies, 
establishing a headquarters for biodiversity in the 
Cabinet will be an effective approach, comprehensively 
promoting the policies through the national government 
under the leadership of the MOE, and building a system 
that pursues and enhances inter-sectional cooperation 
and policy coordination among national government 

ministries and local governments. Specifically, as inter 
ministerial collaboration between important government 
ministries including the MOE and the MAFF (as in 
wildlife hazard management) is key for future successful 
biodiversity conservation policies, a comprehensive set 
of measures that strive for collaboration is strongly 
required, which includes awareness-raising campaigns 
and the creation of support and evaluation systems.

The involvement of multiple sectors, including agriculture, forestry, fisheries and education in the 
development and implementation of LBSAPs can widen the range of ecosystem services incorporated 
in the document and thereby can effectively promote mainstreaming biodiversity into multiple sectors.

Fig. 4-11 Examples of the Local Biodiversity Strategies and Action Plans
(From left to right, Isumi, Kyoto, Sado and Toyooka cities)

4.6.3. Supporting Municipalities on Designing LBSAP

A survey of the factors contributing to the formulation of LBSAP shows that the MOE’s Regional 
Biodiversity Activities Support Project significantly contributed to the formulation of the LBSAP. The 
survey also shows that municipalities with more influential environmental experts were more likely to set 
up LBSAP. As the survey suggests that lack of biological knowledge and manpower is the major reason 
for the absence of LBSAP in a municipality, dispatching experts and providing financial support to 
small- and medium-sized municipalities will help to effectively overcome this problem.

With the Basic Act on Biodiversity promulgated in 
2008, local governments are obliged to make 

efforts to formulate LBSAP. However, given the current 
financial difficulties, municipalities do not necessarily 
prioritise biodiversity conservation, and at the end of 
March 2017 only 4% of them had formulated LBSAP.

This research analyses the factors influencing LBSAP 
formula t ion  by  examining  a  survey  a imed a t 
municipalities with the questionnaire. The analysis 
reveals that the number of municipalities formulating 
LBSAP increased statistically significantly in the 
financial years in which the MOE implemented the 
Regional Biodiversity Activities Support Project, 
compared to the financial years in which the project was 
not deployed. The project was found to be significantly 
effective even when taking into account the influence of 
other factors such as demography and financial 

resources.
The research also found that municipalities with more 

staff, larger non-urban areas, and greater involvement of 
environmental experts in the formulation process are 
more likely to set up LBSAP. However, this study 
reveals that, although municipalities with more 
administrative capacity due to larger manpower and with 
larger non-urban areas that require conservation are 
more likely to formulate LBSAP, the relationship 
between these two factors is inversely proportional. The 
scale of manpower is strongly proportional to the 
population size, and more urbanized municipalities tend 
to have larger human and financial resources and 
establish specific sections to formulate LBSAP. They 
embrace ideocratic governance approaches in Fig. 4-12. 
Elsewhere, municipalities with large nature-abundant, 
non-urban areas have fewer staff despite their extensive 

Fig. 4-12 The typology of modes of biodiversity governance
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administrative requirements. They are responsive 
municipalities in which existing agriculture and fisheries 
sections often oversee biodiversity conservation. Hence, 
there are concerns that in municipalities with fewer staff 
and abundant wild areas the level of administrative 
services on natural environment conservation could fall 
below the appropriate level.

According to the questionnaire, 67% of municipalities 
without LBSAP cited a lack of specialist knowledge on 
living things and staff shortages as the major reasons for 
the absence of LBSAP, which were the primary and 
secondary reasons for the failure of LBSAP formulation. 
Against this background, there is a high probability that 
substantial support in financial, expertise, and human 
resources would encourage small- and medium-sized 
responsive municipalities to formulate LBSAP. Also, 

multi-level governance drawn from effective network 
governance can be realized if LBSAP formulation 
fostered by this type of support attracts the attention of 
the heads of municipalities and other political elites. This 
promotes potential policy collaboration on other relevant 
issues such as those regarding industries and economics, 
resulting in synergetic mutual benefits.

