
Contents lists available at ScienceDirect

Ecological Economics

journal homepage: www.elsevier.com/locate/ecolecon

Analysis

A Policy Evaluation of the Direct Payment Scheme for Collective
Stewardship of Common Property Resources in Japan

Junichi Ito⁎, Hart N. Feuer, Shinichi Kitano, Midori Komiyama
Division of Natural Resource Economics, Graduate School of Agriculture, Kyoto University, Oiwake-cho, Kitashirakawa, Sakyo-ku, Kyoto 606-8502, Japan

A R T I C L E I N F O

JEL Classification:
C51
C73
D04
H23
Q56

Keywords:
Motivation crowding
Collective action
Payments for environmental services
Propensity score matching

A B S T R A C T

The extent to which Payments for Environmental/Ecosystem Services (PES) programs help to promote collective
stewardship of common property resources (CPRs) has been gaining attention among scholars and practitioners.
One of the main concerns related to collective arrangements is that a crowding-out effect is likely to emerge
when the external intervention dominates over self-determination and self-esteem of PES participants. By
contrast, when participants perceive the intervention to be supportive of existing efforts, it “crowds in” intrinsic
motivation. We test this contested hypothesis using prefectural data from Japan's Census of Agriculture and
Forestry. In order to set up a viable quasi-experimental policy evaluation, we employ a propensity score
matching approach. Our empirical result suggests that financial incentives can have a positive causal effect on
collective stewardship of CPRs. This means that the potential crowding-out effect, if any, is not so profound as to
expunge additional extrinsic motivation provided by the government's direct payments. Another important
finding is that pre-existing social cohesiveness at the community level serves as a facilitator for PES participa-
tion. It should be noted, however, that the degree of cohesiveness in rural communities is largely a byproduct of
historical experience that lies outside the immediate control of the government.

1. Introduction

Contrary to Hardin's (1968) pessimistic prediction on the manage-
ment of common property resources (CPRs), customary rules and
agreed norms in rural communities can effectively create a cooperative
environment that modulates resource access and pre-empts the in-
centive to free ride, leaving CPRs well-preserved and utilized. Un-
surprisingly, the individual context and institutional structures are
critical aspects of determining local management outcomes. But in
general, self-governing communities, which are defined by collective
action, are more likely to adopt protective and curative measures in
CPR management (Ostrom, 2000). Understanding the specific dynamics
of community cooperation is of particular relevance for countries and
regions in which crops are grown under conditions of autonomous local
control of the water supply and with a production base characterized by
small, dispersed landholdings. These conditions, which are common in
many regions of Asia and Africa, as well as in rugged topographical
regions worldwide, are particularly in need of communal approaches to
CPR management. Surprisingly, however, most existing programs to
support such approaches around the world, often under the framework
of Payments for Ecosystem Services (PES), are designed on the premise
that farmers, fishermen, and foresters participate in the various

schemes on an individual basis (Wunder et al., 2008).
Reflecting the fact that most PES programs have been in-

stitutionalized on an individual basis, there is a significant body of
literature that focuses on individual farmers' decisions to participate in
agricultural PES programs (e.g., Grillos, 2017; Hegde et al., 2014;
Murphy et al., 2014; Yeboah et al., 2015; Zbinden and Lee, 2005, and so
on). Simultaneously, there is also growing criticism against individual-
based PES programs, as they can lead to “individual, disconnected ac-
tions” or “social fragmentation” in CPR management, whereas optimal
environmental results are often obtained when there is coordination of
activity (Cooke and Moon, 2015; Mettepenningen et al., 2013).
Murtinho and Hayes (2017) also document that PES programs are in-
creasingly being applied in communal settings where resource users
collectively join a program and agree to limit their combined use of
CPRs. This has been substantiated variously by Cranford and Mourato
(2011), Hayes et al. (2015), and Kerr et al. (2012, 2014). Nevertheless,
few attempts have been made, relying on community-level aggregate
data, to fill the knowledge gap that exists in the evaluation of collective
participation in PES.

In Japan, it is widely understood that continuous cultivation of
farmland and communal stewardship of agricultural CPRs not only
enhances the preservation of the natural environment by providing
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favorable habitats for various terrestrial and aquatic life forms, but also
helps maintain the functionality and aesthetic appeal of the rural
landscape that is prized by locals and tourists alike. While rice growing,
in particular, is accompanied by negative environmental impacts of
agricultural runoff, there is a general appreciation in Japan for the
varied functional capability of well-managed paddy field farms, in-
cluding storing rain and ground water, enhancing biodiversity, pro-
tecting the natural environment, as well as providing scenic landscapes
in the countryside, all of which are increasingly important to en-
croaching urban communities (MAFF, 2015). Because these external
benefits are realized “offsite”, resource users would not necessarily be
rewarded for the services they provide (Hegde and Bull, 2011). This
lack of direct compensation has historically been offset by the high
direct use values of CPRs, as well as a culture of obligation and soli-
darity among rural communities, but the past decades have witnessed
some destabilization due to the relative contraction in agriculture, de-
population in rural areas, and progressive aging of farm workers
(Shimada, 2015). In seeking a way to remedy the widening divergence
between social and private benefits – a perennial problem of common
property management worldwide – and as part of a broader set of
modern rural support interventions, the Japanese government has
turned to policies that incentivize CPR stewardship.

Against this background, the Japanese government introduced the
Farmland, Water and Environmental Conservation Improvement
Scheme (CIS) in 2007, a program that entails financial transfer to CPR
custodians with the aim of promoting collective action for CPR con-
servation. The CIS broadly can be considered a voluntary scheme but,
like other similar policies being promulgated worldwide, it demands
strict conditionality in order to realize efficient and sustainable ex-
ploitation of CPRs. Added to this, and evidenced by the fact that the
name was changed in 2014 to “Payments for the Enhancement of
Agricultural Multi-functionality”, it is clear that securing broader en-
vironmental benefits for the public constitutes an important com-
plementary policy goal of the CIS beyond the promotion of basic con-
servation activities. In this sense, the CIS is broadly aligned with PES
programs that have been increasingly adopted recently, both in devel-
oped and developing countries.1 A potential striking point in applying
the PES approach to Japan is that the small and dispersed landholdings
typical of Japanese agriculture make individual contracts ineffective
and administratively burdensome. For this reason, the CIS payments
have been offered to eligible activity groups, mostly rural communities,
in lieu of individual farmers, on the condition that the group members
act cooperatively in the maintenance of CPRs. The adoption of this
group payment system reduces transaction costs by aggregating re-
cruitment (Narloch et al., 2017). In this, we can contribute to the re-
levant literature by reflecting on the CIS as a case study in designing
cooperative PES programs and efficiently employing scarce public re-
sources.

