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Abstract

Payments for ecosystem services are becoming popular components in strategies to conserve
ecosystems and biodiversity, but their effectiveness remains poorly documented. Here we present
counterfactual-based evidence on the conservation outcomes of the pilot stage of Peru’s National
Forest Conservation Program (NFCP). The NFCP provides direct payments to indigenous
communities in the Amazon, conditional on avoided deforestation and the adoption of sustainable
production systems. Using a spatially explicit quasi-experimental evaluation design, we show that the
payment scheme has achieved only small conservation impacts, in terms of avoided deforestation.
Counter-intuitively, these materialized largely on land not enrolled for conservation, due to spillover
effects. Conservation effects on contracted land were negligible because communities were not chosen
according to high deforestation threats, and they self-enrolled low-pressure forest areas for
conservation. Occasional non-sanctioned contract incompliance contributed to these outcomes. We
highlight implications for the design and implementation of up-scaled national conservation
programs. Methodologically, we demonstrate the important role of choosing the appropriate spatial

scale in evaluating area-based conservation measures.

Introduction

Payments for ecosystem services (PES) are voluntary
transactions between services users and providers,
conditional on natural resources management rules
that generate off-site services [1]. PES may potentially
be more direct and cost-effective than traditional
conservation tools, such as integrated conservation
and development projects (ICDP), and have thus
become a popular policy instrument [2—4]. Existing
PES schemes often target hydrological services, carbon
sequestration, and landscape beauty [5]. Payments for
reduced emissions from deforestation and forest
degradation (REDD+), the second largest source of
emissions globally [6], could become an important
climate change mitigation strategy [7]. The Paris

Agreement encourages developing countries to imple-
ment results-based payments such as REDD + to
preserve forests and secure non-carbon co-benefits.
And yet, how effective are PES in practice? Many
scholars have scrutinized the environmental and social
outcomes of PES [8], but few counterfactual-based
evaluations exist [9-11]. Early results suggested mixed
evidence [12]; more research is needed to understand
why outcomes differ across programs and sites
[5, 10, 13, 14]. Understanding the role of intervention
contexts versus scheme design in determining con-
servation outcomes is an important research gap [12].
This study makes two contributions to address this
gap. First, we focus on collective rather than individual
PES contracts, designed to conserve community-
owned forests—a common institutional arrangement

©2019 The Author(s). Published by IOP Publishing Ltd
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in tropical forests. Second, we provide PES impact
estimates at both community and sub-community
scales to better account for intra-community spillover
effects.

In addition, we contribute methodologically to the
conservation impact evaluation literature by estimat-
ing effects at two different spatial scales, namely, at the
scale of polygons of different sizes, defined by the
boundaries of communities, and at grid cells of 225 ha
each, located within the communities” polygons. Ave-
lino et al [15] demonstrated a scale effect on impact
estimates, resulting from loss of heterogeneity and
variation when moving to higher aggregation levels
(i.e. spatial aggregation bias). Few forest conservation
evaluations have taken this potential source of bias
into account [16, 17], and thus deserves further
scrutiny.

We estimate the environmental impact of a collec-
tive PES scheme in Peru, run by the National Forest
Conservation Program (henceforth NFCP) in indi-
genous communities enrolled between 2011 and 2013,
using remotely sensed deforestation data from 2001 to
2015 [18-21]. We use spatial matching techniques [22]
to control for self-selection bias and post-matching
regression analyses to eliminate unobserved time-
invariant heterogeneity [23]. Our findings indicate
positively significant, but marginally sized conserva-
tion effects. These accrue outside of self-enrolled com-
munity conservation areas, which we attribute to
economic and behavioral mechanisms.

NFCP background

In 2012, 51% of total greenhouse gas emissions in Peru
originated from deforestation in the Amazon [24],
primarily driven by shifting agriculture [25], gold
mining [26], and cash-crop plantations such as oil palm
[27] and coca (Erythroxylum spp) [28]. Estimates of
deforestation suggested an increasing trend [18], with
an average of 160 000 ha per year between 2011 and
2016 [21]. As a contribution to climate change mitiga-
tion, the Government communicated a zero-deforesta-
tion target to the United Nations Framework
Convention on Climate Change by 2021 [29]. In 2010,
the Peruvian Ministry of Environment created the
NECP ‘to contribute to the conservation of tropical
forests and the generation of income for the most
vulnerable, poor and marginalized peoples’ [30]
(author’s translation). The NFCP seeks to: (i) map
forestlands, (ii) promote sustainable production sys-
tems, and (iii) strengthen forest conservation capacities
[30]. Given the government’s lack of experience in
paying cash to landholders for not deforesting, condi-
tional ‘projects’ had to be implemented to provide local
compensatory benefits, while also striving to ‘green’
local livelihoods. This collective PES-cum-ICDP inter-
vention intended to align conservation with poverty
alleviation goals, piloted in selected Amazon indigenous
communities [31]—some of the poorest population
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groups in Peru [32]. From the approximately 1300 titled
native communities [32] controlling roughly 12 million
hectares of forests (figure 1), 50 communities were
enrolled between 2011 and 2013 for the pilot phase
(table 1). These communities were selected non-
randomly, using criteria ranging from forest conditions
to accessibility indices [33], and subsequently applied at
two spatial-administrative levels: first, at the province
level (second highest sub-national political unit in
Peru), and second, at the community level. The logic
behind this approach was to first prioritize the
provinces with the highest threats of deforestation and
then to select communities within them. However,
eventually those criteria were not implemented consis-
tently and transparently (SM-Targeting available online
at stacks.iop.org/ERL/14/045004/mmedia), leaving
room for discretional targeting decisions. Together with
the fact that communities voluntarily decide to partici-
pate (SM-Engagement), institutional selection created de
facto a source of adverse selection bias [34]: as we show
under Results, communities with historically higher
deforestation were underrepresented in the NFCP.

