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Abstract

The adoption and diffusion of conservation agriculture, which is as one of the agri-environmental policy
measures for addressing regional environmental issues, has become important and widespread worldwide.
However, there is little evidence on the determinants of conservation agriculture adoption and diffusion in
Japan. This article investigates the farmers’ determinants of conservation agriculture adoption in Shiga
Prefecture, Japan, and the impacts of conservation agriculture adoption were analyzed using propensity score
matching. Our results found neighborhood effects in the diffusion process of conservation agriculture. In
addition, farmers’ attitudes, risk preference and farm size were correlated to the likelihood of conservation
agriculture adoption. Our analysis further shows that adopting conservation agriculture significantly induces
farmers to raise the willingness to expand their farm size, increase the number of market channels and implement
direct marketing. This confirms the potential role of conservation agriculture adoption in improving the
efficiency and structure of agriculture.

Keywords: Conservation agriculture, Propensity score matching, Japan, Lake Biwa

JEL classification: 033, Q12, Q16

1. Introduction

Agri-environmental policy aimed at promoting conservation practices in the agricultural sector is
widespread worldwide. For instance, the conservation reserve program (CRP) and the best
management practices (BMPs) in the United States and agri-environmental payment scheme in the
EU countries are well known as typical measures of promoting conservation practices in agri-
environmental policy.! As the synthesis review articles of Knowler and Bradshaw (2007) and
Prokopy et al. (2008) show, much previous literature exists on CRP participation, BMPs adoption
and scheme participation.” Despite conservation agriculture or the measures of agri-environmental
policy have been widely adopted, few studies have investigated the determinants of farm-level
decisions to adopt conservation agriculture in Japan. Most of the literature regarding conservation
agriculture in Japan treats several farm households qualitatively as a case study.’ Moreover, very few
studies have quantitatively examined the effects of conservation agriculture adoption on farming
outcomes such as the securement of farm successors and the implementation of direct marketing.

! For the institutional framework of agri-environmental policy in developed countries, see Shobayashi ez al. (2012).

2 Kawasaki (2014) also provides an insightful review of the previous literature on CRP.

3 Asan exception, Hu (2007) provides both of the quantitative analysis and case study on the conservation agriculture in
Japan.
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The main goal of agri-environmental policy and conservation agriculture diffusion in Japan is
to reduce environmental load from agricultural sector or improve water quality in watershed area. In
particular, Shiga Prefecture, which is one of the prefectures of Japan, is home to Lake Biwa, which
has experienced serious water pollution. This serious water pollution was associated primarily with
agricultural practices and other industrial activities that discharge organic, nitrogen, and phosphorous
runoff into the lake. Lake Biwa thus became one of symbols of non-point source pollution in Japan.
Shiga Prefecture has therefore established various regional environmental policies, such as the Lake
Biwa ordinance (Shiga Prefecture ordinance pertinent to the eutrophication in Lake Biwa), and has
played a leading role as a regional environmental policy maker.* This article focuses on regional
agri-environmental policy, especially for the diffusion of conservation agriculture in Shiga Prefecture.

The aim of this article is to contribute to the literature on conservation agriculture adoption in
Japan by analyzing the factors that have affected conservation agriculture adoption in Shiga
Prefecture. Furthermore, using propensity score matching, this article aims to identify how
conservation agriculture adoption affects the farming outcomes of farm households. The results
could help to improve understanding of the farmers’ adoption behavior of conservation agriculture
and develop agri-environmental policy measures to promote conservation agriculture adoption.

The remainder of this article is structured as follows. Section 2 describes conservation
agriculture in Shiga Prefecture, and Section 3 outlines the data and farmers’ attitudes toward
conservation agriculture. Section 4 presents our empirical approach and the estimation results of the
adoption model. Section 5 presents the results of the impacts of conservation agriculture adoption on
farming outcomes using propensity score matching. The final section is dedicated to concluding
remarks.

2. Environmental Conservation Agriculture in Shiga Prefecture

2.1. Water Pollution in Lake Biwa and Agri-Environmental Policy in Shiga Prefecture

Our study area is Shiga Prefecture, one of the prefectures of Japan. Shiga Prefecture is home to Lake
Biwa, which is Japan’s largest lake and covers one-sixth of the prefecture. Lake Biwa was seriously
polluted during the period of rapid economic growth and became one of symbols of non-point
source pollution in Japan. The extensive use of pesticides and chemical fertilizers in the agricultural
sector was one cause of the water pollution in Lake Biwa. Thus public and citizen initiatives have
sought to improve the water quality in Lake Biwa since the 1970s.5 According to Nishizawa (2014),
Shiga Prefecture has played a leading role in agri-environmental policy in Japan, and the
implementation of its regional agri-environmental policy is regarded as a successful case. Many
environmental conservation measures have been adopted in the Lake Biwa watershed area.

In 2001, the certification system of environmental conservation agricultural products was
established. This system certifies agricultural products as conservation agricultural products when
they are grown according to the following cultivation basis, consisting of four items: (i) Defined
plots with conservation agriculture that are clearly segmented; (ii) Prohibition of the use of
genetically modified seeds and seedlings; (iii) Cultivation methods that: a) reduce the use of chemical
fertilizers and agricultural chemicals to less than 50% of those used in regular cultivation; b)
appropriately use compost and other organic inputs in soil preparation; c) adopt conservation

4 Sato (2014) shows the transition of environmental conservation measures in the Lake Biwa watershed area.

5 Tomioka (2005) summarizes the development of agri-environmental policy in Shiga Prefecture before the establishment
of the certification system of environmental conservation agricultural products. For the practices of water quality
conservation in Lake Biwa, see Ohashi (2003). For background to the establishment of the agri-environmental direct
payment scheme, see Akiyama (2004).
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agricultural technology such as the prevention of agricultural drainage discharge; (iv) Compliance
with the “norm of agricultural activities” (Shiga Prefecture 2013). Conservation agriculture based
on this cultivation basis is known as Kankyo Kodawari Nogyo (Environmental Conservation
Agriculture), which for simplicity we describe as conservation agriculture (CA) in this article.

