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Abstract: Recently, concerns about ecosystem loss and the threat of disasters have emerged. Un-
derstanding people’s perception of the ecosystem’s value will lead to disaster adaptation through
ecosystem conservation. We incorporated use and disaster attributes into a contingent valuation
study to investigate Japanese peoples’ perceptions of the value of various ecosystems. We construct a
concept representing ecosystems’ perceived disaster prevention and mitigation functions by investi-
gating the effects of use status and disaster concerns on people’s preferences. Results revealed that
almost all of the ecosystem’s disaster prevention and mitigation functions are not perceived by people.
In some cases, people mistakenly avoid ecosystems that protect people from disasters. In conclusion,
this concept and its findings facilitate an understanding of people’s perceptions of disaster prevention
mitigation functions of ecosystems and promote the concrete practice of conserving ecosystems.

Keywords: ecosystem services; spatiality; disaster prevention; use status; willingness to pay

1. Introduction

In recent years, with the increasingly intense climate change, concerns about coastal
erosion, ecosystem loss (indeed, natural capital in many countries is declining [1]), and
even the threat of disasters have emerged. Disasters caused by climate change and associ-
ated environmental degradation impact low-income people tremendously [2]. Therefore,
disaster adaptation through ecosystem conservation has been identified as one of the most
critical issues for achieving a sustainable society and combating climate change [3]. The
Changwon Declaration noted that creating and restoring natural habitats will help protect
coasts and watersheds and reduce their vulnerability to disasters. These natural habitats
include beach, tidal, mangrove, seaweed, and kelp habitats, coral and shell reefs, and
alternative complements to artificial structures. Such an approach is recognized as one of
the practical ones [4].

Rapid global population growth and urbanization, associated with economic growth,
increase the risk of natural disaster damage [5]. In particular, rapid population growth and
population concentration in cities have resulted in development and land use in areas with
high disaster-risk topography and geology and in areas where social disaster prevention
infrastructure is lagging, thereby increasing the risk of disaster damage [6].

The urban population is expected to account for roughly two-thirds of the world’s
population by 2050, raising the prospect of further degradation of natural capital as the
link between population and nature weakens. Thus, resolving this issue will necessitate a
greater understanding of the interdependence between ecosystem conservation and human
well-being. However, markets and institutions need more economic incentives to conserve
natural capital that is not traded in the markets, which may lead to the degradation of
natural capital and insufficient provision of ecosystem services.

Thus, public understanding of the ecosystem’s benefits must be broadened to promote
specific initiatives.
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1.1. Disaster Prevention and Mitigation Functions of Ecosystem Services

Ecosystem services include provisioning, regulating, cultural, supporting, and preserv-
ing functions [7] (see Supplementary Data S1 for more detailed information on ecosystem
services). The functions of disaster prevention and mitigation are included in the preserving
services. Soil conservation, water source recharge, landslide prevention, surface erosion
control, watershed storage, and flood mitigation are all functions of forests. Coastal and
marine ecosystems such as coastal forests, mangroves, beaches, tidal flats, coral reefs, and
seaweed beds serve as natural breakwaters, protecting people from high waves, storm
surges, strong winds, blowing sand, and salt damage. Ecosystem provisioning services also
include disaster prevention and mitigation functions, although these are often overlooked.
Healthy ecosystems can provide water, fuel, and other resources needed for survival until
lifelines are restored following a disaster, thereby reducing the vulnerability of local com-
munities. Thus, in the event of a disaster, ecosystems can provide the necessary materials
and recover autonomously to assist in recovering local industries and contributing to the
restoration of local communities.

Natural ecosystems are also highly resilient to disturbances and adaptable to climate
change. These functions, along with discussions on climate change and recent natural
disasters, have piqued the interest of disaster prevention and mitigation professionals.
However, quantitative discussion about how these functions affect people’s well-being is
scant. Green regional planning based on how the enjoyment of disaster prevention and
mitigation functions affects people’s welfare will contribute to a more equitable distribution
of safety against disasters.

To that end, it is critical to promote understanding by quantitatively and economically
assessing the effects of disaster prevention and mitigation functions on human well-being
and the value of various ecosystem services provided regularly. The monetary value of the
ecosystem and other services can be increased by quantifying ecosystem services, which
are nonmarket goods, by their monetary value in virtual markets [8], and policies and
institutions can be developed to reward the provision of ecosystem services [9].

Ecosystem services are delivered in a spatially dispersed manner. Thus, considering
spatiality in the analysis of the value of various ecosystem services is critically important to
make an accurate assessment.

1.2. Spatial Heterogeneity

From a spatial perspective, the costs and benefits of green regional planning are rarely
evenly distributed across all areas affected by the project. The (1) relationship between
the location of the ecosystem and the location of the population and (2) the availability
and characteristics of alternative ecosystems are two spatially essential issues related to
assessing project-related benefits. We must recognize that the economic value of ecosystem
improvements may depend on the relative locations of people’s settlements and ecosystems.
With this in mind, scholars have developed spatial demand models that are both flexible
and sophisticated. One of the first economic valuation studies to address spatial issues was
a contingent valuation study on the demand for water quality in the United States [10].
This study showed that the farther respondents lived from a river, the less likely they were
to visit the river at least once in the previous year. Findings revealed that the visitation rate
had a significant and positive impact on demand, and a one-dimensional “distance decay”
spatial demand model was developed. However, ecosystem services are rarely distributed
uniformly and continuously across the landscape but are patchy and more discrete. From
this standpoint, it has been argued that representing spatial location with a single variable
measuring distance to resources is overly simplistic [11,12]. As a result, when discussing
distance decay, the emphasis is generally on the use status, implying that its effects are
primarily related to the user’s preferences for the goods under consideration, and economic
demand models must take this into account to make an accurate assessment [13].

Studies focusing on spatial characteristics have since expanded by focusing on the
relationship between distance decay effects and the availability of substitutes and the
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relationship between distance decay effects and the extent of use (users and nonusers
of the resource). As a result, research on distance decay in goods has shifted toward a
model allowing more spatial patchiness in the preference structure. Pate and Loomis were
the first to estimate a demand model and incorporate the availability of substitutes into
the distance decay effect test [14]. They conducted a contingent valuation study, which
combines distance decay measurements with the level and quantity of alternative resources.
Results reveal that the two programs on wetlands and pollution control improvements have
significant distance decay effects. They also discovered that the availability of substitutes, as
measured by the number of wetland acres in the sampling area, affects demand. Bateman
et al. (2008) allowed for more patchiness by examining the effects of distance to the
nearest alternative water body and the shore [15]. With the effect of substitutes, WTP
increased with increasing distance to the shore, but not at a significant level; Brouwer
et al. (2010) used a choice experiment to evaluate the spatial heterogeneity of water quality
improvements in both river basins and alternative water bodies simultaneously [16]. This
empirical experiment suggests that spatial preferences exist and are significant. However,
because the population benefiting from ecosystem improvements is expected to include
both users and nonusers [17], both of these individuals are expected to be willing to pay for
improvements associated with green regional planning implementation. The relationship
between respondents’ current use or nonuse of goods and the spatial characteristics of the
goods was first tested by Schaafsma et al. (2013) [18]. They found that users’ preferences
are less sensitive to distance to goods than nonusers’ preferences and that nonuser demand
decreases faster than user demand with distance to the resource.