The NFCP provides collective payments of 10.00
Peruvian Soles (1.00 Peruvian Sol ~ USD 0.29 in 2015)
per year and hectare of forest enrolled under five year
contracts, supplemented by technical assistance. The
payment is publicly funded and is conditional upon
(i) its spending on a collectively agreed investment
plan to finance forest-friendly production (e.g. agro-
forestry, aquaculture, and small animal husbandry),
community forest patrolling, and public services or
infrastructure, and (ii) the maintenance of forest cover
in ‘conservation forest zones’ (CFZ) that communities
define themselves. This community self-selection of
land constitutes a second source of adverse selection
bias [34]. The remaining land, i.e. ‘other use zones’
(OUZ), is not subject to land use restrictions and typi-
cally contains homesteads, agricultural fields, and sec-
ondary as well as primary forests remnants (figure 2).
Our empirical strategy seeks to measure the NFCP’s
impact during its five initial years (2011-2015) on
deforestation in the community lands, as a whole, and
in both the CFZ (primary effect) and OUZ (spillovers).
We use the term ‘spillover’ to denote that the NFCP’s
intervention to avoid deforestation, targeted at the
enrolled CFZ, may also have indirect yet measurable
impacts on the unenrolled subareas of the treated
communities (OUZ).

Expected impact channels

The main NFCP’s strategy follows a PES-cum-ICDP
(payments combined with productive change) logic
(see figure S1 available online at stacks.iop.org/ERL/
14/045004/mmedia), assuming implicitly that capital
and technical constraints prevent the adoption of
sustainable land use systems [35]. Payments and
assistance thus enable ‘integrated projects’ to provide
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areas between 2000 and 2015.

Figure 1. Study area showing non-forest (includes no forest classes such as savannah vegetation and deforested areas up to 2000),
treated communities between 2011 and 2015, all other non-treated communities, rivers, primary forests as of 2015, and deforested

I Study area

[0 Treated communities (2011-2013)
Non-treated communities

I Non [orest

___ Rivers

I Forests as of 2015

I Deforestation 2000-2015

MADREIDEIDIOS

100 200 300 400 km

Table 1. Payments and enrolled communities.

2011 2012 2013 2014 2015
Number and area of beneficiaries considered
Number of newly enrolled communities 17 15 18 0 0
Number of cumulatively enrolled communities 17 30 45 40 40
Number of communities evicted 0 2 3 5 0
Total area of enrolled communities (ha) 196 960 278 981 558 997 506 116 506 116
Total area of enrolled communities’ CFZ (ha) 141 808 193 729 414901 374 679 374 679
Participating families
Total number of participant families 693 1759 3380 2960 2960
Payments
Total (PEN) 1418 080 1937 290 4149 010 3746 790 3746 790
Per participating family (PEN) 2046 1101 1228 1266 1266

Note: PEN = Peruvian Sol (currency)~USD 0.29 in 2015.

income streams and compensate for the opportunity
costs of avoiding deforestation within CFZ. Economic
theory, however, suggests that communities will define
areas with low opportunity costs as CFZ [36]: being
widely unsuitable for agricultural use, and thus
unthreatened, their formal ‘protection’ provides little
if any reductions in deforestation. Moreover, income

generation from projects require access to markets
and qualified technical assistance, the lack of which
has often dampened the success of ICDP [35].
In addition, community forest patrolling could reduce
land tenure insecurity and deforestation [37].
However, we expect little forest impact here, due to
under-funding of this component (annually only
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Figure 2. Units of analysis and zones. Top-left panel presents polygons as the unit of analysis and whole communities as the zones; for
three indigenous communities we show treated polygons (brown) and non-treated communities (light blue). Top-right panel presents
cells (225 ha) as units of analysis and whole communities as zones. Bottom-left panel presents cells (225 ha) as units of analysis and
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3—4 paid-for patrolling rounds). Similarly, social
investments (e.g. improving school infrastructure) are
in-kind payments with disputed linkages to deforesta-
tion [38], which we expect to be marginally influential
on land-use decisions.

We consider two rival explanations of conservation
outcomes in CFZ and, by way of spillover effects, in
OUZ. First, project implementation (e.g. tree-crop plan-
tations, alternative livelihood investments) will directly
increase labor demand in the short run, thus reducing
labor available for traditional land-use activities, and thus
mitigating deforestation pressures. Second, awareness in
participating communities of NFCP’s forest monitoring
could produce short-run behavioral changes: in order to
avoid upfront conflicts and please implementers, com-
munities consciously curb deforestation, i.e. the so-called
Hawthorne effect [39]. Data limitations prevent us from
explicitly testing for these alternative impacts, but
insights below from a dynamic treatment effect analysis
provide some supporting evidence.

Methods

Data
We created two datasets, one for community polygons
and one for cells. The first is comprised of 992

communities (50 treated and 942 non-treated), for
which we could gather geographical, biophysical, and
socioeconomic attributes (table S2 in the SM). The
second only includes cells that partially or fully overlap
with polygons representing community lands, includ-
ing those in CFZ and OUZ (figure 2), and that present
a deforestation risk larger than 1% (SM-Forest risk
model). We developed a deforestation risk model to
cope with the fact that the distribution of the observed
annual deforestation is skewed towards zero and thus
to focus only on cells with a minimum risk of 1% of
having been deforested between 2001 and 2010. We fit
a logistic regression model, where the outcome is
measured as the fraction of a cell deforested between
2001 and 2010, and covariates include: population,
number of houses, area of coca plantations, number of
population centers, community area, slope, precipita-
tion, distance to protected areas, forest loss density in
2010, distance to population centers within commu-
nities, internal distance to the community’s bound-
aries, share area of forest in 2010, spatially lagged
biomass, and distance to deforestation outside com-
munities in 2010. Using the fitted values of the model,
we discard all cells with a fitted value smaller than or
equal to 0.01. This effectively reduced the number of
total cells and treated cells with no deforestation in any
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year between 2001-2015 to only 11%. Only the
trimmed cell-dataset is used for impact evaluation.