2.2. Diffusion Process of CA in Shiga Prefecture
CA was introduced in the early 2000s to improve the water quality of Lake Biwa and reduce the

environmental load in Shiga Prefecture.
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Figure 1: Diffusion of Conservation Agriculture in Shiga Prefecture

Figure 1 shows the area under CA cultivation in Shiga Prefecture. After implementing the
certification system in 2001, CA diffused slowly until 2003, but accelerated thereafter. This is
because the ordinance promoting environmental conservation agriculture was introduced in 2003,
and in 2004 the agri-environmental direct payment scheme for CA was introduced to compensate for
the additional costs of practicing CA. The technical manuals for practicing CA were also distributed
after the introduction of this scheme and farmers thus could learn to utilize standardized technical
information to adopt CA. In addition, intensive extension activities for farmers’ organizations or
group farming contributed to rapid diffusion of CA (Morino 2008). Next, the area under CA
cultivation increased rapidly between 2006 and 2007 as a result of implementing the measures to
conserve and improve land, water, and environment in 2007. In contrast, the diffusion speed of CA
slowed after 2007. These dynamics of CA diffusion in Shiga Prefecture suggest that the characteristics
of adopters might differ at each stage of CA diffusion.

3. Sampling and Data Description

3.1. Data and Descriptive Statistics

We derived the data used in this article from a mail survey of farm households in Shiga Prefecture,
randomly selected based on certain conditions. The survey was conducted in June and July 2013 to
clarify the factors that affect CA adoption and its impact on household farming outcomes. The
sample covered 252 farm households that were selected by a multistage sampling procedure. First,
based on the ratio of farm households in each agricultural classification zone, postal codes (PCs)
were selected by stratified random sampling, and 30 PCs were selected. Next, the farming
communities where the ratio of farm households to the total number of households exceeded 20%
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were selected from each PC® and the questionnaire was sent to all of the households in each PC.” A
total of 406 farm households returned questionnaires, and we excluded those with missing or
incomplete data from the analysis, yielding a final dataset of 252 observations.

The structured questionnaire consisted of detailed items about 1) farm characteristics, such as
farm size, farm income and the securement of farm successor; 2) farmer attributes, such as age, risk
attitude and education; 3) adoption time of CA and area under CA cultivation, if applicable; 4)
environmental awareness toward Lake Biwa, such as farmers’ attitudes toward water quality and
agricultural drainage; 5) response to hypothetical policy change, such as changes in payment scheme;
6) social network capital, such as participation in community meetings, confidence in extension
services or community, and the existence of a farming mentor; 7) adoption of specific conservation
practices, such as the preservation of indigenous fish in Lake Biwa.

3.2. Farmers’ Attitudes toward CA

Farmers’ attitudes toward CA and products are summarized into factors using principal component
analysis (PCA). Table 1 presents the results of the PCA application on farmers’ attitudes and opinions
toward CA and products. PCA was applied to the variables that measure farmers’ attitudes toward
CA and agricultural products. We obtained two factors as the PCA application results to measure
farmers’ attitudes. The resulting relevant factors are: “environmental/product quality improvement”
and “economic profitability” (Table 1). We included these principal component scores as independent
variables in the adoption model.

Additionally, some literature indicates that farmers’ risk preference and objectives are related
to the likelihood of adopting sustainable agricultural practices. For instance, Gardebroek (2006)

Table 1: Results from Principal Component Analysis on Farmers’ Attitudes toward
Conservation Agriculture and Products

Principal component 1 Principal component 2
(PC1) (PC2)

Environmental/product

Variables .
quality improvement

Economic profitability

Conservation agricultural products are healthier

than regular products 0.515 -0.014
Adoption of conservation agriculture leads to the

alleviation of farmers’ health damage 0.511 -0.056
Adoptlon of conservation agrlcult}lre leads to 0.507 -0.005
improvements in the quality of soil and water

The quality of conservation agricultural products is

higher than that of regular products 0.466 0.087
The price of conservation .agrlcultural products 20.013 0.710
ensures economic feasibility

C~0ns~erv.at10n agriculture contributes to the 0010 0.697
vitalization of the rural economy

Total explained variance (%) 48.7 78.1
Rotation method: Varimax

Cronbach's a 0.857

Kaiser-Meyer-Olkin test 0.777

The principal component is classified with reference to principal component loading (=0.4).

% The farm houschold ratio was set at 20% to avoid a low recovery rate.
7 Due to the act on the protection of personal information, we could not identify whether surveyed households were farm
or non-farm households. We thus sent our questionnaire to the total of 3,807 households in the 30 PCs.
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indicates that organic farmers are significantly less risk averse than their non-organic farmers. Kallas
et al. (2010) suggest that the importance of environmental over economic considerations is one of
factors in adopting organic farming. We therefore included the farmers’ awareness toward the risk of
CA adoption and their farming objectives as independent variables in the adoption model.

