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Abstract and Structure of This Thesis

In recent years, there have been increasing concerns about environmental and health is-
sues related to agriculture. To alleviate these concerns, quite a few countries have been
implementing agri-environmental payment (AEP) programs to facilitate conservation and
encourage eco-friendly agriculture. However, there have been many issues left unsolved.
For example, the efficiency of the programs and the problems of agricultural marketing
or supply chains for local farmers and consumers are important issues for further devel-
oping AEPs.

This dissertation deals with those issues as they appear in Japan. | use the economet-
rics models for analyzing the factors influencing the adoption of the program. With local
analysis sample application, | use best-worst scaling methodology to investigate farmers’
preferences in natural farming and adoption decisions of natural farming in the Hakui
region. Also, I investigate consumers’ preferences for natural farming products, and con-
sumer willingness to pay for environmentally friendly farming products. In particular, |
elicit the attribute importance by the consumers using survey data and mixed discrete
choice models.

The rest of this thesis is structured as follows.

First, chapter 1 "Introduction' The presents background and overview of the AEP
programs and natural farming in Japan.

Then chapter 2 "Prefectural Panel-Data Analysis of the Factors in the Adoption
of the Agri-Environmental Direct-Payment Program" investigates the factors deter-
mining the adoption of the environmental direct-payment program in Japanese agriculture.
The paper takes panel data from Japan's 47 prefectures between 2011 and 2014, the period
during which these prefectures adopted the current program of environmental conserva-
tion through agricultural subsidies, and conducts the quantitative analysis of how eco-
nomic and social factors affected the adoption of this system. To account for any unob-
served heterogeneity among the prefectures, the analysis applies pooled OLS, a fixed-

effects model, and a first difference model in its calculations. The findings reveal that



adoption rates depend on various factors that differ by prefecture, including per-hectare
subsidy payment, farming conditions, land prices, and age composition.

Chapter 3 "Farmers' Preferences on Conservation Practices: An Empirical
Findings from Natural Farming in Hakui Region, Japan" analyses the value that
farmers in the Japan Agricultural cooperatives (JA) districts of Hakui city place on some
potential benefits of natural farming. To this end, I conducted a survey for 1,954 farmers
in JA Hakui districts. In the questionnaire, I presented eight attributes (higher price, food
safety, biodiversity conservation, and so on) of natural farming and asked farmers about
their preferences. The data from this choice experiment were analyzed using best-worst
scaling (BWS) to determine farmers’ choices of natural farming products. My results
show that farmers are most responsive to food safety in natural farming. I findings also
reveal that farmers are quite responsive to the price premium and the need for technolog-
ical assistance. My results confirm that the most important issue for farmers is supplying
safe and trustworthy agricultural products to consumers. Environmental attributes are less
important for farmers.

Chapter 4 "Consumers’ Preferences on Eco-friendly Agricultural Products: An
Empirical Findings from Natural Farming in Hakui Region, Japan" investigates
consumer preferences on natural farming products by employing the choice experiment.
Data were obtained from a survey for 1,100 consumers and analyzed with a conditional
logit model and a mixed logit model. I found that consumers are responsive to the issues
of food safety and locally grown produce. Furthermore, I found evidence of a natural
farming market failure regarding information on the producer. My results also show that,
regarding natural farming products, price, local production for local consumption, and
food safety are three important factors for consumers. On the other hand, environmental
friendliness attributes were less important for consumers. Marketing implications for food
safety, producer information, and price industries are discussed.

Chapter 5 ""Consumers’ Willingness to Pay for Environmentally Friendly Farm-
ing Products and Social Desirability Bias in Japan' aims to investigate the factors
affecting consumers’ willingness to pay a premium price for environmentally friendly

farming products in Japan. To this end, I conducted a survey among 1,100 consumers to



test their attitudes regarding the products’ characteristics (reduction in the use of pesti-
cides and chemical fertilizers in favor of organic fertilizers; locally grown; and price per
kilogram) of premium-priced rice products from natural farming. I conducted a discrete-
choice experiment (best-worst scaling multi-profile case) using subjective and inferred
valuations to check the existence of the social desirability bias. My results indicate strong
evidence of the social desirability bias, implying significant over-estimation of the WTP
under subjective valuation. My results also show that consumers value the reduction in
pesticides and chemical fertilizers and the ability to support the local community more
than the relative price increase. Therefore, consumers are willing to pay for food safety
in environmentally friendly products.

Finally, Chapter 6 "Conclusions" a summarizes major findings from previous chapters
and provides policy implications for further promoting conservation agriculture through

AEP in Japan.
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Chapter 3

3. Farmers’ Preferences on Conservation Prac-
tices: An Empirical Findings from Natural
Farming in Hakui Region, Japan
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3.1. Introduction

Ithough agriculture serves to provide sustenance for all people globally, there are often
conflicts and instability regarding its own long-term viability (Vaiknoras et al., 2015).
Agriculture is not simply useful for cultivating agricultural products but also provides
multiple features that benefit society, such as control of soil erosion, protection of source
headwaters, maintenance of biodiversity, regulation of climate and weather, and preser-
vation of natural scenery. However, increasing demand for farm products and the conse-
quent increase in the usage of agricultural chemicals has caused the environmental issues
of of soil and biodiversity degradation (Lusk et al., 2009; Tscharntke et al., 2012; Marit
et al., 2014).

The agri-environmental payments (AEPs) policies becoming noteworthy in recent
years have been in response to fundamental agricultural environmental problems. They
are systems to directly subsidize farms that adopt conservation and environmentally pro-
tective agricultural techniques. For example, the conservation reserve program (CRP) and
AEPs in European Union countries. CRP provides payments to agricultural producers to
take highly erodible land and a conservation program administered by the farm service
agency (Allen and Vandever, 2014; Ansell et al., 2016).

In Japan, the first national (AEPs) began in 2011, and the program was signed into
law in 2015 to provide conservation payments for farmland, water, and environmental
conditions (Fujie, 2015a; Nakatani, 2016; Xia and Tanaka, 2018). There are also many
studies that identify the effectiveness and diffusion of schemes, in addition to the above-
mentioned topics (Erdem and Wossink, 2012; Xia and Tanaka, 2016; Whittingham, 2007).
Fujie (2015) investigates determinants of conservation agriculture adoption by farmers
and has found neighborhood effects in the diffusion process of conservation agriculture.
Xia and Tanaka (2016) identify the factors determining the adoption of the environmental
direct-payment program in Japan and their findings reveal that the degree to which the
agri-environmental direct-payment program was adopted depends on various factors that

differ by prefecture, including subsidy amount per unit of land area, farming conditions,
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land prices, and the extent of population aging. Uetake (2016) find that such direct pay-
ments can improve the level of nitrogen purification and carbon sequestration.

However, presently, agri-environment payments do not require complete elimination
of agricultural chemicals, but, to offer safer and more trustworthy farm products to con-
sumers, natural farming will be increasingly adopted in Japan in the coming years. There
have been many studies on global warming and conservation of biodiversity, which are
the objectives of agri-environment payments.

Natural farming in principle involves growing crops using only composted organic
vegetation and no manure or chemical fertilizers. That is to say, it makes the best use of
the natural resistance of plants and the earth without relying on manure or man-made
chemicals (Sugiyama and Toshima, 2016). Its special feature is that it does not use chem-
ical fertilizers, agricultural chemicals, organic animal fertilizer, or compost. Natural farm-
ing is different from other organic cultivation that may involve pesticide-free, chemical-
free, and non-plowing practices. Natural farming support exists for farmers entering nat-
ural agriculture in the Hakui region. Currently, many new immigrating farmers are grow-
ing vegetable crops, whereas those growing natural agriculture rice crops are established
local farmers.

As mentioned above, natural agriculture does not use any pesticides, fertilizers, or
manure and is continuing to be promoted in the Hakui region. This promotion is in the
vanguard of the national agriculture environmental policy. However, due to the burden of
much physical labor and long working hours, its diffusion has a limit. To understand better
the context of natural agriculture in farm households, Best-worst scaling (BWS) and a
conditional logit model are conducted.

The slow increase in natural agriculture areas may be because the system has begun
only recently and there are still problems to address the aim of expanding the area, such
as technical support and the increasing age of farmers with few younger farmers entering
the profession. Various strategies are being used to increase the diffusion of natural agri-
culture in the Hakui region. A plan calls for 50 people (1000 ha) by 2020; in the second
year of the plan in 2016, there were 20 people (21 ha), which is fairly on course. Several

unique support systems have already been implemented, such as support for looking after
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vacant houses and farmland. Support for starting natural farming includes: 1) payments
at the rate of 20,000 JPY (five years) per 10 ha, 2) payments for young farmers with a
one-year maximum of 150,000 JPY (202.500 JPY for a couple), 3) regional migration to
support an empty house with a maximum rent of 20.000 JPY (one half), and 4) an addi-
tional program introduced to the AEP program in 2017. Sales locations are being set up,
such as an antenna shop opened in Tokyo, and are being legally incorporated. These topics
need further analysis. Although there has been no nationwide analysis of the diffusion of
natural farming, there are some studies on unemployed persons entering the farming pro-
fession and countermeasures against weeds, among others.

The subject of AEPs has been widely researched for a long time. which are controlling
climate change, conserving biodiversity conservation, and so on. and the effectiveness of
agriculture programs and measures, using social-ecological, agent-based modelling
frameworks to assess the interaction effects of agricultural policies (Ekroos et al., 2014;
Galler et al., 2015; Kimble et al., 2002; Novara et al., 2017).

Meanwhile, in Japan, the analysis of the spread factor of AEPs using Prefectural
Panel-Data has discussed the efficiency of payments and the large-scale intensification of
agriculture. We further suggest that to improve and promulgate AEP programs, it is es-
sential to consider both environmental and food safety approaches (Fujie, 2015a;
Shobayashi, 2012; Tanaka, 2014).

This study discusses farmer preferences for natural farming in the Hakui region® and
uses the results of a questionnaire directed to local farmers, food production groups, Japan
Agricultural (JA) and so on. The aim is to elucidate the model of Wildlife-friendly farm-
ing being practiced, which protects the environment. We examine features of local natural
cultivation, both demonstrated and expected, such as biodiversity preservation, regener-
ation of abandoned farmland, invigoration of the local area, assurance of the safety of
crops all of these being wildlife-friendly farming characteristics. Considering the above

points, the present study investigates the diffusion of natural agriculture among farmers

! In June 2011, “NOTO's SATOYAMA and SATOUMI” which expands across NOTO peninsula,
was designated as part of GIAHS (Globally Important Agricultural Heritage Systems), the first
one in Japan, by the Food and Agriculture Organization of the United Nations.
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in the JA Hakui districts in Ishikawa Prefecture, Japan.