We define the outcome variable as the total area
(ha) of annual gross deforestation within community
lands for both units of analysis. We used a deforesta-
tion dataset, covering 15 years (2001-2015), within the
Peruvian Amazon [18-21], and define deforestation as
the complete removal of forest cover from a Landsat
pixel [18].

Empirical approach

We use a quasi-experimental approach that combines
matching and double difference regression models to
estimate the average treatment effect on the treated
(ATT). As a pre-processing approach, matching
reduces the selection bias due to the non-random
selection of enrolled communities and CFZ, an
approach that is increasingly used to measure con-
servation outcomes [36, 40-45], including in the
context of the Peruvian Amazon [32, 45, 46]. We
measure effects at different spatial scales in both
enrolled and non-enrolled community lands (SM-
Treated units). We start by comparing outcomes at the
scale of decision units using spatial polygons and cells
(225 ha each) of treated and untreated-communities
(SM-Cells and table S1). We chose an aggregated area
of 225 ha because the minimum sizes of (i) treated
community polygons and (ii) CFZ-polygons are
2700 ha and 1500 ha, respectively. Thus, there are at
least approximately 12 and 6 units covering each of
these polygons. We believe that aggregating the out-
come variable from 0.09 to 225ha improves the
representation of the land use decision unit and
reduces potential bias arising from spatial autocorrela-
tion [15,47].

This approach, however, aggregates over intra-
community effects, given that payments restrict defor-
estation only in CFZ. Avoided CFZ deforestation
could be partially outweighed by added OUZ defor-
estation (negative spillover, i.e. leakage). Alternatively,
participants could shift resources to fulfill the NFCP’s
rules and thereby reduce deforestation in OUZ (posi-
tive spillover). Thus we also estimate the ATT in CFZ
and OUZ cells, separately. For this, we model at the
cell level which areas of non-participating commu-
nities would have most likely been selected as CFZ
and OUZ from which to withdraw a control group
(SM-Modeling untreated CFZ and OUZ).

We use one-to-one nearest neighbor matching
with replacement to find a control group from
the pool of untreated communities and cells (SM-
Matching), using the Genetic algorithm [48] of the R
Match function and the Mahalanobis distance for
polygons and cells, respectively, and the exact distance
for the Department identifier in both. We use a set of
covariates from a pre-treatment data set of geo-bio-
physical, land-use and land-cover, infrastructure, and
socioeconomic variables (table S2 and Covariates in
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the SM). These covariates include': (i) biophysical:
elevation’ (m), slope’ (°), above ground live woody
biomass'™ (Mg/ha), temperature’ (°C), precipitation’
(mm), distance to rivers’ (m); (ii) infrastructure: dis-
tance to roads’ (m), accessibilityTT (index), distance to
district’s capitals’ (m), distance to population centers'
(m); (iii) land use/land cover: forest cover areain 2010""
(%), deforestation density in 20107 (hakm™), com-
munity’s total area’ " (ha), distance to deforestation
outside communities’'" (m), distance to protected
areas’” (m), internal distance to community’s
boundaryT (m), deforestation risk'; (iv) spatial lagsJ”“r
for: deforestation (ha), forest cover area in 2010 (%),
slope (°), above ground live woody biomass (Mg/ha),
elevation (m); (v) socioeconomic: density of coca
plantations' (ha km™), years passed since communal
land titled"™" (years), population™" (person), number
of houses'™" (house), access to drinking water T (%),
access to electricity” (%), population centers within a
community‘“r (center), per capita income'™ (PEN),
human development index (index), total poverty'"
(%), and extreme povertyHJr (%). These covariates are
likely to affect both the selection of participating com-
munities and deforestation, but are not affected by the
treatment [53]. Treated and control units were drawn
from a total number of 992 communities (polygons)
and 18 319 community-cells (cells). The number of
unique treated and control units for each level of ana-
lyses is: communities (polygons, 50 treated and 36
untreated); communities (cells, 986 treated and 495
untreated); CFZ (cells, 523 treated and 304 untreated);
and OUZ (cells, 655 treated and 305 untreated). The
treatment variable is continuous from 0 to 1 in both
polygons and cells as units of analysis. In the first case
it denotes the fraction of the year in which a commu-
nity polygon has been treated. In the second case it
denotes the share area of polygons representing trea-
ted communities/CFZ/OUZ within a cell and the
fraction of the year in which the cell has been treated.
The control units always have a treatment value
of zero.