3.3. Independent Variable and Household and Farm Characteristics

The dependent variable considered is the adoption of CA. In this article, CA is part of a sustainable
agricultural system and entails reduced (or no) use of pesticides and chemical fertilizer, and the
control of agricultural drainage.

The adoption model includes several independent variables based on previous literature on the
adoption of CA or agricultural technology (e.g., Case 1992; Wozniak 1993; Rogers 1995; Abdulai
and Huffman 2005; Gardebroek 2006; Genius ef al., 2006; Knowler and Bradshaw, 2007; Prokopy
et al., 2008; Marshall 2009; Fujic et al., 2010; Kallas et al., 2010; Giovanopoulou et al., 2011;
Tamini 2011; Jara-Rojas et al., 2013).

Table 2 shows the descriptive statistics for the dependent and independent variables used in the
adoption model. Based on the definition of CA used in this article, 42% of farmers had adopted it in
our study area.

Many previous studies have indicated that farm size, farm income and human capital are
correlated to the decision to adopt CA (e.g., Knowler and Bradshaw, 2007; Prokopy et al., 2008).
Therefore, we controlled for socio-demographic characteristics relevant to the adoption decision,
such as farm size, farm income, age, and education of the farmers.® Some literature on conservation
agriculture in Japan also argues that farm size has a positive association with adoption (e.g., Noguchi,
2002; Fujie, 2003; Hu, 2007; Kinoshita, 2008; Ando, 2013). The size variable in this article represents
small-scale farming, which is categorized into the bottom 20% of the sample households to capture
the effects of small-scale farming on CA adoption. The average farm size of the whole sample is 3.6
hectares while the size of the farming households categorized in this variable is 1.1 hectares. 26% of
the sample households have no farm income, and the ratio of elderly farmers (over 80 years old) is
6%, which is consistent with the widely held view in Japan that some farmers grow crops only for
home consumption and receive no income from their farming activities, and that young people tend
to choose non-farm labor opportunities.

In addition to the conventional household characteristics, the survey also collected variables
related to social networks that can influence the CA adoption decision. For instance, Case (1992)
indicates that neighborhood externality affects the likelihood of technology adoption. Abdulai and
Huffman (2005) and Fujie et al. (2010) also show that communication with neighboring previous
adopters and their geographical proximity is related to agricultural technology adoption and that
positive externalities exist in the diffusion process of agricultural technology.” We thus employed the
number of neighborhood adopters as a proxy of a social network variable. Since previous literature
also suggested that voluntary activities or local group involvement such as participation in community
activities positively affects CA adoption (e.g., Marshall 2009; Kallas ef al., 2010; Jara-Rojas et al.,
2013), we treat the variables on farm and social activity as a voluntary activity or a local group
involvement variable. Tamini (2011) investigated the impact of agri-environmental extension
activities on best management practices (BMPs) and found that these activities are valid for some
BMPs. Thus we also included a variable on participation in extension workshops on CA in the
adoption model.

8 For seminal reviews of technology adoption, see Feder ef al. (1985) and Foster and Rosenzweig (2010).
0 Rogers (1995) also emphasizes the importance of social learning through communication with previous adopters in the
diffusion process of technology.
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Table 2: Variable Defenitions and Summary Statistics

Variables Definition Mean Stagdgrd
deviation
Dependent Variable
Adoption 1 if the farmer adopts the conservation agriculture, 0 otherwise 0.42 0.49
Household and Farmers’ Characteristics
. - . . o
Size 1 if the farm size is categorized into the bottom 20% of sample 020 040
households, 0 otherwise
No farm income 1 if the farmer has no farm income, 0 otherwise 0.26 0.44
Soil inspection 1 if the farmer inspects soil, 0 otherwise 0.33 0.47
Elder farmer 1 if age of household head is above 80 years old, 0 otherwise 0.06 0.24
Education 1 if the farmer graduated college or university, 0 otherwise 0.18 0.38
Farmers’ Attitudes, Awareness and Objective
P(?l [env1romental/product principal component 1 (PC1) presented in Table 1 7.33 1.75
quality improvement]
PC2 [economic principal component 2 (PC2) presented in Table 1 3.84 1.39

profitability]
higher value = higher level of awareness toward the risk of
Awareness [risk] conservation agriculture adoption (“strongly agree” = 5 to “strongly 3.48 0.90
disagree” = 1)

Objective [environmental 1 if the farmer’s main objective in farming is environmental or 021 041
or ecological conservation] ecological conservation, 0 otherwise ’ ’
Social Network

Number of neighborhood higher value = higher number of previous adopters of conservation

agriculture in the neighborhood (“above ten adopters” = 5 to “one 3.57 1.82
to two adopters” = 1)

total number of farm activities that the farmer engages in (farm

activity = “direct marketing”, “processing farm products”, 0.28 0.58
“information exchange and communication with consumers”,

“farm restaurant” and “others”)

No social activity 1 if the farmer does not participate in social activity, 0 otherwise 0.06 0.23

