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Abstract 
The Leptobotia curta, known as the Ayumodoki in Japanese, is a freshwater fish endemic 
to Japan that was designated as a protected species in 1977. This fish is, however, recently 
categorized as a “critically endangered species” by the Japanese Ministry of the 
Environment’s Red Data Book. While a direct reason of population decline of the 
Ayumodoki is plausibly land use development and corresponding water pollution in 
Kameoka City in Kyoto Prefecture, the habitat of the Ayumodoki, we posit that people’s 
unawareness of its value plays a critical role. 

The objective of this research is to measure the economic value (willingness-to-
pay) of the Ayumodoki, which people cannot recognize in their daily lives, and to delve 
into the structure of the economic value for the Ayumodoki, addressing the role of river 
water quality, conservation activities, and conservation of paddy rice fields. Specifically, 
we used a choice-type conjoint method in which we first conducted a questionnaire survey 
among residents of Kameoka City and then demonstrated statistical analyses of the 
collected data. 

Our results showed that the economic value of the Ayumodoki was calculated to be 
US$0.04 per fish. This means that the economic value of 500 fish (the minimum 
population required to sustain its population size) for all 37,852 residents in Kameoka 
City was $0.78 million. We concluded that this value calculated for the Ayumodoki could 
be used as evidence for the validity of spending a certain amount of public funds on their 
conservation. 
 
 
1. Introduction 
The Leptobotia curta, more commonly known as the Ayumodoki, is a freshwater fish that 
is endemic to Japan and that has been designated both a protected species (1977) and a 
national endangered species under the Act for the Conservation of Endangered Species 
of Wild Fauna and Flora. It is related to the loach, but was given its name because it 
resembles the Ayu when swimming. In the past, it was a familiar sight in the rice fields 
and irrigation canals over a wide area of the Ujigawa, Kizugawa, Katsuragawa, 
Kamogawa, Kiyotakikawa, and Yodogawa Rivers in the Yodogawa River system. 
However, in recent years, it has only been seen in some rivers in the Yodogawa River 
system in Kameoka City1, Yagi Town, and Okayama Prefecture. The Ayumodoki is 

                                                   
∗ This research is supported by research funds from the City of Kameoka. We are deeply grateful for their support. 
1 Kameoka is a city of approximately 90,000 people located in a semi-rural region 20 kilometers west 
of Kyoto City. Here after, we write Kameoka City as simply Kameoka. 
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currently designated a “critically endangered species” in the Ministry of the 
Environment’s Red Data Book and “critically endangered” in Kyoto Prefecture’s Red 
Data Book. 

In April 2009 in Kameoka, Kyoto Prefecture, in order to conserve the endangered 
species Ayumodoki, local residents, self-governing bodies, affiliated groups, specialists, 
and government bodies joined together to establish the Kameoka’s Hozu Region 
Ayumodoki Conservation Council. The Council has been selected as a project in the 
Ministry of the Environment’s Project for Promoting and Supporting Biodiversity 
Conservation and is conducting various conservation activities for the Ayumodoki 
(including research studies). 

The main reasons that the Ayumodoki faces extinction are thought to be changes to 
agricultural methods (i.e., the use of agricultural chemicals and herbicides) and changes 
to its habitat (modifications to rivers and paddy rice fields, which have reduced the bodies 
of water the fish uses as its spawning grounds), as well as poaching and the invasion of 
foreign fish species. Despite these types of changes over time, conservation methods exist. 
Thus, determining why its population has diminished to the verge of extinction is of 
interest. Resource economics suggests that people are not aware of the Ayumodoki’s 
value. In general, wildlife is not traded on the market, so its monetary value is not clarified. 
Therefore, people tend to disregard the existence of wildlife and do not have an incentive 
to actively conserve it. 

The objective of this research is to measure the economic value (willingness-to-
pay) of the Ayumodoki that people cannot recognize in their daily lives. At the same time, 
the economic values of attributes other than the Ayumodoki (i.e., river water quality, 
conservation activities, and conservation of paddy rice fields that we also cannot 
recognize in general) are also measured. Further, using the measurement of these 
economic values for people, the economic values of the Ayumodoki and other attributes 
for all residents of Kameoka are calculated, so that the validity of pursuing to conserve 
the fish Ayumodoki with Kameoka financial support is confirmed. 

Measurements of the economic value of Ayumodoki have been conducted in the 
past (Onizuka, 2011; Tsuyoshi Tamura et al., 2012). They used the contingent valuation 
method (CVM) as the method of measurement. However, CVM is known to be easily 
influenced by the questioning methods and content or by the questionnaire setting, so bias 
may occur. Therefore, in this research, conjoint analysis is used to measure the economic 
value of the Ayumodoki, as it has less bias and allows for the object of evaluation to be 
evaluated based on some attributes. In this method, a questionnaire survey is conducted 
among residents, data collected from it are analyzed statistically, and estimates are 
conducted. 