The distance decay of multiple ecosystem services was first tested by Reynaud and
Lanzanova (2017), who conducted a meta-analysis to address the problem of likelihood
dependence on study conditions and predictions [19]. They focused on the interactions of
ecosystem services. Their findings suggest several trade-offs between ecosystem services
in bodies of water (value as habitat for organisms vs. value as recreation; supply services
vs. regulating and cultural services). This also demonstrated that they are predictably
based on geographical factors. However, considering a comprehensive green regional
policy by only thinking about ecosystem services of a single type of ecosystem, such as
a water body, is impossible. To the best of the authors” knowledge, despite the need
for comprehensive comparisons of various ecosystems, no significant studies compare
different types of ecosystems. Although the interactions between ecosystem services have
been studied, the extent to which these services are related to disaster prevention and
mitigation functions has yet to be confirmed because disaster prevention and mitigation
functions are a complex of regulating, provisioning, and preserving services. Hence,
the relationship between WTP, respondents’ spatial location, the use of ecosystems, and
disaster-related factors must be investigated. This study estimates a model that explicitly
includes the interaction between disaster experience and anxiousness and respondents’ use
status (respondents are categorized as users and nonusers). Furthermore, potential effects
were directly compared between users and nonusers of 12 ecosystems. By examining
the relationship between preferences for ecosystems and space, use, and disasters, the
analytical framework presented in this study will allow us to discuss responses to frequent
disasters caused by climate change. It is hoped that this study will result in evidence-based
green regional planning, project implementation, and improved regional welfare.

The rest of this paper is structured as follows. Section 2 describes the materials and
methods used in this study. Section 3 presents and discusses the empirical results. Finally,
Section 4 presents the conclusions.

2. Materials and Methods
2.1. Data Description
The analysis is based on data from a contingent valuation survey on natural capital

conservation conducted throughout Japan in February 2019. Figure 1 depicts the sample
area. The questionnaire was distributed to a sample from an Internet panel to collect data.
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Internet panel sampling yielded data and results comparable to mail surveys in Japan. The
sample consists of 7556 persons (households), resulting from collecting as many samples as
possible within the budget of resources available for this research.

izl

0 625 125 250 km
S T Y I |

Il Respondents
Coastline

Figure 1. Distribution of respondents.

Personal attributes to be obtained were determined following the preceding studies
introduced in the previous section, and some of the personal attributes such as disaster
experience were also included to address the research question of this study. These at-
tributes (age, gender, household income, educational background, subjective well-being,
frequency of visits to the ecosystems, disaster experience, and residence at the 1 km square
resolution) were collected in addition to respondents’ ecological preferences. Due to insuffi-
cient data, respondents with significantly shorter response times and those who answered
“others”, “do not know”, or “do not want to answer” for household income and educational
background were excluded from the analysis. After sorting the sample, we obtained an
adequate sample size of 4851. The effective response rate was 64.20%. Figure 2 displays
descriptive statistics for the variables in this study’s survey sample. Income is slightly
larger than the parent set. Age ranges from 18 to 69. As shown in “family size”, there
are similar proportions of one-person households, two-person households, three-person
households with assumed nuclear families, and households with four or more members.
As shown in “sex”, there is a bias toward male respondents. The head of the household was
asked to respond to this survey. As shown in “live in a megalopolis”, 71% of respondents
were from non-metropolitan areas. Since this study focuses on ecosystems, we wanted to
collect a sample from non-metropolitan areas where many ecosystems are distributed. As
shown in “graduate university”, about half of the respondents graduated from a university.
This is similar to the percentage for Japan as a whole. About half of the respondents
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have visited land-based ecosystems such as rice paddies, fields, orchards, forests, and
sandy beaches (about half have visited pastures). On the other hand, more than half of
the respondents have never visited ecosystems in the sea, such as tidal flats, coral reefs,
seaweed beds, and mangroves. As indicated by the fact that many respondents have been
affected by storms, tornadoes, floods by heavy rain, heavy snow, avalanche, earthquake,
and liquefaction, Japan is a region with many natural disasters. This is also why many
respondents are concerned about all the disasters listed here. The values for earthquake
and liquefaction in particular deserve special mention (see Supplementary Data S2 for
more detailed information on the data and survey).

We define users as respondents who have previously visited the ecosystem under
consideration and nonusers as respondents who have never visited the ecosystem. There-
fore, “use value”, as used in this paper, is the value of all ecosystem services enjoyed by
users and differs from use values commonly used in the context of ecosystem services.
The “nonuse values”, as used in this paper, include all ecosystem services besides cultural
services obtained only through visitation. Follow-up questions in the questionnaire yielded
information on the respondents’ use status (Figure 2). The present study examines this
disparity by asking respondents whether they have experienced or had concerns about
each of the eight disasters, defining who has experienced and who has not, and who has
and does not have concerns about each disaster. Follow-up questions in the questionnaire
were used to elicit information about the respondents’ disaster-related status (Figure 2).

The survey estimates the WTP for the preservation of various ecosystems. A de-
scription of the functions of each ecosystem is provided before the WTP response to
help respondents’ understanding of ecosystems. As an evaluation scenario, respondents
were given the amount of ecological loss that would occur if nothing was done to main-
tain the ecosystem. This paper’s analysis is solely based on respondents’ assessment of
ecosystem maintenance.

We used a geographic information system to calculate the distance between the respon-
dent’s residence, the nearest point of 12 different ecosystems, and urban green spaces and
coastlines as substitutes. The 12 ecosystems were identified and located using open-source
spatial data. The information published by the Ministry of Land, Infrastructure, Transport,
and Tourism was used to obtain the following data: detailed 100 m grid land-use mesh
data from satellite imagery for rice paddies, fields, orchards, and pastures; forest area data
for artificial forests, natural forests, and coastal disaster prevention forests; data on local
resources and coastal protection facilities for beaches. Meanwhile, we obtained data from
the Ministry of the Environment’s Basic Survey on Nature Conservation for tidal flats,
coral reefs, mangroves, and seaweed beds. Figure 3 depicts the geographic location of
the surveyed ecosystems. In this study, the habitat of tall algae such as kelp is defined as
seaweed beds. Therefore, low-back algae such as eelgrass are not targeted in this study (see
Supplementary Data S3 for more explicit information on the data).
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SOCIO-ECONOMIC FACTOR

m<3M m3M-EM E6M-10M  m 10M: FY)
INCOME 19,81 38.10 30.12 11.98

w18-33 m34-45 m46-56 m57-69
AGE 24.61 21.23 25.07 23.09

12 w3 14 5 m6or more

FAMILY 51ZE 24.92 18.06 6.412.8

w0 ml1 m2 m3or more
NUMBER OF CHILDREN 73.10 12.70 10.66 3.54

0 Female W Male

SEX 43.87 56.13
N No HYes
LIVE IN MEGALDPOLIS 70.50 29.50
GRADUATE UNIVERSITY 48.36 51.64
USAGE

m NonUser mUser

ORCHARD 34.01 65.99
TIDAL 72.95 27.05
CORAL 78.09 21.91
SEAWEED 1.34 18.66

MANGROVE 14.16

Figure 2. Cont.
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ANXIOUS

mNo mYes

HEAVY SNOW, AVALANCHE 76.42 23.58
EARTHQUAKE, LIQUEFACTION
TSUNAMI 74.81 25.19
FIRE 29.44 70.56
EXPERIENCE
mNo mYes

FLOOD BY HEAVY RAIN 90.56 9.44
FLOOD BY STORM SURGE 99.30 0.70
EARTHQUAKE, LIQUEFACTION
Tsunam

(b)

Figure 2. (a) Personal attributes of the respondent. (b) Personal attributes of the respondent.

