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Examining social capital in rural collective action:

its measurement, heterogeneity, and policy impact

Abstract:

In rural development research, social capital (SC) complements the causal gap between the endowment of resources
and other capital in a community and the performance of collective actions, such as common-pool resource management.
However, the concept of SC is ambiguous and its measurement is controversial. This study focuses on rural SC and
attempts to measure it inductively using data (994 communities) related to various collective actions (22 types), rather
than deductively piling up the detailed components of SC, as several studies have done. Hierarchical latent variable
models are used to understand the hierarchical structure of SC. We used spatial regression models to examine the policy’s
causal impacts on SC accumulation while considering spatial heterogeneity. The results show that SC has spatial
heterogeneity and a hierarchical structure, depending on the internal (bonding-type) and external (bridging-type)
components, as well as on the difference between general activities and collective agricultural actions. The SC
accumulation is strongly correlated with traditional and agriculture-related activities. Furthermore, policies increase
comprehensive SC by approximately 20% but are more effective for internal SC than for external SC. These results
suggest the need for policy options such as agglomeration bonuses when expanding the range of collective actions.
Other findings indicate that the reinforcement of agricultural corporations and educational facilities are also effective in

accumulating SC.

Keywords: social capital, inductive measurement; heterogeneity; policy impact; hierarchical structure; spatial

regression



Introduction

The relationship between the performance of collective action in rural communities and the endowment of resources
and capital is central to the debate in rural development studies. More recently, the relationship between the decline of
rural communities and their conditions, such as a lack of resources and capital, has been the focus of attention, however,
it remains unclear and complex (Wiesinger 2007). To fill this gap, social capital (SC) was developed and evolved
(Coleman 1988; Putnam 2001; Ostrom 2009). Since the late 1990s, there have been a plethora of empirical studies on
how SC works in poverty, common-pool resource management, and rural development (Flora 1998; Sobels et al. 2001,
Michelini 2013; Mamiit et al. 2021; Wang et al. 2021). The SC is fostered under healthy economic, sociocultural, and
environmental conditions, and a “‘connected society” rich in SC is more likely to promote rural development (Wiesinger
2007). In other words, SC is an important component of group attributes that cannot be explained by resource
endowment or human and physical capital.

As SCis a diverse and multidimensional concept, the approach to the problem also depends on the situation (Portes
1998; Rivera et al. 2019). The SC studies typically use proxy variables that match their objectives. Durlauf (2002) argues
that SC is an elusive concept as reflected in the fact that its definition varies from study to study. However, given that
several studies have demonstrated the utility of SC, attempts to measure and use it practically and rationally may become
more important in solving numerous rural problems. Another characteristic of SC studies is that several researchers
regard SC as an attribute of the community (Putnam 1993; Lochner et al. 1999; Glaeser et al. 2002). Naturally, we can
define various types of SCs, such as trust, networks, rules, conventions, and institutions (Ostrom and Ahn 2007). In
other words, SC is diverse and multidimensional, as Portes (1998) described. However, it is extremely difficult to build
up these individual attributes and define comprehensive SC.

Another concern is the new rural problems that have become increasingly visible and serious in some regions: the
net population decline observed primarily in developed countries, and the resulting rural decline and common-pool
resource management problems. Japan is at the frontier of this problem as it is the first country in the world to experience
a significant decline in its population. Maintaining rural communities is an extremely important issue for them (Hori et
al. 2021; Okada 2022). Rice cultivation is important in the Asian monsoon region, particularly in Japan, where irrigation
water management is practiced extensively (Tanaka and Sato 2003). However, the sustainability of collective action is

at risk because of the double whammy of comparative disadvantages in agriculture and the net population decline.
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Therefore, the reinforcement of SC, which contributes to collective agricultural action, is an important concern. Under
these circumstances, the Japanese government has implemented various policies to support rural communities. Several
studies have examined how policy participation contributes to collective action and social welfare (Matsushita 2009;
Matsushima and Matsunaga 2015; Ito et al. 2018; Kitano 2019). However, there has been insufficient research on
whether policies contribute to the accumulation of SC.

Based on the above discussion, this study presents two major challenges. First, how to measure SC in a practical
manner using the available data. Westlund and Larsson (2016) highlighted that SC is spatially heterogeneous and
hierarchically structured, depending on geographical, economic, and administrative conditions. The SC has been
theoretically interpreted from both deductive and inductive perspectives. Additionally, there have been numerous
debates on the definition and measurement of SC. However, the data used and measurement methods differed depending
on the context of each study. In other words, because the generalization of comprehensive SC measurements is
extremely difficult, they must be situation-dependent.

This study attempts to measure the SC that contributes to rural development and sustainability. In this process, we
focus on the measurement logic. This is similar to the thought-provoking methodology of Auer et al. (2020) who
classified SC into internal (bonding) and external (bridging) types. However, our data differ significantly from these
studies. Several studies, including Auer et al. (2020), assumed that SC cannot be observed directly and measured SC
deductively by piling up and synthesizing its components. However, this study completely reverses this logical direction
and attempts to measure it inductively. We focus on the perspective of Bowles and Gintis (2002) that “it focuses attention
on what groups have done rather than what people own.” Following this concept, we try to measure and identify SC by
the collective actions the community has engaged in, and not by the attributes and relationships of community members.

The Japanese Ministry of Internal Affairs and Communications (MIAC) has pointed out that SC in Japanese
communities is primarily bonding-type SC and that bridging-type SC will be required in the future (MIAC, 2022).
Therefore, in our analysis, we focus on two SC aspects: bonding and bridging components. We also distinguished
between general and collective agricultural activities. Given these classifications, we measured the four SC categories
and synthesized a comprehensive SC. The assumption of a hierarchical structure in the measurement of SC is a novelty

of this study.



Our second challenge was to examine whether policies for the accumulation of SC were effective. Several
economic and policy studies have examined how SC contributes to policy participation and key performance indicators
(KPIs). However, it is clear that SC has various effects and contributes to social goals, and it is also important to examine
whether SC itself can be improved by policies. We used econometric methods to clarify whether direct payments
designed to support collective agricultural actions contribute to the accumulation of SC. We also examine environmental
conditions other than policies to improve SC. The SC naturally depends on spatial, administrative, and geographic
factors and thus has spatial heterogeneity (Wiesinger 2007; Westlund and Larsson 2016). This spatial heterogeneity may
cause the identification of policy impacts to fail (endogeneity problem). Hence, we overcome this endogeneity problem
using a spatial econometric model. We further clarify the differences in policy impacts by SC types and explore their
spatial spillover effects.

The remainder of this paper is organized as follows. Section 2 provides an overview of current community-based
policies in Japan and the target area of analysis (Kyoto, Japan). Section 3 describes the data and methodology. The
analysis results are presented in Section 4, followed by the discussion in Section 5. Finally, Section 6 summarizes the

study and discusses its limitations.