In the next section, the endangered species Ayumodoki is described along with its 
current conditions, including its habitat and conservation activities conducted to preserve 
the species. Section 3 shows our estimation model, in particular, the theoretical 
background of the model used in this choice-type conjoint analysis research. Section 4 
states the data and information on the respondents themselves that are provided from the 
answers to the questionnaire survey. In Section 5, based on conjoint analysis, the results 
on estimates for the respondents’ willingness-to-pay for the Ayumodoki and its other 
attributes are described, also the total economic values for all residents of Kameoka assign 
to the Ayumodoki, river water quality, and conservation activities are calculated. Final 
Section concludes the results of the study and mentions the further researches left for the 
future. 
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2. The endangered species Ayumodoki and its habitat 
An investigation of the Ayumodoki population inhabiting waters in Kameoka was 
launched in August 2004 by Professor Akihisa Iwata of the Graduate School of Asian and 
African Area Studies, Kyoto University. Figure 1 shows the changes in the mean values 
of the estimated population of Ayumodoki parent fish by Professor Iwata between 2004 
and 2013. Professor Iwata estimated the maximum and minimum values of the population 
of fish born in the current year (1 year old) and the parent fish (2 years old or older). 
However, the figure provided shows only the mean value of the parent fish, because the 
parent fish population must be maintained above a certain number in order to sustain the 
total Ayumodoki population. From the figure, we see that the mean value of the parent 
fish population was maintained at about 500 fish in the most recent 3-year period (since 
2011). 
 

 
Figure 1．Changes in the estimated population (number of fish) of the 

Ayumodoki (mean value of parent fish population; 2004 to 2013) 
 

The most important aspect of the Ayumodoki’s habitat is the quality of the river 
water it inhabits. To determine the water quality in Kameoka’s rivers, a water quality 
indicator is used, known as the biochemical oxygen demand (BOD) value. The BOD 
values of all rivers in Kameoka are published each year in the Kameoka’s Environmental 
White Paper. The BOD expresses the amount of oxygen that microorganisms need for 
oxidative decomposition of organisms in water (unit, mg/ℓ). In general, a higher value 
signifies lower water quality. 
 

 
Figure 2．Changes in the mean BOD value (mg/ℓ) of all rivers in Kameoka 

(1975 to 2010) 
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Figure 2 shows the changes in the mean BOD value of all rivers in Kameoka from 
1975 to 2010. The graph slopes downward to the right, indicating a continual 
improvement in water quality over the 35 years indicated. The BOD value over the last 
few years has been maintained at a level of around 1.5 mg/ℓ, indicating good water quality. 
Rivers with a BOD value of 2 mg/ℓ or less are categorized as area A-type water, which is 
transparent, colorless, and odorless to the extent that even salmon and Ayu can inhabit it, 
signifying that it is an extremely good habitat for the Ayumodoki. 

Next, paddy rice fields are also important habitats for the Ayumodoki. This is 
because the Ayumodoki lay their eggs in the paddy rice fields and nearby irrigation canals 
and the eggs spawn and grow in these waters. Therefore, it is essential to protect the paddy 
rice fields in order to conserve the Ayumodoki. The total area of paddy rice fields in 
Kameoka is currently 18.11km², which is approximately 8% of the total area of Kameoka 
of 224.90km². 

Ayumodoki conservation activities in Kameoka, Kyoto Prefecture are carried out 
by the Kameoka’s Hozu Region Ayumodoki Conservation Council. The Council was 
established on April 23, 2009, following the submission to the mayor of Kameoka titled 
the “Proposal to Conserve Ayumodoki in Kameoka” in March of the same year. Currently, 
the Council has been selected as a project under the Ministry of the Environment’s Project 
for Promoting and Supporting Biodiversity Conservation. In addition to conserving and 
recovering the Ayumodoki population, it is dedicated to conducting activities to improve 
the habitat of the fish species. 

The Council’s five main Ayumodoki conservation activities are as follows: 
i. Ayumodoki rescue activities: rescuing Ayumodoki from downstream areas that 

experience water shortages owing to the erection of rubber dams from paddy rice 
fields that dry up because of cultivation and from surrounding irrigation channels 
that have water shortages because of drainage 

ii. Maintaining Ayumodoki spawning grounds: weeding and felling trees in 
Ayumodoki spawning grounds 

iii. Activities to eradicate foreign species: activities to eradicate foreign species in 
Ayumodoki’s habitat rivers and upstream areas, such as pond fishing (in 2011, 
354 largemouth bass and 624 bluegills were eradicated) 

iv. Poaching-prevention patrols: Patrols by the Ayumodoki Patrol Unit 
v. Activities to increase awareness: participate in environmental events held in 

Kameoka, Kyoto Prefecture, and elsewhere, and erect panels and other displays 
concerning Ayumodoki conservation activities 

The total number of people participating in Ayumodoki conservation activities is 
around 150 people per year (average of 2012 and 2013). They are currently carrying out 
these activities as volunteers. 
 
