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Payments for environmental services (PES) programs incentivize
landowners to protect or improve natural resources. Many conser-
vationists fear that introducing compensation for actions previously
offered voluntarily will reduce social capital (the institutions, rela-
tionships, attitudes, and values that govern human interactions), yet
little rigorous research has investigated this concern. We examined
the land cover management and communal social capital impacts of
Mexico’s federal conservation payments program, which is a key
example for other countries committed to reducing deforestation,
protecting watersheds, and conserving biodiversity. We used a re-
gression discontinuity (RD) methodology to identify causal program
effects, comparing outcomes for PES participants and similar rejected
applicants close to scoring cutoffs. We found that payments increased
land cover management activities, such as patrolling for illegal activ-
ity, building fire breaks, controlling pests, or promoting soil conser-
vation, by ∼50%. Importantly, increases in paid activities as a result
of PES did not crowd out unpaid contributions to land management
or other prosocial work. Community social capital increased by ∼8–
9%, and household-level measures of trust were not affected by the
program. These findings demonstrate that major environmental con-
ditional cash transfer programs can support both land management
and the attitudes and institutions underpinning prosocial behavior.
Rigorous empirical research on this question can proceed only coun-
try by country because of methodological limitations, but will be an
important line of inquiry as PES continues to expand worldwide.

social capital | payments for environmental services | payments for
ecosystem services | land conservation | conservation incentives

Payments for environmental services (PES) are a leading policy
tool for global efforts to protect biodiversity and reduce land

cover change. PES programs change landowner incentives by offering
compensation for conservation activities, and have successfully re-
duced rates of deforestation in several documented cases (1–3).
Multiple countries have adopted national payments programs as part
of their efforts to reduce global emissions from land cover change or
to protect biodiversity (those in operation for at least 5 years include
programs in Mexico, Costa Rica, China, Ecuador, Peru, Brazil,
Vietnam, and the United States). However, financial stewardship
incentives remain controversial within the global conservation
community (4–6). A central concern is that paying for actions pre-
viously offered freely may reduce community-level social capital or
crowd out general prosocial behaviors (5, 7–9). Social capital and
cooperation are crucial for the effective functioning of collective
environmental incentives (7, 10–12), and are important drivers of
economic development more generally (13, 14). Although theory
and behavioral experiments have demonstrated the possibility for
external incentives to either undermine or complement intrinsic
motivation, there is little research investigating the impacts of actual
PES programs on social capital. Prior work uses laboratory and
field-based experiments to simulate PES (e.g., refs. 11, 12, and 15–
18), relies on a small set of cases (19), or uses variation in payments
that may be endogenous (20). This study provides a national-scale
empirical test of how externally provided stewardship incentives

affect communal social capital, defined as the institutions, relation-
ships, attitudes, and values that govern interactions among people (21).
We studied the impacts of conservation payments in the context

of communal applicants to Mexico’s federal payments for ecosystem
services program, which started in 2003 (22). We tested for program
impacts on land cover management activities and social capital after
1–4 years in the PES program. To do so, we used data collected in
2016 from 862 communities that applied for PES between 2011 and
2014, and frommore than 8,000 households within these communities.
AlthoughMexico’s program is one of the oldest and largest PES in the
world, it shares fundamental design elements common to PES inmany
other countries. The program’s primary goal is to conserve forest
or other vegetative cover in areas threatened by conversion or deg-
radation. It offers annual payments of between ∼20–80 United States
dollars per hectare over 5-year periods to private and communal
landowners. In exchange for the funds, landowners must maintain
existing forest or natural land cover and engage in land management
activities such as building fences, controlling pests, or patrolling
for illegal activity. These activities are pledged voluntarily in a land
management plan submitted with the application. After complying
with maintenance pledges, participants may devote the remaining
funds to uses such as wages for other types of work, community
projects, emergency household aid, or individual lump sum cash
payments.