Background information

Current status of rural areas and community-based policies in Japan

Japan is a developed country in which population decline and aging are the most serious issues, with the phenomenon
being more severe in rural areas (Inoue 2022; Tsutsumi 2021). This situation makes collective action and conservation
of local resources difficult in rural areas. The Ministry of Agriculture, Forestry, and Fisheries (MAFF) estimates that
25-30% of rural communities may disappear in the next 30 years, with 90% of these disappearances occurring in hilly
and mountainous areas (MAFF 2020a). In hilly and mountainous areas with poor agricultural production conditions,
local resources have been severely degraded, with the national average rate of farmland abandonment exceeding 10%
in 2010 compared to less than 5% in 1990 (Ito et al. 2019). Furthermore, irrigation facilities that have reached the end
of their lifetimes account for 56% of the total. By 2022, the damage to farmland and agricultural facilities owing to

disasters amounted to 97.6 billion yen (MAFF 2022a). These resources and facilities require daily maintenance and,



historically, farmers have managed them collectively. The MAFF implemented a multifunctional payment system
(MPS) to support such collective action.

Japan is currently implementing the Japanese agricultural direct payment policy as a type of direct payment for
environmental services (MAFF 2020a). This policy includes three major schemes: the aforementioned MPS, direct
payment for hilly and mountainous areas (DPHMA), and environmentally friendly agriculture direct payment for
environmental services (DPEFA). The first two policies are implemented on a community basis and require an
agreement between a community-based organization and the government as a prerequisite for receiving subsidies. Both
have agglomeration bonuses (Parkhurst et al. 2002), whereby the government recommends that communities work
together to expand collective action (MAFF 2019). In other words, SC plays an important role in agreeing to and
collaborating within and between communities.

The MPS we focus on is a direct payment for environmental services scheme called the “multifunctional payment
system” launched in 2014; prior to 2014, it was implemented as “measures to improve farmland, water, and
environmental conservation” (Komiyama and Ito 2017). It provides subsidies for collective action to enhance the
multifunctionality of agriculture, such as the management and maintenance of farmlands, irrigation systems, and
agricultural facilities (MAFF 2023). As one of the “Friends of Multifunctionality,” Japan has been complying with the
policy paradigm to protect agriculture to the extent that it does not violate international rules, keeping pace with the EU
and other countries (Sakamoto et al. 2007).

Fig. 1 depicts the current agricultural labor force in the community and the MPS agreements. The country’s
agricultural labor force is declining rapidly, and correspondingly, the average number of farmers in the community is
also declining. Conversely, MPS agreements increased through 2015 and then decreased by 2020. This is most likely
due to a lack of labor to perform the collective actions required by the MPS. However, as indicated by the dotted line,
the area of farmland covered by a single agreement increased. At first glance, this appears to be contradictory. However,
this is likely supported by the wider coverage of agreements and networks with urban people. Nationwide, the number
of wide-area agreements increased from 551 in 2013 to 991 in 2020 (MAFF 2022b). In addition, the number of
communities engaging in collective agricultural actions (management of irrigation facilities) in cooperation with urban
residents increased from 2.4% in 2015 to 10.1% in 2020 (MAFF 2022b). In the future, networks among rural villages

or between rural and urban areas are expected to become more important for managing rural common-pool resources.
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The MIAC also recommends the introduction of community support facilitators, particularly in depopulated areas, to
strengthen bridging-type rather than bond-type SC. Such policy support may contribute to communication and

agreement building for collective action (MIAC 2014).

Study area

Kyoto, the target area in this study, is located in the Kinki region of central Japan (Fig. 2). The prefecture extends
from north to south, with the northern part facing the Sea of Japan and the plains in the south. The central part is
mountainous, and the northern part often snows in winter, whereas the southern part has a mild climate. To the south,
Kyoto is an international city famous for its historical and cultural heritage. The total arable land area is 29.800 ha, of
which (23,200 ha) is paddy fields. In 2020, Kyoto Prefecture’s agricultural output was 64.2 billion yen, which is about
15% of the Kinki region (MAFF 2020c). The share of agricultural output is 22% for rice, 33% for vegetables, and 21%
for livestock production (compared to 18% for rice, 25% for vegetables, and 36% for livestock production for the nation),
with a relatively large share of crops.

Vegetable production on small plots has long been practiced around Kyoto City, which has been branded as “kyo
yasai” (Kyoto vegetables) with high added value (Oda et al. 2018). However, the northern central part of Kyoto
Prefecture (Tango, Chutan, and Nantan) is a less favored area for agriculture, with several communities designated as
hilly and mountainous areas (70% of the arable land in Kyoto Prefecture). While some Tango areas facing the Sea of
Japan have large numbers of farmers, the Chutan area in the central part of the prefecture is dominated by small farmers
and communities in poor conditions (Kitano 2021). Paddy field management plays a crucial role in maintaining
communities, particularly in the Asian monsoon region, resulting in the accumulation of SC. Hence, Kyoto Prefecture,
with its high dependence on rice cultivation, is an appropriate target for this study.

Another important reason for choosing Kyoto Prefecture as the target is that the rural community is in crisis. The
number of farmers in Kyoto Prefecture has declined from approximately 100,000 in 1990 to 30,000 in 2020 (Kyoto
Prefecture 2022). Furthermore, 25% of the farmers in 1990 were 65 years old or older; however, by 2020, this figure is
expected to increase to 55%. In other words, the rural population is aging, and the labor force protecting agricultural
common-pool resources is extremely vulnerable. Simultaneously, the next generation of professional farmers is

becoming scarce, making it difficult to maintain and manage agricultural facilities, and damage to agricultural products
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caused by wild birds and animals is becoming more severe, resulting in more than 10% farmland abandonment
(Nagashio and Takamizawa 2018). In 2021, the Kyoto Prefecture announced guidelines for the sustainable development
of depopulated areas in Kyoto Prefecture (Kyoto Prefecture 2022). This initiative emphasizes the importance of
multifunctionality in agriculture and aims to achieve the sustainable development of rural areas by revitalizing
depopulated and aging rural communities, which is consistent with the goals of the MPS. The Kyoto Prefecture is a

suitable target for verifying the effectiveness of these policies.

Data and methodology
Data
Four major data sources were used in the analysis: the Agriculture and Forestry Census (AFC) %, the Status of the MPS?,
National Census (NC) 3, and Digital National Land Information (DNLI) “. The largest and most important of these is
the AFC, which consists of two surveys: a complete survey of farmers (hereafter referred to as the AFC) and the Report
on the Survey of Rural Areas (RSRA), a survey of community activities covering all communities in the country. We
use the latter to measure social capital.