To participate in the scheme, the candidate groups have to sign a
contract with the government outlining the conditions and the scope of
collective action for maintaining CPRs. In case participants fail to
comply with the contract, they have to return the funds they received

retrospectively. Accordingly, potential participants decide whether to
participate in the scheme after taking account of their institutional
capacity to fulfill the contractual obligations and manage the economic
consequences brought about by implementation of the scheme. This
imposition of mutual inter-dependency means that social and con-
textual characteristics of each community strongly influence the choice
to participate. In this paper, we address three related characteristics in
our hypothesis, namely that intra-community cohesiveness, demo-
graphic and geographical conditions, and factor endowments in a
community combine to determine the probability of collective partici-
pation in the CIS.

To meaningfully add to the PES debate using this case study, the
major objectives of this paper are twofold: first, to identify key factors
that influence collective participation in the CIS; second, to measure the
extent to which certain target CPRs are preserved as a result of the
implementation of the CIS. Ascertaining “additionality”, an expression
which captures the marginal contribution of PES to overall perfor-
mance, is a major concern in previous studies because it is an essential
element in justifying the program to the public. Specifically, many
empirical studies addressing PES effectiveness use econometric tech-
niques to corroborate a causal effect of scheme implementation on
improved CPR maintenance (e.g., Alix-Garcia et al., 2012; Arriagada
et al., 2012; Hegde and Bull, 2011; Mezzatesta et al., 2013; Sills and
Caviglia-Harris, 2015, and others). On this issue, we address two re-
lated empirical challenges. The first is whether group payments con-
ditional on collective stewardship of CPRs, which characterize the
functioning of the CIS and other the Japanese PES programs,2 deliver
the expected results demanded in the subsidy guidelines, namely im-
proved maintenance regimes and more consistent care of CPRs. As
noted by Engel (2016) and Narloch et al. (2017), making payments
conditional upon group performance – practice-based conditionality in
the PES literature (Wegner, 2016) – has the advantage of establishing
mutual-liability mechanisms with strong incentives for contract com-
pliance, which helps enhance the CIS's “additionality”. On the other
hand, group payments may perversely incentivize individual resource
users to free ride on the efforts of other group members, a common
problem when communities are heterogeneous in terms of members'
dependence on CPRs (Kaczan et al., 2017). The second challenge to
address in the context of “additionality” is whether external interven-
tion crowds out participants' intrinsic motivation to conserve CPRs,
based on social norms and reciprocity (Ostrom, 2005; Van Hecken and
Bastiaensen, 2010). If the crowding-out effect on pro-social behavior
were to be so significant as to cancel out the direct impact of the CIS, as
some research has suggested (Deci et al., 1999), taxpayers or funders
would balk at such a scheme. Needless to say, the effect of motivation
crowding on collective action is likely to depend on whether PES pay-
ments are made on an individual or group basis (Kerr et al., 2012). We
hypothesize in this paper that as long as the CIS is supportive primarily
of participant groups, the potential crowding-out effect, if any, is not so
powerful as to expunge additional extrinsic motivation provided by the
government's direct payments (Vollan, 2008).

We explore these two research questions – participation in the CIS
and the program's output – using data from Shiga, a prefecture in Japan
known for its progressive approaches to natural resource management.
For the empirical method, we take a step-wise approach; first, we
identify key factors that affect collective participation in the CIS by
estimating a propensity score function (probit model), and second, we
measure the effectiveness of the CIS using the propensity score
matching (PSM) method (Rosenbaum and Rubin, 1983). Given that
participation in the CIS is not randomly assigned but rather based on
the community's decision, a simple difference in the outcome related to

1 Wunder (2015) defines PES as voluntary transactions between service users and
service providers that are conditional upon agreed rules of natural resource management
for generating offsite services. Government-financed programs, such as the CIS, are only
voluntary on the provider side of environmental services. Thus, it is considered that user-
or beneficiary-financed PES programs, which are based on two-sided voluntary transac-
tion, are more likely to have broader coverage and be efficient than purely government-
financed ones (Wunder et al., 2008). However, Vatn (2010) claims that while in theory
PES is seen as a market solution to environmental problems, many case studies show that
PES depend fundamentally on state and/or community engagement. Muradian and Rival
(2012) also show that market oriented tools have gained considerable attention, but they
are still far from being dominant policy strategies for environmental protection. Instead,
more generally it is important to analyze the mechanisms of the incentive provision and
income compensation for environmental service providers, regardless of the form of the
PES program.

2 The Direct Payment Scheme for Hilly and Mountainous Areas (DPS), which is another
PES program introduced in 2000 to support geographically disadvantaged farms in Japan,
is also characterized by group payments conditional upon community-level collective
action.

J. Ito et al. Ecological Economics 152 (2018) 141–151

142



CPR performance between communities participating in and abstaining
from the CIS is likely to be biased due to confounding factors that in-
fluence selection into the scheme and the outcome. The application of
PSM is helpful in overcoming this problem, as are the further checks of
robustness that we employ in our analysis in this paper.

The remainder of this paper is organized as follows. The second
section presents a brief overview of the CIS and the research site ad-
dressed in this paper. The third section examines the mechanism that
generates motivation crowding in the framework of evolutionary game
theory. The fourth section contains an explanation of the data source
and data processing required for an empirical study, as well as a concise
overview of the econometric technique for measuring CIS effectiveness.
This is followed by the estimation results of PSM analysis in the fifth
section. The final section concludes with a summary of our results and
draws some policy implications.

2. Outline of the CIS and Our Research Site

In Japan, concerted efforts by rural people are considered to be
more necessary for the maintenance of CPRs and provision of en-
vironmental/ecosystem services, because agriculture is characterized
by its small-scale and severe farmland fragmentation.3 Although the
CPRs analyzed in this paper are primarily productive assets, such as
canals, irrigation facilities, and reservoirs, the maintenance of these
CPRs implicitly demands complementary environmental management
of erosion, agricultural runoff, forest margins, and natural beauty. In
addition to these, farmland also can be considered as an environmental
CPR in Japan, because land parcels integrated tightly into local systems
for water storage, irrigation, and erosion control will stop providing
these positive externalities and even become noxious if they are aban-
doned or left uncultivated. This is an urgent concern in Japan, where
severe rural depopulation is increasing the prevalence of abandoned
farmland. In general, the complexity of managing both centralized re-
sources, such as water storage and delivery infrastructure, as well as the
multitude of small, dispersed farm units, necessitates a communal ap-
proach.

