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A B S T R A C T   

In recent decades, despite their value, coral reefs have been endangered and are swiftly declining because of land 
overuse, rising sea temperatures, and increasing ocean acidification. This study assesses the willingness to pay 
(WTP) for coral reef conservation in Japan. We conducted an online discrete choice experiment with 10,573 
respondents. A latent class logit model framework was used, and three respondent classes were recognized. The 
first, consisting of about 60% of respondents, had the highest income level and a willingness to pay 
326,036–414,391 JPY (100 JPY ≓ 1 USD) over a lifetime. Individuals in the second class, comprising ap-
proximately 30% of the respondents, were willing to pay 9792–12,262 JPY. The third class, consisting of ap-
proximately 10% of the respondents, comprised individuals not willing to pay any amount. We also evaluated 
the relative preferences of respondents for different conservation scenarios. The most preferred conservation 
target was total coral reef area, followed by scenic beauty, and species richness. We further estimate the effect of 
the types and amount of information on the WTP. Concise or detailed information with text and static images 
about coral reefs increased WTP by 11.7–19.1%. Providing video information, however, decreased the WTP by 
4.9–7.0%.   

1. Introduction 

1.1. Coral reefs under environmental changes and their poleward expansion 

Coral reefs are three-dimensional shallow-water structures domi-
nated by scleractinian corals and are found extensively in tropical and 
subtropical zones. They have important ecosystem functions with sev-
eral benefits such as seafood, services such as coastal protection, as well 
as cultural, scientific, aesthetic, recreational, and spiritual benefits 
(Moberg and Folke, 1999). Coral reefs are also some of the most 

productive and biologically diverse ecosystems on earth (Connell, 
1978): They serve as habitats for numerous organisms, such as fish and 
invertebrates; provide refuge from predators (Almany, 2004); act as 
food sources (Levin, 1994); and are an appropriate substrate for larvae 
to settle in (Williams and Sale, 1981). 

Today, coral reefs face unprecedented degradation at both the 
global and local levels. State-of-the-art climate models project that 
global warming will cause a sharp decline in habitat suitability for 
many of the most significant and biodiverse tropical and subtropical 
coral regions (Couce et al., 2013). Local-scale threats include land- 
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based pollution and the potential associated outbreak of coral-eating 
crown-of-thorns starfish, Acanthaster solaris (formerly A. planci) (Burke 
et al., 2011). A recent estimate shows that about 60% of reefs are en-
dangered by local threats (Burke et al., 2011). 

In addition, there is an expectation of potential poleward expansion 
to more favorable habitats (Yara et al., 2012; Couce et al., 2013; Yara 
et al. 2016). Couce et al. (2013) indicates that ocean acidification is less 
influential on future habitat suitability than global warming and its 
deleterious effects are centered evenly in both hemispheres between the 
5° and 20° latitudes. Since coral reefs around Japan include poleward 
limits of tropical and subtropical coral habitats, it is important in any 
evaluation to look not only at the reefs degraded by climate change, but 
also at coral habitats that have expanded poleward. To address and 
manage such risks, prior studies (e.g., Brander et al., 2007; Laurans 
et al., 2013) have focused on the economic valuation of coral reefs. 

1.2. Valuing coral reefs 

Economic valuation of coral reefs supports decision-making for 
sustainable management. The value of coral reefs may be divided into 
various components best described as different ecosystem services. 
Therefore, conservation plans for coral reefs can target different kinds 
and levels of attributes such as species richness, total preserved area, 
scenic beauty, and compensative poleward expansion of coral habitats. 

Discrete choice experiments (DCE) are widely used to estimate ci-
tizen preferences regarding environmental valuation (see  
Supplementary Information S1). DCE present respondents with a choice 
set including a number of alternatives differentiated by their attributes. 
Then the respondents are asked to choose one of the alternatives 
(Louviere et al., 2010). DCE quantify the relative preferences of citizens 
to such options, which in turn help inform managers and justify the 
implementation of certain conservation policies. 

Most of prior studies valuing preferences have focused on North 
America, Southeast Asia, and the Caribbean Sea (Brander et al., 2007), 
and a few studies have been conducted in the South Pacific Ocean 
(Laurans et al., 2013). In Japan, coral reefs have been valued in two 
locations: one in the Kerama Islands (Fujita, 2003), which are part of 
the Ryukyu Islands; the other around the Akashima Island (Tamura, 
2009), which is one of the Kerama Islands. However, these studies have 
focused on specific local areas, so no study has tried to value coral reefs 
in Japan on a large scale. 

1.3. Effects of information (and respondent attributes) on valuation 

To ensure a fair evaluation of unfamiliar goods, researchers need to 
explain the goods to the respondents before conducting a DCE. This is 
because respondent familiarity with, or accuracy of knowledge about, a 
public good can dramatically affect their valuation of it (LaRiviere 
et al., 2014), and because people tend to assign a lower value to un-
familiar goods. This effect has also been noted in the case of the va-
luation of coral reefs (Laurans et al., 2013; Tseng et al., 2015; Rodrigues 
et al., 2016) and cold-water coral habitats (Jobstvogt et al., 2014). 

Aanesen et al. (2015) indicate that explanations through workshops 
increase respondent willingness to pay (WTP) for cold-water corals in 
Norway (i.e., unfamiliar goods). Sandorf et al. (2016) also indicate that 
explanations aided by video material increase WTP. Grafeld et al. 
(2016) indicate that improved knowledge of divers about land-based 
pollution is associated with increased WTP for investments that may 
improve fish biomass, diversity, and charismatic species. 

The type and amount of information play an important role in stated 
preference surveys (Mathews et al., 2006). Static images and texts help 
respondents to evaluate targets (Shr et al., 2019). Moreover, video 
format can increase advertising recognition than pictures or other for-
mats (Chen et al., 2020). However, too much information can make 
respondents be tired, leading to impairment of the reliability of the 
results (Mathews et al., 2006). 

To the best of our knowledge, there is no study that examines the 
effects of the difference in the types and amount of information (i.e., 
how and how much information was provided) on the valuation of coral 
reefs, especially on a broader scale such as the case of Japan as a whole. 
Moreover, as respondent attributes (e.g., gender, age, educational and 
income levels, etc.) would also affect their WTP and their relative 
preferences to different targets of conservation, we take these variables 
into account. Such quantification would be useful for devising strategic 
campaigns for the conservation of coral reefs and to effectively raise 
awareness of this type of public goods. 

1.4. Aims of the study 

The aims of this study are to estimate the following aspects involved 
in conservation of coral reefs in Okinawa threatened by global and local 
environmental changes: (1) WTP of approximately 10,000 Japanese 
citizens for hypothetical conservation initiatives by a nationwide 
survey; (2) relative preferences of respondents for different conserva-
tion targets, namely, scenic beauty, coral species richness, the total area 
of coral reefs in Okinawa, and the compensative poleward expansion of 
coral habitats; (3) the effect of the difference in types and amount of 
information about coral reefs provided prior to the discrete choice ex-
periment. 

For the third aim, we prepared four kinds of information provision: 
(i) static images + short textual explanations, (ii) static images + long 
textual explanations, (iii) static images + short textual explanations 
edited into a video format with background music, and (iv) no prior 
explanation. Our hypotheses are as follows: (a) information provision 
increases the WTP for coral reefs (i, ii, iii  >  iv), (b) but too long in-
formation can be less effective (i ≥ ii), and (c) information provision 
through a video format is more effective (iii  >  i, ii). 

Such evaluation based on nationwide survey is informative for 
prioritization in conservation planning and in public relations. 