The purpose of the RSRA is to understand the status of local resources and activities in the community and to
gather information to be used for policies such as agricultural development and community revitalization. The variables
from the RSRA for the SC are presented in Table 1 from “Q IGI” to “Q EA4”. Questions with the letter “G (general)”
in the variable name (e.g., O IGI) ask about “general activities” taking place in the community (7 items). The items
cover a wide range of activities, from community clean-up to festivals, and renewable resource initiatives. Whereas, the
variable with the letter “A4 (agricultural)” (e.g., Q EA4) asks about “agricultural collective actions” (4 items). These
items indicate whether the community engages in collective action to conserve common-pool resources necessary for

agricultural production.

! Please see the following website. https://www.e-stat.go.jp/en/statistics/00500209
2 Please see the following website. https://www.maff.go.jp/j/nousin/kanri/r3jissi_joukyou.html
3 Please see the following website. https://www.stat.go.jp/english/index.html

4 Please see the following website. https://nlftp.mlit.go.jp/ksj/
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The questions in each of these categories can be further divided into two types: First, the items asked whether the
activity is carried out within the community, and these include the letter “/ (internal)” in the variable name. Second,
those with the letter “E (external)” asked whether the collective action was carried out jointly with urban residents or
NPOs outside the community. In other words, the former refers only to internal activities within the community, whereas
the latter refers to external activities. A total of 22 (= (7 + 4) X 2) variables were used to measure SC.

As explained in the previous section, another objective of this study was to test the policy impact on the
accumulation of SC. The MPS provides monetary support to communities engaged in collective action. As Matsushita
(2009) highlights, the MPS aims at SC accumulation in agricultural communities; therefore, it is natural to choose it as
the target for verification. The MAFF publishes data on MPS agreements in each community. We use this binary data
(POLICY) to estimate the policy impacts.

In addition, AFC, NC, and DNLI data were used as explanatory (control) variables in the regression analysis of SC
(policy impact analysis). Until now, analyses related to social capital in rural Japan have primarily used AFC (Tamoi
2007; Matsushita 2009; Ito et al. 2018; Kiminami et al. 2020). However, SC analysis cannot ignore non-farm residents
and their spatial and administrative influences. Therefore, to capture the influence of non-farming residents within a
community, we used NC data aggregated by the agricultural community. In Table 1, HHs, AGEA, AGEH, and FEMAR,
which indicate the composition of the residents of a community, are variables from the NC, whereas data from NFARM
to MAINA are from the AFC and primarily represent the agricultural structure within the community. Finally, the
variables from AGRIA to SCHOOL are data from the DNLI and primarily represent the geographical conditions and the
status of public facilities within the community. Geographical disadvantages, distance from the city, and availability of

public facilities would naturally affect SC accumulation.

Hierarchical Latent Variable model

The SC components are generally composed of a wide variety of elements, none of which can be directly observed.
While there is general agreement that it is desirable to measure SC at the community level, the definition of SC is
ambiguous, leaving room for improvement in measurement approaches (Lochner et al. 1999). Putnam (2001) measured
SC using data on various manifested social phenomena and summarized them through factor analysis. Following a

similar idea of “what groups do,” as argued by Bowles and Gintis (2002), we attempt to measure SC inductively using
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data on collective actions at the community level. Specifically, we use the latent variable model (LVM) to measure
community SC (Rosseel 2012). In this study, SC was treated as a latent variable. This latent variable influences several
manifest variables represented by various activities in the community (RSRA data).

The LVM is generally referred to as a confirmatory factor analysis (CFA) when no hierarchical structure exists.
The simplest LVM model (SLVM) is illustrated in the upper part of Fig. 3. The SLVM represents a situation in which
latent SC directly influences 22 different activities. The factor score for each community (observation) is interpreted as
a measure of SC. However, SLVM may oversimplify the SC structure of a community; the effective pathways of SC
may be horizontal or hierarchical, and they differ depending on the bridging conditions with the community and on the
difference between general activities and collective agricultural actions.

Hence, we use a Hierarchical Latent Variable Model (HLVM) to capture the hierarchical structure of SC (Brunner et
al., 2012; Beaujean, 2014). This is represented by the HLVM depicted in the lower part of Fig. 3. As explained in the
previous section, the manifested variables were divided into four categories: general local activities of community
residents (Q IGs), general local activities with urban residents and nonprofit organizations outside the community
(Q_EGs), agricultural collective actions of community residents (Q_IAs), and agricultural collective actions with urban
residents and nonprofit organizations outside the community (Q EAs). Using HLVM, intermediate SC scores (/G, EG,
1A, and EA) and comprehensive SC (SC) scores were measured, thereby allowing for a more detailed analysis of the

pathways and heterogeneity that influence the accumulation of intermediate SC.

Spatial regression

Using the estimated SC scores as dependent variables, the determinants were examined using regression models. We
are interested in the effectiveness of policies designed to accumulate SC, that is, MPS. Given that SC is affected by
community structure, socioeconomic status, and geographic conditions other than policy, it is necessary to control for

these factors to estimate the policy impact. We assume the following model®, where y is the dependent variable vector

5 Naturally, SC measured by LVM contain measurement error. However, because it is used as the dependent variable, if the

measurement error is uncorrelated with the explanatory variable and uniformly distributed, the regression coefficients are estimated
consistently (Greene, 2002).



(the logarithm of SC), X is the independent variables matrix including the policy variable (POLICY), f is the
parameter vector, and € is the error term (I isan N X N unit matrix).

y=XB+¢€

e~N(0,02%I)
However, SC is spatially heterogeneous (Puntscher et al. 2015). This means that the dependent variables are spatially
dependent on each other and a general OLS estimation leads to endogeneity problems (Arbia 2014). To overcome this
problem, we created a spatially weighted matrix using the GIS community polygon data provided by MAFF. Each
element ¢;; of the neighboring matrix (C: an n X n square matrix) created from the polygon data is a binary variable
indicating the neighboring conditions between communities (i,j = 1...n). Standardizing each row of C, a spatial

weighting matrix (W) is derived (Anselin 1988). The relationship between c¢;; and the elements of W, w;;, is as

follows:
Wi =
b Xiey
Using this w;j, it is possible to verify the spatial dependence of variable x using Moran’s I index.
Moran’s| = n . i=1 Z?:l Wij (x; — f)(xj - %)
i1 Z;}:lwij 2ie (g — %)

Using W allows for a regression analysis that accounts for spatial dependence (Lesage and Pace 2009). We estimate
three spatial econometric models. The first is the following spatial lag model (SLM) that allows for spatial dependence
among dependent variables (Arbia 2006).

y=pWy+Xp+e¢
e~N(0,02)
This model captures the spatial spillover effects of the dependent variables. This regression parameter p can be tested
for spatial dependence by performing a Lagrange multiplier test. An alternative estimation method is the following
spatial error model (SEM) model, which allows for spatial autocorrelation in the error term.
y=XB+¢§
E=AWE+e€

e~N(0,02])
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However, owing to the spillover effects of information on policy and spatial heterogeneity, such as geographical
conditions, it is possible that explanatory variables also have spatial dependence. Hence, it is advisable to estimate a
spatial Durbin model (SDM) that accounts for the spatial dependence of independent variables (Anselin 1988). The
SDM is as follows:
y=pWy+ X+ pWXB +€
e~N(0,02I)

Using these three models, we analyze the determinants of SC, including the causal impact of the policy.