Since the research findings and concomitant 
consideration elaborated above suggests that providing 
financial support and expertise to small- and medium-
sized municipalities is very likely to effectively 
contribute to LBSAP formulation and the prioritization 
of biodiversity policies as a mainstream sector. It is 
recommended, the adoption of specific measures, 
including the development of a permanent framework 
for support.

CASE STUDIES
PANCE S Synthesis Summary for Policy Makers ( SPM )

Ⅱ. 
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Ⅱ5. Noto Peninsula

I n order to explore the appropriate scale of the 
regional biomass utilization, the supply and demand 

balance of heat supply by unused woody biomass was 
examined under the three circulation scenarios: 
circulation within the current municipal boundary, the 
former village boundary, and the watershed boundary. 
Here, it was hypothesized that the unused wood left in 
the forest area would be transported to a nearby pellet 
processing facility for processing, and then delivered and 
used by households, public facilities, hotels, and lodging 
facilities. Scenario analysis suggested that the sufficiency 
rate of biomass thermal energy utilization and the Green-

house-gas emission reduction were larger in natural 
capital based scenarios than in produced capital based 
scenarios in general, and that the circulation in the 
former village or watershed unit was better than the 
circulation within municipality (Fig.5-3). The analysis 
suggested that, under the natural capital-based society, 
the supply potential of woody biomass is high, and there 
exist a surplus capacity to supply not only general 
households, public facilities, hotels and lodging facilities 
bu t  a l so  pr iva te  indus t r ies  (Mor imoto  e t  a l . , 
unpublished).

In Noto, a scenario analysis was conducted by 
localizing national future scenarios considering local 

conditions (Hashimoto et al., 2019). The results of 
scenario analysis indicate that future conditions of land 
use, ecosystem services and biodiversity may vary 
significantly depending on whether domestic natural 
capital is proactively util ized or not while the 
concentration or dispersion of population distribution 
will bring only limited changes by 2050 (Fig. 5-1, Fig.5-2). 

The declining use of natural capital will result in 
increased abandonment of farmland, substantial decline 
in ecosystem services closely related to agriculture such 
as food supply and nitrogen retention, and the loss of the 
mosaic landscape that nurtures biodiversity. 

For the purpose of sustaining the use and management 
of farmland amid the declining population, relevant 
measures include effective utilization of the payment for 
multifunctionality of agriculture and the direct payment 

system in hilly mountainous areas, the farmland 
redistribution, and the efficiency and automation of 
agricultural production driven by ICT, AI, etc. to enlarge 
the cultivated area per management entity. In addition, 
the reduction of agrochemical inputs through increased 
production of eco-friendly agriculture and agricultural 
produce grown with reduced agricultural chemicals will 
help curtail the environmental burden resulting from 
agriculture.

Where it is difficult to sustain farming due to less 
favored geographical conditions, lack of successors or 
underdeveloped production infrastructure, and hence 
increased abandonment of farmland is inevitable, it 
would be possible to maintain the mosaic landscape by 
proactively encouraging spontaneous regeneration. This 
includes through tree planting or utilization as wetlands, 
rather than allowing the proliferation of abandoned 
farmlands. 

5.1. Future Scenario Analysis by Localizing the National Scale PANCES Scenarios 5.2. Scenario Analysis of Woody Biomass Utilization at Noto considering Supply
       and Demand Balance

To apply national scale future scenarios on a local level, two recommended approaches are offered: 
(i) applying the same national-scale future scenarios to develop local-scale future scenarios, taking into 
account the local socioeconomic and environmental conditions (top-down approach); or (ii) building 
new future scenarios with the participation of various local actors as well as researchers and 
administrators (bottom-up approach). When developing or reviewing Local Biodiversity Strategies and 
Action Plans (LBSAPs) at the prefectural or municipal level, it would be useful to construct future 
scenarios on a long-term basis and to consider a LBSAP to indicate the direction to be followed in the 
coming 10-15 years, if one is to prepare for contingencies.