1 if the farmer participates in workshop on conservation

adopters

Farm activity

Participation in workshop agriculture, 0 otherwise 0.43 0.50
Crop Dummy
Rice 1 if the farmer cultivates rice, 0 otherwise 0.86 0.35
Wheat and soybean 1 if the farmer cultivates wheat or soybean, 0 otherwise 0.20 0.40
Out-door vegetables 1 if the farmer cultivates out-door vegetable, 0 otherwise 0.39 0.49
Greenhouse vegetables 1 if the farmer cultivates greenhouse vegetable, 0 otherwise 0.04 0.20
Flowers 1 if the farmer cultivates flower, 0 otherwise 0.05 0.22
Fruit 1 if the farmer cultivates fruit, 0 otherwise 0.08 0.28
Tea 1 if the farmer cultivates tea, 0 otherwise 0.06 0.24
Forage 1 if the farmer cultivates forage, 0 otherwise 0.02 0.15
Other crop 1 if the farmer cultivates other crops, 0 otherwise 0.02 0.14
Area Dummy
Plain area 1 if the farmer is located in plain area, 0 otherwise 0.56 0.50
Hilly area 1 if the farmer is located in hilly area, 0 otherwise 0.36 0.48
Mountainous area 1 if the farmer is located in mountainous area, 0 otherwise 0.07 0.26

4. Factors Affecting Conservation Agriculture Adoption

4.1. Empirical Model

To examine the possible determinants of various factors, such as farmers’ attitudes, household/farm
characteristics, and social network on CA adoption, we used a probit model. The empirical model
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can be written as follows.
Adoption; = Bx; + & &~N(0,1)
Adoption =1 if Adoption; > 0,
Adoption =0 if Adoption; <0
Adoption* is the (unobservable) probability that farmer i adopts CA. x, are independent variables

that are assumed to affect the adoption decision. f are the parameters to be estimated and ¢, is the
error term. The independent variables were selected based on data availability and previous literature.

4.2. Results

The estimation result of the probit model is presented in Table 3. Since the coefficients of this
estimation result cannot be easily interpreted, we also show the marginal effects of independent
variables. In the estimation result, most of the parameter estimates are statistically significant.
Regarding household and farmers’ characteristics, farm size, farm income and age all have a negative
and significant effect on the likelihood of adopting CA. In contrast, soil inspection, which captures
investment in soil, has a positive and significant influence on adoption.

Regarding farmers’ attitudes and awareness, the variable PC1 represents their attitudes toward
environmental/product quality improvement. As expected, the coefficient and marginal effect is
positive and significant, suggesting that the farmer is likely to adopt CA if he believes that its
implementation improves the quality of the soil, the water, and farm products. This finding is

Table 3: Probit Estimation of Factors Affecting the Adoption of Conservation

Agriculture
Robust Marginal
Coef. Std.Err. z Effect
Household and Farmers’ Characteristics
Size -0.932  ** 0.402 -2.32 -0.283
No farm income -0.794  kx* 0.301 -2.63 -0.256
Soil inspection 0.747 *** 0.246 3.03 0.278
Elder farmer -1.594  kxx 0.585 -2.72 -0.341
Education 0.333 0.306 1.09 0.125
Farmers’ Attitudes, Awareness and Objective
PC1 [environmental/product quality improvement] 0.471 *** 0.090 5.26 0.171
PC2 [economic profitability] -0.083 0.096 -0.86 -0.030
Awareness [risk] -0.268 * 0.138 -1.94 -0.097
Objective [environmental or ecological conservation] 0.699  HH* 0.269 2.60 0.266
Social Network
Number of neighborhood adopters 0226 *** 0.073 3.11 0.082
Farm activity 0.433 ** 0.189 2.30 0.157
No social activity -1.096  H** 0.417 -2.63 -0.284
Participation in workshop 1.289 *** 0.260 4.96 0.456
Constant -3.730  kx* 0.684 -5.45
Crop Dummy [reference: rice] Yes
Area Dummy [reference: plain] Yes
Obs. 254
Log pseudolikelihood -79.46
Wald chi2(23) 122.42(0.000)
Pseudo R2 0.540

Robust standard errors are used to correct for heteroscedasticity. * Significant at 10%. ** Significant at 5%. *** Significant at 1%.
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consistent with results reported by Marshall (2009). In contrast, the parameter for PC2, which
represents the attitudes toward the profitability of CA adoption, is negative but insignificant. This
finding is consistent with our observation that the strongest motivation of CA adoption was the
regional environment or ecological preservation and not pursuing farming profitability.

The parameter for risk awareness is negative and significant at the 10% level. This is in line
with the findings of Gardebroek (2006) and Giovanopoulou et al. (2011) who stated that less risk
averse farmers are likely to adopt organic farming or participate in conservation schemes. An attempt
is also made to capture the influence of farmers’ objectives on the adoption of CA including a
variable representing environmental or ecological conservation as farming objectives. The parameter
for farmers’ objective is significantly positive, indicating that targeting the farmers who prefer
environmental or ecological conservation is an effective way to diffuse CA smoothly. This finding is
consistent with Flaten et al. (2006).

Many previous studies clarified the role of social interaction, such as social learning through
communication with neighbor farmers (e.g., Case 1992; Rogers 1995; Fujie et al. 2010) and the
acquisition of various information channels in the diffusion process of technology (e.g., Wozniak
1993; Genius et al. 2006). To account for social networks, the adoption model includes four
independent variables that capture communication with neighbor adopters and information
acquisition from other farmers or extension services. The parameter for the number of neighborhood
adopters is positive and statistically significant, which is in line with Abdulai and Huffman (2005)
and Fujie et al. (2010). However, this result may entail the endogeneity bias.!® We thus conducted a
Davidson and MacKinnon (1993) endogeneity test. The test result failed to reject the null hypothesis
that the number of neighbor previous adopters is exogenous. This result indicates the existence of
neighborhood externality in the diffusion process of CA. We also included the variables “farm
activity” and “no social activity” that represent the degree of communication with farmers or
consumers. As expected, the parameters for the two variables are respectively positive and negative
and significant. These results are consistent with previous literature that indicates the positive impact
of social interaction or communication on the adoption of CA.