3.2. Methodology

3.2.1. Best-Worst scaling (BWS)

BWS can be used to determine and measure individual preferences, developed by Finn
and Louviere (1992), by asking the respondent to indicate the best or worst in a set of
attributes items or options (Cheung et al., 2016). BWS, starting with analyses of market-
ing data, has become widely used in recent years. In the BWS model, respondents reply
to a series of question items by evaluating the best and worst attributes in terms of im-
portance. By changing and repeating questions, the respondent choices are clarified (Finn
and Louviere 1992; Louviere et al., 2015; Tsuge et al., 2014).

A feature of BWS is that choice questions can be classified into three cases. Case 1 is
the object case where a researcher is interested in measuring a set of objects. Case 2 is the
profile case, where the best and worst choices refer to attribute levels described as profiles.
Case 3 is associated with the classical discrete choice experiment, that is, a consumer is
offered a sequence of choice sets, with each choice set having three or more profiles
(Louviere et al., 2000; Hensher et al., 2005; Flynn et al., 2007).

This study analyzed the diffusion of natural farming in the Hakui region, examined
factors influencing the farmers’ preferences, and developed a conditional logit model
based on survey data. We mailed the survey questionnaire to 1,954 local Hakui natural
farming locations in the study area (Hakui City: 1,184, Hodatsushimizu Town: 742, Shika
Town: 28), and collected 504 (26%) survey responses, with 480 valid responses. The ad-
vantages of BWS are that it can obtain the accurate preference for all the items, has no
scale-bias, and is not affected by cultural differences (Finn and Louviere, 1992; Umberger

et al., 2010; Louviere et al., 2015).

3.2.2. Questionnaire design

In this study, the parameters belong to the utility difference function to the farmer best or
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worst utilities. Therefore, given farmers are heterogeneous and have different tastes (in
this case, different income, age, etc.) the logit form of the probability can be estimated by

the conditional logit model (Oh et al., 2010).

Table 3-1. List of natural farming attributes.

Practice Description (Attributes)

Agricultural product characteristics
Higher price for natural farming products
Improved recognition of natural farming
Safety and security of natural farming products
Environmental friendliness
Biodiversity conservation by natural farming
Improved recognition of natural farming
Regenerative cultivation abandonment
About adoption of natural farming
Provision of necessary technology

Relaxing of efforts requirements

Question: Please choose the most important and least natural farming practice in each of
the following sets of issues. (Check only one attribute for each of the Most and Least

columns, for example, M)

MOST Farming practice attribute LEAST
important important
O Relaxing of efforts requirements
O Biodiversity conservation m
Safety and trust of agricultural products m
O Higher selling price of agricultural products O

O Don’t know

Note: Four farming practices attributes were presented in each set.

Fig 3-1. Example of a Best Worst Scaling choice set as implemented in this study.
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We use natural farming to illustrate the approach; eight attributes and the description
of the levels are shown in Table 1. Figure 1 gives an example of a BWS choice set as
implemented in this study, where respondents are asked to illustrate a choice set. Each
respondent is asked to choose the best and worst among four factors and is repeated four

times for each respondent.

3.2.3. Data collection

This study analyzed the diffusion of organic agriculture cultivation in a determined region,
based on questionnaire survey data. I distributed a questionnaire survey to 1,954 farmers
(Hakui City: 1,184, Hodatsushimizu Town: 742, Shika Town: 28) households in the Japan
Agricultural Cooperatives (JA) Hakui region, and obtained responses from 504 (a re-
sponse rate of 26%). (2.2 Survey Development and Implementation), Considering the
above points, the present study investigates the diffusion of natural agriculture among
farmers in the Japan Agricultural Cooperatives (JA) association in Ishikawa Prefecture,

Japan.

Table 3-2. Summary of counting analysis

Total best  Total worst B-W score

Relaxing of efforts requirements 686 492 194
Increasing price for natural farming products 668 375 293
Improving recognition of natural farming 674 393 281
Biodiversity conservation by natural farming 673 457 216
Provided for needed technology 692 400 292

Rural revitalization through natural farming 666 444 222
Safety of the natural farming products 704 229 475
Regenerative cultivation abandonment 697 466 231
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3.3. Model

After distributing and collecting the surveys from farmers, we performed a statistical
analysis on the resulting data. I analysis was based on the BWS object case (Finn and
Louviere, 1992; Umberger et al., 2010). Survey data were analyzed using a random untility
model, because we analyze farmers’ preference of the most and least responsible stages
of the agri-environmental products and estimate consumers’ willingness to pay for the
reduction in pesticides, for locally grown, and the price, among other product

characteristic. The random utility model is represented by the equation:
Uni = Vi + €n; (1)

where Uy; is individual ns utility from alternative i in the choice set. g; is the
associated error component and, V,,; is the deterministic part of the model which can be

written as:

Vni = BnXni 2)

where V,; is the deterministic part of the model, X,,; is a vector for the stage asso-
ciated with attribute i, and B, is individual n's utility parameter vector.

where The probability that the respondent chooses alternatives i and j as the best
and worst of the [ alternatives in the choice set is equal to the probability that the differ-
ence between alternatives i and j is greater than all other possible (in this case, 8-1=7)

differences in the choice set (Lusk and Briggeman, 2009).
P (i is chosen as the best and j as the worst)

exp(Vm- — an)
;:1 chzl exp(Vnk - an)

P = (3)

In the conditional logit model, the probability that respondent n chooses attribute i
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as best and attribute j as worst is the probability that the difference in utility between p;
and p; is greater than all than the M other possible utility differences in the choice set,
M=i(I—1)—1 (Erdemetal., 2012; Glenk et al., 2014).

The unconditional probability of the observed sequence of choice is the conditional

probability integrated over the distribution of f:

Poi = f Po (B)f (Bl 0)dB @)

This is the probability of the individual’s sequence of choice conditional on the pa-
rameters of the consumers distribution f(8|u, ).

However, the parameters belong to the utility difference function, not to the individual
best or worst utilities (Erdem et al., 2012). Therefore, given that individuals are hetero-
geneous and have different attributes (in this case, different income, age etc.), the logit
from of the probability can be estimated by the Mixed Logit method (Revelt and Train,
1998; Brownstone and Train, 1998; McFadden and Train, 2000; Erdem et al., 2012).

3.4. Results

The higher selling price of natural farming products is generally thought to be highly rated
by farmers. However, our results found that “safety and trust” of the production and dis-
tribution of natural farming products was the highest rated attribute by farmers in the JA
Hakui districts. In recent years, consumers are increasingly concerned about food safety.
An analysis of the results of the present study is shown in Table 3-3.

Our results showed that the producers also tend to have the same concern. Since the
natural farming program began to be seriously practiced from approximately 2011, sup-
port has been provided for the necessary technology and expertise to standardize farming
procedures, as well as to improve consumers’ awareness of the natural farming agricul-

tural products. On the other hand, the result showed relatively low importance placed on
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ecosystem conservation and soil improvement as a result of practicing natural farming

cultivation, such as relaxing the efforts requirements for natural farming.

Table 3-3. Conditional logit model results for natural farming

Conditional logit model

Attributes Coef. Std.Err.
Relaxing of efforts requirements -0.144 0.096
Increasing price for natural farming products 0.698 ™"  0.104
Improving recognition of natural farming 0.753 ™ 0.098
Biodiversity conservation by natural farming 0.250 ** 0.099
Provided for needed technology 1.016 ™*  0.096
Rural revitalization through natural farming 0.409 *™*  0.097
Safety and security of the natural farming products 2.009 ™ 0.099

Number of observation
Log likelihood
Pseudo R2

Note : *** ** and* denote that the variables are statistically significant
at the 1%, 5%, and 10% level, respectively.

Concerning the conditional logit model, it is necessary to establish a baseline of one
arbitrary variable for determining a coefficient. Taking the baseline of “Rehabilitation for
natural farming of land previously abandoned for cultivation” as having the smallest ab-
solute value, we measured the relative values of the other variables. The coefficient values
are extremely high and significant. For example, providing safe and reliable agricultural
products to consumers has regular significance in all of the attributes, with extremely high

values.

3.5. Discussions and Conclusions

This study performed a quantitative analysis of the diffusion of natural farming and the

expectations of farmers about natural farming in the implementation of natural farming
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in JA Hakui districts. A questionnaire survey was conducted among farmers in the Hakui
region. To understand the importance of natural farming for the farmers, we performed
the analysis using the analytical model often used recently in the field of environmental
economics, the BWS and conditional logit model.

As a result of the analysis, supplying safe and trustworthy natural farming products
to consumers, providing technical support for natural farming, and increasing awareness
of natural farming products, among other points, were highly rated attributes, especially
the first-mentioned point.

Based on these results, we would like to consider implications for future government
measures and policies regarding natural farming. Below, we consider 3 points.

The first is the importance of food safety. The analysis shows that a feature of natural
agriculture is the great importance and concern given by farmers to providing safe and
reliable agricultural products using absolutely no chemical fertilizers, herbicides, pesti-
cides, and so on. Building on this point, furthering increased awareness of the safety of
consumer foods will support the diffusion of natural farming. Consumers are also aware
and concerned about this issue. Further, it is important to promote the special character
of natural farming products as safe, reliable, and using no chemical products.

The second point is technical support for natural farming. In our results, the factor of
technical support for natural farming is statistically significant. It is important to provide
financial support and encourage the implementation of public policies for technology and
expertise to reduce, even if only somewhat, the burden of physical labor and time required
in practicing natural farming, particularly when it is only recently being introduced. Ex-
amples include ensuring that no chemical fertilizers and pesticides can enter the fixed
areas for natural farming, support for expanding the farming scale, and providing machin-
ery.

Furthermore, the third point is consumer awareness of natural agricultural products.
To increase consumer awareness and make desirable particular natural agriculture prod-
ucts, marketing strategies, such as brand names and differentiation branding should be
considered and implemented.

Future research will investigate consumers' needs and what consumers consider to be
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important when they purchase agricultural products from natural agriculture farms and

other environmentally protective farms.
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Chapter 4

4. Consumers’ Preference on Eco-frienfly Agri-
cultural Products: An Empirical Finding from
Natural Farming in Hakui Region, Japan
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4.1. Introduction

In recent years, consumers’ concerns about environmental and health issues related to
food products have risen (Gil et al., 2000). Raising awareness regarding the health im-
plications of food is increasing due to the need for safe food consumption, which in-
cludes eco-friendly agricultural (EFA) produce (Kongsom and Kongsom, 2016). Food
security is of fundamental importance for human existence (Kwasek, 2012). The demand
for food safety as an integral component of food security is increasing (Kumar et al.,
2017; Ortega and Tschirley, 2017; Cole et al., 2018). Hence, consumers have been faced
with different food safety problems and have exhibited different consumption behaviors.
Recent research has focused on preference for food safety and consumers’ perception of
food safety (Carlsson et al., 2005a; Fontes et al., 2013; Britwum, 2017; Chen et al., 2017;
Lietal., 2017; Luo et al., 2018).