Figure 4 depicts the geographic location of Japan’s three major metropolitan areas
from the Ministry of Land, Infrastructure, Transport, and Tourism information. These are
widely recognized as Japan'’s three largest metropolitan areas. In these areas, production
has always been the core of the industries that support the Japanese economy. The centers
of these areas have a fragile ecological connection compared to other areas.
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2.2. Description of the Study Area

The study area, that is, Japan, has many rapid rivers, large elevation differences
from coast to mountain, and large longitudinal gradients [20]. Moreover, Japan is one
of the world’s most seismically active countries, accounting for roughly 20% of major
earthquakes [21]. It has four distinct seasons due to the influence of monsoons and a
rainy climate with rainy seasons and typhoons. Moreover, volcanic eruptions, earthquakes,
tsunamis, river floods, typhoons, and landslides have occurred numerous times throughout
history because of these characteristics, causing significant damage to human society that
claims lives and damage property. Simultaneously, against the backdrop of the country’s
unique land characteristics, Japan has developed outstanding landscapes, unique ecosys-
tems, and biodiversity unparalleled anywhere in the world. The country is recognized
globally as an essential area for biodiversity conservation due to its diverse biota. Various
disturbances from continental linkages and breakups, multiple geographic zones, topo-
graphic complexity, volcanic eruptions, earthquakes, tsunamis, river floods, typhoons, and
landslides have created a variety of habitats [22].

To live in harmony with nature, local people have cultivated wisdom and a view of
nature (see Supplementary Data S1 for more detailed information on usage of ecosystem
services). However, the rapid changes in society that resulted from the rapid economic
growth and development that accompanied population growth in many areas have resulted
in a significant loss of biodiversity [23]. Traditional wisdom and perspectives on nature
are dwindling. Additionally, expanding settlements into areas inherently vulnerable to
natural disasters has resulted in the high cost of developing social infrastructure to ensure
these areas’ safety. Although Japan is vulnerable to various natural disasters, human lives
and property are concentrated in flood-prone areas (lowlands), which account for only a
tiny proportion of the national land area. According to the World Risk Report 2016, Japan
ranks 4th out of 171 countries in terms of the percentage of the population affected by five
disasters (earthquakes, storms, floods, droughts, and sea-level rise) [24]. This demonstrates
that the country is the most vulnerable to natural disasters, not only among developed
countries but also among emerging countries. Climate change is expected to cause more
severe weather disasters and massive earthquakes; thus, natural disasters may exceed
previous assumptions and be challenging to cope with using traditional social capital alone.
In fact, since 2017, there have been frequent mountain disasters and floods associated with
heavy rains and typhoons [25]. Moreover, massive earthquakes are expected in this region,
as are tsunamis and other natural disasters.

The overall level of land management will decline because of the land managers’
shortage and the expansion of underutilized land due to the rapid decline and aging of the
population. Meanwhile, the cost of maintaining and managing social infrastructure rises
yearly, and approximately JPY 30 trillion of the renewal costs required for the 50 years from
2011 to 2060 will not be secured [26]. In order to maintain existing facilities and realize new
disaster preventionn and mitigation measures, it is necessary to revisit the use of national
land, extend the service life of facilities, and develop and maintain the social infrastructure
that maximizes their effectiveness [27].

2.3. Empirical Model

An ordinal logit model was used to analyze the respondents” WTP level. This study
employed the ordinal logit model because the responses were concentrated at JPY 0, JPY
1000 or less, JPY 2000 or less, and JPY 5000 or less, implying that respondents” WTP is a
discontinuous function with multiple threshold values rather than a continuous one (see
Supplementary Data 54). Multiple explanatory variables are used in the final modeling
approach to identify the determinants of the amount respondents are willing to pay:

yj = Bxjte M
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-0.712%** -0.688***
(-5.19)

Paddy
1.496***
Target
(9.38)
Substitute

(-5.67)

0.460***

where subscript j denotes an individual observation, y}* represents a latent variable rep-
resenting the WTP of each respondent, x;- represents an explanatory variable of each
respondent,  represents a vector of regression coefficients to be estimated, and ¢; is the
error term.

According to the literature on stated preferences, the valuation of an ecosystem is
influenced by various socioeconomic factors and the respondent’s relationship with the
ecosystem in question. Economic theory and extensive stated preference research posit
that WTP increases as income rises [28]. Several studies have also found that as the
number of household members increases, WIP decreases with economic pressure [29].
Respondents who directly use the ecosystem under consideration value change more than
those who do not [30,31]. Moreover, as the distance between the ecosystem under study
and the respondents’ residence increases, especially for users, WTP tends to decrease [15].
The inverse distance decay effect of substitutes is stronger in nonusers than in users [32].
Furthermore, disaster fears have raised WTP, particularly among nonusers [32].

To develop a model that expands on existing models for evaluating ecosystems, we
tested models that only use the explanatory variables in previous studies and models that
incorporate disaster factors and use status factors as explanatory variables. The best-fitting
model was identified using the Akaike Information Criterion (AIC).

3. Results and Discussion
3.1. Descriptive Statistics

Figure 5 compares users’ proximity to ecosystems to nonusers (the average distance
from respondents” homes to their respective ecosystems is shown in Supplementary
Data S5). The difference between users and nonusers in rice paddies, fields, orchards,
forests, coral reefs, tidal flats, beaches, and mangroves is statistically significant because the
95% confidence intervals do not overlap. In other words, there is a clear distance decay
relationship. In contrast, no statistically significant differences were found in pastures and
seaweed beds. Here, the nonusers only enjoy the nonuse value of the ecosystem, whereas
the users enjoy both use and nonuse value of the ecosystem.

USER PROXIMITY and UNIQUENESS

Field Orchard Pasture Forest Beach Tidal Coral Mangrove Seaweed

0.547*%% 4.719%** 09308*%** 4424**% 56 6grEE

(4.78) (5.39) (6.04) (6.17) (3.49)
4.381%** 3 035%**

(5.48)

(6.19) (3.96)

Figure 5. Proximity (in km) of the user’s residence to the ecosystem compared to nonusers. Blue
indicates that the user lives nearby, and orange indicates that the user lives far away. The darker the
color, the clearer the difference. *** p < 0.01, ** p < 0.05.

Similarly, Figure 5 shows the distance from the respondent’s residence to the potential
substitutes. We chose the nearest urban parks as substitutes for terrestrial ecosystems
because they provide multiple ecosystem services, including ecosystem cultural services as
places for recreation and disaster prevention functions. Thus, they can be complementary
to the ecosystem under study as inherent goods. At the same time, we chose the nearest
coastlines as substitutes for marine ecosystems because it contains fishing grounds and
seascapes in addition to marine ecosystems and provides multiple ecosystem services and,
therefore, can complement the ecosystem under analysis as unique goods.
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Interestingly, users of rice paddies, fields, orchards, and forests live farther away from
urban parks and alternative ecosystems than nonusers. This may imply that rice paddies,
fields, orchards, and forests are unique goods. In contrast, no statistically significant
differences were discovered in pastures. In marine ecosystems, tidal flats, and beaches,
users live closer to the coastline than nonusers. This result suggests that tidal flats and
beaches are not perceived as unique goods as widespread ecosystems along the coastline
since the ecosystem along the coastline provides similar ecosystem services. Surprisingly,
no statistically significant differences were found among coral reefs, seaweed beds, and
mangroves. In other words, one possible explanation for the spatial sorting of households’
choice of residential location is that they choose according to their preferences for particular
goods [33,34]. However, it could also explain how the spatial relationship between habitat
and ecosystem influences use preferences.