As such, the government has required potential participants in the
CIS to organize an activity group consisting of rural residents and to
collectively submit to a contractual activity plan with the municipal
government (MAFF, 2007). Potential participants often try to meet this
precondition by designating a pre-existing rural community as the ac-
tivity group. This is not a surprising trend, as many rural communities
in Japan have often, without any formal or legal standing, traditionally
played a pivotal role in cooperative endeavors, such as the maintenance
of the irrigation system, agricultural roads, paths, ditches and re-
servoirs. Community cooperation is so taken for granted that even lo-
calities without pre-existing cooperative structures are expected to
readily fashion some form of activity group that is capable of fulfilling
the conditions set out by the government. And while not all members of
rural communities would participate in cooperative works due to the
increasing prevalence of urbanization and lifestyle changes (Tanaka
and Sato, 2005), a common commitment to shared values and norms,
reciprocity, and aversion to inequality are predicted to help drive suc-
cessful management of CPRs in rural Japan.

The total number of activity groups across the country increased
significantly over the period 2007–2016, rising from 17,122 to 29,079.4

The conservation activities supported by the CIS cover a wide range of
operations, such as deterring farmland abandonment, weeding ridges
and slopes of rice fields, clearing out drains, extracting gravels from

paddy fields, dredging ditches and reservoirs, repairing irrigation sys-
tems, cycling use of agricultural water, as well as taking action to
preserve the local ecosystem, biodiversity and landscape (MAFF, 2007).
At present, the CIS encompasses around 50% of the farmland areas
(2,250,000 ha) that are targeted by the scheme nationally, which means
that some communities have opted not to participate in the voluntary
CIS program. Our interviews with community leaders revealed that one
reason for the gap in participation in the CIS is low confidence by local
communities in their capacity to fulfill the strict obligations. Failing to
meet their contractual promises oblige them to fully refund the pay-
ments. This potentiality means that community members must carefully
consider whether to join the scheme after taking account of its eco-
nomic benefits and their capacity to deliver. The total expenditure for
the CIS in 2016 was 93.4 billion Yen (USD 849 million), of which about
half was covered by the national budget, and the rest was financed by
the local governments. Activity groups received USD 29,000 on average
in 2016, which represents a subsidy of USD 377/ha.

Using data collected from a research site in Shiga prefecture, we
respond to two empirical questions laid out in the introduction. The
prime reason for addressing this prefecture in this paper is that Shiga is
nationally famous for its progressive approach to environmental pro-
blems, in particular, the comprehensive program involving water
quality improvement of Lake Biwa, the largest freshwater lake in Japan.
The water from Lake Biwa is used by 14 million people living in the
downstream areas as a valuable source of potable water and for in-
dustrial, recreational, and agricultural purposes (Sudo et al., 2005).
Several scientific researches uncovered that paddy fields that occupy
around 15% of the total catchment area are one of the most important
non-point sources of water pollution by pesticides (Nakano et al., 2008;
Sudo et al., 2005). Further, it is widely believed that water leakages and
stream overflows due to poor management of paddy fields are other
drives of water pollution. As such, the CIS in Shiga prefecture has a
special role beyond the conservation of CPRs in maintaining agri-
cultural water quality. The 2015 participation rate in the CIS on the
basis of farmland area is higher than the national average of 52% by
20% points.5 It should be noted, however, that the rural economy in the
prefecture of recent years is somewhat biased by the predominance of
part-time farmers and paddy rice production, as well as rapid urbani-
zation of rural residential areas. It may be the case that an increase in
heterogeneity of rural communities, arising from the increasingly
mixed settlement of farm and non-farm households, has a detrimental
impact on communal motivation to manage CPRs, which would dis-
courage CIS participation.

3. Evolution Model and Motivation Crowding

In this section, we demonstrate that “additionality”, or a positive
marginal effect of the CIS on collective stewardship, is not necessarily
preordained. Evolutionary game theory informs the theoretical basis of
this claim. In this game, Farmer 1 and Farmer 2 in a community are
considering collective action for CPR management. Their payoff de-
pends entirely on whether they choose Cooperation (C) or Defection
(D), as described in Table 1. When the parameters satisfy
γ < 1 < α < β and 2α > β+ γ, (D, D) or the so-called “prisoner's
dilemma” is the resulting Nash equilibrium of this game; this situation
is viewed as the canonical representation of collective action problems.
However, if players who choose D in response to C being chosen by
their counterparts are punished by P that satisfies P≥ (β− α)yi−
(i=1, 2), we end up with two Nash equilibriums, namely (D, D) and
(C, C).6 We consider the question, which of the two Nash equilibriums is

3 The average farm size of an individual producer in Japan is rather small at less than
three hectares, although it has been slowly increasing over the years (MAFF, 2017). The
extent of dispersed landholdings, or farmland fragmentation, related to the cultivation of
multiple unconnected plots by one individual, impairs efficient agricultural production.

4 There are about 114,000 rural communities whose farmland is eligible under this
program.

5 The participation rate of Shiga prefecture is the second highest among all 47 pre-
fectures. The nationwide participation rate on the basis of rural communities averaged
24.6% in 2015, while the rate for Shiga prefecture was 60.8%.

6 Aoki (2001) maintains that defection can be effectively impeded in the case where
there are many opportunities for community members to interact with each other, and
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likely to emerge?
In general, the evolutionary game theoretical approach is suitable

for answering such a question when a game with multiple equilibriums
is played repeatedly and players do not always reach an efficient so-
lution of the game immediately due to bounded rationality. They can
choose a strategy in each stage game according to their past experience,
which makes the probability with which a player i chooses C, denoted
by xi, change over time. By letting the expected payoff of player i who
chooses C be ui(C), with the overall expected payoff across C and D
defined as ave ui, the replicator dynamics of this game are given by

= − = + − − + − −−dx
dt

x u ave u α β γ y P x x x θ[ (C) ] [(1 ) ] (1 )( ),i
i i i i i i j j

(1)

=
−

+ − − +
= ≠

−

−
θ

γ y
α β γ y P

i j i j
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, , 1, 2 ( )j

i

i (2)

where 0≤ θj≤ 1. Fig. 1 illustrates a phase diagram of this game. From
this figure, we ascertain whether the Evolutionary Stable Strategy (ESS)
converges to (C, C) or (D, D) depends on the initial probability with
which both players choose C, xi0 (i=1, 2). Further, to the extent that
xi0 is uniformly distributed on the interval [0, 1], the probability with
which their final strategy converges to (C, C), i.e. mutual cooperation, is
given by the dark shadowed area in Fig. 1 (Ito, 2012).