Utilization of unused forest residues could be an effective measure to simultaneously address declining 
satoyama landscapes and promote a low-carbon society. For effective resource utilization, identification 
of appropriate spatial-scale of resource circulation is of critical importance, not necessarily limited to 
administrative boundaries. The analysis suggests that the circulation and utilization of biomass resources 
on a smaller spatial scale, such as a former village or a watershed, would contribute to reducing 
greenhouse gas emissions, rather than the circulation based on municipalities.

Fig. 5-1 4 Future projection of land-use of Noto peninsular under PANCES’s four scenarios at 100 spatial resolution

Fig. 5-3 Biomass energy sufficiency ratio across the scenarios with different spatial scales
of biomass resources circulation

Fig. 5-2 
Change ratios of four ecosystem services 
and Satoyama Index between 1997 and 2050 
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It was clear that traditional and local knowledge is 
being progressively lost with each generation. Various 

seaweed species are used in a wide range of cooking on 
Sado Island of Niigata Prefecture, but the questionnaire 
survey in all areas of the island revealed that the number 
of seaweed species that individuals have eaten decreased 
with age (Fig. 6-2). There is a concern that traditional 
and local knowledge of seaweed use would not be 
inherited by future generations if this decrease in 
experiences were to continue. The generation born in the 
2050s may eat only two seaweed species if this trend 
were to continue in a linear fashion. Similarly, it is 
anticipated that the generation born in the 2050s will be 
aware of only three species and will never experience 

cooking them. Moreover, the analysis of the knowledge 
transmission revealed that mothers were the most 
important channel of transmission, but in recent years 
there has been a decrease in the opportunities for 
transmission. By taking measures such as nutrition 
education in schools, passing on the knowledge by the 
internet, and increasing opportunities for older 
generations who have a wealth of knowledge to pass it 
on, it is expected that increasing the passing on of the 
knowledge to younger generations will lead to the 
continuation of the culture of seaweed use on this island. 
These results were about the culture of seaweed use in 
the Sado Island, but similar trends have been confirmed 
in other regions of Japan.

A series of participatory workshops were organized 
inviting various local stakeholders in Sado and six 

scenarios were developed (Kabaya et al., 2019), which 
could be largely characterised by two factors: the speed 
of population decrease and the key industries. Fig.6-1 
shows the results of numerical simulations of land use 
and ecosystem services (i.e. food production, carbon 
sequestration, water purification and habitat provision 
for the crested ibis). It was found that the scenario 
prioritizing agriculture would lead to higher ecosystem 
service provisions. Note, however, that such a result can 
be attributed to the fact that food production was 
prioritized when calculating the ecosystem service index. 
As is clear from the Fig.6-1, the desired scenario differs 
for each service.

The economic values of carbon sequestration and 
water purification in addition to food production was 

further evaluated to compute the total economic value 
(TEV) of these ecosystem services. It became clear that 
more proactive agricultural production under low carbon 
price and more proactive forest management under high 
carbon price would increase the TEV. Given that carbon 
price would rise in the future, it is desirable to promote 
forestry and biomass utilization policies.

The service of providing habitats for the crested ibis 
was evaluated from the perspectives of nesting, foraging 
and human disturbance. Currently, the crested ibis is 
mainly found in the central and southern parts of the 
island. However, farmlands would be significantly 
reduced in the southern part of the island in the tourism-
focused scenarios. Since the area of paddy fields 
dedicated for the production of certified rice is small in 
this area, more proactive farmland conservation 
measures will be required in the future.

6.1. Participatory Scenario Building and Numerical Simulations in Sado Island 6.2. Culture of Seaweed Use and its Transmission in the Sado Island

Trade-offs between land uses as well as ecosystem services can be observed. Given that carbon price 
would rise in the future, it is desirable to promote forestry and biomass utilization policies to gain higher 
ecosystem services. Meanwhile, farmland conservation measures will be required from the perspective 
of biodiversity conservation, considering that a decrease in farmlands may degrade habitat suitability 
for the crested ibis..