2. Materials and methods 

2.1. Coral reefs in Japan 

In Japan, there are many coral species (Fujikura et al., 2010), in-
cluding about 400 (Veron, 1992) of the 845 hermatypic (zoox-
anthellate) coral species in the world (Carpenter et al., 2008). Fur-
thermore, a very long latitudinal range is covered by the distribution of 
the Japanese reef hermatypic coral species, from the southern Ryukyu 
and Ogasawara Islands (24°N) to Tsushima Island (34°N) (Yamano 
et al., 2012). Non-reef hermatypic coral communities exist beyond Sado 
Island (38°N) (Yoshihara and Takehiko, 1978) and along the Pacific 
coast up to the Kanagawa (Eguchi, 1968) and Chiba prefectures (35°N) 
(Shimoike, 2004; Yamano et al., 2011, 2012). This wide latitudinal 
range of coral habitats is an appropriate system for detecting a change 
in coral communities induced by climate change (Yamano et al., 2011). 

Mass coral bleaching has increased in the southern islands of Japan, 
while the northward expansion of coral habitats is considered a con-
sequence of global warming (Yamano et al., 2011). Recent studies have 
projected that mass coral bleaching is increasing in the southern part of 
Japan (Yara et al., 2012, 2014, 2016) but the poleward expansion of 
coral habitats is more likely a temperature-driven shift triggered by 
rising surface water temperatures. Yet this poleward expansion is pro-
jected to be restricted by the southward expansion of ocean acidifica-
tion (Yara et al., 2012, 2016). If global temperatures rise in the range of 
2.0 °C to 5.4 °C by the end of this century, the spatial extent of the 
habitats suitable for tropical and subtropical corals around Japan may 
be reduced by half by 2020–2030 and may disappear completely by 
2030–2040 (Yara et al., 2012, 2016). 

In the Ryukyu Islands of southern Japan, in addition to coral 
bleaching, soil run-off may be another major cause of coral reef de-
gradation. Although the Okinawa prefecture has enacted an ordinance 
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for preventing heavy run-off sedimentation from land development and 
agricultural construction in 1995, run-off has continued from small- 
scale farmlands during heavy rains (Omijya, 2004), thereby reducing 
coral resilience against severe bleaching by 1998 (Hongo and Yamano, 
2013). A few effective methods to prevent soil run-off from farmlands 
have been developed, but the actual application of these methods needs 
significant funding. 

2.2. Discrete choice experiment 

The DCE was developed originally for marketing research by  
Louviere and Woodworth (1983). Since then, the DCE has been widely 
used not only in marketing research, but also in transportation, psy-
chometrics, and environmental valuation. In environmental valuation, 
earlier studies using the DCE focused on recreation (Adamowicz et al., 
1994), hunting (Adamowicz et al., 1997), and habitat protection 
(Adamowicz et al., 1998). Many recent studies have used the DCE for 
environmental valuation as well (Hoyos, 2010; de Ayala et al., 2015). 

This study also uses a DCE to value the Japanese coral reefs. The 
choice set is comprised of three potential scenarios for coral reef 
management: two extended conservation scenarios (ECS) and one 
normal conservation scenario (NCS). ECS is defined as increased con-
servation effort compared with current coral management, whereas 
NCS represents the status quo. 

2.2.1. Establishing attributes 
The scenarios are characterized by five attributes: coral reefs 

scenery in Okinawa (SCENERY), coral species richness in Okinawa 
(currently 400 species) (SPECIES), coral reef area in Okinawa (AREA), 
abundance of coral in Kyushu (KYUSHU), and donation amount for 
increasing conservation efforts of coral reefs (DONATION). Kyushu lies 
to the north of Okinawa and there is a possibility that climate change 
can induce the enlargement or the new establishment of coral reefs in 
that area. 

The following payment vehicles are generally used for DCEs in en-
vironmental valuation: Enactment of a special-purpose tax, an increase 
of an existing tax, setting fees for public services, setting entrance fee, 
rise in product price, and foundation of funds and donation to it 
(Kuriyama, 2008). Kuriyama (2008) points out that protest response 
(i.e., choosing status quo scenario because the respondent protests 
against some component of the valuation scenario, but see Meyerhoff 
and Liebe (2008) for various types of protest responses) tend to increase 
in Japan when a coercive payment vehicle is used and that therefore 
ambiguous payment vehicles such as “contribution” or “charge” are 
often used. In the present study, we set up a voluntary payment vehicle 
(i.e., DONATION). 

2.2.2. Assigning attribute levels 
The different options in the ECS and the NCS were determined based 

on expert opinions of coral reef researchers, assuming the conditions set 
forth under the Representative Concentration Pathway (RCP) 8.5 sce-
nario (IPCC, 2013) for the year 2100 are met. As a consequence of 
environmental changes, the attribute levels in the NCS were fixed as 
follows (c.f., right column of Fig. 1): SCENERY—10% main-
tain—meaning that 10% of the beautiful scenery of the current coral 
reefs would remain (c.f. Yara et al., 2012, 2016). SPECIES—30% 
maintain—meaning that 30% of the current 400 species would remain 
(c.f. Yara et al., 2012, 2016; Muko et al., 2019). AREA —5% main-
tain—meaning that 5% or the current coral reef area would remain 
(Yara et al. 2012, 2016). KYUSHU—10-fold increase—meaning that the 
new reef growth in Kyushu would be 10-fold (Yara et al., 2012, 2016; 
Makino et al., 2014). DONATION — 0 Japanese Yen (JPY, 100 JPY ≓ 1 
USD)—meaning that the donation required from the respondent is zero. 

Each of the ECS (i.e., ECS1 and ECS2) presents different options for 
the above attributes (c.f., left and middle column of Fig. 1). The four 
attributes (i.e., SCENERY, SPECIES, AREA, and KYUSHU) were 

presented with the targeted conditions for the year 2100 in the ECS. 
We referred to previous DCE studies of ecosystem management in 

Japan (Fujino et al., 2017; Murakami et al., 2018; Ohdoko and Yoshida, 
2012; Sakata, 2007; Senzaki et al., 2017; Shah et al., 2019; Wakamatsu 
et al., 2018; Wakita et al., 2019; Yamaura et al., 2016; Zhai et al., 2007; 
c.f., Supplementary Information S2) instead of conducting pre-test. 
Payment frequency of DONATION was set to once referring to Mitani 
et al. (2008). The levels of DONATION was set to 100, 500, 1000, 5000, 
10,000, 50,000 JPY, which are almost equivalent to those of Shoyama 
et al. (2013) (i.e., 10, 50, 100, 500, 1000, 2000, 5000 JPY per year for 
10 years). 

2.2.3. Designing the choice sets 
The next step is to generate hypothetical alternatives and combine 

them to create choice sets (Fig. 1 represents a choice set). Among choice 
sets, the options in the NCS were always the same; however, the options 
in each of the ECS changed. Using the Choice-based conjoint system 
(Sawtooth Software Inc, 2013), this study developed 20 combinations 
comprising the eight different choice sets (Supplementary Information 
S3). Respondents were randomly assigned to one of the 20 choice set 
combinations, and each respondent answered eight choice sets. 

2.3. Survey design and data collection 

The questionnaire developed for the study had four sections. The 
first section asked respondents to provide their perspectives on coral 
reefs. The questions were focused on their level of interest in and 
knowledge of coral reefs and the number of times they had visited a 
reef. 

2.3.1. Providing different types and amount of information 
The second section explained the valuable ecosystem services the 

coral reefs offer, along with the chronic threats to them, such as climate 
change, land-based pollution (i.e., land-based sedimentation and eu-
trophication by domestic, agricultural, and livestock wastewater 
(Fabricius, 2005), and the outbreak of coral-eating crown-of-thorns 
starfish A. solaris). To investigate the impact of the communication 
method, the respondents were divided into four groups. 

The first group (SHORT) was provided an explanation using short 
text and photos (Supplementary Information S4; 15 static images and 
728 letters in Japanese, equivalent to 303 words in English). The 
second group (LONG) received the explanation via long text and photos 
(Supplementary Information S5: 20 static images and 1777 letters in 
Japanese, equivalent to 714 words in English). The third group (VIDEO) 
received it through video content composed of short text and photos 
(Supplementary Information S6: 19 images and 473 letters in Japanese, 
equivalent to 186 words in English). The fourth group (NoInfo) was not 
provided any explanation. Each respondent was assigned to one of the 
four groups randomly. 