3. Estimation model (choice-type conjoint analysis) 
In this research, conjoint analysis was used to estimate the economic value of the 
Ayumodoki. The theoretical background of the estimation model is explained in this 
section. Of the different conjoint analysis techniques, this research uses the choice-type 
method (choice experiment), in which multiple profiles are shown to the respondents, 
who then choose the one they most prefer. This choice-type method, which has the 
advantage of being highly consistent with the theoretical model of consumers in 
economics, is widely used in the field of environmental economic value assessment 



IIFET 2016 Scotland Conference Proceedings 

5 
 

(Adamowicz et al., 1998; Holmes et al., 1998; Rolfe et al., 2000; Kuriyama, 2002; 
Sakagami and Kuriyama, 2009). 

The fundamental theory of the choice-type conjoint analysis is based on the random 
utility model. In this model, the choice behavior of respondents, namely, their choice from 
among multiple options is represented as a discrete choice, and each choice made is 
expressed as a random utility function. For example, in the event that respondent i (of n 
respondents) chooses option j from among the multiple choice set C (consisting of m 
choices), the utility Uij obtained from this choice, which can be divided into two parts, is 
expressed as follows: 

𝑈𝑈𝑖𝑖𝑖𝑖 = 𝑉𝑉𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖  𝑖𝑖 = 1, 2,⋯ ,𝑛𝑛 ;  𝑗𝑗 = 1, 2,⋯ ,𝑚𝑚 , (1) 

here, Vij is the part of the representative utility that can be objectively observed (indirect 
utility function), and εij is the stochastic part (error term) derived from the nature of the 
individual for which objective observation is not possible. Further, if the indirect utility 
function Vij is hypothesized as a linear additive function of each attribute variable x, the 
indirect utility function Vij can be expressed as follows (the attribute of K items is included 
in Vij,, but this attribute is explained in detail in Section 4. 

𝑉𝑉𝑖𝑖𝑖𝑖 = ∑ 𝛽𝛽𝑖𝑖𝑗𝑗𝑥𝑥𝑖𝑖𝑗𝑗𝑖𝑖𝐾𝐾
𝑗𝑗=1   𝑘𝑘 = 1, 2,⋯ ,𝐾𝐾 , (2) 

here, β is a parameter (coefficient) indicating utility. 
Respondent i selects choice j when the utility Uij obtained from j is bigger than the 

utility Uih obtained from the other choice, h (Uij ＞Uih j ≠  h). However, as the 
probabilistic part is included within these utilities, when the respondent selects choice j, 
it can only be expressed by the probability. This probability Pij is expressed as follows: 

𝑃𝑃𝑖𝑖𝑖𝑖 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 �𝑈𝑈𝑖𝑖𝑖𝑖 > 𝑈𝑈𝑖𝑖𝑗𝑗,∀ ℎ ∈ 𝐶𝐶� 
= 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 �𝑉𝑉𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 > 𝑉𝑉𝑖𝑖𝑗𝑗 + 𝜀𝜀𝑖𝑖𝑗𝑗,∀ ℎ ∈ 𝐶𝐶� (3) 

The choice-type conjoint analysis, which is founded on the random utility model, 
uses the conditional logit model. However, assuming that the error term ε is independent 
and identically distributed (iid) as a type-1 extreme value distribution2, the conditional 
logit model can be represented as a simple closed form, as follows3 (McFadden, 1974; 
Greene, 2011): 

𝑃𝑃𝑖𝑖𝑖𝑖 = 𝑒𝑒𝑒𝑒𝑒𝑒�𝜃𝜃𝑉𝑉𝑖𝑖𝑖𝑖�
∑ 𝑒𝑒𝑒𝑒𝑒𝑒 (𝜃𝜃𝑉𝑉𝑖𝑖ℎ )𝑚𝑚
𝑖𝑖=1

 , (4) 

here, θ is the scale parameter and is generally normalized to one. 

                                                   
2 The type-1 extreme value distribution, also known as the Gumbel distribution, is expressed by the formula 𝐹𝐹�𝜀𝜀𝑖𝑖𝑖𝑖� =
𝑒𝑒𝑥𝑥𝑒𝑒(−𝑒𝑒−𝜀𝜀𝑖𝑖𝑖𝑖). 
3 The derivation of the conditional logit model is omitted in this paper; please refer to Louviere et al. (2000, pp.44-51) 
for details on how it is derived. Although the multinomial logit model is similar to the conditional logit model, they do 
have some differences. In the former, the property (attribute) of the choice is the only determinant of the choice 
probability, but in the latter, the choice probability depends not only on the choice’s characteristics but also on the 
nature of the individual (Maddala, 1983, p.42). 
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Parameter β, which is included in this conditional logit model, is estimated using 
maximum likelihood estimation4. The estimation uses the log likelihood function L, 
which is expressed as follows: 

𝐿𝐿 = ∑ ∑ 𝛿𝛿𝑖𝑖𝑖𝑖𝑚𝑚
𝑖𝑖=1 ln𝑛𝑛

𝑖𝑖=1 �𝑃𝑃𝑖𝑖𝑖𝑖� , (5) 

here, δ ij is the dummy variable, which takes 1 when choice j is selected and 0 otherwise. 
In maximum likelihood estimation, the utility parameter β is estimated with the log 
likelihood function L taken as the maximum value. 