Figure 6 (top) presents the changes in distance to ecosystems due to disaster anx-
iousness. Unknown disaster risks are not reflected in disaster anxiousness. Assuming
that people act rationally, the last choice of the current place of residence has led to the
present disaster anxiousness because disaster concern does not drive their choice of current
residence. Thus, when the distance to an ecosystem is negatively related to disaster anxiety,
people recognize that living near that ecosystem is associated with disaster risk. However,
people recognize that living near an ecosystem reduces disaster risk for ecosystems with
a positive relationship. According to the results, the closer one lives to marine ecosys-
tems of tidal flats, coral reefs, beaches, and mangroves, the more he or she is likely to be
concerned about tsunami and storm surge flooding. Although marine ecosystems can
mitigate damage from tsunamis and storm surges, they are insufficient to alleviate disaster
anxiousness caused by proximity to the ocean. However, the proximity to agroforestry and
forest terrestrial ecosystems and anxiousness has positive relationships regarding tsunami
and storm surge flooding. This condition may result from the fact that these ecosystems are
often distributed inland and partial recognition of their disaster prevention and mitigation
functions. Furthermore, the closer one lives to a forest, the more anxious one is about
being affected by a landslide. Although forests can mitigate damage from landslides, the
main areas where landslides occur are on steep slopes where forests are abundant; thus,
people seem to be anxious. Moreover, the damage from heavy snow avalanches seems to
cause less anxiety near marine ecosystems, where many disasters have been feared. These
ecosystems are rarely found in areas with heavy snowfall. Coral reefs and mangroves are
distributed in warmer climates, and tidal flats are almost nonexistent on the Sea of Japan
side, where more snowfall is expected. Additionally, most of Japan’s heavy snowfall areas
are in mountainous regions, far from the sea. It is consistent with the fact that the closer
one lives to coral reefs and mangroves, which are more frequently hit by typhoons in the
southwestern part of Japan, the more concerned one is about wind protection.

Next, the differences in distance to ecosystems due to disaster experiences are shown
in Figure 6 (bottom). The current residence was not necessarily chosen because of the
disaster experience. If the respondents’ current residence was chosen due to their disaster
experience, they must have chosen a location with low disaster risk. Various factors
influence residence selection; respondents may choose a high-risk residence even if they
know the risk. That is, the relationship between disaster experience and distance from
current residence could be classified as:

1. The selection of a low-risk residence due to the presence of disaster concerns.

2. The selection of a high-risk residence despite the presence of concerns.

3. The set of results of continuing to live in high-risk residences after experiencing the
disaster because they did not have the opportunity to choose their residences.

Accordingly, ecosystems with a negative relationship between disaster experience and
distance indicate that people who have experienced the disaster live nearby. Meanwhile, a
positive relationship indicates that those affected by the disaster live farther away.
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Figure 6. Proximity (in km) of the people with disaster anxiousness/experience compared to those
without. Green indicates that people recognize that living near the ecosystem reduces disaster risk,
and orange indicates that people recognize that living near the ecosystem is associated with disaster
risk. The darker the color, the more likely it is. *** p < 0.01, ** p < 0.05, * p < 0.10.

We investigate the connection between disaster concern and disaster experience. Re-
garding the relationship between distance from each ecosystem, (a) the situation in which
both disaster concerns and disaster experiences are positively related to distance can be
considered a case of a location that is peaceful to disaster. (b) The situation in which
disaster concerns (disaster experiences) are positively (negatively) related to distance can
be considered a case of a place being considered peaceful concerning the disaster; it is
a place that accepts people who have experienced a disaster. (c) The situation in which
disaster concerns (disaster experiences) are negatively (positively) related to distance can
be considered the presence of disaster concern, and no severe damage has occurred. (d) The
situation in which both disaster concerns and disaster experiences are negatively related to
distance can be considered a case in which people continue to live in areas where a disaster
has occurred. Surprisingly, in coral reefs, beaches, and mangroves where nearby residents
expressed concern about tsunami damage, the farther away residents lived from these
ecosystems, the more tsunami damage they experienced (c). This could be due to one of
three factors. The first reason is that these ecosystems’ disaster mitigation effects kept them
from being affected by the disaster (see Section 1). Another reason is that tsunami survivors
have moved away from these ecosystems. In this case, the idea of living in a low-risk area
in the first place may manifest itself, regardless of its disaster prevention function. The third
reason is that, despite a long history of disaster concern, no disaster (i.e., tsunami in this
case) has occurred in recent decades in areas where these ecosystems are distributed. The
third factor is thought to be the primary reflection in the case of tsunamis. There have been
six tsunamis that had caused human suffering in Japan since 1950, when the 69-year-old
respondent to this survey was born: the 1960 Chilean earthquake-tsunami (M8.5), which
caused damage from an event on the other side of the world, 1952 (M8.2), 1993 (M7.8),
and 2003 (M7.8) (M8.0). The Great East Japan Earthquake of 2011 (M9.0) occurred in the
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northeastern part of Japan [35] (see reference for tsunami and storm surge information),
and it has never occurred in the southern and southwestern areas where coral reefs and
mangroves are found. Moreover, a few beaches on the Pacific side of the Tohoku region
were severely damaged by the 2011 Great East Japan Earthquake, which was prominent in
scale and felt by many respondents.

For forests where nearby residents expressed concern about landslide damage, the
farther away they lived from this ecosystem, the more landslide damage they experienced
(c). As with the tsunami, three reasons are possible; however, the third reason is ruled
out because forests are more widely distributed with fewer regional differences. On the
other hand, the remaining two are worth considering. Tree roots anchor the soil in forests,
and trees and surface vegetation protect the topsoil from rainfall, reducing slope failure
and sediment runoff. Many soil voids are formed by underground plant roots and organic
matter in forest soils, and deciduous leaves, branches, and forest floor vegetation protect the
soil surface. However, the devastation caused by excessive tree cutting, overgrazing, and
abandoned management of planted forests reduces these functions. In particular, artificial
forests are becoming increasingly poorly managed in Japan, and their future impact is
concerning. The functions of coral reefs, sandy beaches, and mangroves in disaster preven-
tion and mitigation against heavy rainfall, floods, and landslides are limited. Therefore,
other factors may increase the likelihood of disasters. For example, the southwestern
islands of Japan, which are home to coral reefs and mangroves, receive high rainfall and
are vulnerable to typhoons. However, there are many areas where mountain forests are not
well managed.

As previously stated, policy interventions for disaster prevention and mitigation
by ecosystems or a combination of artificial structures and ecosystems are required to
improve the current situation in which people are forced to live in places with a high risk
of disaster. In cases where the choice of current residence caused the disaster experience
prior to recognizing the risk, the disaster experience could be avoided by recognizing the
risk in advance. Therefore, efforts to educate people about risk awareness are crucial [36].
Furthermore, residential preferences must be transferred to change the situation in which
people choose to live in high-risk areas despite being aware of the risks by manipulating
other factors (e.g., economic incentives) [37].

3.2. Regression Results and Discussion

Model 1 is a simplistic model that ignores respondent usage and disasters. Besides
income, age, number of household members, number of children, education level, and
gender, which are socioeconomic factors defined by economic theory, the variables used in
this model are residence in the city as a spatial factor, distance from the target ecosystem,
and distance from alternative ecosystems. Model 2 expands on Model 1 by investigating
how use status affects WTP. We incorporate the use status variable into the model as a
dummy variable. Model 3 takes a significant step forward in ecological disaster prevention
and mitigation by introducing respondents” experiences with and anxiousness about eight
types of disasters. Finally, Model 4 seeks to improve the models by incorporating the use
status, disaster experiences, and anxiousness identified in Models 2 and 3. Compared by
using AIC, Model 4 was the best fit for all ecosystems (see Supplementary Data S6). This
finding emphasizes the importance of including use and disaster attributes in analyzing
ecosystem preferences. Therefore, the discussion in this paper is based on the Model 4
results (Table 1).