The flows of information were basically the same among the short, 
long and video explanations (Supplementary Information S7). How-
ever, several elements were included only in the short and long ex-
planations (e.g., element IDs 26–28 of Supplementary Information S8) 
or vice versa (IDs 29–31). Several photos (IDs 58, 59, and 67) were used 
only in the video but not in the short and long explanations to avoid 
duplication of the same photograph among the slides in the video. 

2.3.2. Providing hypotheticals and applying DCE 
The third section applied the discrete choice experiment. The fol-

lowing hypotheticals were provided to each respondent before the 
discrete choice experiment:  

1. Coral reefs are, and could be, threatened by problems such as 
bleaching, land-based pollution, global warming, and ocean acid-
ification.  

2. To increase conservation efforts in Okinawa, several scenarios for 
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long-term management of coral reefs are under consideration. 
3. Each scenario differs in the level of conservation for different ob-

jectives (i.e., scenery or seascape-landscape of coral reefs in 
Okinawa, species richness of corals in Okinawa, preserved area of 
coral reefs in Okinawa, and abundance of corals in the Kyushu re-
gion) and the amount in donations are required from the public.  

4. Respondents are asked to choose their most preferred scenario from 
each choice set eight times. Donation for the management of coral 
reefs is a one-time payment only. Respondents are asked to assume 

as if they lose their own money by the donation. 

2.3.3. Capturing respondent attributes and conducting the online survey 
The fourth section captured respondent attributes. This study 

gathered respondent gender, age, marital status, household size, 
household income, education, and whether the respondent job was 
related to coral reefs or not. 

The survey, “Questionnaire about coral reefs in Okinawa,” was 
distributed online on February 20–27, 2014 by Nikkei Research. The 

Fig. 1. Example of a choice set. Targeting (in ECSs 1 and 2) or assumed (in NCS) conditions in year 2100, followed by the donation amount and respondent 
preference. Each respondent answered eight choice sets like this example. Among the eight choice sets, the options in the NCS were always the same as status quo; 
however, the options in each of the ECS changed. This study developed 20 choice set combinations comprising the eight different choice sets. Respondents were 
randomly assigned to one of the 20 choice set combinations. 
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questionnaire was sent to 86,149 potential respondents both men and 
women aged between 20 and 69 years-old from all prefectures in Japan 
registered with the research company and its cooperative companies. 
The potential respondents were randomly sampled to fit ratios for 
gender, age (i.e., 20 s, 30 s, 40 s, 50 s, and 60 s), and the population of 
six broad geographic areas in order to generalize to the larger Japanese 
population. As a result, 13,304 people responded, and 10,577 com-
pleted the survey. Four respondents were removed because they did not 
validly state their educational attainment. Consequently, we obtained 
10,573 valid responses (response rate = 12.3%). The number of re-
spondents of SHORT, LONG, VIDEO, and NoInfo were 2715, 2695, 
2650, and 2513, respectively. The respondent characteristics are sum-
marized in Table 2. 

2.4. Analysis methods 

This study estimated respondent relative preferences for each at-
tribute of, or different target for, coral management using the latent 
class logit (LCL) model, currently the most common used methodology 
to investigate heterogeneity in choice data (Næs et al., 2018). The LCL 
model assumes that a discrete number of classes are sufficient to ac-
count for preference heterogeneity across classes (Greene and Hensher, 
2003; Shen, 2009). Within each class, the respondents are assumed to 
have a similar choice profile. The LCL was first introduced by Kamakura 
and Russell (1989), and Boxall and Adamowicz (2002) used it in en-
vironmental economics. Train (2008) further improved on the LCL 
methodology. Since then, the LCL has become a widely used method in 
environmental valuation. In this study, we applied the LCL following  

Train (2008) (see Supplementary Information S9 for the corresponding 
theoretical basis). 

We conducted LCL analyses for each group: SHORT, LONG, VIDEO, 
and NoInfo. A total of 201 respondents of the VIDEO group were ex-
cluded from the analysis because they answered that they could not 
watch the video information in the internet survey (consequently, 
sample size of VIDEO was 2449). The dependent variable was a dummy 
variable corresponding to the answer to the discrete choice experiment. 
The explanatory variables were SCENERY, SPECIES, AREA, KYUSHU, 
DONATION, and a dummy variable that represented the NCS (i.e., the 
alternative specific constant [ASC]). SCENERY, SPECIES, AREA, and 
KYUSHU were coded as follows: 5% maintain = 5, 10% maintain = 10, 
30% maintain = 30, 40% maintain = 40, 50% maintain = 50, 70% 
maintain = 70, two-fold increase = 2, five-fold increase = 5, and ten- 
fold increase = 10. The unit of DONATION was set to 10,000 Japanese 
Yen to fit the digits with coefficients of the other attributes. The class 
membership variables, which account for class heterogeneity among 
members, were GENDER, AGE, marital status (MARRIED), number of 
children (CHILDREN), household income (INCOME), educational at-
tainment (EDUCATION), and whether their professions were related to 
coral reefs (JOB). We used the statistical software STATA, version 14.0 
by StataCorp LP, for the LCL analysis. This study used the default set-
tings for LCL analysis in STATA 14.0. 

2.5. Considering the time for a respondent spent on the survey 

The research company also recorded time of each respondent to 
click “to the next” button of each page throughout the online survey. 
Then duration time, in which the respondent is assumed to have spent 
browsing information and/or responding to a question, was calculated 
for each page. Seven respondents (one, three, one, and two respondents 
of the SHORT, LONG, VIDEO, and NoInfo groups, respectively) were 
excluded from the following analyses because the values of the duration 
times were zero in the row data provided from the research company 
presumably because of respondents’ environment such as respondents’ 
devices (specific smartphones or game machines), disabled Javascript, 
and going back and forth through the Web pages. Consequently, the 
sample sizes of SHORT, LONG, VIDEO, NoInfo were 2714, 2692, 2448, 

Table 1 
Attributes and levels of scenario-conserving coral reefs.    

Attributes Levels  

SCENERY 10% maintain, 40% maintain, 70% maintain 
SPECIES 30% maintain, 50% maintain, 70% maintain 
AREA 5% maintain, 10% maintain, 30% maintain, 

50% maintain, 70% maintain 
KYUSHU two-fold increase, five-fold increase, ten-fold increase 
DONATION 100, 500, 1000, 5000, 10000, 50,000 (JPY) 

Table 2 
Socio-economic characteristics of respondents.      

Characteristics Status Number Percentage (%)  

GENDER 0 = Man 5356 50.7% 
1 = Woman 5217 49.3%  

AGE Integer from 20 to 69 Average = 46.49 standard deviation = 11.37  

MARRIED 0 = Not married 3327 31.5% 
1 = Married 7246 68.5%  

CHILDREN Integer from 0 to 9 average = 2.17 standard deviation = 1.16  

INCOME 1 = under 3 million JPY (Japanese Yen) 1829 17.3% 
2 = 3–5 million JPY 2620 24.8% 
3 = 5–7.5 million JPY 2687 25.4% 
4 = 7.5–10 million JPY 1916 18.1% 
5 = 10–15 million JPY 1123 10.6% 
6 = 15–30 million JPY 344 3.3% 
7 = over 30 million JPY 54 0.5%  

EDUCATION 1 = Junior high school 1 0.0% 
2 = High school 112 1.1% 
3 = Vocational school 2340 22.1% 
4 = Junior college 2420 22.9% 
5 = University 4976 47.1% 
6 = Graduate school of master course 539 5.1% 
7 = Graduate school of doctoral course 185 1.7%  

JOB 0 = Not related to coral reefs 10,132 95.8% 
1 = Related to coral reefs 441 4.2% 

Note. CHILDREN: number of children, INCOME: household income.  
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and 2511, respectively, in the following analyses. 
The duration times were summed up for each of the following three 

steps: (1) Tinfo, time to go through the information in Section 2.3.1; (2) 
Texp, time to go through the explanation about the DCE (i.e., hypothe-
ticals 1–4 in Section 2.3.2); and (3) Tcho, time to choose a scenario from 
each choice set (Fig. 1) eight times. Tinfo, Texp, and Tcho were log- 
transformed (hereafter lnTinfo, lnTexp, and lnTcho), and we checked that 
their correlation coefficients are not high (0.43–0.51) with the ggpairs 
function of the package GGally version 1.4.0 (Emerson et al., 2013) in R 
version 3.6.2 (R Core Team, 2019) (Supplementary Information S10). 