To enhance food safety and environmental conservation, EFA produce programs
have been implemented in various countries, for example, agri-environmental payments
(i.e., payments for conservation agriculture) and natural farming in Japan (Xia and
Tanaka, 2018). Natural farming is a crop cultivation method without any fertilizers, in-
cluding manure and pesticides. Concretely speaking, its special feature is that it is done
“without use of chemical fertilizers, agricultural chemicals, organic animal fertilizer or
compost.” Further, natural farming is different from other organic cultivation, which
may involve pesticide-free, chemical-free, non-plowing practices. It makes the best use
of the natural resistance of plants and nitrogen in the soil (Sugiyama and Toshima, 2016).
On the other hand, there is an increasing interest in conservation agriculture and food
safety, but only few people know about natural farming.

As regards natural farming, the driving factors of adoption and diffusion are of in-
terest in numerous studies. Overseas, several studies found that natural farming affects
community economy and local farming sustainability. For example, Omar et al. (2013)
found that community economy conducted through a natural farming program has ben-
efited rural area residents through the idea of sustainable livelihood and a sufficient

economy. Shinogi et al. (2014) showed that, to improve the livelihood of local farmers,
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some issues need to be addressed with proper policies and natural farming programs.
Furthermore, Khadse et al. (2018) analyzed how peasant movements scale up natural
farming in India and found that the technical aspects of natural farming, such as farming
practices important to peasant movements, advance natural farming to scale. There are
numerous other studies about natural farming (Ikeda et al., 2013; Miller et al., 2013;
Wang et al., 2014; Khadse et al., 2017; Kevin et al., 2018).

In terms of Japanese natural farming, Sekiya and Sugiyama (2014) intended to ac-
complish the cultivation of natural apples and showed that the top-down effects of nat-
ural enemies play important roles in preventing damages by insect pests in Akinori Ki-
mura’s farm. Kimura’s natural cultivation method aims to reproduce the natural envi-
ronment of woodlands and forests on farmland, without using pesticides, chemical fer-
tilizers, or organic matter such as compost and manure (Japan for sustainability, 2012).
Sugiyama and Toshima’s (2016) compared of the nutritional contents of natural farming
and conventional farming vegetables and revealed the hypothesis that natural farming
can increase the food quality of harvests. Therefore, Minamikata (2018) studies the so-
cio-economic conditions necessary for the success of natural farming when it is intro-
duced in community activities.

Several studies compare natural and conventional farming and provide an overview
of natural farming. However, the number of consumers and the market for natural farm-
ing have been limited. Specifically, most consumers have little understanding of natural
farming. Thus, understanding consumer preference attitudes is an important factor in
market success and can confirm the role of consumer preferences in natural farming
adoption and in improving the efficiency and diffusion of natural farming. Furthermore,
consumer preferences have a direct impact on how one product sells compared to an-
other product.

There are many cases of foreign scientific research on the factors affecting consumer
preferences and farmers’ markets, which are food quality and variety, food safety, and
food supply chain, and on the effectiveness of agriculture programs and measures. This
research has used social-ecological, agent-based modelling frameworks to assess the in-

teraction effects of agricultural products (Dodds et al., 2014; Haghjou et al., 2013;
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Rahnama et al., 2016; McMahon et al., 2011).

Several studies about Japanese consumers’ preferences (Osakada and Fujino, 2018)
have found that information impacts and changes consumer preferences, while important
for providing information in layers, allows consumers. Yamaguchi et al. (2018) showed
that environmentally friendly rice is valued higher than conventional rice. Ujiie (2012)
estimated consumers’ attitude toward radioactive contamination of agricultural products
in Japan and found that consumers behave in both rational and emotional ways toward
food contamination. Japanese consumers’ preferences have been discussed in a number
of studies (Tan, 2010; Uchida, 2014; Kubota et al., 2017, among others). Meanwhile, in
Japan, analysis of the spread factor of consumer willingness to buy biodiversity-friendly
agricultural products cast a spotlight on consumer characteristics. These were identified
from a market segmentation based on consumer awareness and behavior and consumer
knowledge about the rice. We further suggest that to understand consumer preference
and promulgate natural farming products, it is essential to consider both environmental
and food safety approaches (Takeshi et al., 2012). However, several studies have been
limited to consumer preferences toward conservation agriculture products.

This study discusses an investigation of consumers’ preference for natural farming
products and the factors that affect the rate of their diffusion in the Hakui region of Japan.
The study uses the results of a questionnaire directed at consumers in Hakui city to elu-
cidate the dissemination of the model of natural farming being practiced, which protects
the environment. I examine this cultivation method as regards biodiversity conservation,
the price of natural farming products, and characteristics such as local production for

local consumption, food safety, and the activation of the regional economy.

4.2. Methodology

4.2.1. Best-Worst scaling (BWS)

Best-worst scaling (BWS) is based on the idea of individual choices among a set of three
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or more items and can identify the best and the worst options in the set (Louviere et al.,
2015). It is a relatively new way of measuring the relative value of importance that con-
sumers place on attributes. A feature of BWS is that choice questions can be classified
into three types: object case (Case 1), profile case (Case 2), and multi-profile case (Case
3) (Louviere et al., 2015; Flynn, 2010). In Case 1, a researcher is interested in measuring
a set of objects. In Case 2, the best and worst choices refer to attribute levels described
as profiles. Case 3 is associated with the classical discrete choice experiment, that is, a
consumer is offered a sequence of choice sets, with each choice set having three or more
profiles (Louviere et al., 2000; Hensher et al., 2005; Flynn et al., 2007; Marley and Pih-
lens, 2012).

After distributing and collecting the questionnaires on consumers’ preference for
natural farming products, we performed a statistical analysis on the results. The analysis
was based on the BWS method introduced by Finn and Louviere (1992). Starting with
analyses of marketing data, it has become widely used in recent years (Louviere et al.,
2015; Tsuge et al., 2014). In the BWS model, respondents reply to a series of question
items by evaluating the “best” and “worst” attributes in terms of “effectiveness” and
“importance.” By changing and repeating questions, the respondent choices are clarified
(Finn and Louviere 1992; Louviere et al., 2015).

In addition, three main advantages are associated with BWS methodology. First, it
always generates discriminating results as respondents are asked to choose the best and
worst option, which simulates the real-world behavior of people making choices and
considering trade-offs (Umberger et al., 2010). Second, its results provide the order and
strength of importance of all the items, avoiding scale-use bias (Erdem et al., 2012).
Third, BWS can obtain accurate preferences for all the items as respondents evaluate
only a few items in each exercise (Louviere et al., 2015).

In this study, [ use BWS to estimate consumers’ preference for natural farming prod-
ucts. Our relatively most important objective was to understand the reasons why re-
spondents would want to use natural agriculture product; therefore, Case 1-type ques-
tions were the most appropriate. We used the maximum-difference (max-diff) model

proposed by Finn and Louviere (1992).
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4.2.2. Questionnaire design

The natural farming products used in the surveys exhibited eight attributes, categorized
as follows: environmental friendliness (biodiversity conservation and climate change
mitigation), agricultural product characteristics (price of products, disclosure of pro-
ducer information, varieties of products, and food safety), and regional characteristics
(rural revitalization through natural farming and consumption of local products). Table

1 illustrates the list of the natural farming products attributes.

Table 4-1. List of natural farming products

Practice Description (Attributes)

Environmental friendliness
Biodiversity conservation
Climate change mitigation
Agricultural products characteristics
Price of products
Disclosure of producer information
Varieties of products
Food safety
Regional characteristics
Rural revitalization through natural farming

Consumption of local products

Figure 1 shows an example of a BWS task used in the questionnaire, asking consumers
to select both the best (i.e., most important) and worst (i.e., least important) items in
different subsets of all the items. This study focuses on natural farming products attrib-

utes.

-66-



Question: Please consider that you are shopping and want to buy natural farming prod-
ucts. Tick the attribute that is the most and least important to you. (Check only one at-

tribute in each of the Most and Least columns, for example, ¥.)

MOST Natural farming products attribute LEAST
important important
O Disclosure of producer information
O Rural revitalization through natural farming O
Price products O
O food safety O

O Don’t know
Fig 4-1. Example of a Best Worst Scaling choice set as implemented in this study

Note: Four natural farming products were presented in each set

4.2.3. Data collection

The data for this study were collected via a personal delivery survey of a random sample
of south Michi-no-Eki consumers (i.e., roadside rest areas—rest stops along government
roads and highways) on March 20, 2018. Considering the above points, the present study
investigates the diffusion of natural farming among consumers in the Michi-no-Eki. The
completed questionnaires generated 575 observations (a response rate of 52%) by mail.
The questionnaire was designed to measure the preferences of Michi-no-Eki consumers
and their preference for natural farming products. The questionnaire also collected in-
formation on the socioeconomic charecteristics of respondents as well as consumers’
perceptions about the quality of natural farming products and their motivations for buy-
ing locally grown products. The BWS summary of counting analysis shown in Table 4-
2 is the difference between the total best and the total worst categories. Preference for

natural farming products is treated as a Case 1 study.
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Table 4-2. Summary of counting analysis

Total best  Total worst B-W score

Biodiversity conservation 996 786 210
Climate change mitigation 991 850 141
Price of products 1020 624 396
Disclosure of producer information 1004 825 179
Rural revitalization through natural farming 1010 869 141
Consumption of local products 1018 753 265
Varieties of products 1020 898 122
Food safety 1032 238 794
4.3. Model

The analysis of the best and worst choices is based on random utility. The Maximum
difference (Maxdiff) method developed by Finn and Louviere (1992) is a fundamental
econometric method for BWS data analysis. Concretely, BWS is a more general version,
allowing the comparison of more than two items in a task in which a respondent chooses
the best or worst items. According to this method, the pair of items chosen as best or
worst exhibits the Maxdiff in preference (Erdem et al., 2012; Marley et al., 2008). The
questionnaire data were analyzed using a random utility model because we analyze con-
sumers’ preference of the most and least responsible stages of the natural farming prod-
ucts, and food safety and price, among other things charecteristic of natural farming

products. The random utility model is represented by:
Uni = Vni + &ng (D
where U,; is individual n's utility from alternative i in the choice set. &;jis the asso-

ciated error component and V,,; is the deterministic part of the model, which can be

-68-



written as:

Vii = BnXni )

where X,,; is a vector for the stage associated with attribute i and S, is individual
n's utility parameter vector.

The probability that the respondent chooses alternatives i and j as the best and
worst of the [ alternatives in the choice set is equal to the probability that the difference
between alternatives i and j is greater than all other possible (in this case, 8-1=7) dif-

ferences in the choice set (Lusk and Briggeman, 2009; Erdem et al., 2012).

P (i is chosen as the best and j as the worst) =

exp(Voi — Vi)
5‘:1 Z;czl exp(Vnk - an)

Py = 3)

In the conditional logit model, the probability that respondent n chooses attribute
i as best and attribute j as worst is the probability that the difference in utility between
Bi and B; is greater than all the M other possible utility differences in the choice set,
M =i(I—1) —1 (Erdem et al., 2012; Glenk et al., 2014).