3.4 Propensity score matching for robustness check
To check the robustness of the regression results, we estimated policy impacts using the propensity score matching
method (PSM) (Rosenbaum and Rubin 1983). Participation in MPS is voluntary action by community members. Hence,
simple differences in SC scores (SC) between with and without treatment include selection bias in addition to policy
impacts. Our policy variable POLICY is a binary variable that refers to participation in an MPS. If policy participation
is random, assuming that the outcome for communities that participate in the policy (Treated) is SC; and that for
communities that do not participate (Untreated) is SC,, the average treatment effect is represented by the following
equation:

ATE = E[SC,] — E[SC,] €
In reality, community attributes are confounding factors; that is, they simultaneously affect participation behavior and
outcomes, that is, SC status. However, if the following equation holds with community attributes as the confounding
factor X(excluding POLICY), then Equation (1) is an appropriate causal effect estimator.

(SC,,SCy) L POLICY|X
This is known as the conditional independence assumption (CIA) (Angrist and Pischke, 2009). In PSM, the participation
probability P (Propensity score: PS) is conditioned on X. The PS is used to satisfy the CIS as follows:

(8Cy,S8Cy) L POLICY|P(X)

In this study, P(X) is estimated using a logit model. The PS and the nearest neighbor matching algorithm were used

to match samples from the treated and untreated groups to estimate the ATE.
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Results
Estimation results of LVM
A comparison of the two estimated LVMs is presented in Table 2, which compares the two models according to the
typical fit criteria of the LVM, and shows that the HLVM is a better fit for all criteria. That is, the model with a
hierarchical SC structure better explains the data on general activities and collective actions, which means that HLVM
better estimates the latent SC scores. Hence, the analysis below focuses on the HLVM estimation results.

The HLVM estimation results are illustrated in Fig. 4 (see Appendix Table Al: supplementary material). In the
HLVM estimation results, all paths, except for renewable energy activities with external stakeholders (I B7), are
significantly positively correlated with the intermediate SC latent variables (/G, EG, IA, EA). All paths from the
intermediate variables to the comprehensive SC variable (SC) are also positively significant. In other words, if SC is
properly measured, SC accumulation would be expected to be an effective determinant of collective action. However,
the measured SC had a stronger marginal effect on £G and EA, indicating collective action with external stakeholders.

Next, the SC scores estimated by the HLVM are mapped in Fig. 5, which shows the distribution of intermediate
SC (IG, EG, IA, EA) and comprehensive SC (SC). Although it is difficult to infer the cause of spatial dependence from
this figure, it can be observed that the SC scores are not randomly distributed but form clusters in several locations. In
other words, SC exhibits spatial heterogeneity. Particularly, we observed that the level of SC accumulation was higher
in the central part of Kyoto Prefecture, whereas the northern coastal areas tended to have a relatively lower SC than the
southern plain areas.

Table 3 compares the SC status (SC, IG, EG, 14, EA) according to three different geographical and socioeconomic
conditions: (A) mountainous and depopulated areas, (B) mountainous or depopulated areas, and (C) non-mountainous
and depopulated areas.® A significant difference in all SC statuses except for EA were observed in the pairwise
comparison of category (A), which has unfavorable conditions for agriculture, and category (C) which has favorable
conditions. However, the characteristics of the differences varied according to the SC category. The SC within

communities (/G and /4) was higher in areas with good conditions, whereas the SC related to external stakeholders (EG

6 The mountainous and depopulated areas are designated by the “Mountain Villages Development Act” and the “Act on Special
Measures for the Promotion of Independence for Underpopulated Areas,” respectively.
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and EA) was higher in areas with poor conditions. These results imply that the differences in geographical and

socioeconomic conditions may have heterogeneous effects on SC accumulation.

Estimation results of spatial regression

Table 4 presents the results of estimating the determinants of a comprehensive SC (SC) by OLS and the three other
spatial econometric models. First, we see that the SDM is the best fit in terms of the AIC. In addition, the impact of
POLICY was significant in all the models. Given that the dependent variable is the logarithm of SC, the coefficient is
the percentage change owing to a one-unit increase in the independent variable. Hence, the SDM results indicate that
policy participation increases SC by approximately 24%. In addition, the spatial parameters A and p are significant at
the 5% and 10% level for SEM and SDM, respectively, indicating the existence of spatial dependence. In the following
section, we interpret the parameters other than POLICY based on the SDM results.

First, HHs, which represent the number of households within a community, were negatively significant. This is
consistent with the general interpretation that a larger community population makes decision making more difficult
(Olson 1971). Conversely, the number of farmers (NFARM) has a significant positive effect. This is a natural result,
because local resources are generally related to agriculture. Considered together with the HHs results above, this implies
that an increase in the proportion of nonfarm households, that is, more mixed settlements within a community, will lead
to a decrease in SC for collective action (Poteete and Ostrom 2004).

The 0500, which indicates the percentage of large farmers, was negatively significant. Until recently, Japanese
farming communities were relatively homogeneous in terms of the number of farmers in a community, however, the
emergence of large farmers disrupted this stability and may have resulted in a decrease in SC (Yamaura 2008). The
number of agricultural corporations (NCORP) has a positive effect on SC. In rural Japan, agricultural corporations are
expected to play an important role as decision-makers and leaders and are likely to contribute to the improvement of SC.
The VEGET, which represents the proportion of farmers selling vegetables, has a positive and significant effect. Sales
of a variety of agricultural products other than rice may contribute to urban-rural exchange events and direct sales stores.

Accessibility to densely inhabited districts (DID) is negatively significant. In general, the more densely populated
an area, the more diverse its occupations. Similar to the mixed settlements discussed above, occupational diversity is

likely to disincentivize SC accumulation. In our analysis, we included local government facilities (LOCG) and
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elementary schools (SCHOOL) in the model as proxy variables for local social infrastructure. Of these, SCHOOL has a
positive effect on SC. Given that various meetings and events in rural Japan occur at the elementary school district level,
the presence of elementary school facilities in the community is considered an important condition for improving SC.
Finally, we checked the extent to which spatial dependence was controlled by spatial regression. Table 5 presents the
results of testing the spatial dependence of the key variables using Molan’s 1. The measured SC scores (the dependent
variables) confirmed a strong spatial dependence. The spatial autocorrelation of the regression residuals of OLS and
SLM was also detected using this test. However, no spatial autocorrelation was detected in the residuals of SEM and

SDM, indicating that the problem of spatial dependence was overcome.

Heterogeneity and spillover of policy impact

Regression analysis of the latent scores of the intermediate SC (IG, EG, 14, EA) led to generally similar results (see
Table A2: supplementary material). However, policies contribute strongly to internal SC (/G and /4) and relatively little
to external SC (EG and EA) related to stakeholders and collective actions outside the community. The Japanese MPS
was more effective in enhancing bonding-type SC than bridging-type SC.