Then we conducted additional analyses incorporating lnTinfo and 
lnTexp as interaction terms into the LCL model for each group-class (see  
Section 3.1) to consider the relation between the evaluation and time 
spent on the survey by each respondent. Although the response or 
completion time is reported to have a significant bearing on estimates 
of utility coefficients and error variance (Holmes et al., 1998; Malhotra, 
2008; Campbell et al., 2018), Tcho was not incorporated because the 
models become too complicated and because it was beyond the scope of 
the present study. 

3. Results 

In the LCL analysis, the decision on the number of classes is typically 
based on information criteria for model selection, but may also be 
chosen by the researcher (Greene and Hensher, 2003). In our case, the 
Akaike Information Criterion (AIC) and Bayesian Information Criterion 
(BIC) became smaller as the number increased from two to five 
(Table 3). However, the larger these numbers, the more complicated 
their interpretation. Thus, to achieve a balance between model fit and 
interpretability, we set the number of the classes to three in our LCL 
models. 

3.1. Latent class analyses to investigate relative preference for attributes of 
conservation scenarios and respondent attributes 

Tables 4a–d summarize the results of the LCL analyses for the 
groups SHORT, LONG, VIDEO, and NoInfo, respectively. The para-
meters for choice attribute variables (the upper halves of Tables 4a–d) 
are associated with relative preferences for each attribute in the DCE in 
each class (i.e., classes C1, C2, or C3), which are posteriorly determined 
by the LCL models. Because LCL analyses were conducted in-
dependently for the four groups, the respondents classified into the 
class C1 of the SHORT group are independent from those in C1 of the 
other groups, and so on. However, in the preliminary analyses, we 
found common tendencies and therefore assigned the class names 
throughout the groups as follows: C1, respondents classified into this 

group preferred extended conservation scenarios (ECS) and were rela-
tively tolerant to an increase in the donation amount; C2, respondents 
also preferred ECS but were more sensitive to an increase in the do-
nation amount; C3, respondents tended to avoid ECS and therefore 
preferred the normal conservation scenario (NCS). Throughout the 
groups, class share probabilities (i.e., proportions) were approximately 
60%, 30%, and 10% for C1, C2, and C3, respectively. The class mem-
bership parameters (the lower halves of Tables 4a–d) represent differ-
ences in respondent attributes between the reference class (C3) and the 
respective target class (i.e., C1 or C2). 

3.1.1. LCL analysis for respondents provided with short explanation 
In the SHORT group, the values of coefficient of ASC were sig-

nificantly negative in C1 and C2 (Table 4a), meaning that those clas-
sified into these classes preferred the extended conservation scenarios 
(ECSs). On the other hand, the ASC was positive in C3, indicating that 
those preferred normal conservation scenarios (NCS) were classified 
into C3. 

The coefficients of SCENERY, SPECIES, and AREA were all sig-
nificantly positive in C1 and C2 (Table 4a), indicating that those in-
dividuals prefer enhancing conservation efforts related to these aspects. 
The coefficient of KYUSHU was not significantly different from zero in 
C1 and C2 but was significantly positive in C3, meaning that re-
spondents in C3 favor efforts designed to increase coral size in Kyushu. 
The coefficients of DONATION were significantly negative for classes 
C1, C2, and C3 (Table 4a), indicating that larger donation amounts are 
less preferred. The absolute value of the coefficient of DONATION was 
much larger in C2 than in C1 and C3, suggesting that individuals 
classified into C2 were more sensitive to donation size. 

The coefficients of GENDER, AGE, JOB, EDUCATION, and INCOME 
were significantly positive for C1 (Table 4a). So, individuals classified 
into C1 were more likely to be a woman (dummy variable = 1) than a 
man, older, have a job related with coral reefs, have more years of 
education, and have the higher household income in comparison with 
those in the reference class C3. The coefficients of GENDER, AGE, and 
EDUCATION were significantly positive for C2, meaning that those 
classified into C2 were more likely to be a woman, older, and have more 
years of education as well. The average class share probabilities were 
0.573, 0.329, and 0.099 for C1, C2, and C3, respectively (Table 4a). 

3.1.2. LCL analysis for respondents provided with long explanation 
The coefficients of ASC, SCENERY, SPECIES, AREA, and DONATION 

showed similar tendencies to those in the SHORT group. The coefficient 
of KYUSHU was significantly positive in C1 and C3, indicating a pre-
ference for efforts leading to coral growth in Kyushu. On the other 
hand, the coefficients of KYUSHU in C2 were significantly negative, 
representing the opposite preference. 

The coefficients of GENDER, AGE, CHILDREN, EDUCATION, and 
INCOME were significantly positive in C1, so individuals in C1 were 
more likely to be a woman, older, have more children, have more years 
of education, and have higher household income. In C2, the coefficients 
of GENDER and CHILDREN were significantly positive, and the average 
class share probabilities were 0.582, 0.327, and 0.091 for C1, C2, and 
C3, respectively (Table 4b). 

3.1.3. LCL analysis for respondents provided with video explanation 
The coefficients of ASC, SPECIES, and DONATION showed similar 

tendencies relative to those in the SHORT group. The coefficients of 
SCENERY and AREA were significantly positive in C1, C2, and C3, in-
dicating a preference for higher levels of conservation in all the classes. 
The coefficient of KYUSHU was significantly positive in C2 and C3, 
representing a preference for choices including the growth of corals in 
Kyushu (Table 4c). 

The coefficients of GENDER, AGE, and INCOME were significantly 
positive in C1, whereas that of GENDER was positive in C2. The class 
shares were 0.621, 0.292, and 0.087 for C1, C2, and C3, respectively. 

Table 3 
Log likelihood, Akaike Information Criterion (AIC), and Bayesian Information 
Criterion (BIC) of latent class logit models with different class numbers.       

Group Class number Log likelihood AIC BIC  

SHORT 2 −16029.977 32099.954 32218.085 
SHORT 3 −14783.047 29634.093 29834.916 
SHORT 4 −14503.748 29103.496 29387.010 
SHORT 5 −14237.445 28598.890 28965.096 
LONG 2 −15933.892 31907.784 32025.767 
LONG 3 −14838.776 29745.552 29946.123 
LONG 4 −14534.845 29165.689 29448.849 
LONG 5 −14156.565 28437.130 28802.878 
VIDEO 2 −14301.693 28643.386 28759.454 
VIDEO 3 −13246.667 26561.334 26758.651 
VIDEO 4 −13026.391 26148.781 26427.346 
VIDEO 5 −12904.305 25932.610 26292.423 
NoInfo 2 −15125.515 30291.031 30407.615 
NoInfo 3 −14070.132 28208.263 28406.457 
NoInfo 4 −13815.303 27726.606 28006.409 
Noinfo 5 −13648.914 27421.827 27783.240 
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3.1.4. LCL analysis for respondents provided without explanation 
The coefficients of ASC, SCENERY, SPECIES, KYUSHU, and DON-

ATION showed similar tendencies relative to those in the SHORT group. 
The coefficients of AREA were significantly positive in C1, C2, and C3. 
The coefficients of GENDER, AGE, MARRIED, and INCOME were sig-
nificantly positive in C1, meaning that those classified into C1 were 
more likely to be a woman, be married, and have higher household 
income than those in the reference class C3. The coefficient of GENDER 
was significantly positive in C2 as well. The class shares were 0.598, 
0.296, and 0.106 for C1, C2, and C3, respectively (Table 4d). 