Respondents living in urban areas had lower WTP for rice paddies and artificial
forests farther away from urban residents. This implies that the WTP was influenced by
unfamiliarity. Caution is advised because a rising urban population increases the likelihood
that these ecosystems will be neglected.
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Table 1. Regression models estimated with ordinal logit model (Model 4).

WTP 0/1T/2T/5T Paddy Field Crop Field Orchard Pasture Land Artificial Forest ~ Natural Forest CDP Forest Coral Reef Mangrove Forest Seaweed Bed Tidal Flat Beach
Socio-Economic Factor
Household Income 0.143 *** 0.158 *** 0.137 *** 0.133 *** 0.149 *** 0.186 *** 0.154 *** 0.156 *** 0.156 *** 0.161 *** 0.175 *** 0.150 ***
(0.034) (0.034) (0.034) (0.034) (0.034) (0.034) (0.034) (0.034) (0.034) (0.034) (0.034) (0.034)
Sex (male = 1, female = 0) —0.365 *** —0.400 *** —0.397 *** —0.418 *** —0.403 *** —0.367 *** —0.420 *** —0.454 *** —0.454 *** —0.438 *** —0.419 *** —0.328 ***
(0.059) (0.059) (0.059) (0.060) (0.060) (0.060) (0.060) (0.059) (0.060) (0.060) (0.060) (0.060)
Age —0.037 —0.034 —0.050 —0.04 0.052 0.034 0.040 0.049 0.059 * 0.045 0.052 0.055 *
(0.027) (0.027) (0.027) (0.028) (0.027) (0.027) (0.027) (0.027) (0.027) (0.028) (0.028) (0.028)
Family size 0.054 0.049 0.032 0.043 0.000 —0.012 —0.012 0.009 0.015 —0.008 —0.018 0.003
(0.029) (0.029) (0.029) (0.029) (0.029) (0.029) (0.029) (0.029) (0.029) (0.029) (0.029) (0.029)
Number of Children 0.007 0.018 0.043 0.014 0.017 0.010 0.015 0.013 0.020 0.030 0.057 0.040
(0.044) (0.044) (0.044) (0.044) (0.044) (0.044) (0.044) (0.044) (0.044) (0.044) (0.044) (0.044)
Graduate University 0.258 *** 0.224 *** 0.210 *** 0.161 ** 0.261 *** 0.285 *** 0.248 *** 0.233 *** 0.227 *** 0.238 *** 0.205 *** 0.220 ***
(0.060) (0.060) (0.060) (0.060) (0.060) (0.060) (0.060) (0.060) (0.060) (0.060) (0.061) (0.060)
Spatial Factor
Live in Megalopolis -0.170 * —0.058 —0.016 —0.030 —-0.177* —0.102 —0.091 —0.097 -0.112 —-0.113 -0.126 —0.128
(0.068) (0.071) (0.072) (0.072) (0.077) (0.077) (0.077) (0.068) (0.066) (0.069) (0.067) (0.066)
Distance to Target 0.050 —0.084 * —0.080 * —0.087 ** 0.004 —0.030 —0.040 0.011 0.042 —0.084 * 0.054 0.003
ecosystem (0.030) (0.033) (0.033) (0.033) (0.036) (0.036) (0.036) (0.033) (0.032) (0.038) (0.036) (0.039)
Di Substi —0.033 —0.037 —0.048 —0.043 —0.010 0.009 —0.013 0.000 —0.007 0.047 —0.019 0.019
istance to Substitute (0.030) (0.030) (0.030) (0.030) (0.030) (0.030) (0.030) (0.030) (0.032) (0.040) (0.033) (0.040)
Usage Factor
User 0.496 *** 0.583 *** 0.539 *** 0.539 *** 0.639 *** 0.745 *** 0.694 *** 0.627 *** 0.665 *** 0.527 *** 0.595 *** 0.700 ***
(0.067) (0.071) (0.062) (0.058) (0.062) (0.063) (0.062) (0.070) (0.083) (0.075) (0.065) (0.062)
Disaster Factor
Experience of Storms, 0.083 0.069 —0.004 —0.031 0.046 0.136 0.100 0.073 0.079 —0.078 —0.108 —0.085
Tornadoes (0.091) (0.091) (0.092) (0.092) (0.092) (0.092) (0.093) (0.092) (0.093) (0.093) (0.093) (0.093)
Experience of Flood by 0.089 0.117 0.044 —0.019 —0.085 0.036 0.047 —0.072 —0.135 0.063 0.068 0.093
Heavy Rain (0.099) (0.099) (0.100) (0.101) (0.102) (0.101) (0.101) (0.102) (0.102) (0.101) (0.101) (0.101)
Experience of Landslides 0.453 * 0.431 * 0.593 ** 0.556 ** 0.346 0.345 0.359 0.596 ** 0.577 ** 0.548 ** 0.568 ** 0.578 **
P (0.196) (0.198) (0.198) (0.198) (0.199) (0.200) (0.202) (0.203) (0.200) (0.204) (0.205) (0.206)
Experience of Heavy Snow, 0.466 *** 0.438 *** 0.372** 0.359 ** 0.396 ** 0.491 *** 0.465 *** 0.401 *** 0.432 *** 0.362 ** 0.367 ** 0.370 **
Avalanches (0.121) (0.120) (0.121) (0.121) (0.122) (0.120) (0.120) (0.119) (0.120) (0.121) (0.123) (0.122)
Experience of Flood by 0.011 —0.001 0.041 0.169 —0.209 —0.293 —0.305 —0.340 —-0.291 0.067 —0.042 —-0.370
Storm Surge (0.343) (0.350) (0.346) (0.349) (0.345) (0.343) (0.340) (0.341) (0.338) (0.346) (0.345) (0.352)
Experience of Earthquake, 0.105 0.115 0.128 0.154 0.115 0.122 0.116 0.157 0.158 0.169 * 0.184 * 0.209 *
Liquefaction (0.083) (0.083) (0.083) (0.083) (0.084) (0.084) (0.084) (0.083) (0.084) (0.084) (0.085) (0.085)
Experience of Tsunami 0.191 0.326 0.378 0.228 0.410 0.523 * 0.666 ** 0.380 0.540 * 0.377 0.308 0.281
(0.222) (0.222) (0.223) (0.225) (0.221) (0.223) (0.223) (0.220) (0.224) (0.225) (0.226) (0.229)