Further, in the conditional logit model based on random utility theory, the 
willingness to pay (WTP), which is supported by economic theory, is expressed as follows 
(Louviere et al., 2000 pp.337-341): 

𝑊𝑊𝑊𝑊𝑃𝑃 ≅ 𝐶𝐶𝐶𝐶 = 𝛾𝛾−1�ln�∑ 𝑒𝑒𝑥𝑥𝑒𝑒 𝑉𝑉𝑖𝑖0𝑚𝑚
𝑖𝑖=1 � − ln�∑ 𝑒𝑒𝑥𝑥𝑒𝑒𝑚𝑚

𝑖𝑖=1 𝑉𝑉𝑖𝑖1�� , (6) 

here, CS is the compensation surplus, and γ is the marginal utility of income. Moreover, 
Vj

0 and Vj
1 are indirect utility functions respectively showing the conditions before and 

after environment change. The compensation surplus CS is interpreted as being 
practically identical to WTP. 

In this paper, the marginal willingness to pay is measured for each attribute. 
Therefore, when V, which is the indirect utility function that can be objectively observed, 
is totally differentiated, it is expressed as follows (the term ij is deleted in equation (7)):  

𝑑𝑑𝑉𝑉 = ∑ 𝜕𝜕𝑉𝑉
𝜕𝜕𝑒𝑒𝑘𝑘

𝑑𝑑𝑥𝑥𝑗𝑗 + 𝜕𝜕𝑉𝑉
𝜕𝜕𝑒𝑒𝑝𝑝

𝑑𝑑𝑥𝑥𝑒𝑒𝐾𝐾−1
𝑗𝑗=1   𝑘𝑘 = 1, 2,⋯ ,𝐾𝐾 − 1 , (7) 

here, xp is the attribute variable for the monetary burden, and xk is the attribute variable 
of K - 1 items (those other than the variable xp). 

Moreover, in equation (7), the utility level is fixed (dV = 0), and the attribute 
variables other than the attribute variable K, which is the target for the measurement of 
the marginal willingness to pay, is fixed (dxk = 0 k≠K). In other words, by substituting 0 
for dV and dxk in equation (7), one can derive a simple formula as in equation (8) to 
calculate the marginal willingness to pay MWTP (the variation in compensation when the 
attribute variable is changed by one unit) for the attribute variable xK, which is the target: 

𝑀𝑀𝑊𝑊𝑊𝑊𝑃𝑃 ≅ 𝐶𝐶𝑉𝑉 = 𝑑𝑑𝑒𝑒
𝑑𝑑 𝑒𝑒𝑘𝑘

= − 𝜕𝜕𝑉𝑉
𝜕𝜕𝑒𝑒𝑘𝑘

𝜕𝜕𝑉𝑉
𝜕𝜕𝑒𝑒𝑝𝑝

= −𝛽𝛽𝐾𝐾
𝛽𝛽𝑝𝑝

�   𝑘𝑘 = 1, 2,⋯ ,𝐾𝐾 − 1 , (8) 

here, βp is the parameter for the monetary burden (marginal utility of income, or the 
willingness to pay), and βK is the marginal willingness to pay for the attribute variable xK, 
which is the target. In section 5, using this equation (8), the marginal willingness to pay 
for the Ayumodoki and its other attributes are calculated. 
 
4. Data (Outline of the questionnaire survey) 
In this research, conjoint analysis was used to estimate the economic value of the 
Ayumodoki. In a choice-type conjoint analysis, data are collected from a questionnaire 

                                                   
4 Since we are assuming that the conditional logit model’s error term ε is independent and identically distributed (iid), 
we are also assuming independence from irrelevant alternatives (IIA) here. 



IIFET 2016 Scotland Conference Proceedings 

7 
 

survey in which the respondents are shown multiple choices. These choices are called a 
“profile,” which expresses the combination of “attributes,” which are the features that 
compose the choices, and “levels,” which express the conditions of the attributes. In this 
research, five attributes and four levels were set (Table 1). 
 