3.2. Relative preference for attributes of conservation scenarios in terms of 
WTPs 

3.2.1. Calculating marginal WTP and potentially maximum WTP 
WTP per person for an ECS with arbitrary attribute levels can be 

estimated from the results of the LCL analyses. First, the marginal WTP 
of a class g member for each one of the choice attribute variables (i.e., 
ASC, SCENERY, SPECIES, AREA, and KYUSHU) per unit of donation 
was calculated by the following formulae: 

=MW ,ASC g
ASC g

DONATION g

,

,

, (1)  

=MW ,SCENERY g
SCENERY g

DONATION g

,

,

, (2)  

=MW ,SPECIES g
SPECIES g

DONATION g

,

,

, (3)  

Table 4a 
Estimation result of latent class logit model for SHORT group.            

Group-Class 
(Class share) 

SHORT-C1 
(0.573) 

SHORT-C2 
(0.329) 

SHORT-C3 
(0.099)  

Co-efficient Standard 
error 

p-value Co-efficient Standard error p-value Co-efficient Standard error p-value  

Choice attribute variables 
DONATION −0.131 0.009 0.000*** −3.526 0.108 0.000*** −0.214 0.044 0.000*** 
ASC −2.834 0.111 0.000*** −2.508 0.085 0.000*** 1.789 0.155 0.000*** 
SCENERY 0.013 0.001 0.000*** 0.010 0.001 0.000*** 0.002 0.002 0.384 
SPECIES 0.011 0.001 0.000*** 0.007 0.002 0.000*** −0.003 0.004 0.354 
AREA 0.017 0.001 0.000*** 0.013 0.001 0.000*** 0.002 0.002 0.465 
KYUSHU −0.001 0.004 0.728 −0.009 0.008 0.228 0.054 0.017 0.002**  

Class membership variables 
GENDER 0.467 0.146 0.001** 0.717 0.156 0.000*** 0   
AGE 0.021 0.007 0.002** 0.014 0.007 0.047* 0   
MARRIED 0.146 0.175 0.403 0.238 0.188 0.205 0   
CHILDREN 0.081 0.074 0.278 0.110 0.078 0.160 0   
JOB 1.440 0.586 0.014* 0.756 0.620 0.223 0   
EDUCATION 0.246 0.073 0.001** 0.208 0.079 0.008** 0   
INCOME 0.113 0.057 0.049* 0.058 0.061 0.343 0   
Intercept −0.990 0.460 0.031* −1.130 0.499 0.024* 0   

Note: For definitions of choice attribute variables, see Sections 2.2.1, 2.2.2, and 2.4. 
For class membership variables, see Table 2. 
The legend *, **, *** means p  <  0.05, 0.01, 0.001, respectively.  

Table 4b 
Estimation result of latent class logit model for LONG group.            

Group-Class 
(Class share) 

LONG-C1 
(0.582) 

LONG-C2 
(0.327) 

LONG-C3 
(0.091)  

Co-efficient Standard error p-value Co-efficient Standard error p-value Co-efficient Standard error p-value  

Choice attribute variables 
DONATION −0.116 0.010 0.000*** −3.662 0.112 0.000*** −0.955 0.229 0.000*** 
ASC −2.633 0.090 0.000*** −2.286 0.081 0.000*** 2.010 0.168 0.000*** 
SCENERY 0.013 0.001 0.000*** 0.007 0.001 0.000*** 0.002 0.003 0.430 
SPECIES 0.010 0.001 0.000*** 0.010 0.002 0.000*** 0.003 0.004 0.542 
AREA 0.016 0.001 0.000*** 0.014 0.001 0.000*** 0.003 0.003 0.317 
KYUSHU 0.008 0.004 0.031* −0.024 0.008 0.002** 0.053 0.021 0.013*  

Class membership variables 
GENDER 0.531 0.151 0.000*** 0.760 0.162 0.000*** 0   
AGE 0.017 0.007 0.010* 0.001 0.007 0.841 0   
MARRIED −0.036 0.185 0.845 0.096 0.201 0.632 0   
CHILDREN 0.161 0.082 0.048* 0.255 0.086 0.003** 0   
JOB 0.184 0.327 0.573 −0.548 0.396 0.166 0   
EDUCATION 0.158 0.075 0.035* 0.100 0.082 0.221 0   
INCOME 0.148 0.058 0.010* 0.071 0.062 0.258 0   
Intercept −0.443 0.480 0.355 −0.090 0.518 0.862 0   

Note: For definitions of choice attribute variables, see Sections 2.2.1, 2.2.2, and 2.4. 
For class membership variables, see Table 2. 
The legend *, **, *** means p  <  0.05, 0.01, 0.001, respectively  
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=MW ,AREA g
AREA g

DONATION g

,

,

, (4)  

=MW ,KYUSHU g
KYUSHU g

DONATION g

,

,

, (5) 

where βASC,g, βSCENERY,g, βSPECIES,g, βAREA,g, βKYUSHU,g , and βDONATION,g 

are the coefficients of the choice attribute variables in Tables 4a–d. 
Using Eqs. (1)–(5), the WTP of a class g member for ECS was calculated 
as follows: 

= +

+

+

+

WTP MW ASC ASC MW

SCENERY SCENERY MW

SPECIES SPECIES MW

AREA AREA MW

KYUSHU KYUSHU

( )

( )

( )

( )

( ),

ECS g ASC g ECS NCS SCENERY g

ECS NCS SPECIES g

ECS NCS AREA g

ECS NCS KYUSHU g

ECS NCS

, , ,

,

,

,

(6) 

where SCENERYECS, SPECIESECS, AREAECS, and KYUSHUECS may be the 
values in Table 1, whereas ASCECS, ASCNCS, SCENERYNCS, SPECIESNCS, 
AREANCS, and KYUSHUNCS were zero, one, 10%, 30%, 5%, and 10-fold, 
respectively (see Section 2.2.2). By substituting SCENERYECS, SPECIE-
SECS, AREAECS, and KYUSHUECS into Eq. (6) with the most mitigated 
levels of each attribute in Table 1 (i.e., 70%, 70%, 70%, and 2-fold, 
respectively), the potentially maximum WTP (hereafter pm-WTP) of a 
class g member is represented by the Eq. (7) below: 

= + +

+ +

pmWTP MW MW MW

MW MW

(0 1) (70 10)

(70 30) (70 5) (2 10).

g ASC g SCENERY g SPECIES g

AREA g KYUSHU g

, , ,

, ,

(7)  

pm-WTP expresses WTP for the “most” extended conservation sce-
nario, which targets to conserve 70% of scenic beauty, 70% of species 
diversity, and 70% of the total area of coral reefs in Okinawa, and to 
keep the increase of corals in Kyushu to 2-fold, at the end of the 21st 
century. 

Table 4c 
Estimation result of latent class logit model for VIDEO group.            

Group-Class 
(Class share) 

VIDEO-C1 
(0.621) 

VIDEO-C2 
(0.292) 

VIDEO-C3 
(0.087)  

Co-efficient Standard error p-value Co-efficient Standard error p-value Co-efficient Standard error p-value  

Choice attribute variables 
DONATION −0.158 0.011 0.000*** −3.997 0.147 0.000*** −0.207 0.062 0.001** 
ASC −2.876 0.105 0.000*** −2.112 0.088 0.000*** 2.561 0.195 0.000*** 
SCENERY 0.013 0.001 0.000*** 0.011 0.001 0.000*** 0.008 0.004 0.019* 
SPECIES 0.010 0.001 0.000*** 0.007 0.002 0.000*** −0.008 0.005 0.106 
AREA 0.017 0.001 0.000*** 0.016 0.001 0.000*** 0.009 0.004 0.012* 
KYUSHU −0.005 0.004 0.186 0.022 0.009 0.017* 0.094 0.026 0.000***  

Class membership variables 
GENDER 0.733 0.169 0.000*** 0.918 0.182 0.000*** 0   
AGE 0.018 0.007 0.015* −0.002 0.008 0.815 0   
MARRIED 0.133 0.197 0.500 0.324 0.217 0.135 0   
CHILDREN 0.082 0.084 0.332 0.125 0.091 0.166 0   
JOB 0.315 0.376 0.401 −0.914 0.503 0.069 0   
EDUCATION −0.016 0.079 0.843 −0.036 0.086 0.675 0   
INCOME 0.227 0.063 0.000*** 0.066 0.069 0.333 0   
Intercept 0.077 0.525 0.883 0.578 0.573 0.313 0   

Note: For definitions of choice attribute variables, see Sections 2.2.1, 2.2.2, and 2.4. 
For class membership variables, see Table 2. 
The legend *, **, *** means p  <  0.05, 0.01, 0.001, respectively.  