We use the matched dataset and apply a fixed-
effect regression model to a panel dataset of 15 years
(2001-2015). The original model at the community
level is:

Yoq = BDy + tX'c 6 + yOut_pres,
+ @, + ac + twg + Uegy. (1)

And at the cell level:
Yiera = ODiee + tX'i 6 + ~yOut_presiq
FIW'ZA + @ + i+ twg + i, (2)

! Superscripts ', T, and """ denote whether covariates are related to
our hypothesis (e.g. they are proxies for the opportunity costs of
conservation); are part of the NFCP targeting criteria; or have
reportedly influenced treatment assignment and outcomes of
conversation initiatives in Peru [25, 45, 49-51] and elsewhere [52],

respectively.
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where Y,,; is the annual deforestation in each commu-
nity ¢, in year ¢, located in department d (highest sub-
national political-administrative unit in Peru). D, is
the treatment indicator at the community level, turn-
ing positive in year t when a community is enrolled
(equation (1)). Enrolled communities become a treat-
ment indicator larger than 0 and up to 1 in the year of
enrollment, depending on the number of treated
months during that year. Thereafter, the indicator is 1
if the community is still treated. Similarly, Y., is the
annual deforestation in each cell 7, located in commu-
nity ¢, in year t, in Department d. Dj, indicates
treatment at the cell level using the treated share of cell
i in year t (equation (2)). Cells within communities
have a share of one, and cells at the margin of
community borders have a share between 0 and 1. X’ is
the vector of time-invariant pre-treatment character-
istics, such as slope. These variables can influence the
deforestation trend, and are therefore interacted with
time indicator t. Out_pres;, is the average distance
from community 7 in year t, to deforestation patches
(>1 ha) located outside communities, and represents
external deforestation pressure. In equation (2), WZ’
represents a vector of spatially lagged covariates
weighted by a standardized queen contiguity matrix
(W) [22]. 6, 7, and A are coefficients to be estimated.
Year fixed effects, denoted by ¢, control for yearly
factors influencing all units of analysis equally, such as,
policy changes to the Peruvian forestry rules [32].
Individual fixed effects (o or «;) represent the
individual unobserved time-invariant heterogeneity
(e.g. soil quality). wy is introduced to capture depart-
ment-specific forest conservation efforts. Finally, 1.4
or uj.4 denote the idiosyncratic errors [54].

Taking first differences (FD) of equations (1) and
(2) eliminates all time-invariant unobserved hetero-
geneity (o, and «;), which could have biased our esti-
mates (SM-Specification Tests). The coefficient
represents the ATT on annual deforestation changes
for all years after treatment. For communities, we esti-
mate the FD of equation (1):

AY,y = BAD,; + X' 6 + yAOut_pres,
+ Ap, + wq + Auggr. (3)

For cells we estimate the FD of equation (2):

Yiwa = BAD;y + X'; 6 + yAOut_presi, + W'X'; A
+ Ay, + wi + Attjggy.
4)

By comparing fixed and random effects models using
the Hausman test [55], we rejected the null hypothesis
(p < 0.01) in all cases, thus indicating that a fixed
effects model was more appropriate. Given that
treatment assignment occurs at a higher level than the
cell, namely, at the community level, we cluster
standard errors of [ at the level of the community
polygon to avoid inconsistent variance-covariance
matrices due to heteroscedasticity and autocorrelation
in the error terms [56, 57] (see SM-Specification tests).
In addition to the overall effect across 2011-2015, we
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also estimate the effect of the NFCP over the years after
enrollment by replacing the treatment variable in
equations (3) and (4) with five new treatment vari-
ables, each one representing year zero through year
four after enrollment. The estimated coefficients for
each of these variables are interpreted as the average
effect of the NFCP after t years of enrollment [58].
Used models are presented in SM-Effect over time.

Results

Matching

After matching, balance between treated and non-
treated groups improved in almost all covariates for all
levels of analysis (tables S3—-S6 in SM). We use the
normalized difference, the mean difference in the
standardized empirical-QQ plot (as proposed by [59])
and the mean difference between treated and control
groups to assess covariate balance after matching. For
a few time-invariant covariates normalized differences
remained above the rule of thumb of 35% even after
matching [60]. This potential source of bias is
addressed by using the fixed effects model to estimate
treatment effects [61].

Main results

Annual averages of deforestation between 2001 and
2015 of all treated communities, non-treated commu-
nities, and the matched control group increase over
time (figure 3). The NFCP predominantly selected
communities with relatively lower deforestation
threats. Figure S2 in the SM confirms this by compar-
ing three alternative measures of pre-treatment defor-
estation levels among the 50 treated communities and
top-50 non-treated communities.

Trends were similar at the cell level, where treated
cells, CFZ-cells and OUZ-cells, and their corresp-
onding matched control groups, exhibited increased
deforestation (figure 3). Non-zero, but low levels of
deforestation in the CFZ of treated communities
(figures S3 in the SM) also suggest mild levels of non-
compliance in most cases. In eight communities, how-
ever, the percentage of the deforested area relative to
the area of the CFZ exceeds the threshold of 0.3% [62],
above which a community is allegedly to be evicted
from the NFCP. Nonetheless, from these eight com-
munities, only two were expelled in 2014, the rest
remained enrolled. Another eight communities were
also evicted (table 1), but due to causes not related to
deforestation in their CFZ (e.g. non-compliance with
their investment plan).

In addition, we observe that there are substantial
differences between the CFZ and the OUZ of partici-
pating communities regarding characteristics that
could affect both the selection of an area as a CFZ and
deforestation outcomes. These include: slope, eleva-
tion, distance to rivers, distance to population centers
within the community, deforestation previous to the
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Figure 3. Annual averages of deforestation of: (top-left) treated communities (N = 50), non-treated communities (N = 492) and the
matched control group (N = 50); (top-right) treated community cells (N = 986) and the matched control group (N = 986);
(bottom-right) CFZ cells (N = 523) and the matched control group (N = 523); and (bottom-left) OUZ cells (N = 655) and the
matched control group (N = 655).

start of the NFCP (2010) and deforestation risk
(table 2).