The fact that individuals are heterogeneous and have different tastes can be ac-
counted for by using a mixed logit model (Erdem et al., 2012). The unconditional prob-
ability of the observed sequence of choice is the conditional probability integrated over

the distribution of f3:

Poi = [ Poi (B)f (Bl 0)dp (4)

This is the probability of the consumer’s sequence of choice conditional on the pa-
rameters of the consumers’ distribution f(B|u, o) (Erdem et al., 2012). f(B|w) is the
density function of [, p is the mean of the probability distribution of 8, and o is the

standard deviation (SD) of the probability distribution of {3. Furthermore, it can also be
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seen that we have IIA (independence of irrelevant alternatives) and can estimate the in-

dividual parameters (Train, 2016).

4.4. Results

Table 3 shows the results from the estimation of the conditional logit model and the
mixed logit model in (2) and (3) for understanding consumer preferences regarding nat-
ural farming products. In the case of a BWS object, it is necessary to establish the base-
line of one arbitrary variable for presuming a coefficient. Among the eight attributes,
taking the baseline of “varieties of agricultural products” as having the smallest absolute
value, we measured the relative value of the other variables. The coefficient values are
extremely high and significant for almost all the estimated coefficients and standard de-
viations, in both the conditional logit model and the mixed logit model (average param-
eters).

Generally, it was thought that the price of natural farming products would rate the
highest among consumers. However, our results show that food safety during the pro-
duction and distribution of agricultural products was of the highest importance to con-
sumers. In the last year of the survey, farmers are also shown to be increasingly con-
cerned about food safety. This is a good illustration of how consumers and farmers share
the same concern about food safety in natural farming products. That is a significant
advantage of natural farming.

Next, the price of natural farming products is also highly rated in all results. As men-
tioned above, the prices of natural farming products are higher than those of other agri-
cultural products. This is because natural farming does not use chemical fertilizers and
agricultural chemicals and requires a great deal of work. Moreover, the yield is also
smaller than that of other agricultural products. Another reason for the image of natural
farming products as being expensive may be the lack of consumer knowledge about
natural farming. However, significant variation exists among consumers’ knowledge
about price.

Consumption of local products is the third most important attribute. It is a factor that

-70-



consumers seem to take seriously. In Michi-no-Eki, consumers can buy fresher, healthier,
seasonal, and locally grown food on a daily basis, and farmers can sell their products
independently and directly to consumers, earning more profit without the need for inter-
mediaries. Michi-no-Eki is built on face-to-face relationships and consumer evaluation
of the reliability of each local farmer. In addition, the activation of the regional economy

is also of high importance for consumers.

Table 4-3 Relative Consumer Preference in Natural Farming Products

Conditional logit model ~ Mixed logit model

Variable Coef. Std.Err.  Coef. Std.Err.
Biodiversity conservation 0.896 *** 0.077 0.954 *** 0.085
Climate change mitigation 0.398 *** 0.756 0.390 *** 0.080
Price of agri-products 1.487 *** 0082 1.648 *** 0.120
Disclosure of producer information 0.438 *** 0.079 0.409 *** 0.090
Rural revitalization through NF 0.816 *** 0.076 0.871 *** 0.082
Consumption of local products 1.122  *** 0079 1.209 *** 0.095
Food safety 3.100 *** 0.090 3.763 *** 0.377
(Standard deviation parameter)

SD_biodiversity conservation 0.290 0.475
SD_climate change mitigation 0.002 0.200
SD_price of agri-products 1.759 *** 0.266
SD_disclosure of producer information 0.782 *** 0.257
SD_rural revitalization through NF 0.032 0.256
SD_consumption of local products 1.091 *** 0.229
SD_food safety 1.217 *  0.642
Number of observation 13,934 13,934

Log likelihood -4033.105 -4011.629

Pseudo RZ 0.184

Note : *** * denote that the variables are statistically significant
at the 1%, and 10% level, respectively.

The environmental friendliness attribute is less important for consumers; neverthe-

less, biodiversity conservation and climate change mitigation in natural farming are also
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important for consumers. On the other hand, the results show that relatively low im-
portance is placed on the “cultivation method in consideration of global warming,” and
“producer information.”

However, the standard deviations in the results show that “price of natural farming
products” and “local production for local consumption” are statistically significant at the
1% level. These results are heterogeneous compared to the individual preferences of

consumers.

4.5. Discussions and Conclusion

It is clear that the importance of food safety is the greatest concern for consumers. The
analysis shows that the features of natural farming (the ability to provide safe and relia-
ble agricultural products without chemical fertilizers, herbicides, pesticides, etc.) are of
the greatest importance and concern to consumers. Building on this point, furthering and
increasing awareness of consumer food safety will be good for increasing the diffusion
of natural farming. Consumers are also aware of and concerned about this issue. It is
also important to promote the special characteristics of natural farming products, such
as their safety and the reliability of not using chemical products.

Furthermore, in addition to increasing consumer awareness of and education about
natural farming products, it is essential to create desirable natural agriculture product
marketing strategies. Brand names and differentiation branding should also be consid-
ered and implemented. In future research, we plan to use a latent class model to investi-
gate and establish the causes for the diversity in preferences among consumers.

Understanding consumer preference attitudes is an important factor for market suc-
cess and confirms the consumer preference role of natural farming adoption in improv-
ing the efficiency and diffusion of natural farming. In conclusion, the result of this study
could also be important for adoption and diffusion of natural farming.

A limitation of this study is that we focus only on natural farming products consum-
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ers in the Hakui region. To improve our analysis and obtain a better overview of con-
sumer preferences, the empirical analysis of a large-scale survey with more detailed nat-
ural farming program scenarios would be an important expansion of this study. These

problems need to be addressed separately in a future study.

References

1. Adamsen, J. M., Rundle-Thiele, S., Whitty, J. A.2013. Best-Worst scaling...reflections on
presentation, analysis, and lessons learnt from case 3 BWS experiments. Market Social Re-
search, 21, 9-27.

2. Britwum, K. 2017. Consumer Perceptions of Food Safety and Preferences for Food Safety
Interventions (Unpublished doctoral dissertation). University of Nebraska, Lincoln, Ne-
braska.

3. Cheung KL, Wijnen BF, Hollin IL, et al., 2016. Using best-worst scaling to investigate pref-
erences in health care. Pharmaco Economics. 34, 1195-1209.

4. Carlsson, F., Frykblom, P. and Lagerkvist, C.-J., 2005. Consumer preferences for food prod-
uct quality attributes from Sldish agriculture. Ambio 34(4-5), pp. 366-370.

5. Confraria, J., Ribeiro, T., Vasconcelos, H., 2017. Analysis of consumer preferences for mo-
bile telecom plans using a discrete choice experiment. Telecommunications Policy 41 (3),
157-169.

6. Campbell, B., Khachatryan, H., Behe, B.K., Dennis, J.H., Hall, C.R., 2015. Consumer per-
ceptions of eco-friendly and sustainable terms. Agric. Res. Econ. Rev. 44(1), 21-34.

7. Colel, M.B., Augustin, M. A., Robertson, M.J., Manners, J.M. 2018. The science of food
security. npj Science of food. 2:14.

8. Chen. T., Wang. L., and Wang. J. 2017. Transparent assessment of the supervision infor-
mation in China’s food safety: A fuzzy-ANP comprehensive evaluation method, Journal of
Food Quality, vol. 2017, Article ID 4340869, 14pages.

9. Carlsson, F., Frykblom, P., & Lagerkvist, C.J. 2005a. Consumer preferences for food product

-78-



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

quality attributes from SlIdish agriculture. Ambio, 34, 366-370.

Dodds, R., Holmes, M., Arunsopha, V., Chin, N., Le, T. Maung, S., & Shum, M. 2014. Con-
sumer choice and farmers’ markets. Journal of Agricultural and Environmental Ethics, 27,
397-416.

Erdem, S., Rigby, D., Wossink, A., 2012. Using best-worst scaling to explore perceptions of
relative responsibility for ensuring food safety. Food Policy 37, 661-670.

Finn A. and Louviere J. J. 1992. Determining the appropriate response to evidence of public
concern: the case of food safety. Journal of Public Policy & Marketing 11, 12-25.

Flynn, T. N., Louviere, J., Peters, T., & Coast, J. 2007. Best-worst scaling. What it can do
for health care research and how to do it. Journal of Health Economics 26 171-189.

Fontes, M. A., Giraud-Héraud, E., & Pinto, A. S. 2013. Consumers' behaviour towards food
safety: a literature review. Ecole Polytechnique. 1-26.

Glenk, K., Eory, V., Colombo, S., Barnes, A., 2014. Adoption of greenhouse gas mitigation
in agriculture: An analysis of dairy farmers’ perceptions and adoption behaviour. Ecol. Econ.
108, 49-58.

Gil, J. M., Gracia, A. and Sanchez, M. (2000), “Market segmentation and willingness
to pay for organic products in Spain”, International Food and Agribusiness Manage-
ment Review, Vol. 3, pp. 207-26.

Haghjou, M., Hayati, B., Pishbahar, E., Mohammadrezaei, R., & Dashti, G. 2013. Factors
affecting consumers’ potential willingness to pay for organic food products in Iran: Case
study of Tabriz. Journal of Agricultural Science and Technology, 15, 191-202.

Ikeda DM, linert E, Chang KCS, McGinn JM, Miller SA, Keliithoomalu C, DuPonte MW.
August 2013. Natural farming: lactic acid bacteria. Sustain Agric:1-4.

Issacs, S.M. 2015. Consumers Perception of Eco-Friendly Products. (Doctoral Thesis, Wal-
den University, Minneapolis, Minnesota).

Japan for sustainability, 2012. Making the Impossible Possible-"Miracle Apples" and Natu-
ral Cultivation. JFS Newsletter No.116.
https://www.japanfs.org/en/news/archives/news _1d031917.html (Accessed February 5,
2019).

Kwasek, M. 2012. Threats to Food Security and Common Agricultural Policy, Economics

-74-



22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

of Agriculture 4/2012, UDC: 663/664:658.562:338.43.02.

Kongsom W. and Kongsom, C. 2016. Consumer Behavior and Knowledge on Organic Prod-
ucts in Thailand. Engineering and Technology International Journal of Social, Behavioral,
Educational, Economic, Business and Industrial Engineering, Vol.10, No.8,2524-2528.
Kumar, A., Saroj, S., Thapa, G., Joshi, PK., Roy, D. 2017. Compliance with Food Safety
Practices Among Smallholder Dairy Farmers in Bihar, India: Drivers and Impact. Interna-
tional Food Policy Research Institute. 1-35.

Kubota, S., Sawano, H., & Kono, H. 2017. Japanese consumer preferences for additivefree
wine labeling. Agricultural and Food Economics, 5(1), 4.