Table 1．List of attributes and levels 
Attributes  Level  

Ayumodoki population (no. of parent  500 fish (current situation) 
fish) 250 fish (50% decrease) 
 750 fish (50% increase) 
 1,000 fish (100% increase) 
River water quality mean BOD value  1.4 mg/ℓ (current situation) 
(mg/ℓ)) 1.6 mg/ℓ (15% deterioration) 
 1.2 mg/ℓ (15% improvement) 
 1.0 mg/ℓ (30% improvement) 
Conservation of paddy rice fields  0% conserved (current situation) 
(nature–reserve ratio (%)) 5% conserved 
 10% conserved 
 20% conserved 
No. of people participating in  150 people (current situation) 
conservation activities (yearly total,  75 people (50% decrease) 
people) 200 people (50% increase) 
 300 people (100% increase) 
Additional tax burden amount (yen) 0 yen (current situation) 
 500 yen 
 1,500 yen 
 3,000 yen 

 
Five attributes were set: the Ayumodoki population, river water quality, 

conservation of paddy rice fields, number of people participating in conservation 
activities, and the amount of additional tax burden. Only parent fish were included in the 
analysis of the Ayumodoki population, because it is necessary to maintain the parent fish 
population above a certain number (500 fish) in order to sustain the entire Ayumodoki 
population. Figure 1 shows that in the most recent 3 years (since 2011), the mean parent 
fish population was maintained at a level of around 500 fish; thus, that number was 
selected as the current fish population value. The reason we set the river water quality as 
an attribute is that it is the most important factor in the conservation of the Ayumodoki. 
The river water quality level was set as the annual mean BOD value (mg/ℓ) for all rivers 
flowing in Kameoka (currently 1.4 mg/ℓ). 

In addition, the conservation of paddy rice fields is essential for the conservation 
of the Ayumodoki. The level of conservation of paddy rice fields was set as the area of 
paddy rice fields designated as nature reserve as a percentage of the total paddy rice field 
area in Kameoka (currently 0%). Moreover, conservation of the Ayumodoki is greatly 
affected by the number of people participating in conservation activities. Therefore, the 
level for this attribute was set as the total number of people participating per year. An 
average of approximately 150 people participated in the 2-year period 2012 and 2013, so 
the current number of participants was assumed to be 150 people. The final attribute was 
the additional tax burden amount (yen), which is the one-time tax payment for 
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conservation paid by the respondents to Kameoka. The levels were set to 0 yen (current 
condition), 500 yen, 1,500 yen, and 3,000 yen. 

A total of 1,024 profiles could be created by combining these five attributes and 
four levels (45 = 1,024). This number was narrowed down to 16 profiles using the in-line 
arrangement method. The next task was preparing the choice sets shown to respondents, 
and in this research, choice sets were established in the form of choosing one profile from 
three: two policy profiles (A and B) and one profile showing the current situation. As the 
questions were asked eight times, choice sets showing a total of eight combinations were 
required. 

To prepare the choice sets, first, two dominant profiles (extremely strong profiles 
that all respondents would select) and the current-situation profile were excluded from 
within the 16 profiles. For the remaining 13 profiles, 6.5 choices sets were prepared by 
repeatedly choosing 2 profiles at random. For the remaining 1.5 combinations, 3 were 
again chosen at random from within the 13 profiles. The current-situation profile was 
added to the eight combinations choice-set combination that had been prepared, and three 
choices were given for the multiple-choice questions. Table 2 shows an example of a 
choice set. 
 
Table 2．An example of a choice set (questions) 

Question1 Policy A Policy B Current 
situation 

Ayumodoki population 250 fish 
(50% decrease) 

1,000 fish 
(doubled) 500 fish 

River water quality 
1.6mg/ℓ 

(15% 
deterioration) 

1.0mg/ℓ 
(30% 

improvement) 
1.4mg/ℓ 

Conservation of paddy 
rice fields 5% conserved 20% conserved 0% conserved 

Number of people 
participating in 

conservation activities 

75 people 
(50% decrease) 

300 people 
(100% increase) 150 people 

Amount of additional 
tax burden 3,000 yen 500 yen 0 yen 

(Please place a ✔ in a □)        □      □         □ 
 

In this example of a choice set, when Policy A is implemented, the Ayumodoki 
population decreases to 250 fish, river water quality deteriorates by 15%, the conservation 
of paddy rice fields is set to 5%, the number of people participating in conservation 
activities is reduced by half to 75 people, and an additional tax burden of 3,000 yen is 
collected. Conversely, if Policy B is implemented, the Ayumodoki population doubles to 
1,000 fish, water quality improves by 30%, 20% of paddy rice fields are conserved, the 
number of people participating in conservation activities doubles to 300, and an additional 
tax of 500 yen is collected. The current situation is a population of 500 fish, water quality 
of 1.4 mg/ℓ, 0% conservation of paddy rice fields, no conservation, 150 people 
participating in conservation activities, and an additional tax of 0 yen (no tax). 