On the Sado Island, many types of seaweeds are used in a variety of dishes and form part of the food 
culture. The seaweed use that can be seen as both a cultural service and a provisioning one is an 
important ecosystem service provided by coastal ecosystems, but the younger generation has less 
experience in seaweed use. If this trend of decreasing experience continues, there is a risk that the 
traditional knowledge of seaweed use will not be passed on, and there is a need to pass on this 
knowledge to the younger generations.

Fig. 6-1 Ecosystem service index based on the six future scenarios in Sado City Source: Kabaya et al. (2019)

Note: The ecosystem service index evaluates food production, carbon sequestration, water purification and habitat provision for the 
crested ibis using the importance weight based on the questionnaire survey for the local residents. The radar chart indicates food 
provision (yellow), carbon sequestration (green), water purification (blue), and habitat provision for the crested ibis (red). The highest value 
of each service among the six scenarios is standardised to one.

The number of seaweed species that individuals have eaten decreases with age, so that the inheritance of 
this knowledge is at risk. The red line indicates the result of a linear regression.

Fig. 6-2 Relationship between the knowledge of seaweed use and the birth year
of residents in the Sado Island
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Based on the future scenarios on a national scale, a 
local version of the future scenarios for the 

Bekanbeushi river basin were developed integrating the 
interests and concerns of local stakeholders. Under those 
local scenarios, an assessment was conducted of natural 
capital and ecosystem services to serve the development 
of local biodiversity strategies by calculating the 
vegetation succession of forests and meadows with the 
LANDIS-II forest landscape model (Fig.7-1, Haga et al., 
2019; 2020).

Experience in this river basin suggests that in 
localizing the characteristics of national future scenarios, 
decision-makers need to consider thoroughly if they are 
in line with conditions specific to the area and the future 
vision of local residents. When providing the result of 
prediction under the future scenarios to local residents, 

they need to facilitate communication by linking the 
outcome of the ecosystem prediction model, such as 
changes in ecosystem services and the habitat suitability 
for important wildlife, with social issues that attract the 
attention of local residents. The results of estimating 
future changes in land use and demographics with a high 
spatial resolution can be utilized for the following 
purposes: reconciling local policies to introduce 
renewable energy sources such as photovoltaics and 
biomass with the promotion of local industries such as 
forestry and dairy farming; using sustainable ecosystem 
services harmonised with iconic wildlife and local 
culture; and designing concrete future scenarios such as 
the zoning of places to be reserved for natural 
restoration.

Transformative change is necessary to overcome the 
global biodiversity crisis facing us now, as the 

Intergovernmental  Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES) Global 
Assessment Report released in May 2019 underscored. 
On this basis, the post-2020 Global Biodiversity 
Framework is expected to equip the goals to realise 
transformative change. The discussions on the revision 
of Japan's national biodiversity strategy and action plan 
(NBSAP) also take transformative change as one of the 
key issues. It is imperative to deepen our understanding 
of transformative change by substantiating its abstract 
concept with real-world examples to put it into practice 
in the future.

PANCES applied the theory of transformative change 
to analyze the transformation of paddy rice production 
system in Sado Island which enabled the recovery of a 
wild population of crested ibis, a species once locally 
extinct in 1981 (Fig. 6-3). The analysis focused on the 
development and diffusion of the crested ibis certified 
rice system and identified five major factors that 
contributed to the transformative change. These were: (1) 
an inspiring goal set out in 2003 and shared among a 
wide range of stakeholders, i.e., the reintroduction of 
crested ibis to the wild; (2) pioneer farmers who initiated 
crested ibis friendly farming methods since 1999; (3) the 
network of actors within and beyond the island that drew 
a society-wide involvement in crested ibis friendly rice 
system; (4) the leading role of local government in 
institutionalising and promoting the crested ibis certified 
rice system established in 2008; and (5) exogenous 
factors including catastrophic typhoon damage on rice 
production system in Sado Island and the great Heisei 
municipal merger in 2004.