Sustainability 2023, 15, 3154 19 of 27
Table 1. Cont.
WTP 0/1T/2T/5T Paddy Field Crop Field Orchard Pasture Land Artificial Forest ~ Natural Forest CDP Forest Coral Reef Mangrove Forest Seaweed Bed Tidal Flat Beach
Experience of Fire 0.345 0.418 0.353 0.326 0.298 0.121 0.168 0.371 0.271 0.248 0.262 0.177
(0.220) (0.224) (0.225) (0.226) (0.223) (0.223) (0.226) (0.223) (0.228) (0.224) (0.229) (0.226)
Anxious of Storms, 0.020 0.012 0.035 0.039 —0.061 —0.091 —0.017 —0.001 0.013 0.003 0.011 0.009
Tornadoes (0.066) (0.066) (0.066) (0.066) (0.066) (0.066) (0.066) (0.066) (0.066) (0.066) (0.067) (0.066)
Anxious of Flood by Heavy 0.040 0.038 0.074 0.062 0.119 0.131 0.142* 0.095 0.139* 0.168 * 0.117 0.133
Rain (0.068) (0.069) (0.069) (0.069) (0.069) (0.069) (0.069) (0.069) (0.069) (0.069) (0.069) (0.069)
Anxious of Landslides —0.027 —0.005 —0.068 —0.077 —0.010 —0.054 —0.052 —0.031 —0.038 —0.051 —0.071 —0.073
(0.073) (0.073) (0.073) (0.074) (0.073) (0.073) (0.073) (0.074) (0.074) (0.074) (0.074) (0.074)
Anxious of Heavy Snow, —0.116 —0.119 —0.069 —0.132 —0.263 *** —0.305 *** —0.293 *** —0.345 *** —0.352 *** —0.323 *** —0.291 *** —0.239 **
Avalanches (0.078) (0.078) (0.078) (0.079) (0.079) (0.079) (0.079) (0.083) (0.083) (0.081) (0.084) (0.080)
Anxious of Flood by Storm —0.248* —0.223 * —0.152 —0.196 —0.126 —0.253 * —0.157 —0.156 —0.136 —0.225* —0.165 —0.084
Surge (0.101) (0.101) (0.101) (0.102) (0.101) (0.101) (0.101) (0.102) (0.102) (0.102) (0.102) (0.102)
Anxious of Earthquake, —0.047 —0.012 0.019 0.009 —0.007 0.031 0.040 0.038 0.06 —0.037 0.018 0.000
Liquefaction (0.066) (0.066) (0.066) (0.067) (0.066) (0.066) (0.066) (0.066) (0.066) (0.067) (0.067) (0.067)
Anxious of Tsunami 0.161 0.181* 0.150 0.222* 0.154 0.209 * 0.259 ** 0.135 0.127 0.195* 0.148 0.178
(0.088) (0.088) (0.089) (0.089) (0.089) (0.089) (0.088) (0.091) (0.091) (0.091) (0.091) (0.091)
Anxious of Fire 0.262 *** 0.221 ** 0.167 * 0.203 ** 0.217 ** 0.272 *** 0.211 ** 0.252 *** 0.240 *** 0.264 *** 0.243 *** 0.167 *
(0.070) (0.070) (0.070) (0.071) (0.070) (0.070) (0.070) (0.070) (0.070) (0.070) (0.070) (0.070)
cutl (WTP = 0 JPY) -0.176 * —0.079 —0.119 —0.193 * —0.237 ** —0.361 *** —0.255** —0.552 *** —0.450 *** —0.491 *** —0.458 *** —0.168 *
(0.089) (0.092) (0.085) (0.080) (0.084) (0.084) (0.084) (0.077) (0.076) (0.077) (0.077) (0.084)
cut2 (WTP = 1000 JPY) 1.807 *** 1.917 *** 1.891 *** 1.865 *** 1.893 *** 1.917 *** 1.942 *** 1.587 *** 1.643 *** 1.657 *** 1.722 % 1.993 ***
(0.093) (0.097) (0.090) (0.085) (0.089) (0.090) (0.090) (0.081) (0.081) (0.081) (0.082) (0.089)
cut3 (WTP = 2000 JPY) 2.667 *** 2.781 *** 2.791 *** 2.751 *** 2.860 *** 2.849 *** 2.871 ** 2.504 *** 2.593 *** 2.618 *** 2.707 *** 2.956 ***
(0.099) (0.103) (0.097) (0.093) (0.097) (0.096) (0.097) (0.088) (0.089) (0.090) (0.091) (0.098)
cut4 (WTP = 5000 JPY) 3.484 **+ 3.615 *** 3.692 *** 3.587 *** 3.705 *** 3.734 *** 3.742 3.411 3.441 *** 3.494 *** 3.586 *** 3.867 ***
(0.111) (0.114) (0.112) (0.108) (0.111) (0.109) (0.110) (0.104) (0.105) (0.107) (0.109) (0.114)
AIC 11,246.96 11,181.69 10,958.99 10,736.29 10,902.97 11,102.43 11,014.94 10,987.68 10,819.83 10,712.78 10,647.15 10,799.28
N 4428 4427 4416 4416 4433 4438 4430 4418 4414 4405 4406 4413

***p <0.01, * p <0.05, * p < 0.10. Standard errors in parentheses.
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The spatial parameter of distance from respondents’ residences to ecosystems con-
firmed that WTP decreased with increasing distance to fields, orchards, pastures, and
seaweed beds. The closer these ecosystems are from respondents” residences, the more
likely they will benefit from their ecosystem services, implying that people will also benefit
from them. Vegetables, fruits, livestock, and algae, such as wakame and kelp, are dis-
tributed in large quantities within a small area in Japan. These crops are also expected to be
shared by neighbors. This distance decay effect implies that supply services are brought
heterogeneously. Meanwhile, rice paddies, artificial forests, natural forests, coastal disaster
prevention forests, coral reefs, mangroves, tidal flats, and beaches did not show statistically
significant distance decay effects. Thus, these ecosystems benefit people in terms of spatial
homogeneity. Heterogeneity in these ecosystems’ provisioning services is not expected,
implying that the overall benefits of ecosystem services, including regulating services, are
provided uniformly. No other ecosystem variables were found to influence WTP in any
ecosystem. Respondents who lived within the same distance of one ecosystem and were
otherwise similar did not significantly differ in their WTP with distance to substitutes.
This finding implies that these ecosystems were considered unique goods, distinct from
artificial ecosystems or mere coastlines. Therefore, when considering the relationship
between spatial distance decay and WTP in natural ecosystems, substitutes may not be
accounted for.

When disaster-resistant ecosystems exist, people benefit from one of the ecosystems
regulating services: disaster prevention functions. When people recognize this function,
disaster experiences and anxiousness can increase their willingness to protect ecosystems
with a disaster deterrent function, thereby increasing WTP. To deepen the discussion of
disasters, we will look at how disaster experiences and anxiety shape the impact of WTP
on ecosystem protection. Figure 7 depicts these effects.

For disaster experience/anxiousness to lead to a willingness to protect, people must
recognize that the ecosystem can prevent the disaster. Furthermore, respondents must
hope that the ecosystem will serve as a refuge or that others will not go through the same
ordeal. Disasters have a significant impact on people’s lives. In particular, both disaster
experiences and concerns are expected to result in a significant loss of well-being. In other
words, disasters can reduce WTP by damaging people’s livelihoods. As a result, socioeco-
nomic factors, such as income and well-being, may be explanatory. Socioeconomic factors
are controlled by including them as explanatory variables in the analysis. Meanwhile,
happiness is discussed by conducting an additional analysis with subjective well-being
as the explained variable to examine the cognition and desire analysis (Supplementary
Data S7). Anxiousness about suffering from a heavy snow avalanche and earthquake
liquefaction had positive relationships with subjective well-being. In other words, concerns
about heavy snow avalanches and earthquake liquefaction may significantly reduce (at
least subjective) well-being. Therefore, when considering the impact of anxiety about heavy
snow avalanches and earthquake liquefaction on WTP, the impact of reduced well-being
must be considered. Thus, we re-ran the primary analysis with the addition of subjective
well-being. However, adding subjective well-being as an explanatory variable did not
affect the results. In other words, subjective well-being cannot explain the negative WTP
results for heavy snow avalanches and earthquake liquefaction anxiousness (the analysis
results with subjective well-being as an explanatory variable are shown in Supplementary
Data S8).