The ATT of the NFCP at community scale is statisti-
cally significant and negative (table 3, column 1) at poly-
gon scale (equation (3)), but insignificant at cell scale
(table 3, column 2, and equation (4)). However, our
results in columns 1 and 2 might have been affected by
the independent effects occurred within CFZ and OUZ
leading to a relatively less precise ATT [15]. Therefore in
column 3 and 4 we present the independent effects of the
NECP within CFZ and OUZ, respectively. Assessing
intra-community effects (equation (4)), we only find sta-
tistically significant and negative effects in OUZ, not in
CFZ (table 3, column 5). This implies that the NFCP may
have avoided deforestation within OUZ-cells by an aver-
age of 0.4 + 0.2 hay ' (Mean=SE), in every subsequent
year after treatment. This estimate represents a total of
557 ha (considering SE: 59-1, 056 ha) of avoided defor-
estation between 2011-2015, corresponding to a 5.8%
reduction (0.61%—-11.1%).

Conservation effects over time

In addition to the overall effect for each scale of
analysis, we also explore how the effect evolves over
time (figure 4). When analyzing community effects,
we find statistically significant and negative ATTs only
in the first year after enrollment at the polygon
(—8.5 £ 3.5ha) and cell scales (—0.27 4 0.13 ha).
When analyzing intra-community effects at the cell
scale, we only find significant and negative ATT's in the
second (—0.21 £ 0.1 ha) and first years after enroll-
ment (—0.45 £ 0.17 ha) for CFZ and OUZ cells,
respectively.

These results do not change our previous conclu-
sions regarding overall effects [58], but provide addi-
tional clues to understand the potential impact
channels. The fact that significant effects throughout
are only present in the initial years, dissipating there-
after, suggests that the NFCP might have induced a
behavioral change, but probably only for a short
period.
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Table 2. Means and standard deviations (SD), and normalized differences between characteristics of the CFZ and the OUZ cells participating
in the NFCP between 2011 and 2015.

Mean for CFZ SD for CFZ Mean for OUZ SD for OUZ Normalized

Variable cells cells cells cells difference (%)
Geographical and biophysical
Slope (grade) 12.73 7.82 8.11 7.36 60.8
Elevation (m) 745.31 521.40 485.02 393.74 56.3
Precipitation (mm) 2025.67 524.01 2014.86 527.82 2.1
Biomass (Mg/ha) 280.15 33.34 246.76 65.40 64.3
Distance to rivers (m) 2822.58 1964.35 1139.64 1159.35 104.3
Infrastructure
Distance to roads (m) 20 055.44 19 386.28 21 130.86 21 588.08 5.2
Accessibility index 84 737.83 45 639.46 83 025.84 40 980.86 3.9
Distance to district’s capitals (m) 24 427.38 15 900.91 27 236.61 16 401.90 17.4
Distance to population centers 3697.51 1767.44 2344.95 1348.55 86.0

within community (m)
Land use/Land cover
Distance to deforestation outside 3243.66 2115.08 3132.36 2580.57 4.7

communities in 2010
Internal distance to community 927.25 862.73 711.13 669.31 28.0

boundary (m)
Deforestation in 2010 (ha) 2.81 9.20 10.74 13.04 70.2
Distance to protected areas (m) 19 635.37 17 831.75 19 398.12 16 096.96 1.4
Deforestation risk 0.023 0.018 0.042 0.035 68.0
N 524 655
Table 3. Impact of the NFCP on deforestation.

A Deforestation
Communities (polygons) Communities (cells) CFZ (cells) OUZ (cells)
1) (2) (3) 4)

A Enrollment; —6.902" —0.245 0.039 —0.386*
Standard error (3.624) (0.153) (0.09) (0.21)
Spatial lagged covariates No Yes Yes Yes
Number of clusters (communities) 86 179 158 155
Cumulative number of observations (14 years) 1,400 27,608 14, 644 18,340
Adjusted R? 0.027 0.020 0.013 0.030

Note: table reports first difference estimates with the dependent variable being the annual change of the yearly new deforested area (ha).

Standard errors are clustered at the community level. Significance level: “p < 0.1.

Discussion

We provide new evidence on the effectiveness of
a collective PES-cum-ICDP scheme in indigenous
communities in the Peruvian Amazon. We assess
impacts at two different spatial scales, using a quasi-
experimental approach with a 15 yr panel of deforesta-
tion. We show that the use of polygons or cells affects
the significance of the ATT. This effect has only
recently received attention in conservation policy
evaluation and appears to stem from well-known
challenges in geospatial statistics [15]. Avelino et al
[15] found that conservation effects in Mexico increase
and become less precise with aggregation and that
large units of analysis could generate biased estimates
when treatment is coarsely measured. Hence, we
believe that measuring the effect of the NFCP using
highly aggregated units of analysis, such as polygons
(mean = 12 000 ha), which are defined as treated

mainly with a binary variable, could bias the ATT.
Consequently, it is key that we also estimate the NFCP
impact at the cell level for the entire community, so as
to have a ‘second opinion’ at a lower level of aggrega-
tion. In doing so, we found no statistically significant
result at the cell level and thus conservatively conclude
that there is no robust evidence for NFCP impact if the
entire community is considered. Further analyses
including a broader spectrum of spatial scales and
larger numbers of treated communities may be needed
to further explore which spatial scale is more suitable.

To explain our finding we note that deforestation
in participating communities (as well as within their
separate CFZ and OUZ) has not been halted after the
start of the NFCP. This indicates partial non-com-
pliance and failures in the NFCP’s monitoring and
enforcement capacity. This finding of deficient enfor-
cement of conditionality is not uncommon to PES
schemes around the world [63].
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Figure 4. Estimated conservation average treatment effects on the treated (ATT) over time for: (top-left) polygons; (top-right)
community cells; (bottom-left) CFZ cells; and (bottom-right) OUZ cells. Grey bounds represent 95% confidence intervals.
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Given that communities’ conservation agreements
with the NFCP only include a subset of community
land, we also explored impacts in CFZ and OUZ
separately. Counterintuitively, we only find a small
but significant conservation effect in the non-
contracted OUZ.