Kevin, M T S., Osumanu, H A., Choy, Y K and Jarroop, A M Z. 2018. Introducing Natural
Farming in Black Pepper (Piper nigrum L.) Cultivation,” International Journal of Agronomy
https://doi.org/10.1155/2018/9312537.

Khadse, A. P. M., H. M. Rosset, and B. G. Ferguson. 2017. Taking agroecology to scale: The
zero budget natural farming peasant movement in Karnataka, India. The Journal of Peasant
Studies 45:192-219.

Louviere, J. J., Flynn, T. N., and Marley, A. A. J., 2018. Best-Worst Scaling: Theory, Meth-
ods and Applications. Cambridge: Cambridge University Press.

Lusk, J.L., Briggeman, B.C., 2009. Food values. Am. J. Agric. Econ. 91, 184-196.

Li. T., Bernard. J. C., Johnston. Z. A., Messer. K. D., and Kaiser. H. M., 2017 Consumer
preferences before and after a food safety scare: An experimental analysis of the 2010 egg
recall,” Food Policy, vol. 66, pp. 25-34.

Luo. J., Wang. J., Zhao. Y., and Chen. T. 2018. Scare Behavior Diffusion Model of Health
Food Safety Based on Complex Network. Hindawi Complexity Volume 2018, Article ID
5902105, 14 pages.

Marley AAJ, Flynn T, Louviere JJ (2008) Probabilistic models of set-dependent and attrib-
ute-level best-worst choice. J] Math Psychol 52(5):281-296.

32.Marley, A. A. J., & Pihlens, D. (2012). Models of best-worst choice and ranking among

33.

multi-attribute options (proQOles). Journal of Mathematical Psychology, 56, 24-34.
McMahon, Martha. 2011. Standard Fare of Fairer Standards: Feminist Reflections on Agri-

food Governance. Journal of Agriculture and Human Values (forthcoming).

-75-



34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Moser, R., Raffaelli, R. & Thilmany-McFadden, D. 2011. Consumer preferences for fruit
and vegetables with credence-based attributes: a review. International Food and Agribusi-
ness Management Review, 14, 121-142.

Miller, S.A., M. David, Ikedal, E. linert E, dan C.S. Kim. 2013. Natural Farming: fermented
plant juice. Tropical Agriculture and Human Resouces. 2:1-7.

Minakata, I, 2018. Study on the Socio-economic Conditions to Succeed in Regional Regen-
eration by the Introduction of ‘Natural Farming’: Economic Profitability, Marketing and
Study Network Models. eJournal of Creative Cities, Vol 13, No 1, 66-86.

Osakada, Y., Fujino, M., 2018. Impact of Information Provision on Consumer Preference
for Conservation Agriculture Products. 11(2): 15-28.

Ortega, D. L., and D. Tschirley, 2017. Demand for Food Safety in Emerging and Developing
Countries: A Research Agenda. Journal of Agribusiness in Developing and Emerging Econ-
omies 7 (1): 21-34.

Omar, A.R.C., Ishak, S., Moen, J.A., and Arshad, M. M. A. M, 2013. Sufficient and Sustain-
able Livelihood via Community Economy: Case of Natural Farming Program in East Ma-
laysia. Asian Social Science Journal. 9(5). 110-117.

Rahnama, H., Fadaei, M., Baghersalimi, S., 2016. Healthy food choice: Survey results from
Iranian consumers toward antibiotic-free chicken. Sensory studies

Rihn A., Khachatryan H., Campbell B. K., Hall C. R., and Behe B. K. 2016. Consumer
preferences for organic production methods and origin promotions on ornamental plants:
evidence from eye-tracking experiments. Agricultural Economics, 47(6): 599- 608.
Sugiyama, S., Toshima, N, 2016. Comparison of nutritional contents of vegetables betlen
natural farming (AK method) and conventional farming. Bull. Fac. Agric. & Life Sci. Hi-
rosaki Univ. No.18: 1-6.

Shuichi, S., Nagiko, T. 2015. Comparison of nutritional contents of vegetables betlen natural
farming (AK method) and conventional farming. Agric. and Life Sci. Hirosaki Univ. No.18:
1-6.

Shinogi K.C., D.U.M. Rao., Sanjay Srivastava., Eldho Varghese., Rosin K.G. 2014. Sustain-
ability of Tribal Farming: The Case of Natural Farming Model in the Parambikulam Wildlife

Sanctuary of Kerala.

-76-



45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

SEKIYA, R., SUGIYAMA, S. 2014. Insect Community and Control of Phyllonorycter rin-
goniella by Parasitoid Wasps in a Natural Apple Orchard. Bull. Fac. Agric. & Life Sci. Hi-
rosaki Univ. No.17: 1-5,

Takeshi N., kyohei M., Takeshi F., 2012. Consumer Willingness to Buy Biodiversity-
Friendly Agricultural products: The Role of Consumer Characteristics and knowledge. Food
Sistem,18.4,403-414.

Takahiro, T; Tsuge, T; Nisikawa, U., 2014. Assessing the Difficulty of Implementing Wild-
life-Friendly Farming Practices by Using the Best-Worst Scaling Approach. In Social-Eco-
logical Restoration in Paddy-Dominated Land scapes. Springer Japan. 223-236.

Tan, C.S. 2010. Understanding Consumer Purchase Behavior in the Japanese Personal
Grooming Sector, Journal of Yasar University, vol. 17, no. 5, pp. 2821-2831.

Thaiyotin, P., Ujiie, K., and Shuto, H. 2015. An Evaluation of Consumers’ Preference on
Food Safety Certificate and Product Origins: A Choice Experiment Appraoch for Fresh Or-
anges in Metropolitan Bangkok, Thailand. Agricultural information Research 24(2), 74-80.
Usio N.,2017. suidenn sizennsaibai no sinnkou ni muketa suidenn no seibutsutayousei to-
kusei no kaimei. Research report presentation (July, 2017; Hakui)

Ujiie, K. 2012. Consumer’s evaluation on radioactive contamination of agricultural products
in Japan—Decomposition of WTA into a part due to radioactive contamination and a part due
to area of Origin. Food System Research, 19(2): 142-155.

Uchida, H., Roheim, C. A., Wakamatsu, H. and Anderson, C. M. 2014. Do Japanese con-
sumers care about sustainable fisheries? Evidence from an auction of ecolabelled seafood,
Australian Journal of Agricultural and Resource Economics, Vol. 58, N 2: 263-280.
Umberger, W.J., Stringer, R., and Mueller, S.C. 2010. “Using Best-Worst Scaling to Deter-
mine Market Channel Choice by Small Farmers in Indonesia.” Presentation at the 2010 An-
nual Meeting of the Agricultural and Applied Economics Association, Denver, Colorado.
Whittingham, M.J., 2007. Will agri-environment schemes deliver substantial biodiversity
gain, and if not why not? Journal of Applied Ecology .44, 1-5.

Wang, K.H., M. W. DuPonte, and K. C.S. Chang. 2014. Evaluating the Benefits of Korean

Natural Farming Practice on Tropical Vegetable Crop Production in Hawai'i. Rep. no. 69-

-77-



56.

57.

9251-11-912. Hilo: National Resource Conservation Services. Print. Korean Natural Farm-
ing Progress Report.

Xia, W., Tanaka, K., 2018. Prefectural Panel-Data Analysis of the Factors in the Adoption
of the Agri-Environmental Direct-Payment Program. Journal of Japan Society of Civil En-
gineers, Ser. G (Environmental Research), Vol.73 (4), 110-116.

Yamaguchi, M., Taketoshi, K., Nishimura, T. 2018. Choice Experiment on Environmentally

Friendly Rice in Shiga Prefecture. Journal of Rural Problems. 54(3); 88-95.

-78-



Chapter 5

5. Consumers’ Preference on Willingness to Pay
for Environmentally Friendly Farming and
Social Desirability Bias in Japan
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5.1. Introduction

Agriculture was developed to produce crops and feed livestock for human consumption.
Pesticides and chemical fertilizers have become necessary for industrial agriculture as
the amount of food produced has multiplied to meet the needs of an expanding popula-
tion. Pesticides also lead to savings in labor costs, thereby increasing farm profits. De-
spite the obvious benefits to farm production, pesticides and chemical fertilizers have
serious toxic impacts on water, air, and soil, and on humans and the surrounding biota
(Rathore et al., 2012; Popp et al., 2012; Mahmood et al., 2016; Khan, 2016; Carvalho,
2017).

Agricultural environmental policies have been developed in response to fundamental
agricultural environmental problems. Agri-environmental subsidies have been put in
place in countries around the world to support measures to reduce the negative conse-
quences of agricultural production and improve environmental health and quality. The
Conservation Reserve Program (CRP?) and Environmental Quality Incentive Program
(EQIP?) in the United States and agri-environmental payments (AEPs) in European Un-
ion countries are typical examples (Baylis et al., 2008; Shobayashi et al., 2012; Fujie,
2015).

In Japan, the first national agri-environmental payments (AEP) began in the 2011s,
and a program was signed into law in 2015. Farmers who reduce the use of pesticides
and chemical fertilizers to less than 50 percent of the total qualify for the payments
(Ministry of Agriculture, Forestry, and Fisheries, 2018). The per-hectare payments range
from 3,000 JPY to 8,000 JPY, depending on the practice chosen by the farmer (Fujie,
2015; Uetake, 2015; Nishizawa, 2015; Xia and Tanaka, 2016). There is more organic
agriculture (improving the natural circulation function of agriculture and does not in-

volve the use of pesticides, fertilizers, or genetic modification), and natural farming (not

2 CRP is a cost-share and rental payment program of the United States Department of Agriculture
(USDA). It focuses on highly erodible land and is administered by the Farm Service Agency (FSA)
(Otto et al., 2018).

3 EQIP provides technical assistance, cost-share payments, and incentive payments to assist crop,
livestock, and other agricultural producers with environmental and conservation improvements to
their operations (Wunder et al., 2008).
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using chemical fertilizers or pesticides and not using fertilizer or compost based on ani-
mal sources) and so on implementation of agri-environmental programs in Japan (Min-
istry of Agriculture, Forestry, and Fisheries, 2017).

In recent years, consumer concerns about environmental and health issues related to
food products have increased. However, while the adoption and distribution of environ-
mentally friendly farming (EFF) products are crucial to addressing these concerns, con-
sumers’ willingness to pay (WTP) for agri-environmental products is a major obstacle.

Consumer preferences have been discussed in a number of studies (Dodds et al.,
2014; Bazhan et al., 2015; Rohm et al., 2017, among others). Dodds et al. (2014) found
that product quality and desire to support local communities are stronger motivating
factors than merely the need to purchase groceries for consumers visiting farmers’ mar-
kets. Uetake (2014) found that a mix of regulations and incentive payments in agri-en-
vironmental policies could reduce environmental impacts, and that targeted approaches
could improve cost-effectiveness.