Table 4d 
Estimation result of latent class logit model for NoInfo group.            

Group-Class 
(Class share) 

NoInfo-C1 
(0.598) 

NoInfo-C2 
(0.296) 

NoInfo-C3 
(0.106)  

Co-efficient Standard error p-value Co-efficient Standard error p-alue Co-efficient Standard error p-value  

Choice attribute variables 
DONATION −0.141 0.010 0.000*** −3.931 0.130 0.000*** −0.271 0.047 0.000*** 
ASC −2.708 0.097 0.000*** −2.366 0.089 0.000*** 1.787 0.138 0.000*** 
SCENERY 0.014 0.001 0.000*** 0.008 0.001 0.000*** 0.002 0.002 0.509 
SPECIES 0.009 0.001 0.000*** 0.009 0.002 0.000*** 0.006 0.004 0.080 
AREA 0.016 0.001 0.000*** 0.013 0.001 0.000*** 0.006 0.002 0.012* 
KYUSHU 0.007 0.004 0.083 −0.007 0.008 0.433 0.094 0.017 0.000***  

Class membership variables 
GENDER 0.521 0.149 0.000*** 0.551 0.162 0.001** 0   
AGE 0.018 0.007 0.007** 0.011 0.007 0.123 0   
MARRIED 0.381 0.176 0.031* 0.305 0.193 0.115 0   
CHILDREN −0.110 0.072 0.127 −0.121 0.080 0.130 0   
JOB 0.265 0.396 0.503 −0.182 0.463 0.694 0   
EDUCATION 0.089 0.074 0.230 −0.023 0.081 0.778 0   
INCOME 0.200 0.057 0.000*** 0.074 0.063 0.239 0   
Intercept −0.427 0.465 0.358 0.110 0.503 0.827 0   

Note: For definitions of choice attribute variables, see Sections 2.2.1, 2.2.2, and 2.4. 
For class membership variables, see Table 2. 
The legend *, **, *** means p  <  0.05, 0.01, 0.001, respectively.  
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Marginal WTPs and pm-WTPs were estimated for each group and 
class (Table 5). The pm-WTPs for class C1 for the SHORT, LONG, 
VIDEO, and NoInfo groups were 399,407, 414,391, 326,036, and 
350,724 JPY, respectively. Those for class C2 were 12,262, 11,497, 
9792, and 10,295, whereas those for C3 were −98,648, −20,881, 
−124,988, and −66,762 JPY, respectively (see Supplementary 
Information S11). 

MWASC, accounted for 54.3% (=216,748/399,407) of pm-WTP of 
class C1 in the SHORT group (Table 5). Likewise, MWASC accounted for 
54.0–100.8% of pm-WTP throughout classes and groups (see  
Supplementary Information S11). 

Marginal WTPs for different conservation targets were estimated as 
MWAREA  >  MWSCENERY  >  MWSPECIES in C1 for all groups (Table 5). 
As formulae (6) and (7) indicate that MWAREA, MWSCENERY, and MWS-

PECIES are multiplied by 65, 60, and 40, respectively, and therefore 
AREA had the largest impact on the estimation of pm-WTP, followed by 
SCENERY and SPECIES in C1. The values of MWAREA were also highest 
in C2 and C3, except for groups SHORT-C3 and NoInfo-C3. 

3.2.2. Effects of information on potentially maximum WTPs 
For C1, pm-WTPs were estimated as LONG-C1  >  SHORT- 

C1  >  NoInfo-C1  >  VIDEO-C1 (see Table 5 and Supplementary 
Information S11). Specifically, this is equivalent to a 18.2% and 13.9% 
increase in LONG-C1 and SHORT-C1, respectively, compared to NoInfo- 
C1. On the other hand, pm-WTP of VIDEO-C1 decreased by 7.0%. 

For C2, pm-WTPs were estimated as SHORT-C2  >  LONG- 
C2  >  NoInfo-C2  >  VIDEO-C2, implying that providing short and long 
explanations increased pm-WTP by 19.1% and 11.7%, respectively. 
Following the result for C1, the pm-WTP for VIDEO-C2 decreased by 
4.9%. 

For C3, pm-WTPs were estimated as LONG-C3  >  NoInfo- 
C3  >  SHORT-C3  >  VIDEO-C3 (see Table 5 and Supplementary 
Information S11). 

3.3. Relation between duration time and preferences for attributes of 
conservation scenarios 

3.3.1. Summary statistics 
The median duration to complete the whole survey was 11 minutes 

and 25 seconds for available data (N = 10,365). The medians of Tinfo 

were 47, 61, 169, and NA seconds for SHORT, LONG, VIDEO, and 
NoInfo, respectively (Supplementary Information S12). Likewise, the 
medians were 17, 14, 18, and 18 seconds for Texp and 165, 162, 171, 
and 162 seconds for Tcho, respectively. 

Tinfo of 25.4% (621 out of 2448) respondents of VIDEO group were 
less than 157 seconds, the actual length of the video prepared, in-
dicating that they have stopped watching the video before the end. 

The duration times (i.e., lnTinfo, lnTexp, and lnTcho) were significantly 
shorter in C3 compared to C1 and C2 throughout SHORT, LONG, 
VIDEO, and NoInfo groups (Supplementary Information S13–15), being 
consistent with Sandorf et al. (2016) in that respondents rushing 
through the survey are more likely to choose status quo scenario (i.e., 
NCS in the present study). 

3.3.2. Relation between duration time and preferences for attributes 
To explore relationships between the duration time (i.e., Tinfo and 

Texp) and preferences, we posteriorly assigned each respondent to either 
of C1, C2, or C3 classes based on the probability predicted from the LCL 
model. Then we applied conditional logit models for each group-class 
incorporating lnTinfo and lnTexp as interaction terms with SCENERY, 
SPECIES, AREA, KYUSHU, and DONATION. 

We selected the minimum-AIC model from the lnTinfo-only, lnTexp- 
only, and lnTinfo + lnTexp models for each group-class (Supplementary 
Information S16). If incorporated, interaction terms lnTinfo*SCENERY, 
lnTinfo*SPECIES, and lnTinfo*AREA tended to be significantly positive 
(Supplementary Information S17), indicating that respondents with 
longer Tinfo preferred scenarios with higher SCENERY, SPECIES, and 
AREA. Contrary, lnTinfo*DONATION tended to be significantly negative, 
indicating that respondents with longer Tinfo preferred scenarios with 
lower DONATION. lnTinafo*KYUSHU was significantly positive only in 
VIDEO-C3. 

Except for LONG-C3, lnTexp was selected for interaction terms in all 
the AIC-minimum models (Supplementary Information S17). As same 
as lnTinfo, interaction terms lnTexp*SCENERY, lnTexp*SPECIES, and 
lnTexp*AREA tended to be significantly positive, indicating that re-
spondents with longer Texp preferred scenarios with higher SCENERY, 
SPECIES, and AREA. Contrary, lnTexp*KYUSHU and lnTexp*DONATION 
tended to be significantly negative, indicating that respondents with 
longer Texp preferred scenarios with lower KYUSHU and DONATION. 