The introduction of the CIS increases the payoff for mutual co-
operation (equivalent to a rise in α), but it does not influence the payoff
for other strategic combinations, because the CIS payment is made only
when all players cooperate under the group-level contract. As a result,
the saddle point E in Fig. 1 moves towards the lower left based on dθj/
dα < 0 (j=1, 2). This type of non-rival and non-excludable pay-
ment ensures that collective benefit (a) does not diminish individual
benefit and (b) decreases the likelihood of Pareto inferior outcome,
such that it can be supportive of institution building for collective ac-
tion. In theory, therefore, the probability of mutual cooperation in-
creases sustainably, which means that the CIS is theoretically capable of
promoting collective stewardship of CPRs.

However, there are at least two factors that can prevent this me-
chanism from working. For one, when xi0 is non-uniformly distributed
such that no community is included in the pale shadowed area in Fig. 1,
the CIS realizes no “additionality”. Secondly, and perhaps more im-
portantly, is a situation in which the intrinsic motivation of farmers to
cooperate declines the moment the CIS is introduced. Some framed field
experiments in the literature show that extrinsic motivations such as
payments or punishments for participants in PES programs may not
enhance collective action because external intervention crowds out or
undermines participants' intrinsic motivation, based on social norms
and reciprocity (Cardenas et al., 2000; Kaczan et al., 2017; Narloch
et al., 2012; Vatn, 2010; Vollan, 2008; Vyrastekova and van Soest,
2003).

Motivation crowding theory originates in Deci's (1971) psycholo-
gical study and Titmuss' (1970) research on blood donors' behavior;
since then, there has emerged a significant body of literature that ad-
dresses incentives for environmental stewardship. These studies
broadly suggest that providing monetary incentives or punishments for
undertaking a voluntary activity has an opposite consequence to the
one expected, although this may appear anomalous in economics (Frey
and Jegen, 2001). According to Rode et al.'s (2015) literature review on
field and natural experiments for natural resource conservation, studies
in support of crowding-out effects outnumber studies indicating
crowding-in effects. Although the results of that meta-analysis are
pessimistic on the whole, Wegner (2016) argues that external inter-
vention can be aligned well enough to avoid undermining, and to
possibly even enhance, effective conservation outcomes, — ‘crowding’
them in rather than out. Since it appears that the occurrence of
crowding-out or crowding-in is context-dependent, the question re-
garding the impact of external intervention is up to empirical analysis.
And as might be expected, our analysis centers around which conditions
for external intervention lead to improved collective action for CPR
conservation and which lead to unintended outcomes (Kerr et al.,
2014).

4. Data and Estimation Model

4.1. Data Sources and Data Processing

We principally draw on two sources of data unless otherwise noted.
One is the Rural Community Card (RCC) compiled on the basis of the
quinquennial Census of Agriculture and Forestry (MAFF). It contains a
broad range of information regarding CPR management and commu-
nity characteristics of participants and nonparticipants. The other is the
CIS Implementation Status Data (ISD), which was sourced by the au-
thors from the Shiga prefectural government. The ISD categorizes all
rural communities according to the status of participation in the CIS.
The total number of observations in our study is 1411 rural commu-
nities, of which 804 are treated (the CIS participants) and 607 are
untreated (nonparticipants). Data attrition occurs if CPRs, such as re-
servoirs, had not previously existed in a community to begin with or if
some necessary covariates are missing.

The RCC records how CPRs, namely irrigation facilities, agricultural
canals, farmland, and reservoirs, were maintained in 2010 using a

Table 1
Farm payoff matrix.

Farmer 2

Cooperation (C) Defection (D)

Farmer 1 C (y1∗, y2∗)= (αy1−, αy2−) (y1~, y2+)= (γy1−, βy2−)
D (y1+, y2~)= (βy1−, γy2−) (y1−, y2−)

Note: The numbers in the first set of parentheses represent the payoff to Farmer
1, while those in the second set represent the payoff to Farmer 2.

Fig. 1. Phase diagram.

(footnote continued)
therefore, social ostracism acts as a credible threat to those who default in some com-
munity events. As described in Smith (1961), the practice of social ostracism is an ex-
ample of the imposition of extra-legal sanction within a Japanese community in an effort
to preserve internal harmony.
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dummy variable that is equal to 1 when community members conduct
conservation activities collectively for each of them, and 0 otherwise.7

Table 2 reports the Tetrachoric correlation coefficients of the four
variables. They are positively correlated and significant at the 1% level,
which means that the four activities are complementary. However, a
simple summation of the variables does not provide an effective index
of the performance. Thus, following Murtinho et al. (2013) and Willy
and Holm-Müller (2013), we apply principal component analysis (PCA)
to aggregate the variables into a composite index of community col-
lective stewardship. Since more than half of sampled communities have
no reservoir, we prepare two kinds of the composite indexes: CCS3 does
not include reservoir while CCS4 includes all the four CPRs. The first
principal component of CCS3 (CCS4) has variance or eigenvalue of 1.66
(2.18), accounting for 55.3% (54.5%) of the total variance, and the
CCS3 (CCS4) index ranges from −3.51 to 1.03 (−3.39 to 1.36) with a
mean of zero. In addition, the eigenvectors of the first principal com-
ponent are all positive and of roughly equal size on all three (four)
variables. In this paper, we use these two variables, CCS3 and CCS4, to
represent the aggregate collective stewardship of the different CPRs.

Table 3 presents descriptive statistics of the community variables
that might influence a community decision to participate in the CIS. To
avoid an endogeneity problem regarding causal effect of the CIS par-
ticipation on the outcome, CCS3 or CCS4, we use data of community
characteristics in 2005 (2000 for some covariates) for the estimation of
propensity scores. Most relevant for theoretical debates about the de-
cision to participate in the CIS are communities' desire and ability to
join the CIS, as well as factors that affect transaction costs for im-
plementing the scheme. Chief among these various factors is the vari-
able “collective rice-crop diversification” (CRD), a dummy variable that
is equal to 1 when farmers have previously diversified rice production
collectively under the guidance of the community administration, and 0
otherwise. The Japanese government introduced the Rice-Crop Di-
versification Program in 1970 nationwide, which means that it has been
in place for nearly a half century. The major objective of this program is
to curtail rice production, and thereby to strike a balance in the rice
supply-demand. Not only does this program impose economic burdens
on rice-growing farmers, but also it exerts psychological pressure on
rural community members to fairly allocate the cultivated-area quota
imposed by the government (Arahata, 2010). The way they reach the
quota differs from community to community; in some it is entirely left
up to individual farmers, while in others the community administration
is involved in the quota allocation for fear of upsetting long-held and
cherished notions of economic equity within the community and/or
inefficient land use. For the collective diversification to be implemented
fairly, it is necessary to build consensus through intensive discussions
among community members. From this, it can be presumed that com-
munities which have successfully adopted this initiative have already
managed to forge strong social ties.8 In fact, Table 3 shows that com-
munities participating in the CIS have a higher value of CRD than those