Further, Lee et al. (2017) found that downstream consumers who recognize and in-
tend to purchase EFF products have a significant WTP for water-quality improvement.
Nishimura et al. (2012) evaluated consumer WTP for biodiversity-friendly agricultural
products and found that advertisements will attract consumers who are highly concerned
with the agricultural impact on the environment and the quality of the produce they con-
sume. Research on consumer WTP for EFF products has focused on measuring the im-
portance of the attributes of those products. Casini et al. (2009) evaluated the influence
of WTP on the wine choice of Italian consumers in retail and on-premises settings. Hagh-
jou et al. (2013) examined factors affecting consumers’ WTP for organic food products
in Iran.

Several foreign studies have researched consumer WTP for agricultural products,
locally grown products, and organic food and rice. However, most extant research is
based on subjective valuation. Several studies have investigated social desirability bias.
Gallardo and Wang (2013) used direct and indirect valuation to determine the value ap-
ple and pear growers have on environmental features and, analyzed willingness to pay

for pesticides’ environmental features and social desirability bias. Lusk and Norwood
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(2009) used the inferred valuation method to bridge the gap between laboratory experi-
ments and naturally occurring markets.

These studies, according to Lusk and Norwood (2009b), were restricted to consum-
ers’ preference of subjective valuation. This study uses a survey of consumers to shed
light on a farming model that protects the environment. We examine the use of pesticides,
chemical fertilizers, and organic fertilizers, and the effect of price per kilogram on the
regional economy. While consumers’ subjective valuations indicate a preference for EFF

products, there is a significant gap between subjective valuation and inferred valuation.

5.2. Methodology

5.2.1. Best -Worst scaling (BWS)

In contrast to a BWS profile case, in which the choice set of each attribute to be measured
has a single profile and respondents choose either best or worst for each attribute, a BWS
multi-profile case provides multiple profiles for each attribute and respondents are asked
to choose the best profile (most important) and the worst profile (least important) in the
choice set (Cheung et al, 2016). In the multi-profile case, respondents consider the whole
profile rather than the level of a single attribute. The BWS multi-profile case analysis is
valuable in many marketing applications as it provides a better estimation of parameters
and identifies the attribute levels of a product that make it acceptable or unacceptable
(Flynn and Marley, 2014). In short, BWS object cases rate the relevance of attitudinal
statements and BWS profile cases identify relevant lists of things to be measured. A
BWS multi-profile includes the levels of all the attributes of features offered to respond-
ents (Louviere et al., 2015).

In this study, we examine factors influencing consumers’ purchase intentions and
willingness to pay a premium price for EFF products, and develop a model of consumers’
purchase intentions for agri-environmental products. Based on 575 valid questionnaires

from a total of 1,100 distributed at roadside rest areas in Japan (Michi-no-Eki), the model
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is confirmed by the BWS multi-profile case method.

5.2.2. Inferred valuation method

As mentioned above, extant research has emphasized subjective and inferred valuation
in consumer WTP but has not explained social desirability bias, which could signifi-
cantly influence WTP in both real and hypothetical situations (Lusk and Norwood,
2009a).

Several studies have investigated social desirability bias. Lusk and Norwood (2009a,
b) and Norwood and Lusk (2011) considered inferred statements of value for non-market
valuation and found that inferred valuation had the potential to provide more accurate
information than subjective valuation in real and hypothetical situations. Gallardo and
Wang (2013) used direct and indirect valuation to determine the value apple and pear
growers place on environmental attributes and the social desirability bias. Inferred val-
uation methods have been discussed in several studies, including Yadav, 2012; Loomis,

2014; and Torres-Miralles et al., 2017.

5.2.3. Questionnaire design

In this study, analysis to the individual best or worst utility and consumers’ preference
on willingness to pay for environmentally friendly farming and social desirability bias
in Japan. Then, given that consumers have heterogeneous characteristics, such as age
and income, the logit form of the probability can be estimated by the mixed logit (ran-
dom parameter) method (Elshiewy et al., 2017). Therefore, we used the mixed logit model
and WTP estimates.

We use agri-environmental products to illustrate the approach. Five attributes and
the description of levels are shown in Table 1. The five attributes were: reduction of
pesticides, reduction of chemical fertilizer, use of organic fertilizer, locally grown, and

price per kilogram. Three types of rice were introduced: Rice A (50% Reduction, No
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reduction), Rice B (80% Reduction, 50% Reduction), and Rice C (No reduction, 100%

Reduction, Use or No use, locally, price).

Table 5-1. Choice experiment attributes

Attributes Description of levels

Reduction of pesticides 100% , 80%, 50% or, (No)

Reduction of fertilizer 100% , 80%, 50% or, (No)
Use of organic fertilizer Yes, No
Locally grown Yes, No

Price per kilogram (JPY) 400, 600, 800, 1,000

Figure 1 gives an example of a BWS multi-profile case choice set in which respondents

were asked to choose among the attribute sets of the three types of rice.

1. Please consider you are out shopping and want buy rice. Tick which rice product would be

the best (choose only one ) and worst (choose only one) important for you.

2. Important for another person. (for example, A)

Attributes Rice A Rice B Rice C
Reduction of pesticides 50% Reduction 80% Reduction No reduction
Reduction of fertilizer No reduction 50% Reduction ~ 100% Reduction
Use of organic fertilizer No Yes No
Locally grown Yes No No

Price per kilogram (JPY) 400 1,000 1,000
Most important (desirable) O O O

Least important (desirable) O O O

Note: three different rice of characteristic were presented in each set.

Fig 5-1. An example of a BWS choice experiment
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5.2.4. Data collection

The data for this study were collected from questionnaires personally delivered to a ran-
dom sample of south Michi-no-Eki consumers from March 25 to May 20, 2018. A total
of 575 valid questionnaires were returned. The questionnaire was designed to measure
the preference and WTP of Michi-no-Eki consumers for EFF products. The question-
naire also collected information on the socioeconomic characteristics of respondents,
consumer perceptions of the quality of agri-environmental products, and motivations to
buy locally grown products.

Table 5-2 presents characteristics of survey repopndents. Socio-demographic factors
expected to influence consumer WTP for EFF produce include age, income, comparison
of the yields of natural and conventional farming, location, and number of members in

the household (Carpio, 2009).

Table 5-2 Characteristics of survey respondents

Variables Definition Min Max Mean  Std.dev.
Gender (1=male, 0=female) 0.000 1.000 0.222 0.486
Age (in years) 1.000 5.000 3.719 1.478
Income (annual household income in Yen) 1.000 9.000 6.400 322.5

Comparing the yields natural and conventional farming (1=yes, 0=no)  0.000 1.000 0.160 0.393

Number of respondents 575

5.3. Model
Questionnaire data were analyzed using a random utility model to measure respondents’
preferences in terms of the agri-environmental attributes of products and estimate their

WTP for these characteristics. The random utility model is represented by:

Uni = Vi + &5 (1)
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where U,,; is individual i’s utility from alternative i in the choice set. &;;is an asso-
ciated error component and V,,; is the deterministic part of the model that can be written

as:

Vni = BnXni
(2)

where V,,; isthe deterministic part of the model, X,,; isa vector for the stage associated
with attribute I, and B, is individual i's utility parameter vector.

Where the probability that the respondent chooses alternative n and i as the best
and worst of the [ alternatives in the choice set, respectively, is equal to the probability
that the difference between alternatives n and i is greater than all other possible dif-

ferences in the choice set (Erdem et al., 2012; Lusk and Briggeman, 2009).

P (I is chosen as the best and i is chosen as the worst)

exp(Voi — Vi)

P, =
" §'=1 Z§<=1 exp(Vnk - an)

(3)

In a conditional logit model, the probability that respondent n chooses attribute i
as best and attribute j as worst is the probability that the difference in utility between
B; and B; is greater than all M possible utility differences in the choice set,

M =i(I — 1) — 1(Erdem et al., 2012; Glenk et al., 2014).
The unconditional probability of the observed sequence of choice is the conditional

probability integrated over the distribution of f:

Pni = ani B)f (Blu,o)ap
4)

This is the probability of the individual’s sequence of choice conditional on the pa-

rameters of the consumers distribution f(8|u, o). f(B|u) is the density function of ,
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p is the mean of the probability distribution of 3, and o is the standard deviation of
the probability distribution of . Also, it can be seen that the independence of irrelevant
alternatives and estimate individuality parameter (Train, 2016).

Since price is assumed to be a fixed parameter, we have the convenient result of that
marginal willingness to pay (MWTP) for agri-environmental program products. MWTP
for pesticide reduction, fertilizer reduction, use of organic fertilizer, and locally grown

produce is obtained by:

ﬁm
= —_—— 5
MWTP,, 3 (5)

p

where MWTP,, is marginal willingness to pay for attributes m, m is the probability
of pesticides reduction, fertilizer reduction, use of organic fertilizer, and locally grown
produce. B, is the parameter estimate for attribute m, and f,, is the parameter esti-
mate for price.

We estimated MWTP subjective valuation and inferred valuation approaches to as-
sess evidence of social desirability bias in consumer preference for agri-environmental
products and compared them by applying the hypothetical approach developed by Lusk
and Norwood (2009b).

To assess evidence of social desirability and hypothetical bias when eliciting prefer-
ences for pesticides and fertilizer, we compared MWTP estimates obtained through sub-
jective and inferred valuation by inferred valuation method approach developed by Lusk
and Norwood (2009b). Here we tested the hypothesis that the MWTP obtained through
inferred valuation is higher than that through subjective valuation for variables that have
positive social consequences (pesticides reduction, fertilizers reduction, use of organic
fertilizers, locally grown).

To measure the predictive accuracy of the subjective and inferred valuations we used
BWS case 3 and another person’s WTP for agri-environmental products. At the individ-
ual level, the respondent derives utility from providing an answer on his or her own

behalf, and thusA = WTP; however, in the hypothetical case of inferred valuation, the
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respondent derives no utility, and thus A = 0 (Lusk and Norwood, 2009b) .The utility

from stating the inferred valuation was calculated by:

U=wMA=0H=—(WTP' — E[WTPVH])2) (6)

where WTP! is the person’s inferred valuation, and E[WTPNH] represents the per-
son’s expectation of another person’s valuation in a particular non-hypothetical setting.

Given equation (6), the utility maximizing inferred valuation is simply:

WTP! = E[WTPVH] (7)

Equation (7) provides that the other person’s willingness to pay is equal to expecta-
tion of the respondent based on the inferred valuation questionnaire. Comparing equa-

tion (5) to equation (7) allows us to investigate social desirability and hypothetical bias.

5.4. Results

Increasing the price of agricultural products is generally thought to be highly rated by
consumer. However, our results indicate that the “producing area” was highest rated by
consumers in the Michi-no-Eki. There was the same result in Person himself or ordinary
person.