As the SDM also estimates the lag parameters of the independent variables, it is possible to use them to estimate
the indirect impacts of the policy or spillover effects through simulation (Lesage and Pace 2009). Table 6 presents the
indirect impacts for each of the comprehensive and intermediate SC as well as the total impacts (including both direct
and indirect impacts). First, the indirect impact was not significant for comprehensive SC; however, the total impact was
significant, indicating that approximately 55% of the total impact was direct.

As the indirect impacts of /G and /4 were significant, the total impact was also large. In both cases, the contribution
of the direct impact is less than 50%, and internal SC can be accumulated by the spillover of information and other
influences from neighboring communities. However, external SC (EG and EA) is limited to the impacts directly induced

by the policy.

Average treatment effect and robustness check
To verify the robustness of the policy impact results, the ATE of the policy impact was estimated using PSM. First, we

verified whether the conditions of common support and CIA were met. Fig. 6 compares the distribution of propensity
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scores estimated by the logit model between policy-participating and non-participating communities, showing that the
PS overlaps in most areas. The caliper condition was set for matching and the number of samples that dropped outside
that condition was 45. Next, the balance of the covariates before and after matching was checked, as illustrated in Fig.
7. The values in the figure show the absolute standardized mean difference (ASMD) for the covariates before and after
matching. The dotted line indicates 0.1, which is considered the general ASMD standard (Zhang et al. 2019). Balance
greatly improved after matching for most covariates, with all covariates having an ASMD below 0.1, indicating that the
CIA was met.

Table 7 presents the results of the ATE estimation. The overall ATE was estimated to be approximately 20% better
and somewhat underestimated than the regression analysis results; however, this gap was slight. For intermediate SC,
the estimated ATE is similar to the direct impact of the regression analysis, indicating that the estimated results are robust.

Note that £4 was not significant in the regression analysis but was significant at the 1% level in the PSM.

Discussion

In this section, we discuss the results of the analysis and derive the policy implications. First, the HLVM shows that SC
measures are derived from a large amount of positively correlated collective action data and have a hierarchical structure.
In general, social capital lowers the cost of collective action and promotes collaboration (Pretty and Ward 2001). The
fact that the scores derived by the LVM were positively correlated with almost all collective actions demonstrates that
SC was well-measured.

Our analysis indicated that SC might have a stronger influence on networked (external) activities than on (internal)
community-only activities. This is consistent with Coleman’s definition of “social capital inheres in the structure of
relations between actors and among actors (Coleman 1988).” In other words, SC in rural communities is more apparent
in the context of relationships with a wider range of stakeholders than simply connections among residents within a
community. The SC was also strongly associated with traditional collective agricultural actions (Fig. 4). Historically,
agriculture and village festivals have become indispensable components of community life. This essentiality might have
contributed to the accumulation of SC in the community. Conversely, a decline in local agriculture can cause SC

deterioration.
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We also examine how Japanese policies designed to support collective agricultural action in communities have
been effective in accumulating SC. The regression analysis results show that policy participation increases the SC scores
by more than 20% (Table 4). However, the impact of the policy was skewed toward internal SC and less toward external
SC (Table A. 2). MAFF recognizes this reality and therefore provides additional incentives for efforts to broaden MPS
coverage (MAFF 2023). This supports the broadening of agreements beyond the community to the municipal level-that
is, agglomeration bonuses. In general, when an agricultural community (the smallest administrative unit in Japan)
receives a subsidy, it bears a considerable administrative burden. Hence, community-based subsidies increase
administrative transaction costs (McCann et al. 2005; Vatn 2010; Ashida and Endo 2021). Hence, broadening the
coverage reduces administrative transaction costs.

Important non-policy determinants of SC are community size and socioeconomic composition. Our analysis
showed that age and gender, but not community size (number of people) or occupational structure, had no effect.
Unfortunately, community size, unlike the transaction cost issue discussed above, works in the opposite direction for
SC. This is because the number of households in a community increases the transaction costs related to decision-making
within the community (Ostrom 2010). As Olson (1971) argued, group size generally has a negative impact on
participation in collective action because of the free-riding problem. In other words, the results of our analysis
demonstrate this phenomenon through the latent variable SC. However, the number of farmers positively affects SC.
This is because agricultural development has been historically and path-dependently inseparable from SC accumulation
in Asian monsoon regions such as Japan, where various collective actions such as irrigation management have been
conducted at the community level (Fujiie et al. 2005).

Ironically, the results also reveal that the presence of large farmers in a community has a negative impact on SC
because of the loss of traditional community homogeneity. This is consistent with previous studies showing that
homogeneity within rural communities promotes consensus building (Ostrom 1994). However, the study also showed
that agricultural corporations play a complementary role in the negative impact of large farmers on SC. In recent years,
the number of agricultural corporations in Japan has been increasing because of policy deregulation (Ito et al. 2016),
and it is expected that these organizations will lead to collective agricultural actions in their communities.

Finally, it is important to highlight the importance of social infrastructure. In Japan, various community events have
been held in elementary school-based districts (MIAC 2022). Therefore, the availability of elementary schools within a
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community is an important factor in promoting SC. Japan's Ministry of Education, Culture, Sports, Science and
Technology (MEXT) has implemented policies to prevent the deterioration of public school facilities (MEXT 2013).
The results of this study support the importance of these policies in improving the infrastructure of educational facilities

as a platform for various activities such as meetings and events in the community.

Conclusion
The relationship between depopulation, aging, SC, and collective action in Japan is instructive for several countries
moving toward a mature stage of economic development. Asian monsoon regions with the same rural infrastructure are
likely to face similar challenges once their economies enter a period of stability (Matanle 2014).

In this study, SC was measured inductively using data from various collective actions and the HLVM. The
measured scores were positively correlated with the majority of the collective actions. The SC is spatially heterogeneous,
showing that it tends to be higher in rural areas. However, a more disaggregated (intermediate) SC analysis shows that
bridging-type (external) SC tends to be higher in rural areas. This is likely a reflection of the ironic reality that owing to
depopulation and aging, rural areas in Japan cannot maintain their agricultural common-pool resources without relying
on networks with other areas. However, in our analysis, the data used for SC measurements were only related to various
collective actions. Therefore, aspects of SC that did not appear as collective actions, such as individual achievements
and actions related to mutual support among residents, were not considered components of SC. In other words, although
we may be able to measure a significant portion of SC, we may equate SC with collective action (good outcomes)
(Sobels et al. 2002). Hence, improving the accuracy of SC measurements using richer information on residents and rural
networks is a challenge for the future.