Significance

Financial incentives for conservation are popular worldwide, but
are also highly controversial. A core concern is that paying for
environmental stewardship that community members have his-
torically provided for free will undermine intrinsic conservation
motivations or other prosocial attitudes, institutions, and values.
We provide rigorous evaluation of the social capital impacts of a
large payments for environmental services program. We find
that conservation payments in Mexico increased land manage-
ment activities, did not decrease prosocial work, and improved
communal social capital. Although similar studies need to be
conducted in multiple contexts, we provide evidence that con-
servation incentives can support social institutions, attitudes,
and values while rewarding environmental stewardship.
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Here we studied common property applicants, either ejidos or
comunidades, as they received the majority of PES funding
during this period. These communities are formally recognized
units of local governance and make decisions about common
property land by assembly of members and an elected council,
and control at least 45% of land with forest or vegetative cover in
Mexico (23). Understanding community impacts of PES is im-
portant, because many current and planned PES initiatives pay
communal landholders, rather than individual property owners. A
recent global assessment found that at least 18% of the world’s
land area is held communally or by indigenous groups (24), and the
true number is likely much higher when accounting for informal
rights. In addition, stronger collective institutions may contribute to
the increased environmental effectiveness of future PES (11, 12).

Methods
Rigorous evaluation of program impacts requires a suitable comparison
group (e.g., refs. 25 and 26). Here, we estimated impacts by comparing
survey responses from accepted and rejected applicant communities (Fig. 1
and SI Appendix, Table S1) that were close to an arbitrary scoring cutoff
determined by program assignment rules and otherwise similar with respect
to potentially confounding characteristics. We use rejected program appli-
cants as a control because they are likely to share important unobservable
characteristics affecting the decision to apply for PES, such as land quality,
landowner skill, or underlying desire to conserve. We used regression dis-
continuity (RD) design, which identifies causal impacts using a comparison of
outcomes for applicants just above and below program enrollment cutoffs
(refs. 27 and 28; for environmental applications, see, e.g., refs. 29 and 30).
RD validity requires that potential outcomes are continuous around the
threshold. This will hold if applicants are not able to precisely manipulate
their position relative to the cutoff, and other characteristics that could
determine outcomes do not jump discontinuously at the cutoff. RD design
does not require that treated applicants have the same distributions of
covariates as control applicants, and indeed, this should not be the case if
the program is intentionally targeted. For instance, if the program is targeted
toward properties with a higher risk for land cover loss, then successful
applicants might, on average, be closer to cities or have more agriculturally
suitable land. Accepted and rejected applicants very close to the enrollment
cutoff values, however, should be very similar with respect to both observable
and unobservable characteristics.

We believe the continuity of potential outcomes condition is satisfied
because of the process of annual application and assignment conducted by
the Mexican National Forestry Commission (CONAFOR). Program contracts
were awarded on the basis of point scores that follow publicly announced,
preset guidelines. Point scores were assigned by the central CONAFOR office
(SI Appendix). Applicants were ranked by point score, and those with the
highest scores within each state, year, and subprogram received funding

until available predetermined budgets were exhausted. This process thus
created multiple arbitrary enrollment cutoffs across years and states at dif-
ferent point scores. We recentered these around zero, so communities with
original scores above the cutoff had positive scores (“accepted” units) and
communities below the cutoff had negative scores (“rejected” units; Figs. 1
and 2 and SI Appendix, Fig. S1). Our estimates were then based on re-
gression models that controlled for the recentered score to capture target-
ing factors correlated with ranking, and for each Mexican state to account
for state-level fixed factors such as dominant ecosystem type or conservation
management history.

Given high compliance with the assignment rules (Fig. 2A and SI Appendix,
Fig. S1), we used a strict or intent-to-treat RD design (but see SI Appendix for
robustness checks using fuzzy RD and additional covariate controls). We
tested the validity of the RD design by verifying that preexisting geographic
and demographic characteristics did not jump discontinuously at the cutoff
score (SI Appendix, Fig. S2 and Table S2). RD design also requires the stan-
dard causal inference assumptions of excludability (PES affects outcome
measures only through the program itself) and no interference (potential
outcomes are not affected by whether other communities participate). Ro-
bustness checks indicate that multiple rejected applications do not affect
social capital (SI Appendix, Table S14). Spillover effects between communi-
ties are likely to be limited (SI Appendix). To explore impacts in the medium
and short term, we analyzed samples from the 2011–2012 and 2013–2014
cohorts separately. The characteristics of our samples indicate they are very
similar to the universe of eligible applicants to Mexico’s PES between 2011
and 2014 (SI Appendix, Table S9).