However, the transformative change has yet come to 
its end. The uptake of the crested ibis certification by 
rice producers in Sado Island has stagnated at around a 
quarter since 2013. The reasons include ageing and 
declining number of farmers on the Island. Farmers are 
becoming less able to tolerate the burden to produce 

certified rice, while the economic benefits from the 
certified rice are not sufficient. The study identified four 
action points to overcome these barriers: (1) more 
efficient certification standards and their adaptive 
management, (2) more strategic approach to consumers 
to promote certified rice sales, (3) streamlining economic 
incentives, and (4) linking agricultural and population 
policies. The study also mentioned the role that local 
biodiversity strategies and action plans (LBSAP) can 
play to facilitate mutual learning and collaborative action 
of stakeholders backed by best available knowledge of 
across disciplines.

The forms of transformative change may vary in 
different places with different ecological, social, 
economic and cultural contexts. However, other 
municipalities aiming to take transformative actions can 
learn important lessons from Sado, including the five 
factors that drove the transformation of the paddy rice 
system that enabled the crested ibis reintroduction to 
Sado Island, the four actions points that the study 
suggested to break the barriers, and the role that LBSAP 
can play to facilitate multi-stakeholder actions.

6.3. Applying the Transformative Change Theory to Interpret the Development 
       and Diffusion of Crested Ibis Certified Rice System

In order to put into practice the ‘transformative change’ envisioned in the Post-2020 Global Biodiversity 
Framework, it is imperative to deepen the understanding of transformative change by substantiating its 
theory with real-world practices. The transformation of the paddy rice production system in Sado Island, 
which enables the reintroduction of crested ibis to the wild, is an example of transformative change. 
Five main factors contributed to this transformation: (1) shared goals among a wide range of stakeholders, 
(2) crested ibis friendly farming practices initiated by pioneer farmers, (3) networks within and beyond 
the island, (4) local government leadership, and (5) exogenous factors including a natural disaster.

7.1. Modeling of Population and Land Use on a Local Scale

Future scenarios at a local scale, either prefectural and municipal levels, require assessment guided by 
local challenges and visions including the compactification of the city center in response to the dwindling 
population and the utilization of abandoned farmland in rural areas. It should be supported by the 
development of population and land use data with finer spatial resolution. In particular, the demographic 
aspect of the scenarios needs to consider the trends in wider areas, including changes in the local 
population as well as movement between different areas.

Fig. 7-1 Prediction on the changes in tree diversity, habitat suitability index (HSI) of iconic wildlife, 
and supply of renewable resources with different scenarios of land use changes in types of renewable resources 

in the Bekanbeushi river watershed (modified from Haga et al. 2020)

Fig. 6-3 Interpreting the transformation of the paddy rice 
production system in Sado Island based on the Multi-Level 
Perspectives (MLP) of fundamental system change (Geels, 
2019)
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A questionnaire survey was conducted with the 
residents of Akkeshi who live in the Bekanbeushi 

River basin where changes in land use are affecting the 
marine ecosystem through rivers and marshes. 
Participants were asked about their awareness of changes 
in the natural ecosystem with ongoing climate changes, 
and in the social structure with declining population 
sizes, and about future actions toward these concerns. As 
a result, in this region, not only stakeholders related to 
marine ecosystems, but also those related to terrestrial 
ecosystems (forests and farmlands) and towns (urban 
areas) have great attention to the fisheries, oyster 
farming, marine products (such as kelps) and seascapes. 
In order to conserve the natural ecosystem in this 
watershed area and to enhance the sustainability of 
human activities (especially primary industry), different 
stakeholders on land, town and sea should co-design and 
co-work to promote ecosystem conservation and develop 