In Shiga Prefecture, agricultural extension offices or cooperatives often hold training workshops
to disseminate CA and exchange technical information. The parameter for participation in workshops
is significantly positive, which is in line with Tamini (2011). The marginal effect is relatively high
and shows that participation in extension workshops increases the likelihood of adoption by 45.6%,
suggesting that such participation and the development of extension activities is an effective way to
diffuse CA.

5. Measuring Impact of Conservation Agriculture Adoption on Farming
Outcomes

5.1. Estimation Method

CA diffusion in Shiga Prefecture has received extensive attention as a successful practice of regional
agri-environmental policy in Japan. The main goal of CA diffusion is to reduce the environmental
load in the agricultural sector, and some literature has examined the effects of CA on the water
quality or the pollution level of Lake Biwa (e.g., Tanaka 2014), while there are few studies that have
measured the impact of CA adoption on farming outcomes. We therefore measure the impacts of CA
adoption on farming outcomes.

However, farmers do not adopt CA randomly; nor are they randomly distributed between

19 This bias is well known as the “reflection problem” (Manski 1993).
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adopters and non-adopters. As Wooldridge (2010) notes, if adopters and non-adopters are
systematically different, a simple comparison between the two groups (adopters and non-adopters)
captures the biased effects of CA adoption. Thus this simple comparison entails a self-selection bias
due to the observed and unobserved farm household characteristics, and the self-selection makes it
difficult to assess the impacts of CA adoption. We need to compare the outcomes in households that
adopted CA to what those outcomes would have occurred if the same households had not adopted
CA to obtain a valid measure of the impact of CA adoption. We therefore use propensity score
matching (PSM) to obtain valid measurements of the adoption impact.!! PSM addresses the self-
selection problem, summarizes the pre-treatment characteristics of each subject into a single index
variable and uses the propensity score to match similar households (Rosenbaum and Rubin 1983).
We would like to construct an estimate of the average impact of CA adoption on those who adopt it.
This effect is known as the average treatment effect on the treated (ATT). The ATT is:
ATT=E(Y,—Y|x,D=1)=EY |x,D=1)—E(Y|x,D=1)

where D is an indicator variable equal to 1 if the farmer adopts CA and 0 otherwise. Y, is the
adopter’s outcome and Y is the non-adopter’s outcome. X is a vector of the control variables. When
CA is randomly adopted, we can replace E(Y|x, D = 1) with E(Y |x, D = 0). However, as mentioned
above, adopters and non-adopters are not randomly distributed, and E(Y,[x, D = 1) is unobservable.
Therefore we estimate propensity score (P) to construct the counterfactual outcome for adopters.
PSM constructs a statistical comparison group by matching observations on adopters to observations
on non-adopters with similar value of P. When the two assumptions are satisfied,'>? PSM provides a

Table 4: Balancing Test of Control Variables Using the Propensity Score

before matching after matching

average t test average t test

Adopter  Non-Adopter (p value) Adopter Non-Adopter (p value)

Size 0.056 0.299 0.000 0.056 0.075 0.582
No farm income 0.140 0.340 0.000 0.140 0.187 0.358
Z Salligﬂf;;igs‘:;gg’mdua 8.017 6.830 0.000 8.017 7.981 0.832
PC2 [economic profitability] 4.020 3.713 0.082 4.020 4.294 0.155
No social activity 0.009 0.088 0.006 0.009 0.000 0.318
Participation in workshop 0.748 0.204 0.000 0.748 0.813 0.250
Elder farmer 0.019 0.088 0.020 0.019 0.000 0.157
Education 0.159 0.190 0.517 0.159 0.093 0.151
Crop (out-door vegetables) 0.346 0.422 0.222 0.346 0.318 0.665
Crop (greenhouse vegetables) 0.037 0.048 0.694 0.037 0.019 0.410
Crop (flowers) 0.065 0.041 0.382 0.065 0.056 0.776
Crop (fruit) 0.075 0.088 0.697 0.075 0.056 0.582
Crop (tea) 0.037 0.082 0.153 0.037 0.056 0.519
Crop (forage) 0.028 0.020 0.694 0.028 0.037 0.702
Crop (other crop) 0.019 0.020 0.923 0.019 0.009 0.563
Location (hilly area) 0.355 0.367 0.842 0.355 0.383 0.673
Location (mountainous area) 0.065 0.082 0.629 0.065 0.047 0.555
Pseudo R2 0.444 0.043

Likelihood ratio test (p value) 0.000 0.632

" For seminal explanations of PSM, for example, see Rosenbaum and Rubin (1983) and Wooldridge (2010).
12 These two assumptions are “assumption of conditional mean independence” and “assumption of common support
condition.” For these assumptions, see Rosenbaum and Rubin (1983).
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valid method for estimating £(Y|x, D = 1) and obtaining unbiased estimates of ATT.

ATT=E(Y|D =1, P)—E(Y,|D =0, P)
Several matching methods have been employed to match adopters and non-adopters of similar
propensity score in previous literature. We employed nearest neighbor matching and kernel matching,
both of which are standardized matching methods often employed in the literature.