The respondents compare these three policies of Policy A, Policy B, and no policy 
(the current situation) and choose the policy they think is the most preferable. Moreover, 
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the choices are set such that answers are received for all eight choice sets of various 
combinations of attributes and levels. To ensure that the respondents understood the 
content of the questions, they read explanatory panels on the Ayumodoki, biological 
diversity, and the five attributes prior to responding to the questionnaire to ensure that 
their answers were not impeded by the presence or absence of knowledge or information. 
The respondents were 1,000 people chosen randomly using a computer among those 
listed in the electronic telephone book as residents of Kameoka (13,998 people). These 
respondents were sent an introductory letter, the procedure for answering the 
questionnaires, Questionnaire 1 (a total of eight questions) consisting of eight choice sets, 
Questionnaire 2 (a total of 21 questions) that asked for information on the respondents 
themselves, the seven explanatory panels, and a return envelope. The seven explanatory 
panels explained the following seven themes and ensured that when respondents 
answered questions, they would be able to make a choice even if they did not understand 
all of the question content immediately. 

i. The Ayumodoki 
ii. Biodiversity – why must biodiversity be protected? 

iii. The Ayumodoki population (number of fish) 
iv. River water quality 
v. Conservation of paddy rice fields 

vi. Conservation activities  
vii. Additional tax burden 
From the 1,000 questionnaires, 212 responses were received. However, the number 

of valid responses declined to 163 once responses with duplicate choices or omissions 
had been excluded, providing a valid response rate of 16.3%. The ages of the 163 
respondents were considerably high, with 34.4% in their 60s and 41.1% aged 70 or older, 
meaning that 75.5% of respondents had passed their 60th birthday. By gender, 91.4% 
were males, and 44.2% were not currently employed. In addition, a fairly high number of 
people (86.5%) had lived in Kameoka for 25 years or longer, and 27.6% owned 
agricultural land. 

Among the respondents, 76.7% had heard of the Ayumodoki and 68.8% answered 
affirmatively about increasing its population. Furthermore, 66.9% knew about the 
Ayumodoki conservation activities and 54.6% answered affirmatively about increasing 
the number of people participating in such activities (compared to 34.4% who thought 
that the current situation was sufficient). Although the percentage of respondents who 
wanted to participate in these activities was extremely low at 7.4%, 72.4% responded that 
such activities should be conducted by the government. 

Moreover, 89.9% of respondents felt that Kameoka’s natural environment was 
important for their daily lives, 93.8% wanted clean river water, and 73.6% thought that 
the use of agricultural chemicals and chemical fertilizers should be regulated in order to 
improve water quality. In addition, 82.8% answered affirmatively about conserving paddy 
rice fields, but this percentage declined somewhat (to 55.3%) for those who approved 
converting them into nature reserves (whereas 27.6% thought nature reserves were not 
necessary). 

A high percentage (91.4%) thought that the ecosystems of the rivers and paddy rice 
fields were important, but a fairly large percentage of respondents (50.9%) also supported 
further urban development (42.3% thought that development was not necessary). In 
addition, 63.2% thought that a city ordinance should be enacted to protect the Ayumodoki. 
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5. Estimation results and economic value calculations 
Table 3 shows the estimation results that a logit model for a conditional choice-type 
conjoint analysis was estimated by the maximum likelihood method. The number of 
samples was 3,912. For each respondent, there were eight questions that included three 
profiles. Thus, there were 24 profiles in total per respondent. Therefore, the total number 
of profiles was 3,912 profiles within the questions for the 163 respondents, which became 
the number of samples. Since the likelihood ratio test statistic (LRχ2) was 358.56, and 
the p value (>χ2) was 0.0000, the null hypothesis that the coefficients of the five attribute 
variables are all zero was rejected at the 1% confidence level. Hence, the interpretability 
of the model was considered to be high. 
 

Table 3. Estimation results using the maximum likelihood method  

Attributes variable (xk) Coefficient 
(βk) z score p value 

(>|z|) 
Ayumodoki population 0.003 10.20＊＊＊ 0.000＊＊＊ 

River water quality -2.124 - 9.00＊＊＊ 0.000＊＊＊ 
Conservation of paddy rice 
fields -7.294 -11.29＊＊＊ 0.000＊＊＊ 

Number of people participating 
in conservation activities 0.007 10.39＊＊＊ 0.000＊＊＊ 

Additional tax burden amount -0.001 -11.23＊＊＊ 0.000＊＊＊ 
    
Number of samples = 3912    
LRχ2 = 358.56    
p value (>χ2 ) = 0.0000    
LL = -2284.6528    

z score = β /ASE (ASE = asymptotic standard error) 
Symbols: *** indicates statistically significant at the 1% confidence level. 

 
The z scores (p values) for all estimated values of the coefficients of the five 

attributes, “Ayumodoki population,” “River water quality,” “Conservation of paddy rice 
fields,” “Number of people participating in conservation activities,” and “Amount of 
additional tax burden” were statistically significant at the 1% confidence level. This 
shows that all attribute variables were fully explained to the respondents. Furthermore, 
the sign of the coefficient of the additional tax burden was negative, which is consistent 
with the common sense (economic theory) that people’s utility decreases when tax 
increases. 