sustainable primary industry over the entire catchment 
area. That is, to create a co-management system by the 
New Commons (right side of Fig.7-3). The effects of 
activities are particularly likely to be maintained when 
population decline is gradual, such as in the dispersed 
society in the PANCES scenario (upper right of Fig. 
7-3).  On the other hand, if  land, town and sea 
stakeholders do not care about each other and fail in 
cooperative ecosystem management, the region's proud 
natural capital, ecosystem services and sustainable 
primary industries will decline, and local biodiversity 
and natural capitals may decline in quality due to feeding 
damage by overpopulated deer and invasion of non-
native species (left side of Fig. 7-3). This is likely to 
become more serious, especially in situations where a 
rapid population decline occurs with the compact society 
scenario (lower left of Fig. 7-3).

T his s tudy found that  changes  in  land use 
accompanying economic act ivi t ies  have a 

substantial impact on provisioning and regulation 
services in coastal ecosystems.

At the local level, the impact of changing land use on 
the coastal ecosystems was analyzed in Eastern 
Hokkaido. The result indicates that the increased nutrient 
flow into coastal areas through rivers and streams due to 
a g r i c u l t u r a l  l a n d  d e v e l o p m e n t  e x a c e r b a t e d 
eutrophication in some waters, possibly affecting the 
production of various useful marine species. The 
magnitude of impact varies greatly among coastal areas 
with different geographic and ecosystem structures, and 

with different use of coastal areas by fishers. For 
example, an analysis using a coastal ecosystem model 
showed that the impacts of the changes in nutrient input 
from rivers are small in Akkeshi-ko estuary  (Fig.7-2). 
This is because resident time of river water in the estuary 
is short, and the nutrient uptake rate by eelgrass beds and 
filtration rate of phytoplankton by aquaculture shellfish 
(oysters and clams) are great in Akkeshi-ko estuary. The 
finding highlights the importance of considering 
variation in coastal ecosystem properties when we 
examine the impacts of terrestrial input to coastal 
ecosystems.

7.2. Integrated Management Measures to Mitigate the Impact of Changing Ecosystems
       and Land Use 

7.3. Importance of Co-production by Different Stakeholders on Land, Town and Sea 
       toward Wise Management of Ecosystems and their Sustainable Use.

This study found that land use changes, including agricultural land development to facilitate economic 
activities, have huge impacts on provisioning and regulation services in coastal ecosystems. Thus, 
predicting and assessing economic developments on land will need to consider their impacts on the 
whole catchment area and coastal waters surrounding the area.

In a local community where economic activities in a whole watershed affects overall ecosystems from 
land, rivers, and to the coast, it is important to make decision-making systems that different stakeholders 
on land, town and sea can co-design and co-work to achieve ecosystem conservation and sustainable 
primary industries at the whole watershed scale.

Fig. 7-2 Prediction of changes in primary productivity of Akkeshi-ko estuary with different combinations of 
nutrient input from land (R1.0: current concentration; R1.5: 1.5 times higher than the current condition), 

the presence/absence of eelgrass bed (PV, AV), and the presence/absence of shellfish aquaculture (PS, AS).
Fig. 7-3 Future prediction of the status of the component of important natural capitals, ecosystem services and 
human activities in Bekanbeushi watershed (Akkeshi town) based on a questionnaire survey towards residents
The changes expressed in the four quadrants with the center expressing “business-as-usual” (BAU) situation. The horizontal axis shows whether the wise 
management by different stakeholders on land, town and sea are successful (right) or failed (left), and the vertical axis whether the population decrease gradually 
(top) or rapidly (bottom). SHs: Stakeholders.
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In order to establish ideal future scenarios for the local 
community,  i t  is  necessary to emphasize the 

interaction with the local environment that is unique to 
the local population.  Sekisei lagoon, located in the 
Yaeyama Islands, is the largest coral reef in Japan. The 
residents of several isolated islands, including Ishigaki 
Island, live with the fisheries and tourism in the lagoon 
under the governance of various local governments, 
national agencies and ministries. A community-based 
workshop was led on Ishigaki Island to construct four 
scenarios consisting of two axes. One axis is "utilization 
of natural capital or artificial capital", and the other axis 
is "tourism dominant (development) or protection of the 
local livelihood and culture".