Direct payments to communities, such as MPS, are effective in accumulating SC, with program participation
increasing SC scores by approximately 20%. However, the effect on the bonding-type (internal) SC was larger than that
on the bridging-type (external) SC. Future institutional designs are necessary to promote external SC improvements,
such as strengthening agglomeration bonuses and encouraging cooperation among urban residents. In addition, our
analysis was limited to Kyoto Prefecture in Japan. Future efforts should be made to improve the external validity of this

study by collecting data from other regions. Particularly, because communities in Kyoto Prefecture are a relatively closed
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society (Ogawa 2011), the impact of policies on external SC may be lower than the Japanese average, which is an issue
to be addressed in the future.

In depopulated and aging areas, such as rural Japan, collective action will become even more important, as there are
limits to what individual farmers can do to conserve local agricultural resources. Our results show that agricultural
corporations increase their SC, suggesting the need for organized groups of farmers to undertake collective action.
Additionally, infrastructural facilities that serve as platforms for meetings and events are essential for SC accumulation.
In Japan, public education facilities are used for these purposes. As these facilities age, policy support is required to

renovate and maintain them.

18



References

Angrist JD, Pischke JS (2009) Mostly harmless econometrics: An empiricist's companion. Princeton University Press,
New Jersey.

Anselin L (1988) Spatial econometrics: methods and models. Kluwer Academic Publishers, Boston.

Arbia G (2006) Spatial econometrics: statistical foundations and applications to regional convergence. Springer Science
& Business Media, New York.

Arbia G (2014) Pairwise likelihood inference for spatial regressions estimated on very large datasets. Spat Stat-Neth 7:

21-39. https://doi.org/10.1016/j.spasta.2013.10.001

Ashida T, Endo K (2021) Increasing social capital in rural society by multifunctionality payment based on organizations

in rural village. Water, Land and Environ Eng 89: 917-921. https://doi.org/10.11408/jjsidre.89.12 917

Auer A, Von Below J, Nahuelhual L, Mastrangelo M, Gonzalez A, Gluch M, Vallejos M, Staiano L, Laterra P, Paruelo
J (2020). The role of social capital and collective actions in natural capital conservation and management. Environ

Sci Policy 107:168-178. https://doi.org/10.1016/j.envsci.2020.02.024

Beaujean AA (2014) Latent variable modeling using R: A step-by-step guide. Routledge, New York.
Bowles S, Gintis H (2002) Social capital and community governance. Econ J 112:F419-F436.

https://doi.org/10.1111/1468-0297.00077

Brunner M, Nagy G, Wilhelm O (2012) A tutorial on hierarchically structured constructs. J Pers 80:796-846.

https://doi.org/10.1111/1.1467-6494.2011.00749.x

Coleman JS (1988) Social capital in the creation of human capital. Am J Sociol 94:S95-S120.

http://www.jstor.org.kyoto-u.idm.oclc.org/stable/2780243

Durlauf SN (2002) On the empirics of social capital. Econ J 112:F459-F479. https://doi.org/10.1111/1468-0297.00079

Flora JL (1998) Social capital and communities of placel. Rural Sociol 63:481-506. https://doi.org/10.1111/].1549-

0831.1998.tb00689.x

Fujiie M, Hayami Y, Kikuchi M (2005) The conditions of collective action for local commons management: the case of

irrigation in the Philippines. Agr Econ 33:179-189. https://doi.org/10.1111/1.1574-0862.2005.00351.x

Glaeser EL, Laibson D, Sacerdote B (2002) An economic approach to social capital. Econ J 112:F437-F458.

https://doi.org/10.1111/1468-0297.00078

19


https://doi.org/10.1016/j.spasta.2013.10.001
https://doi.org/10.11408/jjsidre.89.12_917
https://doi.org/10.1016/j.envsci.2020.02.024
https://doi.org/10.1111/1468-0297.00077
https://doi.org/10.1111/j.1467-6494.2011.00749.x
http://www.jstor.org.kyoto-u.idm.oclc.org/stable/2780243
https://doi.org/10.1111/1468-0297.00079
https://doi.org/10.1111/j.1549-0831.1998.tb00689.x
https://doi.org/10.1111/j.1549-0831.1998.tb00689.x
https://doi.org/10.1111/j.1574-0862.2005.00351.x
https://doi.org/10.1111/1468-0297.00078

Greene WH (2003) Econometiric Analysis. Pearson Education, New Jersey.
Hori K, Saito O, Hashimoto S, Matsui T, Akter R, Takeuchi K (2021) Projecting population distribution under
depopulation conditions in Japan: scenario analysis for future socio-ecological systems. Sustain Sci 16:295-311.

https://doi.org/10.1007/s11625-020-00835-5

Inoue T, Koike S, Yamauchi M, Ishikawa Y (2022) Exploring the impact of depopulation on a country's population

geography: Lessons learned from Japan. Popul Space Place 28:¢2543. https:/doi.org/10.1002/psp.2543

Ito J, Feuer HN, Kitano S, Asahi H (2019) Assessing the effectiveness of Japan's community-based direct payment

scheme for hilly and mountainous areas. Ecol Econ 160:62-75. https://doi.org/10.1016/j.ecolecon.2019.01.036
Ito J, Feuer HN, Kitano S, Komiyama M (2018) A policy evaluation of the direct payment scheme for collective
stewardship ~ of = common  property  resources in  Japan.  Ecol  Econ 152:141-151.

https://doi.org/10.1016/j.ecolecon.2018.05.029

Ito J, Nishikori M, Toyoshi M, Feuer HN (2016) The contribution of land exchange institutions and markets in
countering farmland abandonment in Japan. Land Use Policy 57:582-593.

https://doi.org/10.1016/j.landusepol.2016.06.020

Kiminami A, Kiminami L, Furuzawa S (2020) Entrepreneurship and social capital in the diversification of farm
business: Focusing on farm product processing and direct sales to consumers. Bulletin of the Faculty of Agriculture,

Niigata University 72:51-58. https://agriknowledge.affrc.go.jp/RIN/2010932009

Kitano S (2019) An evaluation of a direct payment policy for community-based environmental conservation agricultural
practices: A case of Shiga Prefecture in Japan. J Environ Info Sci 2019(1):43-52.

https://doi.org/10.11492/ceispapersen.2019.1_43

Kitano S (2021) Determinants of farmland abandonment considering the spatial structure of agricultural communities.

J Environ Info Sci 2021(1):72-83. https://doi.org/10.11492/ceispapersen.2021.1_72

Komiyama M, Ito J (2017) Policy evaluation of the Farmland, Water and Environmental Conservation Improvement

scheme: A case study of Shiga Prefecture. J of Rural Probl 53:72-83. https://doi.org/10.7310/arfe.53.72

Kyoto Prefecture, 2022. Agriculture, forestry, fisheries and rural areas in Kyoto Prefecture.

https://www.pref.kyoto.jp/nosei/news/pamphlet.html. Accessed 10 Jan 2024

Lesage JP, Pace RK (2009) Introduction to spatial econometrics. CRC Press, Boca Raton.