4. Discussion 

4.1. WTPs of Japanese citizens for coral reef conservation 

Although the four different groups (SHORT, LONG, VIDEO, and 
NoInfo) are independent from each other (see Section 3.1), the class 
share of C1 was about 60% for all groups (Tables 4a–d). The values of 
pm-WTP for C1 were also similar irrespective of the group, ranging 
from 326,036 to 414,391 JPY (Table 5). The class share of C2 was about 
30% in all groups as well, with the pm-WTP of C2 relatively low for all 
groups, ranging from 9792 to 12,262 JPY. The class share of C3 was 
about 10% for all groups, and their pm-WTPs were negative ranging 
from −124,988 to −20,881 JPY, indicating a preference for NCS. 

The difference in the pm-WTPs between class C1 and C2 accounts 

Table 5 
Marginal WTPs (MW) for each attribute and potentially maximum WTP (pm-WTP) of each group-class.               

Group-Class MWASC 

(JPY) 
(SE) MWSCENERY 

(JPY/%) 
(SE) MWSPECIES 

(JPY/%) 
(SE) MWAREA 

(JPY/%) 
(SE) MWKYUSHU 

(JPY/fold) 
(SE) pm-WTP 

(JPY) 
(SE)  

SHORT-C1 −216,748 (17,437) 1020 (83) 842 (86) 1337 (107) −105 (302) 399,407 (19,865) 
LONG-C1 −227,901 (19,749) 1083 (103) 880 (101) 1417 (132) 724 (349) 414,391 (22,933) 
VIDEO-C1 −182,415 (13,614) 795 (66) 615 (66) 1057 (86) −328 (248) 326,036 (15,584) 
NoInfo-C1 −192,651 (14,577) 1010 (82) 652 (74) 1159 (96) 493 (289) 350,724 (17,015) 
SHORT-C2 −7112 (229) 28 (3) 21 (5) 37 (3) −26 (21) 12,262 (451) 
LONG-C2 −6242 (243) 20 (3) 27 (5) 38 (3) −66 (21) 11,497 (448) 
VIDEO-C2 −5283 (280) 27 (3) 18 (5) 40 (3) 54 (22) 9792 (481) 
NoInfo-C2 −6018 (252) 19 (3) 22 (5) 32 (3) −17 (21) 10,295 (460) 
SHORT-C3 83,422 (20,152) 99 (116) −157 (172) 82 (114) 2534 (984) −98,648 (24,868) 
LONG-C3 21,039 (5681) 24 (31) 28 (45) 31 (30) 551 (261) −20,881 (6882) 
VIDEO-C3 123,837 (40,671) 400 (203) −409 (281) 426 (211) 4560 (1888) −124,988 (48,419) 
NoInfo-C3 66,041 (13,619) 59 (89) 232 (138) 221 (96) 3483 (899) −66,762 (18,308) 

Note: For definitions of ASC, SCENERY, SPECIES, AREA, and KYUSHU, see Sections 2.2.1, 2.2.2, and 2.4. 
SE: Standard error. For details of the calculation method of a standard error, refer to Hole (2007).  
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for the tolerance of C1 to an increase in the donation amount (i.e., the 
smaller absolute values of the coefficients of DONATION in Tables 
4a–d). It may be explained by the higher household income of class C1 
for all groups (Tables 4a–d). The pm-WTP of C3 for all groups was 
negative, implying a preference for ASC and an avoidance of the highest 
level of ECS, which was assumed in the calculation of pm-WTP. 

Although we set levels of DONATION to cover the range of previous 
studies, pm-WTPs of C1 were estimated to be much higher in our DCE, 
resulting in a kind of extrapolation. We might have observed that the 
pm-WTP reach plateau in between 50,000 and 414,391 JPY if the levels 
of DONATIONS have had ranged wide enough. We should have con-
ducted pre-test especially in this regard. 

The first possible reason for such high WTPs is that people have 
widely different preferences for wildlife (Barbier, 2011). Our re-
spondents may have put much higher values on coral reefs compared to 
other ecosystems studied previously. The second possible reason is 
hypothetical biases (see Section 4.4). 

The third possible reason is that our DCE assumed a one-time pay-
ment for lifetime. So, if the estimated pm-WTPs were divided by 
50 years, the yearly payments would range between 6521 and 8288 
JPY/year/person. These values are comparable to reported WTPs for 
conserving coral reefs in Okinawa (3955–5871 JPY/year/person 
(Fujita, 2003) and 8154 JPY/year/person (Tamura, 2009)) and Taiwan 
(35.75 USD/year/person) (Tseng et al., 2015), although that in South 
Korea is much lower (1763 Korean Won, or 1.5 USD/year/household) 
(Kwon et al., 2018). These computations imply that about 60% of Ja-
panese citizens are willing to pay for conservation of coral reefs in 
Okinawa at roughly the same levels as local residents of and visitors to 
Okinawa. 

4.2. Relative preference for different conservation targets 

MWASC accounted for 54.0–100.8% of pm-WTP throughout classes 
and groups (Tables 4a–d & 5 and Supplementary Information S11). It is 
reasonable that ECS to conserve larger area of coral reefs were preferred 
the most. For example, Target 11 of the Aichi Target of the Convention 
on Biological Diversity states as follows (SCBD, 2010): “By 2020, at 
least 17 percent of terrestrial and inland water areas and 10 percent of 
coastal and marine areas, …, are conserved…” 

Conserving scenic beauty is also essential to tourism, which is also a 
source of income for sustainable development (UNWTO and UNDP, 
2017). It is possible, however, that the outstanding colors (pink) in the 
photograph used for the level of “70% maintain” in SCENERY (c.f.  
Fig. 1) may have drawn a lot of attention and created an unrealistic 
bias. 

Species richness is important from a conservation perspective as 
well (Waheed et al., 2015). Managers and experts of coral reefs would 
have to continue their efforts to promote public awareness of various 
aspects of coral reefs (McClanahan et al., 2011) under environmental 
changes. 

The interpretation of the values of MWKYUSHU was complicated. 
Although the authors assumed that an increase of corals in Kyushu is an 
unfavorable consequence of climate change, a certain amount of re-
spondents may have recognized it as a favorable phenomenon in the 
DCE. 

4.3. Effect of the difference in the types and amount of information on 
WTPs 

For C1 (i.e., “the high-WTP class”), pm-WTPs were estimated as 
LONG  >  SHORT  >  NoInfo  >  VIDEO, implying that providing de-
tailed information about coral reefs with photos and texts is effective 
for those with higher household income. Contrary to a previous study 
(Sandorf et al., 2016) and our own expectation, however, showing 
video decreased the pm-WTP. 

For C2 (i.e., “the low-WTP class”), pm-WTPs were estimated as 

SHORT  >  LONG  >  NoInfo  >  VIDEO, implying that concise in-
formation is easier to understand and is a more effective way to in-
crease the WTP of people who are more sensitive to an increase in the 
donation amount. 

The respondents in class C3 (i.e., “the negative-WTP class”) are re-
garded to be unwilling to pay for conservation. The pm-WTPs were 
estimated as LONG  >  NoInfo  >  SHORT  >  VIDEO, indicating that 
providing detailed information is also effective for such people to re-
duce negative attitudes toward conservation efforts. On the other hand, 
treatments of SHORT as well as VIDEO showed negative effects on pm- 
WTP, running contrary to our expectations. 

These results partly support our hypotheses in that (a) information 
provision increases the WTP for coral reefs, and (b) longer information 
can be less effective. Contrary to previous studies (Sandorf et al., 2016; 
c.f., Chen et al., 2020) and our expectation (hypothesis (c) in Section 
1.4), however, the estimated pm-WTPs of VIDEO were lowest among 
groups throughout the classes. One of the possible reasons is that the 
amount of the information in the video was limited compared to the 
short and long explanations (Supplementary Information S8). Because 
the video progress automatically, we edited the video simplifying each 
slide. Consequently, the total numbers of the text and visual elements in 
the short, long, and video information were 64, 96, and 42, respectively 
(the bottom of Supplementary Information S8). 