without.
There is a significant difference in the variable “percentage of

rented farmland” (RIN), with RIN being higher for participants than
nonparticipants. This suggests that communities in which farmers have
rented much land from others are more likely to support participation
in the CIS. This finding is consistent with the fact that “percentage of
farm households with cultivated areas less than 0.5 ha” (CUL05) is
lower for communities participating in the CIS than those without. The
variables “percentage of built area” (PBA)9 and “more than 30min to
densely inhabited district dummy” (MDID) are proxies for the degree of
urbanization in a community. Since rural communities are facing life-
style and demographic changes due to the increasing prevalence of
urbanization and urban values, it follows that communities with a de-
creasing rural or agricultural orientation would be less likely to parti-
cipate in the CIS. These two variables suggest that outlying commu-
nities, which are more buffered from urbanization, are more likely to
participate in the CIS. There is a significant difference between the two
groups in the variable “number of agricultural management entities”
(NAMEs), which is equal to the number of farm households plus non-
farm household agricultural producers. Because this impact is more
complex, we examine the effect of this variable on the participation
more fully in the next section.

Aside from the demographic and geographical characteristics, there
are institutional factors that work in parallel to shape the likelihood of
participation in the CIS. One such factor, represented by the variable
“board member of agricultural cooperative” (BMAC), is a dummy
variable that is equal to 1 when a board member resided in the com-
munity at the time when the CIS was introduced, and 0 otherwise.
These data were sourced by the authors from the Agricultural
Cooperatives in Shiga prefecture, which comprises 16 branch offices
and a total of 400 board members. It is widely believed that the Japan
Agricultural Cooperatives have played an important role in dis-
seminating national agricultural policies in rural areas. We hypothesize
that board members, as representative farmers in their own community,
serve as central facilitators for CIS participation. A significant difference
in BMAC between the two groups supports the validity of this hy-
pothesis.

Beyond this, there are some other variables, such as PPF, FAS,
CAWF, FAR, MEFH, and GINI that have significant differences between
the two groups but, as will be shown below, they have no explanatory
power in the propensity scores. For this reason, we do not address these
variables individually.

4.2. Average Treatment Effect

Ideally, the effects of the CIS would be measured by the extent to
which it improves the conditions of CPRs and helps enhance agri-
cultural multi-functionality. However, due to the lack of consistent data
about such outcomes and a corresponding determination of causality
between conservation activities and environmental service provision,
we indirectly evaluate the performance based on the aggregate

Table 2
Tetrachoric correlations for CPR collective action.

Irrigation facilities Agricultural canals Farmland Reservoirs

Irrigation facilities 1.00 (1325)
Agricultural canals 0.67 (1325) 1.00 (1266)
Farmland 0.58 (1325) 0.63 (1265) 1.00 (1327)
Reservoirs 0.78 (527) 0.78 (510) 0.44 (527) 1.00 (527)

Note: Numbers in parentheses denote the number of observations. There are only 527 communities with a reservoir.

7 In the survey of the Census of Agriculture and Forestry, leaders are asked to self-
report the performance CPR management in their communities. Since the municipal
government inspects routinely how the local CPRs are managed, the leaders have an
incentive to report the performance honestly.

8 In 2000, seven years before the CIS was introduced, the percentage of communities in
Shiga participating in the collective diversification program (CRD=1) was around 40%.

9 This variable was measured by Geographical Information System (GIS) analysis of
land-use from three-dimensional mesh data created by the Ministry of Land,
Infrastructure, Transport and Tourism.
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collective stewardship of CPRs represented by CCS3 and CCS4. As
Wegner (2016) describes, most PES payments are made conditional
upon the documented cessation of destructive land-use practices
(practice-based conditionality) rather than the verified maintenance or
improvement of ecosystem services (outcome-based conditionality). In
the context of the Japanese CIS, confirming collective action for CPR
management is a form of practice-based conditionality that determines
the distribution of subsidies. In line with this, CCS3 or CCS4 can be
considered typical or conventional proxies for CIS performance.

Since participation of activity groups in the CIS is not random, we
measure the impact of the scheme on collective stewardship using a
PSM approach. Using PSM, we can estimate the average treatment ef-
fect on the treated (ATT), given as

= = − =E Y D E Y DX XATT [ | , 1] [ | , 1],1 0 (3)

where D denotes a selection variable, with D=1 denoting community
participation in the CIS and D=0 otherwise; Y represents the outcome
(CCS3 or CCS4), while X signifies covariates (community character-
istics) that affect the selection and the outcome of interest. The term of
E[Y0|X, D=1] represents the average outcome had the community
not participated in the scheme. In order for PSM to be eligible for
measuring the treatment effect, we have to create the conditions of a
randomized experiment that satisfies the following equation

⊥Y D X.0 (4)

Eq. (4) is referred to as the conditional independence assumption
(CIA), an assumption also known as “un-confoundedness.” This allows
comparisons of the outcomes of treated and untreated groups condi-
tional upon X. PSM compares the expected outcome of the treated
group to that of the untreated group for similar observable character-
istics and considers the difference to be the treatment effect. To ensure
the similarity of characteristics in a single dimension, the vector X is
condensed to the propensity score, which is defined as the conditional
probability with which the community participates in the CIS, p
(X)= Pr (D=1|X). If Eq. (4) is met, Y0⊥D ∣ p(W) is also met.

In the treatment effect model, the similarity of observable char-
acteristics between the two groups is referred to as the balancing
property (BP), which can be confirmed by a statistical test. If BP is met,
matching between the treated and untreated groups is possible. Apart
from the BP, common support (CS) is another important requirement
for implementing PSM. This implies that the treatment estimation is
restricted to the domain where the distributions of X for the treated and
untreated groups overlap.

5. Estimation Results

5.1. Propensity Scores by Probit Regression

In this paper, we estimate propensity scores using a probit model, in
which the selection variable, D, is regressed on a vector of community
characteristics, X. Through this procedure, we can identify key factors
that influence collective participation in the CIS. Since the PSM model
assumes that there is no unobservable difference in the characteristics
between the treated and untreated groups, we added a large number of
squared and interaction terms between covariates to the probit esti-
mation so that the PSM model would maintain the BP. It turned out,
however, that the inclusion of such terms except BRAC ∗NAME were
not necessary for improving the balancing property. The first column of
Table 4 reports the average marginal effects of the probit model for
CCS3. Overall, the estimation results are consistent with our original
expectations.