Respondents who had experienced a tsunami were more willing to protect natural
and coastal disaster prevention forests. Furthermore, respondents concerned about being
affected by the tsunami were more willing to protect these forests. These findings suggest
that the desire to be sheltered and prevent others from going through the same painful
experience as oneself is accompanied by a perception of ecosystems” disaster prevention
function. On the other hand, WTP for mangroves was higher only among respondents who
had experienced a tsunami disaster. This finding suggests that, although the experience of

’
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the tsunami disaster recognized ecosystems’ disaster prevention function, the anxiousness
about the disaster may not have.

/
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Figure 7. Compositional processes of the impact of disaster experience and anxiousness on WTP.

Similarly, only respondents who had experienced landslides, heavy snow, or avalanches
had higher WTP in farmland and forest systems. This finding suggests that disaster anx-
iousness does not lead to recognition of these ecosystems’ roles in preventing landslides
and avalanches, which is an important issue. However, in some cases, WTP was high
only for respondents with disaster anxiousness for tsunamis and fires. Respondents with
tsunami anxiousness had a higher WTP for pastures and seaweed beds, whereas those with
fire anxiousness had a higher WTP for agricultural and forested systems. These ecosystems
are widely recognized as having disaster prevention and mitigation functions for their
respective disasters; however, the findings suggest that they may be overlooked after the
disaster has occurred.

Furthermore, although marine ecosystems are not expected to have functions to
prevent heavy rainfall and floods, landslides, heavy snow and avalanches, earthquake
liquefaction, and fires, respondents who had experienced or were concerned about these
disasters had a high WTP. This result may reflect the fact that these disasters heightened
interest in disaster prevention and mitigation, regardless of each ecosystem’s disaster
prevention function. However, some cases (e.g., forest systems against wind storms and
tornadoes; farmlands, forest systems, tidal flats, and beaches against heavy rain flooding; all
ecosystems against storm surge flooding; farmlands and forest systems against earthquake
liquefaction; and rice paddies, fields, artificial forests, coral reefs, and tidal flats against
tsunami) did not show large WTP of respondents with disaster experience or anxiousness
despite their solid functions for disaster prevention and mitigation of that kind. This result
implies that social recognition of the role of ecosystems in mitigating these disasters has
made no progress. Fundamental advancements in information dissemination methods are
required. Surprisingly, rice paddies, fields, natural forests, and seaweed beds against storm
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surges, and artificial and natural forests against heavy snow avalanches, had low WTP
among disaster-anxious respondents. Another factor could be considered for heavy snow
avalanches, as the WTP of less relevant marine ecosystems is also low.

The use status of all ecosystems was found to influence WTP. We will use this op-
portunity to examine the differences in perception between users and nonusers. Local
governments and policymakers need to close the communication gap with citizens and
disseminate a culture of disaster risk awareness [38]. This observation will allow for a
more in-depth examination of the relationship between humans and the ecosystem. In
other words, because the hypothesis arose that users and nonusers are affected differently
by other variables, additional analysis was carried out to distinguish between users and
nonusers. Table 2 describes Model 5, which includes variables that intersect use status
with spatial variables, disaster experience, and disaster anxiousness (see Supplementary
Data S9 for all explanatory of Model 5). Living in a large city was irrelevant for users
(WTP was higher for users in large cities for mangroves and tidal flats). However, it was
lower for nonusers living in large cities for ecosystems other than fields, orchards, and
seaweed beds. Apart from tidal flats, ecosystems were more distantly located to urban
dwellers, implying that unfamiliarity affected WTP. A concern arises that as the urban
population ratio increases, people will become more unfamiliar with ecosystems, increasing
the likelihood that these ecosystems will be neglected. The greater the users” WTIP, the
closer they are to the field and the coastal disaster protection forest. This indicates that
the closer they are, the more likely they will reap the benefits. Moreover, the closer the
nonusers are to the orchard, pasture, and seaweed beds, the higher their WTP, indicating
that the closer they are, the more likely they will receive nonuse benefits. However, the
lack of statistically significant spatial heterogeneity in ecosystems other than those listed
suggests that the proximity of the ecosystem to the place of residence is not necessary for
both users and nonusers and that they thus receive homogeneous benefits. However, for
beach nonusers, the shorter the distance, the lower the WTP. This finding implies that the
closer they are, the more inconvenience they experience. In other words, nonuser beaches
may have the aspects of nuisance facilities.

Generally, users understand ecosystem function better than nonusers because they are
more interested in user behavior and thus have more opportunities to observe ecosystems
through use. Therefore, regardless of their disaster-related experiences or anxieties, they
are more likely to recognize the coordination service of ecosystems’ disaster prevention and
mitigation functions and reap the corresponding welfare benefits. In other words, when
nonusers’ understanding of ecosystems is sufficiently deepened by disaster experience or
anxiousness, the change manifested is more significant for nonusers than for users ((i.) in
Figure 8). Meanwhile, when the understanding is not sufficiently deepened (when only
users with a high level of interest understood), the change revealed is more significant for
users than nonusers ((ii.) in Figure 8). Furthermore, no discernible change is observed
when understanding is not deepened at all (even when interested users do not understand)
((dii.) in Figure 8). When residents’ understanding of ecosystems has been sufficiently
deepened by disaster experience and anxiousness ((i.) in Figure 8), it is easier to obtain
consensus when implementing policies that address their needs in disaster-affected areas.
Making policy achievements in disaster prevention and mitigation by ecosystems, even on
a small scale, will improve people’s understanding of disaster prevention and may lead to
larger-scale implementations in this situation [39]. In contrast, if people’s understanding
of ecosystems has not been sufficiently enhanced because of their disaster experiences
and anxiousness (ii), awareness-raising activities for people with relatively low interest in
ecosystems, such as nonusers, are likely to be practical while mobilizing users because they
already have a better understanding of ecosystems [40]. In that case, the disaster experience
or anxiety has not deepened the understanding of ecosystems at all (iii). Moreover, a
significant problem exists in disseminating information on ecosystems and their disaster
prevention and mitigation functions by the government and others. Therefore, information
providers must fundamentally alter their methods of information dissemination.
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Table 2. Regression models estimated with ordinal logit model (Model 5). Difference in regression coefficients by use status.
Paddy Crop Pasture Artificial Natural CcDP Coral Mangrove Seaweed Tidal
WTP 0/1T/2T/5T Field Field Orchard Land Forest Forest Forest Reef Forest Bed Flat Beach
User
Live in Megalopolis —0.123 —0.011 0.077 0.156 0.005 0.117 0.110 0.151 0.352* —0.008 0.289 * 0.090
Dummy (0.082) (0.081) (0.088) (0.100) (0.092) (0.092) (0.092) (0.127) (0.164) (0.147) (0.119) (0.079)
Distance to Target 0.030 —0.077 * —0.055 -0.077 —0.040 —0.081 —0.105 * —0.099 —0.118 0.064 0.047 —0.070
ecosystem (0.042) (0.038) (0.041) (0.046) (0.044) (0.044) (0.044) (0.081) (0.095) (0.087) (0.072) (0.049)
Distance to Substitute —0.03 —0.033 —0.078 * —0.111** —0.030 —0.009 —0.045 —0.068 0.022 —0.143 —0.102 0.003
(0.033) (0.033) (0.037) (0.042) (0.035) (0.035) (0.035) (0.065) (0.086) (0.091) (0.068) (0.051)
Nonuser
Live in Megalopolis —0.304 ** —0.258 —0.206 —0.214* —0.523 *** —0.512 *** —0.469 *** —0.180 * —0.191 ** —0.144 —0.306 *** —0.551 ***
Dummy (0.116) (0.135) (0.114) (0.097) (0.125) (0.124) (0.125) (0.078) (0.071) (0.077) (0.079) (0.107)
Distance to Target 0.049 —0.128 —0.144* —0.100 * 0.070 0.044 0.059 0.027 0.056 —0.120 ** 0.053 0.131 %
ecosystem (0.047) (0.068) (0.058) (0.049) (0.059) (0.059) (0.059) (0.036) (0.034) (0.043) (0.042) (0.065)
Distance to Substitute —0.012 —0.033 0.025 0.048 0.059 0.076 0.093 0.019 —0.007 0.088 * —0.001 —0.008
(0.075) (0.083) (0.053) (0.046) (0.058) (0.059) (0.059) (0.034) (0.034) (0.044) (0.038) (0.065)

***p <0.01,** p <0.05, * p < 0.10. Standard errors in parentheses.
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Figure 8. Expansion of the social recognition of the disaster prevention and mitigation functions
of ecosystems.