To examine the success of matching, we checked if the matching procedure can balance the
distribution of the covariates in the control (adopter) and treatment (non-adopter) groups. Table 4
presents the result of the balancing test using the propensity score. After matching, the standardized
mean difference decreased from 28.6 to 8.4%, and the p value of the likelihood ratio test suggests
that there is no systematic difference in the distribution of the covariates between the two groups. We
therefore used this PSM result to measure the impacts of CA adoption on farming outcomes.

5.2. Average Effect of CA Adoption

Table 5 presents the estimates of the average treatment adoption effects by nearest neighbor matching
and kernel matching. All estimation results are based on the common support condition.

Table 5: Conservation Agriculture Adoption Average Treatment Effect on Treated (ATT)

nearest neighbor matching kernel matching

Whole sample

Willingness to expand farm size 0.131 ***  (0.033) 0.124  ** (0.055)

Securement of farm successor 0.056 (0.136) 0.008 (0.115)

Number of market channels 0.495 ***  (0.192) 0.440 ** (0.186)

Implementation of direct marketing 0.168 ** (0.073) 0.174 ** (0.068)
Early adopters

Willingness to expand farm size 0.200 ***  (0.064) 0.148 ** (0.077)

Securement of farm successor -0.125 (0.183)  -0.133 (0.144)

Number of market channels 0.625 ** (0.251) 0474 *  (0.268)

Implementation of direct marketing 0.175 * (0.104) 0.164 *  (0.096)
Late adopters

Willingness to expand farm size 0.075 (0.065) 0.078 (0.051)

Securement of farm successor 0.060 (0.157)  -0.005 (0.126)

Number of market channels 0.642  ***  (0.223) 0.420 ** (0.227)

Implementation of direct marketing 0.164 ** (0.072) 0.161 ** (0.079)

* Significant at 10%. ** Significant at 5%. *** Significant at 1%. Figures in parentheses represent
standard error.

We used four farming outcome variables: willingness to expand farm size, securement of farm
successor, number of market channels, and implementation of direct marketing. The willingness to
expand farm size is a binary variable that takes a value of 1 if the farmer intends to expand his farm
size or 0 otherwise. The securement of farm successor is also a binary variable that takes a value of
1 if the farmer has secured a farm successor or 0 otherwise. The number of market channels takes
the value of the sale destinations of the farmer. The implementation of direct marketing is a binary
variable that takes a value of 1 if the farmer implements direct marketing or 0 otherwise. The result
indicates that the adoption of CA has a positive and significant effect on the willingness to expand
farm size, the number of market channels, the implementation of direct marketing, and insignificantly
impacts the securement of farm successor.

The increase in the percentage of having willingness to expand farm size ranges from 12 to 20
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percentage points using both matching methods. This is the average percentage difference in having
willingness to expand the farm size for similar pairs of households that belong to different adoption
status (that is, adopters and non-adopters). The adoption of CA could lead to change the agricultural
structure in Shiga Prefecture and improve its efficiency via motivating the willingness to expand
farm size. The estimated impact of CA adoption on farm activity as measured by the number of
market channels is estimated to range from 42 to 64 percentage points, and regarding the
implementation of direct marketing, it is estimated to range from 16 to 17 percentage points (Table
5). These results suggest that the adoption of CA might have the effect of encouraging the development
of farm business.

To gain further understanding of the impact of CA adoption on different groups of adopters, we
also examined the differential impacts of adoption by dividing the whole household samples into
early and late adopters. Some literature indicates that adopters differ across the diffusion process of
CA (e.g., Flaten et al. 2006; Lapple and van Rensburg 2011). As mentioned above, the diffusion
process of CA in Shiga Prefecture is classified into two primal stages, that is early and late stage. We
thus divided the farm households into two groups that represent the year CA was adopted: (1) farm
households that adopted CA by 2006 or earlier (early adopters); (2) farm households that adopted
CA in 2007 or later (late adopters).

As observed in Table 5, the impact on the willingness to expand farm size differs by adopter
group. The gain in the willingness to expand farm size is significantly positive in the early adopters,
while the relationship between the adoption and the willingness of size expansion does not exist in
the late adopters. These results suggest that CA adoption might affect only the early adopters for
improving the efficiency of their farm business, and that duration effects might exist in CA adoption.
While there are few differences in the ATT regarding the number of market channels and the
implementation of direct marketing between adopter groups, no duration effect exists in farming
outcomes regarding the development of farm business.

6. Conclusions

This article investigated the factors affecting farmers’ conservation agriculture adoption and the
impact of their adoption on farming outcomes. Data were collected from farmers in Shiga Prefecture
through a random sampled mail survey from June to July 2013.

Three main conclusions can be drawn from the results of this article. First, farmers’ attitudes
toward conservation agriculture are mainly grouped into “environmental/product quality
improvement” and “economic profitability.” Second, the probit estimation for conservation
agriculture adoption reveals that participation in extension activities and the existence of
neighborhood adopters and farm activities positively correlate with the likelihood of conservation
agriculture adoption; age, small/self-sufficient farming, and risk averse preference negatively
correlate with the likelihood of conservation agriculture adoption. Third, propensity score matching
results suggest that the adopters of conservation agriculture are more significantly motivated to
expand their farm size than non-adopters even after controlling for confounding factors. The same
results also show that adoption of conservation agriculture significantly enhances the number of
market channels and the likelihood of implementing direct marketing.