The signs of both the coefficients of the Ayumodoki population and the number of 
people participating in conservation activities were positive. This shows that people’s 
utility increases when the Ayumodoki population and the number of people participating 
in conservation activities increase. This is consistent with, in the attitude survey, people’s 
responses that “the Ayumodoki population should be increased” and that “the number of 
people participating in conservation activities should be increased” were 68.8% and 
54.6%, respectively. The river water quality coefficient was negative, because the water 
quality improves as the BOD value that shows river water quality decreases. That is, 
people’s utility increases when river water quality improves. Therefore, the negative sign 
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is consistent with, within the attitude survey, the 93.8% of respondents who answered that 
“water quality should be improved.” 

On the other hand, the coefficient for paddy rice field conservation had a negative 
sign, which contradicted the attitude survey results. In other words, it indicates that 
people’s utility declines when paddy rice fields are made into nature reserves. However, 
in the attitude survey, 82.2% of respondents answered affirmatively about conservation 
of rice paddies, with 17.9% answering that they “should be actively conserved” and 
64.3% stating that their “conservation was preferable.” In addition, 55.3% of the 
respondents agreed that paddy rice fields should be made into nature reserves, with 11.7% 
answering that they “should be actively made into nature reserves” and 43.6% responded 
that it was “preferable that they be made into nature reserves.” This is likely to have 
strongly affected the 35.6% of the respondents who did not think the rice paddy fields 
should be converted into nature reserves. 

From the estimated values of the coefficients of the attribute variables shown in 
Table 3, the marginal willingness-to-pay for each attribute was calculated using equation 
(8) in section 3 and shown in Table 4. The marginal willingness-to-pay for the Ayumodoki 
population was $0.045 ($/fish), which shows that people were prepared to pay $0.04 in 
taxes in order to increase the Ayumodoki population by one fish. The marginal 
willingness-to-pay for river water quality was $28.09 ($/mg/ℓ), which shows that people 
were prepared to pay $28.09 in order to lower the BOD value (i.e., to improve the water 
quality) by 1mg/ℓ. In addition, the marginal willingness-to-pay for the number of people 
participating in conservation activities was $0.10, which shows that people were prepared 
to pay $0.10 in order to increase the number of people participating in conservation 
activities by one person. Conversely, the marginal willingness-to-pay for conservation of 
paddy rice fields was -$0.96, which people wanted to receive -$0.96 to conserve 1% of 
the paddy rice fields (i.e., to convert them into nature reserves). 
 

Table 4．Marginal willingness-to-pay for each attribute 

Attribute Marginal Willingness-to-
pay (US$) 

Ayumodoki (one fish) 0.04 
River water quality (reducing BOD value 
1mg/ℓ to improve water quality) 28.09 

Conservation of paddy rice fields (converting 
1% to nature reserve) -0.96 

Number of people participating in 
conservation activities (one person) 0.10 

 
Finally, based on the marginal willingness-to-pay for each attribute, the aggregate 

economic value of the Ayumodoki was calculated for all residents of Kameoka. Since the 
respondents were selected randomly from an electronic phonebook as the representatives 
of their household, they were assumed to be representative of the residents of Kameoka 
as well. Consequently, the suggested marginal willingness-to-pay was multiplied by 
37,852 households, which was the total number of households in Kameoka (as of April 1, 

                                                   
5 All figures quoted in this paper are in US dollars converted from Japanese yen at the exchange rate 
US$1 = ¥120. 
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2014), and the aggregate economic values of the attributes for all residents of Kameoka 
were calculated and shown in Table 5. 
 

Table 5．Aggregate economic value for each attribute (for all residents of Kameoka) 

Attribute Aggregate economic 
value (US$ million) 

Ayumodoki (500 fish for all residents) 0.78 
River water quality (reducing BOD value 
1mg/ℓ to improve water quality for all 
residents) 

1.06 

Conservation of paddy rice fields (converting 
1% to nature reserve for all residents) 0 

Number of people participating in 
conservation activities (150 people for all 
residents) 

0.55 

Total number of households in Kameoka: 37,852 households (as of April 1, 2014) 
 

The marginal willingness-to-pay (economic value) of the representatives of each 
household per Ayumodoki fish was $0.04 and the minimum population required to 
conserve the Ayumodoki is 500 fish, so that $0.04 was multiplied by 500 to calculate an 
economic value of 500 Ayumodoki fish, that is, $20.63. (This number of 500 is based on 
research by Professor Akihisa Iwata of the Graduate School of Asian and African Area 
Studies, Kyoto University. According to him, a minimum of 500 parent fish are required 
to prevent genetic deterioration of the Ayumodoki population.) Moreover, multiplied by 
37,852 households (i.e., the total number of households in Kameoka as of April 1, 2014), 
the aggregate economic value of the Ayumodoki for all residents of Kameoka was 
calculated at $0.78 million. 