Table 4 shows that the coefficient of CRD is positive and significant
at the 1% level; furthermore, the average marginal effect indicates that
communities that have adopted collective rice-crop diversification are
10.5% more likely to participate in the CIS. To put it another way,
communities that had no experience of collective diversification in the
past are more likely to fail to reach an intra-community consensus to
participate in the CIS. In this paper, we see that CRD is a proxy for social
capital in that it helps communities to coordinate and take on shared
responsibilities, which are features necessary for joining the CIS. This
follows with Labonne and Chase's (2011) definition of social capital as
‘the ease with which community members act collectively’, and in-
cludes the claim that social capital is mostly a community-level ag-
gregate. It can be argued that associational activities in the past pro-
mote group identification through mutual trust, as well as shared values
and norms, which strengthens intra-community social cohesiveness or
bonding social capital (Andriani and Christoforou, 2016; López-Gunn,
2012). Besides this, our estimation result is consistent with various
arguments in the literature that pre-existing social capital plays an
important role in predicting the pattern of PES participation and/or
management of CPRs at the community level (Bodin and Crona, 2008;
Bremer et al., 2014; Ishihara and Pascual, 2009; Rodríguez-Robayo
et al., 2016; Kerr et al., 2014).

There are also individual-level demographic characteristics that play a
role in participation. The coefficient of AWF65 is positive and significant
at the 5% level. A plausible explanation for this result is that long-term or
retired community members are socially and ideologically predisposed to
join the CIS, or that older members have relatively low opportunity costs

Table 3
Descriptive statistics of communities participating and not participating in the CIS.

Participants Nonparticipants p-Value

Mean SD Mean SD

Collective rice-crop diversification:CRD 0.65 0.48 0.31 0.46 0.00
Percentage of agricultural work force aged 65 or older (%): AWF65 64.4 11.3 64.0 12.7 0.55
Percentage of rented farmland (%): RIN 36.9 19.3 26.2 19.0 0.00
Percentage of FHs with cultivated areas less than 0.5 ha (%): CUL05 16.4 12.8 30.4 19.3 0.00
Percentage of built area (%): PBA 23.4 12.4 38.9 23.8 0.00
More than 30min to densely inhabited district dummy: MDID 0.17 0.37 0.11 0.32 0.02
Number of agricultural management entities (100): NAME 0.28 0.17 0.21 0.16 0.00
Board member of agricultural cooperative: BMAC 0.26 0.44 0.20 0.40 0.01
Percentage of paddy field area (%): PPF 95.6 8.05 94.7 7.60 0.04
Percentage of part-time FHs (%): PTFHs 84.3 11.4 84.3 12.7 0.95
Percentage of FHs without agricultural successors (%): FAS 40.8 18.1 38.6 18.9 0.04
Percentage of female agricultural work force (%): FAWF 54.9 7.19 56.0 7.68 0.16
Percentage of core agricultural work force (%): CAWF 24.4 15.6 22.3 15.6 0.03
Ratio of abandoned farmland (%): FAR 2.26 3.79 3.45 5.53 0.00
Percentage of rented-out farmland (%): ROT 7.56 6.90 7.77 7.67 0.63
Ratio of cultivated area of NAME to that of FHs: MEFH 1.12 0.46 1.03 0.17 0.00
Gini coefficient of the distribution of farm operational size: GINI 0.35 0.12 0.30 0.12 0.00
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for participation. In addition, the coefficient of RIN is positive and sig-
nificant at the 1% level. This suggests that communities in which there are
many farmers cultivating more land than they own are more likely to
support participation in the CIS. In contrast, communities in which there
are many farmers who have less or decreasing stake in the outcome of CPR
management, or have relatively high opportunity costs, are less likely to
agree to participate in the CIS. The coefficient of CUL05 is negative and
significant at the 1% level, indicating that the persistence of small-size
individual farms (which rely proportionally more on off-farm income) in a
community negatively affects outlook for participation in the CIS.10 More
in detail about community composition, the estimated coefficients invol-
ving NAMEs and its square indicate that “number of agricultural man-
agement entities” shares an inverse “U-shape” relationship with partici-
pation probability. A conceivable reason for an increase in the
participation rate up to a certain point is that a critical mass of NAMEs is
necessary to achieve sufficient capacity to effectively implement a scheme.
However, this probability decreases beyond the maximum point, poten-
tially because higher NAME increases the transaction costs for organizing
activity groups. This observation indicates the increasing difficulty, as
group size grows, of aligning individual incentives to participate in the CIS
with the potential community benefits. The positive and significant coef-
ficient of BMAC suggests that board members of local Agricultural Co-
operatives serve as central facilitators for CIS participation. Geographic
characteristics of the communities returned unsurprising estimation re-
sults. Participation in the program is negatively associated with PBA (ur-
banization) and positively associated with MDID (rural isolation).

5.2. Estimation of Average Treatment Effects

Although various matching methods have been proposed in the
literature, we use kernel-based matching for the estimation of ATT.11

To qualify this analysis, we must ensure that the observations fulfill the

requirements of common support (CS) and the balancing property (BP).
We impose the CS condition a priori, with the consequence that some
treated observations were discarded. The BP condition is met because
the mean values of covariates used for PSM (as shown in the last
column of Table 4) are not significantly different between the two
groups (p-value: 0.55). Table 5 reports the matching estimation result.
The first row shows the mean value of CCS (a composite index of
communities' collective stewardship) of the treated communities, while
the second row shows that of the untreated.

Here it can be seen that the pre-matching difference in CCS between
the treated and untreated groups is highly significant, with higher es-
timators for communities participating in the CIS than those without
(the pre-matching difference is 1.01 for CCS3 and 1.34 for CCS4). Due
to the potential selection bias, all the differences cannot be attributed to
the participation in the CIS but the PSM estimator is positive and sta-
tistically significant at the 1% level, with 0.64 for CCS3 and 1.00 for
CCS4, which accounts for an impressive 60–70% of the pre-matching
difference. Although a paucity of panel data prevents us from con-
ducting a before and after analysis of the CIS, our cross-sectional data
analysis (see Appendix 1 for justification of this approach) already
suggests that the CIS makes a major contribution to collective stew-
ardship of CPRs.