The second possible reason is the absence of a schema and a table in 
the video. Issues surrounding corals were summarized in a schema and/ 
or a table in the short and long explanations whereas they were broken 
down into separate slides in the video (element IDs 32–59 in  
Supplementary Information S8). The schema and/or table may have 
been more efficient and played a significant role in understanding 
complex information such as local and global issues surrounding coral 
reefs. Information that coral reefs serve for education is only presented 
in the video (element IDs 29–31 in Supplementary Information S8). 
Contrary, information that coral reefs serve as a natural break water 
was missing in the video (element IDs 26–28). Such differences might 
have caused the lower pm-WTP of VIDEO group as well. 

The third possible reason is that our video was much longer than 
attention spans (WISTIA, 2016). Respondents of the VIDEO group 
might have not been able to keep concentration and just waited until 
the video ends, whereas those of the SHORT and LONG groups had to 
click each slide to go through the information. 

However, the pm-WTPs of VIDEO was even lower than those of 
NoInfo in all the classes. The possible reason is that the video was too 
long and made respondents irritated (Hegner et al., 2016). The length 
of our video was 157 seconds and was much longer than the medians of 
the time respondents went through the short (47 seconds) and long (61 
seconds) explanations. Moreover, our video was played back in the 
normal speed and did not allow respondents to accelerate nor to com-
press to reduce time to go through. 

Respondents of online research panels usually participate to surveys 
motivated by getting rewards (Ohsumi and Maeda, 2008; Hanibuchi 
et al., 2015). Longer duration periods would reduce the efficiencies and 
might have been perceived as a goal impediment (Cho and Cheon, 
2004). The negative effect of being forced watching lengthy informa-
tion might have exceeded the positive effect of being provided in-
formation in the VIDEO group. 

Positive interactions between lnTinfo and SCENARY, SPECIES, and 
AREA indicate correlations between longer engagement with informa-
tion and preference to higher levels of coral reef conservation. 
Contrary, negative interactions between lnTinfo and DONATION indicate 
longer engagement reduced DONATION. Provided information con-
tained an explanation about complexed local and global issues (element 
IDs 32–56 in Supplementary Information S8). Longer engagement with 
such an explanation might have made respondents aware of limitation 
of conservation efforts against negative impacts such as global warming 
and ocean acidification. 
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4.4. Potential biases towards the high WTPs 

Stated preference method (see Supplementary Information S1) are 
susceptible to various types of biases (Mitchell and Carson, 1989) such 
as strategic bias (i.e., strategic misrepresentation of preferences where 
the respondent wants a specific outcome, e.g., Meginnis et al. (2018)), 
hypothetical bias (Murphy et al., 2005; Hensher, 2010; Penn and Hu, 
2018), and payment vehicle bias (Mitchell and Carson, 1989; see also  
Section 2.2.1). 

Hypothetical bias is a tendency for stated WTPs to exceed actual 
WTPs because respondents do not have to pay from their own money 
(Kuriyama, 2008). It may partly explain the extremely high WTPs in 
class C1. 

In our DCE, respondents were explained about a hypothetical to 
assume as if they lose their own money by the donation (the hy-
pothetical 4 in Section 2.3.2). Enhanced awareness of this hypothetical 
by careful reading would reduce DONATION. Negative interactions 
between lnTexp and DONATION support this expectation. 

Another issue is that governments may use the collected tax, even a 
special-purpose tax, for other purposes. Such a worry could increase 
protest responses (Kuriyama, 2008) and a preference for status quo 
scenario, resulting in lower WTPs (i.e., payment vehicle bias). Although 
the relationship between protest responses and WTPs are complexed 
(Meyerhoff and Liebe, 2008; Frey and Pirscher, 2019), this may partly 
explain the higher WTPs in the present study than in previous studies 
that used taxes as payment vehicles. 

4.5. Limitations and challenges 

In the preparation of the short, long, and video information, we 
failed to use exactly the same elements. It is unavoidable to some extent 
but made difficult to interpret the effect of the video information. Our 
results infer the effectiveness of using a schema or a table, which were 
not used in our video, in explaining complex environmental issues. 

In reference to video contents, Guo et al. (2014) report that the 
median engagement time is at most six minutes in online learning. In 
fact 33.3% (815 out of 2448) of our respondents stopped watching the 
video before end. Lang et al. (2020) reports that students who watched 
online video contents in 1.25 speed are more likely to get better grades 
in a course, attempt more content, and obtain more certificates. Con-
ciseness and accelerated playback function may improve the re-
spondents’ experience with videos. 

Overall, we assume three potential reasons for the lowest WTPs in 
VIDEO group: 1) insufficiency of textual explanation, 2) lack of a 
schema and a table, and 3) too long duration time. It would be neces-
sary to pursue effective and efficient amount and type of information to 
raise awareness of public goods and to reduce biases in DCEs as well. 

Our results are suffered with various biases. For example, Ohsumi 
and Maeda (2008) and Hanibuchi et al. (2015) point out that “frivo-
lous” or problematic responses may be in relation to shorter and/or 
longer response times. There are no standard or empirical thresholds of 
abnormally short or long response time (Hanibuchi et al., 2015), and 
thus we did not exclude respondents with short or long response time. 
Such examinations would be necessary in further analyses (e.g.,  
Campbell et al., 2018). 

5. Conclusions 

This study is the first to conduct a discrete choice experiment with 
approximately 10,000 respondents from all over Japan to quantify WTP 
for the conservation of coral reefs in Okinawa, which account for more 
than 90% of coral reefs in Japan (Ministry of the Environment and 
Japanese Coral Reef Society, 2004). We adopted the latent class logit 
models, and respondents were classified into three posteriorly-de-
termined classes: (1) a class consisting of about 60% of respondents 
showing higher WTPs (pm-WTPs = 326,036–414,391 JPY over their 

lifetime); (2) a class consisting of about 30% of respondents showing 
lower WTPs (pm-WTPs = 9792–12,262 JPY); (3) a class of about 10% 
respondents unwilling to pay for conservation efforts (pm-WTPs = 
(−124,988)  − (−20,881) JPY). A respondent of the first class is more 
likely to be a woman, older, and have a higher income level compared 
with the third class (reference class). A respondent of the second class is 
more likely to be a woman, compared to the reference class. The pm- 
WTPs of the first class were comparable to the reported WTPs in Oki-
nawa (Fujita, 2003; Tamura, 2009) and Taiwan (Tseng et al., 2015). 
This implies that Japanese citizens, as a whole, are willing to pay for 
conservation of coral reefs in Okinawa at roughly the same levels as 
local residents and tourists visiting coral reef areas. 

Next, we evaluated relative preferences of respondents for different 
attributes of conservation scenarios. The most preferred conservation 
target, which was associated with the highest marginal WTP, tended to 
be the total area of coral reefs, followed by scenic beauty, and species 
richness. Because tourism and biodiversity are also important compo-
nents of coral reefs (Conservation International, 2008), managers toned 
to continue their efforts promoting public awareness of various and 
related aspects of coral reefs under environmental change (Duffy et al., 
2016). 

Finally, we estimated the effect of the types and amount of in-
formation on WTP. Providing concise and detailed information, which 
took 47 and 61 seconds on average to go through, with text (about 
300–700 words) and static images (15–20 visuals) prior to the discrete 
choice experiment increased pm-WTP by 11.7–19.0%. Providing in-
formation with video (157 seconds in length with about 180 words and 
19 visuals), however, decreased pm-WTPs. These results infer that the 
presentation of our short and long information were effective, whereas 
that of the video information was ineffective in that the amount of 
information was insufficient and/or the duration time was too long. 
Moreover, our results indicate that the optimal amount of information 
might differ depending on respondents (e.g., age, gender, and income 
levels). Further studies would help effectively designing information to 
promote public awareness of ecosystem services. 
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