Figure 9 depicts the current state of each of these ecosystem understandings (see
Supplementary Data S9 for all Model 5 results). Many ecosystems are found in state
(iii), but only a few are found in state (i). Some ecosystem functions are becoming more
recognized among those concerned about tsunamis, heavy rain floods, and fires, and those
who have experienced landslides, heavy snow avalanches, earthquake liquefaction, and
tsunamis. Meanwhile, mangroves and seaweed beds showed low WTP among nonusers
who expressed disaster anxiety, as did artificial and natural forests against heavy snow
avalanches ((iv.) in Figure 9). Avalanches occur on the slopes of forested mountains;
thus, nonusers may misidentify forests as the cause of avalanche disasters. If so, raising
awareness is critical, as misinformation may lead to further environmental degradation.
Regarding rice paddies, fields, and natural forests from storm surges, the results show
that the WTP of users who expressed concern about the damage was low ((v.) in Figure 9).
This finding could imply that people who interact with ecosystems have given up on
maintaining ecosystems in areas where damage is a concern. If this is true, it would be a
problematic situation that may accelerate the risk of damage in places where the risk of
damage already exists. Furthermore, the low WTP observed for nonusers of coastal forests,
coral reefs, mangroves, seaweed beds, tidal flats, and beaches, which are less relevant to
heavy avalanche disasters, may reflect the inability of those anxious about heavy avalanche
disasters to afford the maintenance of ecosystems in which they are not intimately involved.

ECOLOGICAL SERVICES RECOGNITION and DISASTER CONCERNS

EXPERIENCE PADDY FIELD ORCHARD  PASTURE ART FOREST NAT FOREST CDP FOREST BEACH TIDAL CORAL  MANGROVE SEAWEED
Landslides ii. ii. ii. ii. iii. iii.
Heavy Snow, Avalanche ii. ii. ii. i ii. ii.
Earthquake, Liquefaction ii. jii. ii. ii. jii. jii. jii. fii. jii.
Tsunami iii. iii. iii. iii. ii. i. i, fii. ii. ii. fii.
Flood by Storm Surge fii. i jii. i fii. jii. fii.
Flood by Heavy Rain iii. iii. iii. iii. iii. iii. iii. iii. iii.
Storms, Tornadoes iii. iii. iii. fii.

Fire iii. iii. iii. iii. iii. iii. iii. iii.

ANXIOUS PADDY FIELD ORCHARD PASTURE ART FOREST NAT FOREST CDP FOREST BEACH TIDAL CORAL MANGROVE SEAWEED
Landslides iii. iii. iii. iii. iii. iii.
Heavy Snow, Avalanche iii. iii. iii. iii. iv. iv.
Earthquake, Liquefaction iii. iii. iii. iii. iii. iii. iii. iii. iii.
Tsunami ii. ii. ii. ii. ii. ii. ii. ii. . . . ii.
Flood by Storm Surge [N ii. ii. i [ ii. ii. ii. ii. iv. iv.
Flood by Heavy Rain fii. fii. fii. fii. ii. iil. ii. ii. il
Storms, Tornadoes iiil. iii. iii. fii.

Fire ii. ii. ii. ii. ii. ii. ii. ih

Figure 9. Stages of social recognition of the disaster prevention and mitigation functions of ecosystems.
The closer the color is to brown, the more serious the current situation.
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4. Conclusions

Dasgupta (2021) published an independent review of the economics of biodiversity,
described that nature as “our most precious asset”, and stated that humanity has collectively
mismanaged its “global portfolio” [41]. Ecosystem-based disaster risk reduction (Eco-
DRR) employs ecosystems and ecosystem services as buffers against hazardous natural
phenomena by preserving ecosystems and ecosystem services while providing food and
water [42]. As Dasgupta (2021) identified, through functions such as water supply, these
measures aid human and community responses to natural disasters [41]. This type of
Eco-DRR is one practical approach to disaster mitigation and climate change adaptation.
This study compiles empirical evidence on ecosystem services” use and nonuse values that
could result in significant benefits from meeting these commitments.

Generally, empirical studies estimating the public’'s WTP for ecosystem conservation
despite anthropogenic loss risks are lacking. This condition implies that these use and
nonuse benefits have yet to play a significant role in socioeconomic assessments. As a
result, we conducted the following;:

e  Re-examine the importance of incorporating spatial variables, considered in previ-
ous studies, into a function representing the benefits people receive from various
ecosystems.

e Investigate the appropriateness of integrating ecosystem use and nonuse values and
disaster prevention and mitigation functions into a function representing the benefits
people receive from ecosystems.

e  Construct a concept representing ecosystems’ perceived disaster prevention and miti-
gation functions based on the results.

Results show that distance decay varies by ecosystem type. Additionally, the findings
that WTP for rice paddies and forests, which are rarely distributed in a megalopolis, is low
within a megalopolis provide evidence that urbanization weakens the connection between
people and ecosystems. Moreover, we discovered that the use status of all ecosystems and
some disaster concerns significantly affect WTP. The findings that those who experienced
tsunamis had higher WTP for natural forests and coastal disaster prevention forests suggest
that people’s desire for disaster prevention and mitigation is linked to their perception
of ecosystems’ disaster prevention function. These findings highlight the importance of
incorporating use and disaster factors into conventional and spatial functions.

The effects of use status and disaster concerns on ecosystem preferences were used
to investigate the extent to which ecosystems’ disaster prevention and mitigation func-
tions are recognized. The findings suggest that some ecosystem functions are becoming
more recognized only with concern about tsunamis, heavy rainfall and floods, and fires,
and with experience of landslides, heavy snow avalanches, earthquake liquefaction, and
tsunami disasters. There is a lack of understanding about the remaining ecosystems” dis-
aster prevention and mitigation functions. Thus, we found some evidence that the value
of ecosystems’ disaster prevention and mitigation functions may be determined by how
people perceive them rather than by their actual functions. The results suggest the im-
portance of recognizing that the ecosystem disaster prevention and mitigation functions
are underestimated. Furthermore, public support for mitigating the effects on ecosystems
depends on public understanding of ecosystems, which is a critical communication issue.
Awareness-raising activities considering the use status can effectively raise awareness of
ecosystems’ disaster prevention function. Finally, although this study is one of the first
studies to investigate the relationship between preferences for ecosystems and space, use,
and disaster experiences covering the largest number of ecosystems (12 ecosystems), the
perceived value of ecosystems could change significantly through external shocks such as
large-scale natural disasters and pandemics that affect individuals” internal factors. In order
to capture the actual value of the ecosystems more accurately, reflecting the changes in
internal factors, it would be essential to investigate how external shocks affect individuals’
internal factors, which requires panel data. This limitation of the study could be addressed
in future studies.
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