The institutional review board protocol number is 2016/04/17. Deidentified
data used in this study can be found in Datasets S1–S3.

Results
Coincident with the primary goal of the program, we found that
Mexico’s PES program increased land cover management, as
measured by a combined index of activities (Fig. 2 and see SI
Appendix, Fig. S3 for detailed indicators). Fig. 2A shows a visual
representation of the RD estimate of PES on the land cover
management index. The distance between the average, state de-
meaned land cover management index just to the left and right of
zero can be interpreted as the causal impact of the PES program
on communal land management activities: an increase of ∼0.18
for the earlier cohorts (P = 0.004) and 0.12 (P < 0.001) for the
later cohorts. Compared with the means among controls, these
represent 72% and 40% increases. The combined effect across
all cohorts is an increase of 0.13 (P < 0.001), or 48%.
We similarly calculated RD impacts for the time spent by

households in land management work (see Fig. 2B and SI Ap-
pendix, Tables S3 and S4 for regression estimates). We found

Fig. 1. Accepted and rejected Mexico PES program applicants are located in similar areas. Parcel boundaries of accepted and rejected applicants to the
hydrological services and biodiversity conservation programs, 2011–2014.
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that PES increased the number of days per year that each
household devotes to land cover work, including both work that
is paid for through wages and work that is not financially com-
pensated. Transforming the estimated impact into days, land
cover work increased by ∼4.2 days per household for the earlier
cohort (P < 0.001) and 2.3 days for the later cohort (P = 0.008).
These effects are large relative to the baseline work days
reported among controls (2.4 and 3.8 days per household) and
translate to an average increase across both cohorts of ∼460 days
of labor per community per year (2.7 days × 170 households).
For the combined cohorts, we reject the hypothesis that house-
holds contributed fewer days to unpaid land management work
(P < 0.001). This provides evidence that paying communities for
conservation activities did not reduce unpaid, proenvironmental
activities by crowding out intrinsic motivation or through other
mechanisms (e.g., refs. 9 and 16).
Even when funds are used for social projects, they may still

decrease social capital if there is elite capture or if distribution of
new funds disrupts existing fairness norms. To test the notion
that increases in paid conservation activities might crowd out
other prosocial activities, or social capital more broadly, we
measured days spent in other community work at the household
level, as well as multiple social capital outcomes at the household
and community levels (Figs. 2 and 3). Our social capital mea-
sures (Fig. 3) were designed to be broadly inclusive of elements
believed to be part of social capital both globally (21, 31) and
within the Mexican context (32, 33). We included actions that

indicate cooperation (participation), investments that benefit the
whole community (infrastructure), and attitudes providing the
foundations of social capital (trust). We also measured institu-
tional structures that support social capital, including the range of
decisions made by the community assembly (governance), and
whether a wide variety of community members participated in
decisions (inclusion). Indices were constructed with simple item
aggregation (but see SI Appendix for further discussion).
We found (Fig. 2B) that conservation payments did not