In previous research using CVM analysis (Onizuka, 2011), the economic value of 
Ayumodoki per household was calculated as $15. Hence, multiplied by 36,682 
households (the total number of households in Kameoka as of 2010), the aggregate 
economic value for conservation of the Ayumodoki was $0.55 million. Therefore, the 
results obtained in this research through a choice-type conjoint analysis were slightly 
higher than that of previous research. Since the aggregate economic value calculated in 
this research is for 500 fish, if the target population for conservation changes, the 
aggregate economic value also changes. This is one of advantages of this research, that 
is, that the aggregate economic value can be calculated based on the target population for 
conservation of the Ayumodoki. 

The aggregate economic value of river water quality for all residents of Kameoka 
is also calculated in the same way. The aggregate economic value required to decrease 
the BOD value by 1 mg/ℓ (which improves the quality of the water) is $1.06 million. This 
shows that for the city’s residents, the aggregate economic value of river water quality is 
extremely high. With regards to conservation activities, multiplying the marginal 
willingness-to-pay stated by respondents of increasing the number of participants by one 
person ($0.10) by the annual participants (150) and then further by the total number of 
households provides an aggregate economic value to the city of $0.55 million. However, 
no economic value was found for the establishment of a nature reserve to conserve paddy 
rice fields. 
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6. Conclusion 
In this research, a choice-type conjoint analysis was used, and the economic value of the 
Ayumodoki was measured. The economic value per Ayumodoki fish was $0.04, and 
therefore, the economic value to conserve an Ayumodoki population of 500 fish for all 
residents of Kameoka was calculated as 93.68 million yen. Should the Ayumodoki 
population double, its economic value also doubles. 

Moreover, to calculate the economic values (willingness-to-pay) of attributes other 
than the Ayumodoki (i.e., river water quality and conservation activities), it was found 
that the economic value per household of improving water quality—specifically, to 
decrease the BOD value by 1mg/ℓ to improve water quality—was $28.09. For all 
residents of Kameoka, the aggregate economic value was calculated to be $1.06 million. 
Furthermore, the economic value of Ayumodoki conservation activities for each 
participant was $0.10. Therefore, the aggregate economic value of Ayumodoki 
conservation activities for all residents of Kameoka was calculated as $0.55 million. This 
value is in the case that the number of people participating in activities is 150 people. So 
naturally, if the number of people participating in activities increases, the aggregate 
economic value also increases. 

By clarifying the economic value of the Ayumodoki, river water quality, and 
conservation activities, none of which are traded on the market, it is considered that the 
residents of Kameoka must have incentives of conservation for the Ayumodoki. Since the 
value of the Ayumodoki is $0.78 million, it seems reasonable to spend a certain amount 
of money on conservation. In other words, this economic value calculated for the 
Ayumodoki can be used as evidence for the validity of spending a certain amount of public 
funds on their conservation. It is hoped that this research will contribute to the 
conservation of the Ayumodoki in the future. 

Finally, the following issues were not addressed in this research and should be 
investigated in the future. First, bias of the respondents of the questionnaire survey may 
have occurred. In terms of age, 34.4% of the respondents were in their 60s and 41.1% 
were aged 70 or older, meaning that 75.5% were aged 60 years or older. Furthermore, 
there was a fair degree of bias in that 91.4% were males, 44.2% were unemployed, and 
86.5% had lived in Kameoka for 25 years or longer, all of which resulted from using a 
digital phone book to sample respondents. However, this phone book was used for 
statistical reasons, that is, to measure the economic value for all residents of Kameoka 
from a small sample, and it was necessary to randomly extract the sample from throughout 
Kameoka. Therefore, it is necessary to investigate methods to obtain responses from each 
age group and gender evenly. 

Second, the marginal willingness-to-pay for the conservation of paddy rice fields 
had a negative value, implying that its economic value could not be calculated. This is 
because the establishment of nature reserves was used to express paddy rice field 
conservation, and 35.6% of the respondents were against establishing nature reserves. In 
order to measure the economic value of the conservation of paddy rice fields, 
investigating the setting of an attribute that the majority of the respondents can agree with 
instead of the establishment of nature reserves is required. 

Third, in the conditional logit model used for the choice-type conjoint analysis 
employed in this research, from irrelevant choices in the distribution of the error term, 
independence of irrelevant alternatives (IIA) was assumed. This, for example, is a 
characteristic in which the choice probability odds ratio Pj/Pk of two choices of j and k is 
independent of the choice probability of another irrelevant choice of h. This assumption 
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signifies the homogeneity of the respondents’ preferences but is an unrealistic assumption 
in that each person has different values. Therefore, it is necessary to investigate using a 
model that does not include this assumption, such as the nested, heteroskedasticity, 
random parameter, or latent class logit models (Sakaue and Kuriyama, 2009). These 
issues are topics for future research. 
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