Table 5-3 presents the results of a mixed logit model of the best or worst choices in
the survey data. The mixed logit model provides fixed parameter estimates (price
JPY/kg) and confirms the presence of substantial observed heterogeneity in the result.
As Table 3 shows, there are significant differences between subjective valuation and

inferred valuation.
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Table 5-2. Mixed logit model estimates for multi-profile case (BWS)

Person himself Ordinary person

Attributes Coef. Std.Err. Coef. Std.Err.
(Fixed parameter)
Price per kilogram -0.002 *** 0.001 -0.003 *** 0.001
(Mean parameter)
Reduction pesticides 0.338 *** (0.468 0.274  *** 0.027
Reduction fertilizers 0.146  *** 0.024 0.129 *** (0.021
Organic fertilizers -0.032 *** 0.011 -0.043 *** 0.012
Locally grown 0.783 *** 0.134 0.736  *** 0.137
(Standard deviation parameter)
SD_reduction pesticides 0.160 ** 0.077 0.033 0.088
SD_reduction fertilizers 0.070 0.083 0.121 ** 0.061
SD_organic fertilizers 0.254 *** 0.043 0.267 *** 0.045
SD_locally grown 2.061 *** 0.420 2291 ***  0.446
Number of observation 10,665 10,167
Log likelihood -3116.686 -2989.272

Note : *** ** denote that the variables are statistically significant

at the 1%, 5% level, respectively.

The locally grown, pesticide reduction, and fertilizer reduction attributes were highly
rated, while price per kilogram was not considered highly significant.
The mixed logit model indicates the relative importance of different attributes for an
average respondent across the sample. It identifies all attribute preferences for consum-
ers of agri-environmental products and investigates consumer heterogeneity. Mixed logit
model analysis can estimate fixed or standard deviation parameters for each attribute
and serve as a basis for the estimation of MWTP for agri-environmental attributes. The

estimated WTP for agri-environmental products is shown in Table 4. The mixed logit

model provides parameter estimates (price JPY/kg) for MWTP.

The MWTP obtained through subjective valuation is higher than the MWTP obtained

through inferred valuation for product attributes that have positive consequences and
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provides an opportunity to investigate social desirability and hypothetical bias. Table 4
also provides the 95% confidence interval for the marginal willingness to pay for attrib-

utes.

Table 5-3. Marginal Wellingness to pay estimate (MWTP)

Subjective Valuation Inferred Valuation
Attributes WTP 95% Conf. Interval WTP  95% Conf. Interval
Reduction pesticides ~ 150.3 (87.5, 255.1) 88.4 (58.0, 136.4)
Reduction fertilizers 64.9 (35.1, 114.7) 41.6 (23.3, 70.6)
Organic fertilizers -14.1 (-18.7, -6.5) -13.9 (-17.6, -7.9)
Locally grown 348.4 (184.8, 621.4) 237.1  (123.2, 417.3)

Note: Units of 10%

According to the MWTP sample distribution, most respondents were willingness to
pay a premium for agri-environmental products. The results indicate that consumers are
willingness to pay an average premium of 348.4 JPY for locally grown products based
on subjective valuation and 237.1 JPY for locally grown products based on inferred val-
uation. There was a higher WTP for the locally grown attribute than any other. Further,
consumers were willingness to pay a premium of 150.3 JPY for a 10% reduction in pes-
ticide use based on the subjective valuation compared to 88.4 JPY based on the inferred
valuation. They were willingness to pay a premium of 64.9 JPY and 41.6 JPY for a 10%
reduction in fertilizer based on the subjective and inferred valuations, respectively.
WTP: SV > 1V or SV<I1V Social desirability bias.

This valuation is an indication of consumer acceptance of locally grown agri-prod-
ucts. The significant differences in the WTP premiums based on the subjective and in-
ferred valuations are evidence of social desirability bias. This study focuses on inferred
valuation.

The mean parameters of all factors were found to be significant. The factors rela-

tively important to consumers were locally grown ((0.783) =237.1 JPY), pesticide re-

-90-



duction ((0.338) =88.4 JPY), and chemical fertilizer reduction ((0.146 =41.6 JPY). Or-
ganic fertilizer was relatively less important ((-0.032) =-13.9 JPY).

The standard deviation of three factors was found to be significant. (The variation of
the ratio of SD to average parameters, Significance of the variation in ML, Among-in-
dividual heterogeneity)

Female (male) consumers are willingness to pay an additional 88.4 JPY premium for
pesticide reduction compared to (male or female) consumers. There were no statistically
significant difference in willingness to pay between male and female consumers for the
EFF products attribute, which is significant because female consumers do the majority

of household grocery shopping.

5.5. Discussions and Conclusions

The main purpose of this study is to gauge consumer willingness to pay for agri-envi-
ronmental products in Japan. I used pesticide reduction, chemical fertilizer reduction,
organic fertilizer, and locally grown as the attributes of agri-environmental products.

I analysis provides direction for policymakers regarding agri-environmental pro-
grams, demonstrating that consumers attach great importance to eco-friendly, safe, and
reliable products that chemical- and pesticide-free. Increased awareness of the safety of
consumer foods will be important to the growth of eco-friendly agriculture. It is also
important to promote natural farming products as safe and reliable.

Locally grown products (Increasing local products, Farmer-to-consumer direct mar-
keting) Understanding consumer to reduction pesticides (Consumer recognition is im-
portant) Continuous characteristics of agri-environmental. Inferred valuation is im-
portant for payment assistance (All about willing to pay, Factors affecting of Social de-
sirability)

My results highlight the importance of monitoring changes in consumer preferences

and WTP for EFF products in general, and for local food systems in particular. Further
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research could determine if the price premiums for specific environmental product at-
tributes hold for other regions in the country (Maples, 2014). It would also be beneficial
to determine if these attributes would bring a price premium for crops other than rice.
The approach presented in this study can serve as a useful framework for research
on consumer preferences and WTP for agricultural products. An empirical analysis of a
large-scale survey with more detailed EFF programs and scenarios would be an im-

portant extension of this work.
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(1) /NRAEFEHIR (HWE, WALd, WEE, L, [RE, BREE, Hid, K,
A, SEE ATRIK), (2) /hE - o APEHIER (i, WIALE, 1CEE, W), =B,
() = AEEMIR (ErEE, WA, &MNE, REBETRK, (LA, WME, KA, RiE
i, WHTE, @EE) ICKkBIT& % (Talhelmetal.,2014), = OHUKX /3 ICE £/ M
BCIE, HIBERYSRAT R E D REAPEIIIREN TH D 2 &0 b, IBHHERBUER~D SN FEHR
bR, 2D, KBIFEDOGHT RGNS L L Lz,

2. SEfTHFSE
2.1 RU v TEhE

PESD A Y v FZhRAZBE T 5 Fe ¥ D TE = 72 70 AT 511X TfilFL7=Wu (2000) T
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- 112 -



THRMEONEZRB 20> TN D, ZORER, CRPEIMEMN 1= — I —#n+ 52412, 0,
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Z OHERHE FLIZ 2V TlERoberts and Bucholtz (2005,2006) & OFGHIHE L7=7%, BIfE CiX
2V TR OFLEITNRIA L ZF AN STV 5 (Roberts and Bucholtz, 2005) ,

Wu (2000) D3 ASERHAL TOD~ 7 m Y722 BLR T - 72 DITkf L, Uchida (2014) 135
B OERT — 2% HANT, I 7 aflRBlanb A v 7 ROFEEEAEEL TV D, 20
e CTH A Y v TROFAEDE BRI TE Y, BB ERE G (Environmental Qual-
ity Investment Program; EQIP) 72 EfthdOPESIZE W TH RO ENFAET D Z & bIEfHL T
VW% (Uchida, 2014),
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& 2%, Jemniferetal (2012) (%, A F T 2UTEBIT DHEMBEEPESIZOWVTOSHING, S0
R OB 1T 5k A b7ob L, fRELTBRDORY v 7hRMBEL T
D LT TS, F£72, Fraserand Robert (2005) &, A—A 7 U 72T 2IRHBUR
DHFEGIDE, AV v THRBERIHFET DREBRHL TS, DX 51T, PESICERT
DAYy TRIET AV IUSATHEBOETHRIAES N TE Y, ZDIFL A ETHROF
TEMFEFHHINT R STV D,

YRR D, ZIVBEATIIROMSRE & fE Tt - RFNRERR EL L OETHE
R D720, TEICBWTHREERICA Y v 7RBIFEL TO DRI RV, 72720
PESIZ X % A PE DM/ NS HTRBAR 2 H 72 597 1t A3 H 2 ER CIlERE B 72217
ot THY, PEEZED EOHIRIZIBWTH RBEOMBENA U 25/ EMEIIFET 5
DEZEZHID,
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R LBy, IBPEERBERDO XY v T RO ToHMT LIZAFFEIT RS 72 57203, [H
BOR DA NSRRI « BB BE$ 2813 CTITAAET %,

fml Z0E, A (2010) FEBHENRBOR OBREMAIEICE B L, RBORRAEEOIL
R, TR O, KEFKZBEIOBERSICER L2 O b, BURO I 5725034k
&Mk 7 RIS B CH DR AR LT D, B (2009) INE Y IVETRRICEIT 5 F
BTN ©, FIBORIC & DR T 7K b S8 5 054 e L, Rl s 1) 2 Bk 32
JEIZ DWW TEFEZIED LTV D,
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X, BUXADOHEINREEZ T2 b L, BEFROLEIIERL TV D EffEmIT TV D,
ZHUCHL, T (2006) TiE, EME A G E LRI D, IBERERBORIC K o4
MITAERBRIZRZERIEICZ LS, ERFITHT 2 A M 2384 & i E W Z & h, 2
FAFORLZEIZ OB > T D EHEFHL TV 5D,
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(2004) 13, IEBHEMBORICI T 2 RE~OIBHERTH Y, BERIREZm D 57201
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PLED X 90T, FTATHIZEIC IS D R85 ot O KT E I BT 2 FBIsthr TH Y, £
NS OFERZ M ORI REE LW — b T 5 Z LICIRARH D, HIAZRET 5 Z
T, 7RSI R VBEROAIEZ ST 5 Z LITHETH DN, AWFEDO L DI
BHEALO~ 7 a2l R X0 REREM 2R, —RNRMRE2E5 2L b EEE
EEZ D,

EEL, RY v PHREEOABED~ 2 B 55D ORI K T O
FERRRRBEMR TH 0, BB IZEAORRMZR EIZonTE, 0B TERVAIRRE
DETH D,

3. T FRE

3.1 T ET IV

ABFFETIL, 200047 H20124F £ TOE RN OFGHT —Z & L 1C, IBPHRARBORIZH1T
DAV TRHROFEIIONTOSHTZ2E 270 5, BERMIZIE, FRBORIZEB T 52 NmHfED
JERDS, BB EOMEMZ A EIZAELIETWDENE I Dk, BRIV T—H
LR ERIFET M LV REET B,