We attribute the program’s lack of impact in CFZ
to adverse selection at two levels: first, having targeted
communities with already low deforestation rates (i.e.
an adverse administrative selection) and second, self-
selection bias allowing communities to enroll widely
unthreatened forests. This is a problematic issue in
many conservation programs [12, 44, 64] and can be
avoided by adopting appropriate targeting criteria [65]
and enrolling total community area [66].

Even if the NFCP had adopted and appropriately
implemented targeting criteria, we do not expect that
this would have per se led to a much better outcome.
Ultimately, adverse self-selection bias at the commu-
nity level is likely to be the main reason for the low
effectiveness of the NFCP.

Why, then, would we find a negative (pro-
conservation) ATT in non-contract areas? We point
to two potential causal mechanisms that may comple-
ment each other (figure S1 in SM). First, participating
community members know that the NFCP wants to
see forest conservation within the whole community
area. When a program is recently started, this might
produce a so-called ‘honeymoon’ or ‘Hawthorne’
effect [39]: communities adopt short-lived conserva-
tion measures to honor the goals of their contract part-
ners, but this effect dissipates over time. Second and in
the short-run, increased labor demand for project
implementation may have mitigated recurrent defor-
estation pressures, e.g. the opening up of new agri-
cultural fields. Most communities (N = 36) invested
the bulk of their received payments in adopting agro-
forestry on abandoned lands—usually a labor-inten-
sive task [67, 68] implemented in their OUZ. If
deforestation was constrained temporarily through
this mechanism, it was a direct result of NFCP
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transfers and could thus be labelled a positive eco-
nomic spillover effect.

To address the above-mentioned sources of bias in
program design, the NFCP should adapt and test addi-
tional selection criteria, giving more weight to the
targeted enrollment of threatened forests at the com-
munity level. Otherwise, adverse selection biases will
continue to jeopardize conservation outcomes [65].
Specifically, we propose the following measures for an
up-scaled program design:

(i) Pre-target communities with higher deforestation
threats,

(ii) offer voluntary PES contracts that cover the whole
community area,

(iii) and ensure the conditionality of payments.

Earlier impact assessment work suggests that the
trade-off between boosting additionality of enrolling
the highest threatened communities and the oppor-
tunity costs of implementing the NFCP in such
communities is manageable [31]. However, some
high-threat communities may decline participation
due to negative (real or perceived) welfare effects
[34], so future research should also explore motiva-
tions of participation, adopt both monetary and
non-monetary approaches to cost-benefit analyses
[69, 70], and consider program implementation
costs [63].

Notably, a PES scheme that effectively curbs forest
loss in indigenous communities could affect tradi-
tional productive and cultural activities or jeopardize
food security [71]. We thus stress that participation in
the scheme must remain genuinely voluntary and
emphasize that redesigning the scheme as suggested
above does not interfere with use and access rights. It
merely ensures that communities are being flexibly
compensated according to how much deforestation
they are able and willing to avoid.

In closing, we recognize that, in addition to the
small conservation effects we found, the NFCP may
have delivered other important benefits to recipient
communities, e.g. in terms of social services and eco-
nomic development that may justify the program’s
average annual budget of 3.9 million USD. Many
public services remain precarious in Amazon indigen-
ous communities [72]. However, from a conser-
vation point of view, we point to a large potential for
boosting impacts through improved design and
implementation.

Acknowledgments

We thank the Robert Bosch Foundation, the German
Academic Exchange Service (DAAD), the Federal Minis-
try of Education and Research (BMBF), and Norad for
financial support; the GIZ-CBC project for financial and

P Letters

technical support; the NFCP for logistics support and
provision of databases; the UNODC for providing data
on coca cultivation areas; A Calderén for research
assistance; and J Miranda, J Schielein, and H Rosa for
helpful suggestions. All tabular datasets and codes for
matching and regression analyses are available from the
corresponding author upon request.

ORCID iDs

Renzo Giudice
3802-633X
Jan Borner
3034-5360
Sven Wunder
9422-0260
Elias Cisneros
9784-9240

https:/orcid.org/0000-0003-
https: /orcid.org/0000-0003-
https:/orcid.org,/0000-0002-