20


https://doi.org/10.1007/s11625-020-00835-5
https://doi.org/10.1002/psp.2543
https://doi.org/10.1016/j.ecolecon.2019.01.036
https://doi.org/10.1016/j.ecolecon.2018.05.029
https://doi.org/10.1016/j.landusepol.2016.06.020
https://agriknowledge.affrc.go.jp/RN/2010932009
https://doi.org/10.11492/ceispapersen.2019.1_43
https://doi.org/10.11492/ceispapersen.2021.1_72
https://doi.org/10.7310/arfe.53.72
https://www.pref.kyoto.jp/nosei/news/pamphlet.html

Lochner K, Kawachi I, Kennedy BP (1999) Social capital: a guide to its measurement. Health Place 5:259-270.

https://doi.org/10.1016/S1353-8292(99)00016-7

MAFF (2019) Outline of Japanese Agriculture direct payment policy.

https://www.maff.go.jp/j/nousin/tamen5/tameniinkai/haihushiryou.html. Accessed 22 Jan 2024

MAFF  (2020a) Summary of the basic plan for food, agriculture and rural areas.

https://www.maff.go.jp/j/keikaku/k_aratana/. Accessed 15 Feb 2024

MAFF (2020b) Census of agriculture and forestry. https://www.e-stat.go.jp/en/stat-

search/files?page=1&toukei=00500209&tstat=000001032920. Accessed 22 Feb 2024

MAFF (2020c¢) Statistics of agricultural income produced. https://www.maff.go.jp/j/tokei/kouhyou/nougyou_sansyutu/.

Accessed 20 Dec 2023
MAFF (2022a) Annual report on food, agriculture and rural areas in Japan FY2022.

https://www.maff.go.jp/j/wpaper/w_maft/r4/r4 h/trend/partl/chap3/c3_6_00.html. Accessed 13 Dec 2023

MAFF (2022b) Status of implementation of multifunctional payment system

https://www.maff.go.jp/i/nousin/kanri/rdjissi joukyou.html. Accessed 25 Nov 2023

MAFF (2023) Outline of multifunctional payment system. https:/www.maff.go.jp/j/nousin/kanri/tamen_siharai.html.

Accessed 10 Feb 2024

Mamiit RJ, Gray S, Yanagida J (2021) Characterizing farm-level social relations’ influence on sustainable food

production. J Rural Stud 86:566-577. https://doi.org/10.1016/j.jrurstud.2021.07.014
Matanle P (2014) Ageing and depopulation in Japan: understanding the consequences for East and Southeast Asia in the
21st century. Discussion Paper. White Rose East Asia Centre and Foreign and Commonwealth Office Briefing

Papers. White Rose East Asia Centre, Sheffield. https://eprints.whiterose.ac.uk/78027/

Matsushima M, Matsunaga Y (2015) Social capital and subjective well-being in Japan. Voluntas 26:1016-1045.

https://doi.org/10.1007/s11266-015-9581-3

Matsushita K (2009) The effect of social capital for the conservation policy of the land, water and environment. J Rural

Econ 80:185-196. https://doi.org/10.11472/nokei.80.185

21


https://doi.org/10.1016/S1353-8292(99)00016-7
https://www.maff.go.jp/j/nousin/tamen5/tameniinkai/haihushiryou.html
https://www.maff.go.jp/j/keikaku/k_aratana/
https://www.e-stat.go.jp/en/stat-search/files?page=1&toukei=00500209&tstat=000001032920
https://www.e-stat.go.jp/en/stat-search/files?page=1&toukei=00500209&tstat=000001032920
https://www.maff.go.jp/j/tokei/kouhyou/nougyou_sansyutu/
https://www.maff.go.jp/j/wpaper/w_maff/r4/r4_h/trend/part1/chap3/c3_6_00.html
https://www.maff.go.jp/j/nousin/kanri/r4jissi_joukyou.html
https://www.maff.go.jp/j/nousin/kanri/tamen_siharai.html
https://doi.org/10.1016/j.jrurstud.2021.07.014
https://eprints.whiterose.ac.uk/78027/
https://doi.org/10.1007/s11266-015-9581-3
https://doi.org/10.11472/nokei.80.185

McCann L, Colby B, Easter KW, Kasterine A, Kuperan KV (2005) Transaction cost measurement for evaluating

environmental policies. Ecol Econ 52:527-542. https://doi.org/10.1016/j.ecolecon.2004.08.002

MEXT (2013) Outline of measures for aging school facilities.

https://www.mext.go.jp/b_menu/shingi/chousa/shisetu/013/toushin/1331925.htm. Accessed 18 Jan 2024

MIAC  (2014) Outline for  promotion of community support in  depopulated  areas.

https://www.soumu.go.jp/main_sosiki/jichi gyousei/c-gyousei/bunken kaikaku/02gyosei08 03000070.html.

Accessed 2 Feb 2024
MIAC (2022) Report of the study group on local communities.

https://www.soumu.go.jp/main_sosiki/kenkyu/chiiki community/index.html. Accessed 3 Feb 2024

Michelini JJ (2013) Small farmers and social capital in development projects: Lessons from failures in Argentina's rural

periphery. J Rural Stud 30:99-109. https://doi.org/10.1016/j.jrurstud.2013.01.001

Nagashio Y, Takamizawa H (2018) Efforts of agricultural community measures in Kyoto. Water, Land and Environ Eng

86:587-590. https://doi.org/10.11408/jjsidre.86.7 587

Oda K, Rupprecht CDD, Tsuchiya K, McGreevy SR (2018) Urban agriculture as a sustainability transition strategy for
shrinking cities? Land use change trajectory as an obstacle in Kyoto City, Japan. Sustain 10(4):1048.

https://doi.org/10.3390/su10041048

Ogawa K (2011) An Analysis of Kyoto through the Concepts of Sociology. J human cultural stud 28:112-87.

https://kyotogakuen.repo.nii.ac.jp/record/112/files/KJ00008410639.pdf

Okada N (2022) Rethinking Japan’s depopulation problem: Reflecting on over 30 years of research with Chizu Town,
Tottori Prefecture and the potential of SMART Governance. Contemporary Japan 34:210-227.

https://doi.org/10.1080/18692729.2022.2131991

Olson M (1971) The logic of collective Action: Public goods and the theory of groups. Harvard University Press,
Cambridge, Mass.
Ostrom E (1994) Constituting social capital and collective action. J Theor Polit 6:527-562.

https://doi.org/10.1177/0951692894006004006

Ostrom E (2009) What is social capital. In: Bartkus VO, Davis JH (eds) Social capital: reaching out, reaching in. Edward

Elgar, Cheltenham, pp 17-38. https://psycnet.apa.org/doi/10.4337/9781848445963.00010