The results presented in this article suggest the significance of improving the measures for
diffusing conservation agriculture. One possibility is targeting objectives for extension activities,
with a particular focus on forming groups or communities of adopters via cultivating leading farmers,
since the adoption of conservation agriculture has external or neighborhood effects, and younger
farmers and medium- or large-scale farmers are desirable as the targeted objectives. Our findings
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also indicate that conservation agriculture adoption has indirect impacts on raising the willingness
to expand farm size and to develop sales routes and marketing methods. These findings suggest that
the diffusion of conservation agriculture could lead to improvements in the efficiency of farming and
the structure of agriculture.

Acknowledgment

We would like to thank Eiichiro Nishizawa and participants in the Society of Environmental
Economics and Policy Studies (SEEPS) for their valuable comments. This article was supported by
JSPS KAKENHI Grant Numbers 23580316 and 24241011.

References

Abdulai, A. and W.E. Huffman. (2005), The Diffusion of New Agricultural Technologies: The Case
of Crossbred-Cow Technology in Tanzania, American Journal of Agricultural Economics, Vol.
87, pp.645-659.

Akiyama, S. (2004), Kankyo Kodawari Nogyo no Tenkai wo Mezashite: Shiga-ken ni okeru Kankyo
Chokusetsu Shiharai Seido no Donyu (Towards the Development of Environmental
Conservation Agriculture: The Introduction of the Agri-Environmental Direct Payment Scheme
in Shiga Prefecture), Nogyo to Keizai (Agriculture and Economy), Vol. 70, No.6, pp.42-48.

Ando, M. (2013), Nogyo Keieitai no Tenkai to Kozo (The Development and Structure of Farm
Business), in Ando, M. Nikion Nogyo no Kozo Hendo: 2010 nen Nogyo Sensasu Bunseki (The
Structural Change of Agriculture in Japan: The Analysis of the Agricultural Census 2010),
Norin Tokei Kyokai, Tokyo, pp.141-183.

Case, A. (1992), Neighborhood Influence and Technological Change, Regional Science and Urban
Economics, Vol. 22, pp.491-508.

Davidson, R. and J. MacKinnon. (1993), Estimation and Inference in Econometrics, New York
University Press.

Feder, G., Just, R.E. and D. Zilberman. (1985), Adoption of Agricultural Innovations in Developing
Countries: A Survey, Economic Development and Cultural Change, Vol. 33, pp.255-298.
Flaten, O., Lien, G., Ebbesvik, M., Koesling, M. and P.S. Valle. (2006), Do the New Organic
Producers Differ from the ‘Old Guard’? Empirical Results from Norwegian Diary Farming,

Renewable Agriculture and Food Systems, Vol. 21, pp.174-182.

Foster, A. D. and M. R. Rosenzweig. (2010), Microeconomics of Technology Adoption, Annual
Review of Economics, Vol. 2, pp.395-424.

Fujie, T. (2003), Kankyo Hozengata Nogyo no Tenkai to Jissen Noka no Tokucho (The Development
of Conservation Agriculture and the Characteristics of Adopters), in Chiba, O. et al. Nihon
Nogyo no Kozo to Tenkai Hoko: 2000 nen Sensasu niyoru Nogyo Noson Kozo no Bunseki (The
Structural Change and Development of Agriculture in Japan: The Analysis of the Structure of
Agriculture and Rural Sector with the Agricultural Census 2000), Nosan Gyoson Bunka
Kyokai, Tokyo, pp.271-301.

Fujie, T., Inoue, N. and Y. Kishida. (2010), Noho Fukyu niokeru Kinrin Gaibusei no Yakuwari:
Aigamo Inasaku wo Jirei toshite (The Role of Neighborhood Effects on Agricultural Technology
Diffusion: The Case of Crossbred “Aigamo” Duck Farming Technology in Japan), Chiikigaku
Kenkyu (Studies in Regional Science), Vol. 40, No. 2, pp.394-412.

Gardebroek, C. (2006), Comparing Risk Attitudes of Organic and Non-organic Farmers with a
Bayesian Random Coefficient Model, European Review of Agricultural Economics, Vol. 33,
pp-485-510.

46



Takeshi Fujie

Genius, M., Pantzios, C.J. and V. Tzouvelekas. (2006), Information Acquisition and Adoption of
Organic Farming Practices, Journal of Agricultural and Resource Economics, Vol. 31, pp.93-
113.

Giovanopoulou, E., Nastis, S.A. and E. Papanagiotou. (2011), Modeling Farmer Participation in
Agri-Environmental Nitrate Pollution, Ecological Economics, Vol. 70, pp.2175-2180.

Hu, B. (2007), Kankyo Hozengata Nogyo no Seiritsu Joken (The Feasibility Conditions of
Conservation Agriculture), Norin Tokei Kyokai, Tokyo.

Jara-Rojas, R., Bravo-Ureta, B.E., Engler, A. and J. Diaz. (2013), An Analysis of the Joint Adoption
of Water Conservation and Soil Conservation in Central Chile, Land Use Policy, Vol. 32,
pp-292-301.

Kallas, Z., Serra, T. and J.M. Gil. (2010), Farmers’ Objectives as Determinants of Organic Farming
Adoption: The Case of Catalonian Vineyard Production, Agricultural Economics, Vol. 41,
pp-409-423.

Kawasaki, K. (2014), Nogyo Kankyo Seisaku nikansuru Kenkyu Rebyu: Amerika wo Taisho tosite
(Literature Review of Agri-Enviromnetal Policy: A Focus on Literature on the United States of
America), in Nishizawa, E. Nogyo Kankyo Seisaku no Keizai Bunseki (Economic Analysis of
Agri-Environmental Policy), Nihon Hyoron Sha, Tokyo, pp.123-152.