https:/orcid.org/0000-0002-

References

[1] Wunder S 2015 Revisiting the concept of payments for
environmental services Ecol. Econ. 117 23443
[2] Ezzine-de-Blas D, Wunder S, Ruiz-Pérez M,
Moreno-Sanchez R and del P 2016 Global patterns in the
implementation of payments for environmental services PLoS
One11e0149847
[3] Ferraro PJand Kiss A 2002 Direct payments to conserve
biodiversity Science 298 1718-9
[4] Ferraro PJand Simpson R D 2002 The cost-effectiveness of
conservation payments Land Econ. 78 339-53
[5] GrimaN, Singh SJ, Smetschka B and Ringhofer L 2016 Payment
for ecosystem services (PES) in latin america: analysing the
performance of 40 case studies Ecosyst Serv. 17 24-32
[6] Quéré CLetal2015 Global carbon budget 2015 Earth Syst. Sci.
Data 7 349-96
[7] FAO 2016 . The State of Food and Agriculture. Climate Change,
Agriculture and Food Security (Rome: FAO)
[8] Borner], Baylis K, Corbera E, Ezzine-de-Blas D, Ferraro PJ,
Honey-Rosés ], Lapeyre R, Persson UM and Wunder S 2016
Emerging evidence on the effectiveness of tropical forest
conservation PLoS One 11 0159152
Ferraro P ] and Pattanayak S K 2006 Money for nothing? A call
for empirical evaluation of biodiversity conservation
investments PLoS Biol. 4 ¢105
Baylis K, Honey-Rosés J, Borner ], Corbera E,
Ezzine-de-Blas D, Ferraro P ], Lapeyre R, Persson UM,
Pfaff A and Wunder S 2016 Mainstreaming impact evaluation
in nature conservation Conserv. Lett. 9 58—64
Miteva D A, Pattanayak S K and Ferraro P ] 2012 Evaluation of
biodiversity policy instruments: what works and what doesn’t?
Oxf. Rev. Econ. Policy 28 69-92
[12] Borner J, Baylis K, Corbera E, Ezzine-de-Blas D,
Honey-Rosés J, Persson UM and Wunder S 2017 The
effectiveness of payments for environmental services World
Dev. 96 359-74
[13] Ferraro P Jand Hanauer M M 2014 Quantifying causal
mechanisms to determine how protected areas affect poverty
through changes in ecosystem services and infrastructure Proc.
Natl Acad. Sci. 111 4332-7
[14] Ferraro PJand Hanauer M M 2014 Advances in measuring the
environmental and social impacts of environmental programs
Annu. Rev. Environ. Resour. 39 495-517
[15] Avelino A FT, Baylis K and Honey-Rosés ] 2016 Goldilocks
and the raster grid: selecting scale when evaluating
conservation programs PLoS One 11 0167945
[16] Costedoat S, CorberaE, Ezzine-de-Blas D, Honey-Rosés J,
Baylis K and Castillo-Santiago M A 2015 How effective are

[9

—

[10

[11

10


https://orcid.org/0000-0003-3802-633X
https://orcid.org/0000-0003-3802-633X
https://orcid.org/0000-0003-3802-633X
https://orcid.org/0000-0003-3802-633X
https://orcid.org/0000-0003-3802-633X
https://orcid.org/0000-0003-3034-5360
https://orcid.org/0000-0003-3034-5360
https://orcid.org/0000-0003-3034-5360
https://orcid.org/0000-0003-3034-5360
https://orcid.org/0000-0003-3034-5360
https://orcid.org/0000-0002-9422-0260
https://orcid.org/0000-0002-9422-0260
https://orcid.org/0000-0002-9422-0260
https://orcid.org/0000-0002-9422-0260
https://orcid.org/0000-0002-9422-0260
https://orcid.org/0000-0002-9784-9240
https://orcid.org/0000-0002-9784-9240
https://orcid.org/0000-0002-9784-9240
https://orcid.org/0000-0002-9784-9240
https://orcid.org/0000-0002-9784-9240
https://doi.org/10.1016/j.ecolecon.2014.08.016
https://doi.org/10.1016/j.ecolecon.2014.08.016
https://doi.org/10.1016/j.ecolecon.2014.08.016
https://doi.org/10.1371/journal.pone.0149847
https://doi.org/10.1126/science.1078104
https://doi.org/10.1126/science.1078104
https://doi.org/10.1126/science.1078104
https://doi.org/10.2307/3146894
https://doi.org/10.2307/3146894
https://doi.org/10.2307/3146894
https://doi.org/10.1016/j.ecoser.2015.11.010
https://doi.org/10.1016/j.ecoser.2015.11.010
https://doi.org/10.1016/j.ecoser.2015.11.010
https://doi.org/10.5194/essd-7-349-2015
https://doi.org/10.5194/essd-7-349-2015
https://doi.org/10.5194/essd-7-349-2015
https://doi.org/10.1371/journal.pone.0159152
https://doi.org/10.1371/journal.pbio.0040105
https://doi.org/10.1111/conl.12180
https://doi.org/10.1111/conl.12180
https://doi.org/10.1111/conl.12180
https://doi.org/10.1093/oxrep/grs009
https://doi.org/10.1093/oxrep/grs009
https://doi.org/10.1093/oxrep/grs009
https://doi.org/10.1016/j.worlddev.2017.03.020
https://doi.org/10.1016/j.worlddev.2017.03.020
https://doi.org/10.1016/j.worlddev.2017.03.020
https://doi.org/10.1073/pnas.1307712111
https://doi.org/10.1073/pnas.1307712111
https://doi.org/10.1073/pnas.1307712111
https://doi.org/10.1146/annurev-environ-101813-013230
https://doi.org/10.1146/annurev-environ-101813-013230
https://doi.org/10.1146/annurev-environ-101813-013230
https://doi.org/10.1371/journal.pone.0167945

10P Publishing

Environ. Res. Lett. 14 (2019) 045004

biodiversity conservation payments in Mexico? PLoS One 10
e0119881

[17] BornerJ, Kis-Katos K, Hargrave ] and Kénig K 2015 Post-
crackdown effectiveness of field-based forest law enforcement
in the brazilian amazon PLoS One 10 e0121544

[18] Potapov PV et al 2014 National satellite-based humid tropical
forest change assessment in Peru in support of
REDD + implementation Environ. Res. Lett. 9 124012

[19] Vargas C, Rojas E, Castillo D, Espinoza V,

Calder6n-Urquizo A, Giudice R and Malaga N 2014 Memoria
Descriptiva del Mapa de Bosque/No Bosque aiio 2000 y Mapa de
Pérdida de los Bosques Hiimedos Amazonicos del Perii
2000-2011 (Lima: Ministerio del Ambiente del Pert
(MINAM))