Based on the two-axes, the following four scenarios 
could be established: (1) the society with tourism-
dominant industry using the natural capital, (2) the 
society with the protection of local culture and traditional 
livelihood using the natural capital, (3) the society with 
tourism dominant industry using artificial capital, and (4) 
the society with local foundation industry using artificial 
capital (Fig. 8-3).  Major industries for each of the four 
scenarios were associated with various ecosystem 
services derived from the coral reefs, revealing that the 
dominant organisms differed according to each scenario. 
This is because the ecosystem services of Sekisei lagoon 
are composed of extremely high biodiversity and that 
each species has its own unique ecosystem service. 

Valuations of  nature are vi tal  for  effect ive 
conservation planning, and discussions are 

underway globally, such as through IPBES, on 
improving the valuation process. Plural valuations of 
human-marine relationships are the key for better, more 
inclusive decision-making, which is demonstrated in this 
research  us ing  a  case  s tudy  on  human-ocean 
relationships on Yaeyama Islands, Okinawa, Japan. 

As a result of a series of workshops and surveys, five 
core elements encompassing the values on the human-
marine relationships on the Islands were proposed (Table 
8-1, Fig. 8-1, Fig. 8-2): “Livelihood,” “Attachment and 
inspiration,” “Local marine culture,” “Respect and fear 
for nature,” and “Recreation and problems.” The 

“Recreation and problems” element included social and 
environmental problems caused by excessive tourism, 
and the data implied that past ecosystem service 
assessments may have over-valued this issue based on 
analyses of tourism market values only. The “Respect 
and fear for nature” element was found to be important, 
but such values are currently understudied within 
literature related to ecosystem services and nature's 
contributions to people. This study is the first to extract 
and visualize place-based human-ocean relations in an 
Asian country. These methods should be applied to other 
areas, so as to achieve more inclusive policy making for 
the conservation of bountiful attributes of nature 
(Sugimoto et al., in review).

8.1.  Policymaking Scenarios Based on Local Contexts and Extraction 
        of Human-marine Relationships 

Practical discussions based on local contexts and realities, as well as general theoretical basis, are 
important for constructing appropriate environmental conservation measures and future scenarios of 
local communities. Especially, in the tropical areas where marine biodiversity is remarkably high, diversity 
of interactions by local people with the local marine ecosystem services are also very high. Therefore, 
in the policymaking processes, it is important to understand various local views of nature and the 
comprehensive interactions amongst local people and local ecosystems.

Extracted subgraphs Five core elements
Local fishing custom

Resources as livelihood means
Natural resources and livelihood

Social relationship and culture
Local marine culture

Respect for ecological knowledge

Attachment to the coral reef ecosystem
Attachment and inspiration

Sea color

Beach use and problems

Recreation and problems

Environmental problems

Tourism

Over tourism

Beach swimming

Island's weather and livelihood

Respect and fear for natureTyphoon

Sun burn

Table 8-1 Extracted subgraphs and five core elements 

Fig. 8-1 Local stakeholder workshop

Fig. 8-3 Four policy scenarios that reflect the needs and livelihoods in the local community
Scenario-specific industries and target marine organisms are also shown.