Kinoshita, Y. (2008), Nogyo Keiei to Nogyo Kozo (Farm Management and Agricultural Structure),
in Odagiri, T. Nihon no Nogyo (Japan s Agriculture), Norin Tokei Kyokai, Tokyo, pp.165-202.

Knowler, D. and B. Bradshaw. (2007), Farmers’ Adoption of Conservation Agriculture: A Review
and Synthesis of Recent Research, Food Policy, Vol. 32, pp.25-48.

Lépple, D. and T. van Rensburg. (2011), Adoption of Organic Farming: Are There Differences
between Early and Late Adoption? Ecological Economics, Vol. 70, pp.1406-1414.

Manski, C. F. (1993), Identification of Endogenous Social Effects: The Reflection Problem, Review
of Economic Studies, Vol. 60, pp.531-542.

Marshall, G. R. (2009), Polycentricity, Reciprocity, and Farmer Adoption of Conservation Practices
under Community-Based Governance, Ecological Economics, Vol. 68, pp.1507-1520.

Morino, M. (2008), Shiga Ken niokeru Kankyo Kodawari Nogyo no Torikumi ni tsuite (On the
Framework of Environmental Conservation Agriculture in Shiga Prefecture: Roles Performed
by Extension), Nogyo Fukyu Kenkyu (Journal of Agricultural Extension Research), Vol. 13,
pp.47-52.

Nishizawa, E. (2014), Nogyo Kankyo Seisaku no Keizai Bunseki (Economic Analysis of Agri-
Environmental Policy), Nihon Hyoron Sha, Tokyo.

Noguchi, R. (2002), Ninaite no Kozo (The Present Situation of Leading Farmers), in Shogenji, S. 21
Seiki Nihon Nogyo no Kiso Kozo (The Basic Structure of Japan's Agriculture in the 21st
Century), Norin Tokei Kyokai, Tokyo, pp.132-169.

Ohashi, K. (2003), Kindai Noho to Suishitsu Hozen: Shiga Ken Biwako no Suishitsu Hozen ni Kiyo
suru Suiden Nogyo no Paaspekuthibu (Modern Agriculture and Water Conservation:
Perspectives on Paddy Agriculture for Improving the Water Quality of Lake Biwa in Shiga
Prefecture), Nogyo to Keizai (Agriculture and Economy), Vol. 69, No. 4, pp.57-64.

Prokopy, L.S., Floress, K., Klotthor-Weinkauf, D. and A. Baumgart-Getz. (2008), Determinants of
Agricultural Best Management Practice Adoption: Evidence from the Literature, Journal of
Soil and Water Conservation, Vol. 63, pp.300-311.

Rogers, E.M. (1995), Diffusion of Innovations, 4th Edition, Free Press.

Rosenbaum, P.R. and D.R. Rubin. (1983), The Central Role of the Propensity Score in Observational
Studies of Causal Effects, Biometrika, Vol. 70, pp.41-55.

Sato, Y. (2014), Ryunyu Huka no Sakugen de Biwako wa “Kirei” ni narunoka? (Does the Reduction

47



Conservation Agriculture Adoption and Its Impact: Evidence from Shiga Prefecture, Japan

of Contaminant Inputs Lead to the “Purification” of Lake Biwa?) in Nishizawa, E. Nogyo
Kankyo Seisaku no Keizai Bunseki (Economic Analysis of Agri-Environmental Policy), Nihon
Hyoron Sha, Tokyo, pp.189-212.

Shiga Prefecture (2013), Kankyo Kodawari Nosanbutu Ninsho Seido no Aramashi (Guidebook on
the Certification System of Environmental Conservation Agricultural Products in Shiga
Prefecture), Shiga.

Shobayashi, M., Kinoshita, Y. and M. Takeda. (2012), Sekai no Nogyo Kankyo Seisaku: Senshin
Shokoku no Jittai to Bunseki Wakugumi (World Agri-Environmental Policy: Present Situations
in Developed Countries and Proposals on an Analytical Framework), Tokyo, Norin Tokei
Kyokai.

Tamini, L.D. (2011), A Nonparametric Analysis of the Impact of Agri-Environmental Advisory
Activities on Best Management Practice Adoption: A Case Study of Quebec, Ecological
Economics, Vol. 70, pp.1363-1374.

Tanaka, K. (2014), Kankyo Kodawari Nogyo no Eikyo Hyoka (Environmental Impact Assessment
of Environmental Conservation Agriculture) in Nishizawa, E. Nogyo Kankyo Seisaku no Keizai
Bunseki (Economic Analysis of Agri-Environmental Policy), Nihon Hyoron Sha, Tokyo,
pp.153-173.

Tomioka, M. (2005), Biwako Suishitsu Hozen to Nogyo Haisui (Water Conservation and Agricultural
Drainage in Lake Biwa), in Editorial Committee of Food, Agriculture and Rural Community in
Postwar Japan. Nogyo to Kankyo (Agriculture and Environment), Norin Tokei Kyokai, Tokyo,
pp-381-394.

Wooldridge, J. (2010), Econometric Analysis of Cross Section and Panel Data. 2™ edition, MIT
Press.

Wozniak, G.D. (1993), Joint Information and Acquisition and New Technology Adoption: Late
versus Early Adoption, Review of Economic and Statistics, Vol. 75, pp.438-445.

48