The robustness of our estimation results can be confirmed in the
critical threshold gamma in the last row of Table 5. The existence of
unobserved covariates that influence the treatment assignment would
violate the CIA, which would lead to so-called hidden bias (Keele,
2010). Rosenbaum's (2002) bounds sensitivity analysis is instrumental
in measuring the impact of such potential unobserved confounding
factors on the estimators. See Appendix 2 for further details on this
argument. In the literature, scholars have broadly employed a critical
threshold gamma value of 2–3 for the judgement of insensitivity to the
potential presence of hidden bias. We see from this test that the esti-
mated ATE is not sensitive to differences in unobserved confounding
factors between participants and nonparticipants in the CIS.

Finally, we examine heterogeneity of treatment effects of CIS par-
ticipation. Fig. 2 illustrates the treatment effects for CCS3 that are as-
sociated with the propensity score. In order to measure the potential
heterogeneity, we first estimate the propensity for treatment, and then
fit two separate nonparametric regression models for the outcome

Table 4
Estimation results of the probit model for selection into the CIS.

Average marginal effects z-Value Balancing property (p-Value)

Collective rice-crop diversification: CRD 0.105*** 3.68 0.47
Percentage of agricultural work force aged 65 or older (%): AWF65 0.002** 2.05 0.80
Percentage of rented farmland (%): RIN 0.003*** 2.49 0.49
Percentage of FHs with cultivated areas less than 0.5 ha (%): CUL05 −0.006*** −6.74 0.31
Percentage of built area (%): PBA −0.498*** −6.29 0.18
More than 30min to densely inhabited district dummy: MDID 0.122*** 3.28 0.17
Number of agricultural management entities (100): NAME 1.305*** 5.97 0.93
NAME2 −1.088*** −3.96 0.62
Board member of agricultural cooperative: BMAC 0.128** 2.21 0.75
BMAC ∗NAME −0.277 −1.59 0.81
Percentage of paddy field area (%): PPF 0.001 0.31 0.82
Percentage of part-time FHs (%): PTFHs 0.000 0.14 0.37
Percentage of FHs without agricultural successors (%): FAS −0.001 −1.48 0.29
Percentage of female agricultural work force (%): FAWF −0.001 −0.58 0.52
Percentage of core agricultural work force (%): CAWF 0.001 0.74 0.55
Ratio of abandoned farmland (%): FAR −0.003 −0.87 0.88
Percentage of rented-out farmland (%): ROT −0.003 −1.43 0.69
Ratio of cultivated area of NAME to that of FHs: MEFH 0.073 1.51 0.63
Gini coefficient of the distribution of farm operational size: GINI 0.111 0.70 0.78
Number of observations 1050 – –
Log likelihood −509.7 – –
Pseudo R2 0.264 – –
p-Value (before matching) – – 0.00
p-Value (after matching) – – 0.55

Note: ** and *** indicating statistical significance at the 5% and 1% levels, respectively.

10 Small-scale farmers in Japan, most of which depend largely on off-farm income, face
relatively high opportunity costs of farm labor, and therefore do not have a strong stake in
CPR management.

11 It was confirmed that the use of other matching algorithms, such as nearest-neighbor
matching and local linear regression matching, did not change the conclusion sig-
nificantly.
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variable on the propensity score. The difference between the group-
specific regressions gives estimates of the heterogeneous treatment ef-
fects and pointwise confidence intervals, with the CS condition imposed
a priori (Xie et al., 2012). The estimated treatment effects represented
by the solid line in Fig. 2 are not monotonic; they are smaller at the
higher end of the propensity distribution and smallest for communities
with the highest probability of participating in the CIS. Field lab ex-
periments of natural resource management by Kaczan et al. (2017)
suggest that PES participants who have greater intrinsic motivation for
conservation are more likely to be affected negatively by extrinsic
motivation, which ultimately undermines their contribution. Our result
regarding heterogeneous treatment effect is consistent with this argu-
ment, to the extent that communities whose propensity score is high
have greater intrinsic motivation. However, another conceivable reason
for the smaller treatment effect is that the possible extent to which
participant communities with high propensity score could improve
CCS3 is limited because their maintenance performance had already
reached the highest possible level before joining the CIS. With the
current data, we cannot ascertain specific causal factors for the para-
doxical finding that the impact of the CIS on collective stewardship is
smaller for communities that are more active participants of the
scheme. On this issue, further research is needed.

6. Conclusion

In this paper, we evaluate the performance of Japan's Farmland,
Water and Environmental Conservation Improvement Scheme (CIS) on
the basis of an index of collective action of community members in CPR
management, using propensity score matching methods. Our con-
ceptual framework based on evolutionary game theory questions
whether external interventions like the CIS may “crowd out” or un-
dermine participants' intrinsic motivation to behave cooperatively. The
empirical results in this paper lend support to the assertion that the
potential crowding-out effect, if any, is not so influential as to expunge
additional extrinsic motivation provided by the government's direct
payments. Considering that the CIS is designed to facilitate existing rural
institutions for CPR conservation and is, in any case, a voluntary
scheme, the finding that there is a positive causal effect of the CIS
participation on CPR management is unsurprising.

Our result, that the potential for crowding-out of pro-social beha-
vior is not conclusively problematic in the case of the CIS, diverges
somewhat from the results of some framed field experiments in the
literature. A great deal of research indicates that a motivation
crowding-out effect is likely to emerge when participants perceive the
external intervention be restrictive or controlling. In such a situation,
participants' self-determination and self-esteem suffer, and their in-
trinsic motivation based on social norms and reciprocity is undermined
(Van Hecken and Bastiaensen, 2010). By contrast, when participants
perceive the intervention to be supportive, it may amplify or “crowd-in”
intrinsic motivation, because their self-determination and self-esteem
are acknowledged and respected (Frey and Jegen, 2001; Frey and
Stutzer, 2012; Murtinho et al., 2013; Ostrom, 2005; Rode et al., 2015;
Vollan, 2008; Wegner, 2016). As described in the second section, the
CIS is largely supportive of existing institutions of collective steward-
ship and, in any case, participation is voluntary and based on the dis-
cretion and shared responsibility of community members. Although
empirical studies regarding crowding-out and crowding-in effects re-
main contested and are still somewhat elusive, our finding that the CIS
has a strong positive effect is consistent with possible outcome path-
ways of motivation crowding theory.

One of the other potential drivers behind this positive effect is the
rewarding of community-level contract compliance with group-level
payments, a modality that has been a prominent feature of Japanese
PES programs. Tying compensation to collective achievements could
help activate peer monitoring and enforcement within the community,
although internal measures must be taken to pre-empt free-riding be-
havior (Engel, 2016; Narloch et al., 2017). Whether the positive causal
effect of the CIS on CPR conservation is entirely additional, or whether
it is positive on balance (i.e. the impact from the CIS payments is par-
tially overcoming drags such as motivation crowding-out and/or free-
riding) requires further investigation. Nevertheless, the insights drawn
from this limited empirical evaluation of the CIS are of considerable
interest to policymakers of community-driven rural development in
Japan and beyond (Labonne and Chase, 2011).