reduce days spent in other community work, as might be expected
if PES were undermining prosocial behavior (across both cohorts
we reject the null that days spent in community work decreased;
P = 0.004). We also found that point estimates of the effect of
PES on social capital were positive, as measured by the total social
capital index (Fig. 4). For cohorts with longer exposure to PES, we
found a 15% increase compared with the mean value for the
controls (P = 0.005), and for cohorts with short-term exposure, we
found a positive but not statistically significant increase of 6.7%
compared with the control mean (P = 0.053). The combined im-
pact across all cohorts on the total social capital index was an
8.6% increase relative to the control mean (P = 0.003). At the
household level, impacts on the total index were positive in
magnitude, and we reject (P = 0.003) a greater than 1% decrease
in the household total index. To explore specific responses un-
derlying results, we estimated impacts on all index components (SI
Appendix, Tables S6 and S7). In addition, we investigated possible
heterogeneity by region (SI Appendix, Table S8). Although some
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Fig. 2. Conservation incentives increased land management without reducing prosocial work. (A) Diamonds indicate the proportion of communities within
each normalized point score group that are participants. Dark lines indicate a kernel regression of the state de-meaned land management index on the point
score for communities below the cutoff and above the cutoff (difference is the program impact). Light lines are 95% confidence intervals. 2011–2012 total
number of data points used for each cohort (N) = 357 (n above cutoff = 206; n below cutoff = 151); 2013–2014 N = 505 (n above = 287; n below = 218). (B)
Wide bars indicate the estimated impacts of the PES program on log transformed household work days, using regression discontinuity. Thin bars indicate 95%
CIs. 2011–2012 N = 3,466 (n above = 2,038; n below = 1,428); 2013–2014 N = 4,947 (n above = 2,828; n below = 2,119).
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regions have higher average social capital (see means among
controls SI Appendix, Table S8), program effects were generally
not substantially or statistically significantly different across re-
gions. Results are also similar for states with high and low real
values of the point scores (SI Appendix, Table S12) and do not
depend on the window of analysis around the threshold (SI Ap-
pendix, Table S13).
Our main community-level results suggest that conservation

payments may increase social capital more in the medium than
the short term. However, comparison of effects across time was
confounded by a rule change about land management pledges
starting in 2013. The 2011–2012 cohorts had to pledge specific
land cover management goals, but could use all funds flexibly.
For instance, communities in which management activities were
already part of communal work duties could increase those activities
without pay and use the funds for other community investments.
The 2013–2014 cohorts had to pledge to spend 30–40% of funds
specifically on land management, including for uses such as equip-
ment and individual wages. Thus, an alternate explanation for the
larger impact on social capital for the 2011–2012 cohorts is that
flexible use of payments better complements intrinsic motiva-
tions for land management, possibly by facilitating other investments
that strengthen communal social capital. Consistent with that hy-
pothesis, the 2011–2012 cohort had a greater estimated magnitude

increase in unpaid land management activities, more investment in
community vehicles (SI Appendix, Table S6), and more lending of
objects or money to friends (SI Appendix, Table S7). Differences
between cohorts are not statistically significant, but suggest that
future research should explore whether flexible lump sum com-
pensation or payments targeted at specific activities best reinforce
prosocial behavior.

Conclusion
In summary, we found that a key national program that uses fi-
nancial incentives to promote conservation on communal lands led,
as intended, to policy-relevant increases in land cover management
activities. Despite this incentivized increase in management activi-
ties, we did not find declines in household contributions to unpaid
land cover work or other prosocial work. In fact, we found increased
levels of community social capital as a result of Mexico’s PES
program and no changes in household trust or participation.
These results are important for global conservation efforts, as
they demonstrate that it is possible to compensate communities
for their stewardship efforts without harming social cooperation
or undermining existing institutions.
Future research should examine whether PES also comple-

ments social capital in a variety of other types of local institutional
contexts, including those in which local institutions have less

Fig. 3. Measures of community and household-level social capital. Measures of social capital at the community and household level were constructed from
answers to survey questions, as summarized in this schematic.
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structure or formal support. PES inherently supports landowners;
future studies should further explore impacts on households without
land rights. As PES programs mature, future investigations should
also focus on longer-term impacts, including the possible impli-
cations for behavior after contracts are completed.
Our research answers recent calls both for more rigorous

evaluations of PES (34, 35) and for a better understanding of the
social impacts of all types of participatory development programs
(14). We have demonstrated a national-scale, empirical approach
to answering this question, but there is an important need to also
study the social impacts of incentive programs in other contexts.
Although some conservation questions may be answered using
cross-country research, causal estimates of social capital impacts
can only be studied country by country because they must include
both in-person surveys in remote areas and detailed understanding

of and information on program selection criteria. Furthermore,
constructing a comparison group that does not confound country
differences in attitudes and behavior with impacts on social capital
is a major empirical hurdle. Truly global studies may be possible in
the future, but will require that national statistical agencies sup-
plement existing surveys with new questions to achieve meaningful
and sustainable long-term measures of trust and social capital that
are comparable across countries.
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