I THEET A& RIE, R M - TR 2 BREMETH D, AWFIEDO ST
2404 - EHET - BIBRA G ATEY, ThEhits - BENICSHETH D, £z, o
BCd 520004E7> H20124EDHIRK I, FEIZ S TRVWEERFAREZRBRLTEBY, Th
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ZROEIZENTH oI FIcHs - BFICBWTRERE(EPAE L TE 2 Z & 3 HEH
ENb, ZOLIBRE -FEZLEORERHDOIFZEALEFBHSN RN DOTHDIN, TbE
HERL U 7= A 22 A7 8 7L C d HPooled OLS T, HEFHRE RIS /SA 7 ANE U 5 AR TS
ETERU (Verbeek, 2008), D72, AMFFETIIBIHI SN2 WREMAE - FRALOE
ENR LI 2Tz, BEDRET LV (FE) ICKVHEFEIB I,

[ E BT T A IT DRI - LA B O RPUT I, AT C & % Wu (2000) <°Uchida
(2014) 225 L LT, Ty ELLE,

S_CULT;, = B'Sstcpic + y'Xit + q; + 8, + uy, D

Z 2 TS_CULT (It IT IR T 218 ORMEFEIC S 2R EHEOES (%) THY,
S_SLCP (Z[AIARICHE I 5 D 2 IBHEEMREEORIE (%) ThHDH, T 2 TIERBHENmAEILL
FIZBWTH IS L2l TIER <, HERRIZIB W TRBORICSMN L TV 5 Dk
HRETH D,

X BT BRI BRI S 5 MU BEAY - BRI AR T d 5, AWFZE T, Wu (2000) °Uchida
(2014) 72 EDIATHITEN D, B ORER (km?), BIFELAOZL (N), KEOLWES|
K o/ b)), 2 AEFEHUEES JOVNEAEEMB O MR X I —Z2 AR L., £72, o
IFE LV OEEDE (=12,..24) THY, SAIFEL~NVOEEDRE (t=12,..,13) T
HbD, TOGBLOSAZEVE - FET L OB SN2 WREENRBE I, AT AD70
HeFHE A 155 2 LR FREE 72 D, FIRIT, w lTl@ s OFREHE (u,~N(0,02)) Th D,

5B, FENRET NV CTIIHAEDOEL 2R D Z LN TE RN, Edo kGl X
Ol X —(XPooled OLSE 7 /LI DA EFN TN D, 7272 L, TIUTKENREWKR TOR
BYETHY, AENRET L TIEBRI SNV DEEDE LI - LV OREMEZa;
BROGAZ LV FHEMICEE L T\ D, 2078, HEFHEROEREEME - 24 PEXPooled OLSE
FLEDY, AEDREFTALOIRENEDEEZ NS,

32 T4

WIZ, SIFTICEE A U7 B RS - AR EC DWW Tk B, P A0S, AiTE T
filiu 7z & O OREFEIC 5 & 2R EROIL R TH 5 (S_CULT), ZhiddH H4EITH
T B DKM (AREA) &, FRAROTAVHIR & OIFRMIAIBABRIC K 0 R~ &7 ITHR#E
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SN 7-#smfE (S_CULT) O TH D (CULT/AREAX100), &4 OFHBIBRE IOV T
1, PEBEERRHEE RS L O ERBGEHEE D AF LT

¥, AHFFETIEIWu (2000) & [EIERIS, BREUIIZECTIEASE OREREIC SO 58 BA R
FREOEEZ AN, IR OT — % L OEEEZ B L C, BEOET LD
BIRLIZAERTH D, 72720, BT BHEFRER (CULT) BRZHHZASLE L
TETNTYH, AEME - FRICREREWVITR LN o7,

WICTHHES TH D P, ABFEICEWTEER S OITBPRERBEER ~OSIEHTH Y,
T OEENLOT — ZIFPEMREFR GRS L OPERERE XV INE L, S Cidgket
BAZEE & [RRRIS, B OREREIC HD DG (%) (T8 H L COHCtEM L,

2V THROLFAEIL, T DS _SLCPOHEGHE & Z D BN ORFET H 2 N TE D,
BIZA Y ThRNFHET 58546, S SLCPORE DT BIXETH Y, FHEHICHBEAKRED
RSN DZ LN TRIND, 72720, FRARmAIT, e - RIFREERORZE L%
FTWDZENnG, TR EBERICL Y ZNOOEREZa L br—/LT 252 &7
A A

AREA, &4 « HEER - BIAKICHET 2 BHORER/ TH Y, TEKHEE LI AFL
7o —MRIS, EREASRE VT C IR L 5 DR S K& <, FBICHBT 2 /HICH
T 2EEXD, ZOZLnb, FHAREMEICH L TIEOZEL LSO ENERALND,

R A1 PEHIAZLE - SO

A BT THE RME RRE BRYERE
S_CULT % 0.002 0.000 0.012 0.003
S_SLCP % 0.013 0.000 0.054 0.012
AREA T km?  200720.100 11606.000 715587.000 138810.000
POPCHANGE TA 4732.880 517.000 9717.000 2611.186
FP_SOY Jul b 2815368  1441.090  4329.354 680.943
AREA_RICE — 0.402 0.000 1.000 0.491
AREA_WHEAT - 0.378 0.000 1.000 0.486

POPCHANGE(Z, FiHENLD ANAZELTH Y, AREA L [RIERICHEKFHFE LD AFTL
72 IIHTHARNIC Z < OHUK TIZE WA LD OO EREBR L TBY, ZoEHIETHD, AD
DEINT DI EREEELEEY, FBBR~DENLRD N EZ NS, TD=WD,
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AEBOFFFITIEE R Z RTINS,

FP_SOY!Z, Uchida (2014) [ZA/EM DS is ik 238 BHSRITENC 5- 2 D 5B 2 45 L
THEY, RUFED ZIUE > T D, AR THIUTEIDOIED i 2 5B 0 THET
ETHLN, MBRENIEFICE L, ZEILHMENBREIND, £O72D, DTl
BWTREM SN TV D, KEOEMDIKE RS Z & & Uiz, AEALO MRS ik
KELEMWGIFT & O AF L, FHRALTEHENR LD 2T, REffifsEgicly 7 7r—Fh
Uiz, 7285, ROMEHEEIEPEREE L0 AT L,

%112, Pooled OLSIZ L 5T /L TIIE L-ULTOBR S W BEMEZ BB T Rz
B, MM TOLX I —BHE2ET/ICEDT-, AREA RICE|L = A /EpEMI D 2 I — 2%
Th bV, K228 24 Ik CTixl, 28 OMigix0 & 72 > T %, AREA. WHEATI(,
INEAFERIBIZ OV CDRBRD & I =B TH D, kIS, L EOEKOFbHH &L K-

HZRT,

4. GrHTE R

Pooled OLSH5 L OMEEMNRE 7 /W L D HERHE R 2 K213, TALENDET /MIZHO
T, VIV DREEDR (6,) ZANTbDE, 9 TRV DE[ERNIHEE LT, DT
W, GatTAET NVOHEENERE Z 2 THE T S,

F9, AORAEBIZED D IBEEREED Y =7 (S_SLCP) OB TH D0, WIFho
EFETMZBNTH IEO/K B THEICAR Th 5, ZHUL, IBBHERBER ~OSNNimfE 34
322 LT, HERMARMICERS NI GHEMNT D Z LR LTS, T, [FE
RNEZOFHBRBITENICARICEEL TCVWDLZEE2RLTEBY, AU vy 7ENMFET
HZEDRELEENZ D,

R2VRT LBV, HEETEPCEHEROBY FNBERLRDLNTHOET /VIZEBN TS,
—EBLTHECEDHZRNRINTND Z Enh, EROBEMREIIEHENEDOLEEX D,

72721, S_SLCPOfR¥ A HEFHET LRI % &, Pooled OLS TIXEERRET /L K
D HHEFHED K E VY, Pooled OLSDET /L (1) & (2) DOHERHEIZZLE40.04 & 0.04572 D
WXL, BEESRET LD 3) & (4) TIENTILH0.007TH D, L, Pooled OLS T
BL IV DOREWENRETIZ G TN & THERHE RICANA 7T ZANEL, ®iRkE U TR
ENRBOR O BLZBIGIHI L T LE b D EEZ BN,
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# A-2 Pooled OLS B L ONEEZNRT T M L D HEFHRS R

Pooled OLS FE

(1) (2) ) (4)
= 0.005 ** - 0.003 Fx 0.002 ** 0.002 ***
S SLCP 0.040 *** - 0.045 falaiel 0.007 ** 0.007 ***
AREA -7.590E-09 *** -7.560E-09 *** - -
POPCHANGE  -1.250E-07 *  -1.160E-07 * 8.050E-08 1.080E-07
FP_SOY 2.180E-09 4.440E-07 4.300E-08 *** 6.140E-08
AREA_RICE -0.001 ** -0.001 *** - -
AREA_WHEAT -0.001 * -0.001 * — —
EERR (4) No No Yes Yes
HEZFR (4F) No Yes No Yes
n 249 249 249 249
R? 0.248 0.257 0.190 0.268

o WA EIIREREIC O 2 BT HBREEOEE (%) ThD,
* xx T 7N F 1%, 10% DO EHHAE EAKHEL R,

ZDXOIT, HEEHERITBIRENRBERICE T2 R Y v 7RO FEEZ R LTINS H D
D, WHNDOFATHIGE L Wik T 5 & Z ORI/ NI, 7ol 21X, BEEDRET AR TAY
v 7NE (S_SLCPOHERHE) 130.007TH Y, ZAUTIBBHERBCR ~DOSINERE )Y 1 %H 04
5 &I, FHBREFEIL0.007%EMT 5 Z L AR LTV A, FROWu (2000) (23175
CRPDO 2V » R OHEFHEIZ03TH Y, AFEOMRITEN LD b RIS b0 L
7o TW5,

722U, RHEEMEBOR IR EAR LA xS E LIZPESTH Y, TOBURMKASE 25 L A
Y TR OFEITIRIVRET RETHDH, AFROGRMIAR > TH TS, s3I
(ZHRFHTHI5, 4505~ 2 2 — VDR FRIBERIC L D IRBEL TWD Z &b, KI38H~T ¥
—NVDIFRMB AN v TR LV FTICBB SN b D L HEFF SN D, FIFICKIT 2
BB ERR TR F TRIB00 T~ Z —ZDIED Z LD, BIEDKIS%IZONTIE, B
BHREGR D 720 LT BERE E B L 273 Z N TE D,

WIZ, THifEfE (AREA) OFREICOWTTHL2, (1) BED 2) OET /A TIHEDR
FTHAMIICHE CTH D, ZHUT MmN RE WEIXE, FlBRmES A EICHInT 5
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LW %,

BIZ, =2 AAPERI A X — (AREA_RICE) 36 X UVINEApEHZ I — (AREA_WHEAT)
DRI, ATRIIICAE CTh D, Ziuk, WO PR EREIL/ NE - = X A FEHR
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LinL7eM s, HUIBAIZERITRR S - DA - KEHRIRG - BEBMR S ESET
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REILCOWHAZEL - HALE L ORRBEMREZHE LT\, 20720, EPFEHIK TR
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