Another related finding in this paper is that social cohesiveness is
positively associated with the participation in the CIS. To arrive at this
conclusion, we set communities-wide adoption of collective rice-crop
diversification as a proxy for the magnitude of intra-community cohe-
siveness or bonding social capital. This is a reasonable proxy because
the collective diversification program can only be adopted and work
efficiently if the community is able to reach a broad consensus through

Table 5
Estimation results of ATT by PSM.

CCS3 (without reservoir) CCS4 (all four CPRs)

Unmatched ATT Unmatched ATT

Treated 0.39 0.39 0.53 0.51
Untreated −0.63 −0.25 −0.81 −0.49
Difference 1.01*** 0.64*** 1.34*** 1.00***
t-Value/Bootstrap Z-value 13.53 5.42 10.35 4.14
Critical threshold gamma – 3.3 – 4.1

Note: *** indicates statistical significance at the 1% level.

Fig. 2. Heterogeneous treatment effects over the propensity score.
Note: The dashed lines represent 95% confidence intervals.

J. Ito et al. Ecological Economics 152 (2018) 141–151

148



solidarity and organization over the long term. The fact that many farm
communities have managed to comply with the strict rice quotas in a
communal fashion, often through long-standing hardship for over
40 years of the program, has possibly created a platform for facilitating
community-level adoption of other communal activities such as the CIS.

The variability in community arrangements is highlighted by the
fact that, despite ardent government encouragement, the participation
rate in the CIS in 2016 was less than 50% on a basis of eligible farmland
area. If these early-adopting communities represent “low hanging
fruit”, gaining additional participants may prove more challenging
down the road. Nevertheless, the motivation to recruit more commu-
nities should be high. A secondary result of our case study suggests that
the treatment effect is positive and heterogeneous in favor of commu-
nities with the lower propensity score, so winning wider participation
may bring about a significant benefit to society in terms of CPR con-
servation and agricultural multi-functionality. However, as discussed
earlier, if nonparticipant communities are forced to join the scheme
against their will, the imposition might do more harm than good.
Indeed, one of the likely factors explaining the lack of crowding-out
effects is that rural people have joined the scheme voluntarily and upon
a strong basis of self-organization. Based on this, practitioners involved
in policy making for the CIS should keep in mind again that effective
participation is basically associated with social cohesiveness based on
shared values and norms, inequality aversion, and reciprocity in rural
communities, much of which is a byproduct of historical experience and

other factors that lie outside the control of any government (Fukuyama,
2001). Several of these factors are discussed in the fifth section, in-
cluding the level of urbanization, various opportunity costs of partici-
pation for certain demographics, interaction of non-family farm actors,
and presence of agricultural cooperative members.

A limitation of this study is that participation in the CIS is the pri-
mary outcome of interest rather than the ultimate performance in de-
livering environmental/ecosystem services. Nevertheless, because
Japanese agriculture is defined primarily by fragmented and upland
farming systems, the mere continuation of agriculture is considered to
have a positive environmental impact in stemming erosion, preventing
flooding, and maintaining healthy forest margins. While further studies
should evaluate the direct and indirect environmental impacts of the
CIS, maintaining viable and ecologically stable farming systems in
Japan will undoubtedly be a significant lever of any environmental
benefits.
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Appendix 1

Admittedly, in order to assess the impact of the CIS more precisely, we should have employed difference-in-difference matching methods that
apply PSM to the difference in outcome data before and after the CIS was implemented (Chabé-Ferret and Subervie, 2013). Due to paucity of data,
however, we could not do so. Nevertheless, our approach using cross-sectional data can be considered an adequate substitute based on the following
assessment. Appendix Table 1 reports statistics related to CPR management in 2000 (seven years before the CIS began). The variable “obligation for
all farm households to maintain agricultural roads in 2000” (MAR) represents a dummy variable that is equal to 1 when a community had a rule that
obliges farm household members to contribute their labor to the maintenance of agricultural roads, and 0 otherwise. Likewise, the variable “ob-
ligation for all farm households to maintain irrigation facilities in 2000” (MIF) represents a dummy variable that is equal to 1 when there was a
similar obligatory rule with respect to the maintenance of irrigation facilities. It is worth emphasizing that there is no significant difference in MAR
between participant and non-participant communities and that MIF is significantly smaller for the communities that participated in the CIS than
those did not (p-value: 0.06). To the extent that bothMAR andMIF can be seen as a proxy for the intensity of collective stewardship, it cannot be said
that, before the CIS was implemented, the performance of CPR management for participant communities was superior to non-participant com-
munities. This indicates that PSM analysis based on cross-sectional data is not unreasonable as a basis for evaluating the CIS.

Appendix Table 1
Descriptive statistics of MAR and MIF.

Participants Nonparticipants p-Value

Mean SD Mean SD

Obligation for all FHs to maintain agricultural roads in 2000: MAR 0.41 0.02 0.43 0.02 0.28
Obligation for all FHs to maintain irrigation facilities in 2000: MIF 0.53 0.02 0.58 0.02 0.06
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Appendix 2

Appendix Table 2 reports the result of the Rosenbaum robustness test for CCS3 and CCS4. The procedure of Stata command “rbounds” calculates
the Wilcoxon signed rank tests that give upper and lower bound estimates of significance level (i.e., critical p-values) of the ATT for a given level of
hidden bias (Keele, 2010). The first column of the table shows that the estimated ATT for CCS3 would still be significant at the 5% level even if the
odds of the participant communities were 3.5 times as high as the odds of the nonparticipant communities. The third column shows that the ATT for
CCS4 is significant at the 5% level even if gamma is equal to 4.5. We see from this test that the estimated ATT does not result simply from differences
in unobserved covariates between participants and nonparticipants, which corroborates the robustness of our estimators.

Appendix Table 2
Results of the Rosenbaum robustness test.

CCS3
(without reservoir)

CCS4
(all four common property resources)

Gamma Sig+ Sig− Sig+ Sig−

1.0 0 0 0 0
1.5 0 0 2.5e−14 0
2.0 2.5e−12 0 1.4e−09 0
2.5 6.6e−07 0 8.5e−07 0
3.0 0.001 0 0.000 0
3.5 0.029 0 0.001 0
4.0 0.227 0 0.006 0
4.5 0.603 0 0.023 0
5.0 0.878 0 0.063 0

Note: Sig+ and Sig− represent upper and lower bounds significance level, respectively.
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