22


https://doi.org/10.1016/j.ecolecon.2004.08.002
https://www.mext.go.jp/b_menu/shingi/chousa/shisetu/013/toushin/1331925.htm
https://www.soumu.go.jp/main_sosiki/jichi_gyousei/c-gyousei/bunken_kaikaku/02gyosei08_03000070.html
https://www.soumu.go.jp/main_sosiki/kenkyu/chiiki_community/index.html
https://doi.org/10.1016/j.jrurstud.2013.01.001
https://doi.org/10.11408/jjsidre.86.7_587
https://doi.org/10.3390/su10041048
https://kyotogakuen.repo.nii.ac.jp/record/112/files/KJ00008410639.pdf
https://doi.org/10.1080/18692729.2022.2131991
https://doi.org/10.1177/0951692894006004006
https://psycnet.apa.org/doi/10.4337/9781848445963.00010

Ostrom E (2010) Analyzing collective action. Agr Econ 41:155-166. https://doi.org/10.1111/].1574-0862.2010.00497 x

Ostrom E, Ahn T (2009) The meaning of social capital and its link to collective action. In: Svendsen GT, Svendsen GLH
(eds) Handbook of social capital: The troika of sociology, political science and economics. Edward Elgar,

Cheltenham, pp 17-35. https://doi.org/10.2139/ssrn. 1304823

Parkhurst GM, Shogren JF, Bastian C, Kivi P, Donner J, Smith RBW (2002) Agglomeration bonus: an incentive
mechanism to reunite fragmented habitat for biodiversity conservation. Ecol Econ 41:305-328.

https://doi.org/10.1016/S0921-8009(02)00036-8

Portes A (1998) Social capital: Its origins and applications in modern sociology. Annu Rev Sociol 24:1-24.

https://doi.org/10.1146/annurev.soc.24.1.1

Poteete AR, Ostrom E (2004) Heterogeneity, group size and collective action: The role of institutions in forest

management. Dev Change 35:435-461. https://doi.org/10.1111/].1467-7660.2004.00360.x

Pretty J, Ward H (2001) Social capital and the environment. World Dev 29:209-227. https://doi.org/10.1016/S0305-

750X(00)00098-X

Puntscher S, Hauser C, Walde J, Tappeiner G (2015) The impact of social capital on subjective well-being: A regional

perspective. J Happiness Stud 16:1231-1246. https://doi.org/10.1007/s10902-014-9555-y

Putnam R (1993) The prosperous community: Social capital and public life. The American prospect 13.

https://api.semanticscholar.org/CorpusID:153485206

Putnam R (2001) Social capital: Measurement and consequences. Can J Policy Res 2:41-51.

https://www.oecd.org/innovation/research/1825848.pdf

Rivera M, Knickel K, Diaz-Puente JM, Afonso A (2019) The role of social capital in agricultural and rural development:

Lessons learnt from case studies in seven countries. Sociol Ruralis 59:66-91. https://doi.org/10.1111/soru.12218

Rosenbaum PR, Rubin DB (1983) The central role of the propensity score in observational studies for causal effects.

Biometrika 70:41-55. https://doi.org/10.1093/biomet/70.1.41

Rosseel Y (2012) lavaan: An R package for structural equation modeling. J Stat Softw 48:1 - 36.

https://doi.org/10.18637/jss.v048.102

Sakamoto K, Choi Y, Burmeister LL (2007) Framing multifunctionality: Agricultural policy paradigm change in South

Korea and Japan? Int J Sociol Agri Food 15:24-45. https://doi.org/10.48416/ijsaf.v15i1.297

23


https://doi.org/10.1111/j.1574-0862.2010.00497.x
https://doi.org/10.2139/ssrn.1304823
https://doi.org/10.1016/S0921-8009(02)00036-8
https://doi.org/10.1146/annurev.soc.24.1.1
https://doi.org/10.1111/j.1467-7660.2004.00360.x
https://doi.org/10.1016/S0305-750X(00)00098-X
https://doi.org/10.1016/S0305-750X(00)00098-X
https://doi.org/10.1007/s10902-014-9555-y
https://api.semanticscholar.org/CorpusID:153485206
https://www.oecd.org/innovation/research/1825848.pdf
https://doi.org/10.1111/soru.12218
https://doi.org/10.1093/biomet/70.1.41
https://doi.org/10.18637/jss.v048.i02
https://doi.org/10.48416/ijsaf.v15i1.297

Sobels J, Curtis A, Lockie S (2001) The role of landcare group networks in rural Australia: exploring the contribution

of social capital. J Rural Stud 17:265-276. https://doi.org/10.1016/S0743-0167(01)00003-1

Tanaka Y, Sato Y (2003) An institutional case study of Japanese water users association: Towards successful

participatory irrigation management. Paddy Water Environ 1:85-90. https://doi.org/10.1007/s10333-003-0016-1

Tanoi M (2007) Social capital and agriculture/rural development policy. Water Land Environ Eng 75:911-914.

https://doi.org/10.11408/jjsidre2007.75.911

Tsutsumi K  (2021)  Depopulation, aging, and living environments. Springer, Singapore.

https://link.springer.com/book/10.1007/978-981-15-9042-9

Vatn A (2010) An institutional analysis of payments for environmental services. Ecol Econ 69:1245-1252.

https://doi.org/10.1016/j.ecolecon.2009.11.018

Wang W, Zhao X, Li H, Zhang Q (2021) Will social capital affect farmers’ choices of climate change adaptation
strategies? Evidences from rural households in the Qinghai-Tibetan Plateau. China. J Rural Stud 83:127-137.

https://doi.org/10.1016/].jrurstud.2021.02.006

Westlund H, Larsson JP (2016) Social capital and regional development: an introduction. In: Westlund H, Larsson JP
(eds) Handbook of social capital and regional development. Edward Elgar, Cheltenham, pp 1-23.

https://ideas.repec.org/h/elg/eechap/15884 1.html

Wiesinger G (2007) The importance of social capital in rural development, networking and decision-making in rural

areas. J Alpine Res 95(4):43-56. https://doi.org/10.4000/rga.354

Yamamura E (2008) The role of social capital in homogeneous society: Review of recent researches in Japan. MPRA

Paper (University Library of Munich) 11385. https://mpra.ub.uni-muenchen.de/id/eprint/11385
Zhang Z, Kim HIJ, Lonjon G, Zhu Y (2019) Balance diagnostics after propensity score matching. Ann Transl Med 7:16.

https://doi.org/10.21037/atm.2018.12.10

24


https://doi.org/10.1016/S0743-0167(01)00003-1
https://doi.org/10.1007/s10333-003-0016-1
https://doi.org/10.11408/jjsidre2007.75.911
https://link.springer.com/book/10.1007/978-981-15-9042-9
https://doi.org/10.1016/j.ecolecon.2009.11.018
https://doi.org/10.1016/j.jrurstud.2021.02.006
https://ideas.repec.org/h/elg/eechap/15884_1.html
https://doi.org/10.4000/rga.354
https://mpra.ub.uni-muenchen.de/id/eprint/11385
https://doi.org/10.21037/atm.2018.12.10