Fig. 8-2 
Short movie: MOTHER OCEAN “What’s your 
relationship with the ocean?” - Voices from Okinawan 
Coral Reef Island - (https://www.youtube.com/
watch?v=VAXDdVAPPrY)

8.2. Establishment of Future Policy Scenarios that Reflect the Needs 
       and Livelihoods in the Local Community

In the coral reef ecosystems where biodiversity is remarkably high, there are many species providing 
ecosystem services and functions. Therefore, taking the local communities' needs into account, we need to 
develop a guideline for the efficient and sustainable uses of local ecosystem services while conserving the 
natural capital. Also, images about ideal futures are different among communities with different stakeholder 
structures. Therefore, it is desirable to develop several future scenarios which reflect the variety of 
communities.
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The associations among the above-mentioned 
proposed MPAs, policy options and stakeholders 

were arranged as follows (Fig. 8-5):
(1) MPAs for natural capital and tourism base society: 

expansion of marine parks, expansions of target species 
for protection, and local rules to restrict over-use of 
diving points (Ministry of Environment, diving shops, 
and ecotourism shops)

(2) MPAs for natural capital and local community base 
society: MPAs for fishery targets, expansion of fishery 
coordination regulation, local rules by fishers, and 
restriction of number of fishing boat (fishers, fishing 
boat, fishermen’s cooperative, Ministry of Agriculture, 
Forestry and Fisheries, local government).

(3) MPAs for produced capital and tourism base 

society: promotion of development at coastal area, 
expansion of lane, and expansion of MPAs for 
ornamental fishes (Ministry of Land, Infrastructure, 
Transport and Tourism, Ministry of Environment, and 
shipping industry).

In addition, several policy options could be applied for 
any types of MPAs design as follows: selection of 
species with greater tolerance to climate change, 
expansion of MPAs, extermination of harmful organisms, 
restriction of human activity at sites with greater 
resilience, restoration of ecosystem, environmental 
education, and control of red soil erosion (research 
institute, Ministry of the Environment, diving shops, and 
ecotourism shops). 

To maintain and manage biodiversity and ecosystem 
services by marine protected areas (MPAs), precise 

spatial distributions of marine organisms (fishes and 
corals) were clarified. Then, MPAs were proposed to 
achieve the three of above-mentioned four policy 
scenarios (1: natural capital and tourism base society, 2: 
natural capital and local community base society, and 3: 
produced capital and tourism base society). 

In this analysis, fish species for diving and ecotourism 
(damselfishes and wrasses), fishery (parrotfishes and 
groupers), and aquarium (angelfishes and butterflyfishes) 

were assigned as the targets for protection to achieve the 
first (natural capital and tourism base society), second 
(natural capital and local community base society) and 
third policy scenarios (produced capital and tourism base 
society), respectively. As a result, setting positions as 
well as total areas of the proposed MPAs were different 
among the three policy scenarios (Fig. 8-4). 

These results suggest that the setting positions of 
MPAs should be considered by local people’s request 
what ecosystem services should be protected.

8.3. Marine Protected Areas to Achieve the Local Policy Scenarios 8.4. Policy Options and Stakeholders to Establish the Scenario-Specific Marine
       Protected Areas

Marine protected areas (MPAs) are one of the effective policy measures to conserve the natural capital and 
ecosystem services in coral reef areas. In the design of MPAs, it is important to set three indicators, i.e., 
"objective of conservation", "target species", and "strength of conservation", and extract candidate MPA 
areas which satisfies these three indicators and future scenarios. When deciding the candidate MPA areas, 
the actual spatial distribution of the target species should be taken into account. Similarly, if climate change 
effects are to be taken into account in the design of MPAs, the relationships between species allocations and 
climate change should be considered.

Ideal future scenarios for local communities will change according to the changes in community's stakeholder 
structures and in natural climate. In order to address each future scenario, various types of policy options 
should be implemented by various government authorities. For this purpose, integrated policy coordination 
across agencies, ministries, and legal frameworks is important.

Fig. 8-4 Setting positions of MPAs to achieve the three policy scenarios
Species for aquaculture were excluded from the analysis, since it is assumed that local people would 
use only cultivated marine organisms under the fourth policy scenario (produced capital and local 
community base society).

Fig. 8-5 Associations among the above-mentioned scenario-specific MPAs, 
intervention options and stakeholders 
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