[20] Vargas C, Rojas E, Castillo D, Espinoza V,

Calder6n-Urquizo A, Giudice R and Malaga N 2014 Reporte de
la pérdida de los Bosques Hiimedos Amazénicos al 2011-2013
(Lima: Ministerio del Ambiente del Pertt (MINAM))

[21] Vargas C, Rojas E, Castillo D, Espinoza V,

Calder6n-Urquizo A, Giudice R and Malaga N 2014 Protocolo
dela clasificacion de pérdida de cobertura en los Bosques
Hiimedos Amazoénicos entre los afios 2000 y 2011 (Lima:
Ministerio del Ambiente del Peria (MINAM))

[22] Honey-Rosés ], Baylis K and Ramirez M 12011 A spatially
explicit estimate of avoided forest loss Conserv. Biol. 25
1032-43

[23] Imbens G W and Wooldridge ] M 2009 Recent developments
in the econometrics of program evaluation J. Econ. Lit. 47 5-86

[24] Ministerio del Ambiente del Pertt (MINAM) 2016 El Perii y el
Cambio Climdtico Tercera Comunicacion Nacional del Perii a la
Convencion Marco de las Naciones Unidas sobre Cambio
Climdtico (Lima: Ministerio del Ambiente del Pertt (MINAM))

[25] VelardeS, Ugarte-Guerra L, Rugnitz Tito M, Luis CopellaJ,
Sandoval M, Hyman G, Castro A, Alexander Martin J and
Barona E 2010 Reducing emissions from all land uses in Peru
Final National Report Nairobi, Kenya: World Agroforestry
Centre

[26] Asner G P and Tupayachi R 2016 Accelerated losses of
protected forests from gold mining in the Peruvian Amazon
Environ. Res. Lett. 12 094004

[27] Gutiérrez-Vélez V H, DeFries R, Pinedo-Viasquez M,

Uriarte M, Padoch C, Baethgen W, Fernandes K and Lim Y
2011 High-yield oil palm expansion spares land at the expense
of forests in the Peruvian amazon Environ. Res. Lett. 6 044029

[28] UNODC 2015 Comisién nacional para el Desarrollo y Vida sin
Drogas (DEVIDA) Proyecto Especial de Control y Reduccion de
Cultivos Ilegales en el Alto Huallaga (CORAH) (2016)
Monitoreo de Cultivos de Coca (Lima: United Nations Office on
Drugs and Crime (UNODC))

[29] Brown S and Zarin D 2013 What does zero deforestation
mean? Science 342 805-7

[30] Ministerio del Ambiente del Peru (MINAM) 2010 Manual de
Operaciones del Programa Nacional de Conservacién de
Bosques para la Mitigacion del Cambio Climdtico (accessed
16/1/2019) (http://minam.gob.pe/wp-content/uploads/
2013/09/rm_167-2010-minam.pdf)

[31] Borner ], Wunder S and Giudice R 2016 Will up-scaled forest
conservation incentives in the Peruvian Amazon produce cost-
effective and equitable outcomes? Environ. Conserv. 43 407-16

[32] Blackman A, Corral L, Lima E Sand Asner G P 2017 Titling
indigenous communities protects forests in the Peruvian
Amazon Proc. Natl Acad. Sci. 11441238

[33] Programa Nacional de Conservaciéon de Bosques parala
Mitigacion del Cambio Climatico (PNCBMCC) 2011 Manual
de Procedimientos: Parala Implementacion del Esquema de
Transferencias Directas Condicionadas del Programa
Nacional de Conservacién de Bosques para la Mitigacion del
Cambio Climatico

[34] Martin Persson U and Alpizar F 2013 Conditional cash
transfers and payments for environmental services—a
conceptual framework for explaining and judging differences
in outcomes World Dev. 43 124-37

P Letters

[35] Blom B, Sunderland T and Murdiyarso D 2010 Getting REDD
to work locally: lessons learned from integrated conservation
and development projects Environ. Sci. Policy 13 16472

[36] Alix-Garcia] M, Sims K R E and Yafiez-Pagans P 2015 Only
one tree from each seed? environmental effectiveness and
poverty alleviation in Mexico’s payments for ecosystem
services program Am. Econ. J. Econ. Policy 7 1-40

[37] Robinson B E, Holland M B and Naughton-Treves L 2014
Does secure land tenure save forests? a meta-analysis of the
relationship between land tenure and tropical deforestation
Glob. Environ. Change29 281-93

[38] Wunder S 2007 The efficiency of payments for environmental
services in tropical conservation Conserv. Biol. 21 48-58

[39] McCambridge J, Witton J and Elbourne D R 2014 Systematic
review of the hawthorne effect: new concepts are needed to
study research participation effects J. Clin. Epidemiol. 67
267-77

[40] Andam K S, Ferraro PJ, Pfaff A, Sanchez-Azofeifa G A and
Robalino J A 2008 Measuring the effectiveness of protected
area networks in reducing deforestation Proc. Natl Acad. Sci.
USA 105 16089-94

[41] Joppa L and Pfaff A 2010 Reassessing the forest impacts of
protection: the challenge of nonrandom location and a
corrective method Ann. New York Acad. Sci. 1185 135-49

[42] Nelson A and Chomitz K M 2011 Effectiveness of strict versus
multiple use protected areas in reducing tropical forest fires: a
global analysis using matching methods PLoS One 6 €22722

[43] ArriagadaR A, Ferraro PJ, Sills E O, Pattanayak S K and
Cordero-Sancho S 2012 Do payments for environmental
services affect forest cover? a farm-level evaluation from Costa
Rica Land Econ. 88 382-99

[44] Alix-Garcia] M, Shapiro E N and Sims KR E 2012 Forest
conservation and slippage: evidence from Mexico’s national
payments for ecosystem services program Land Econ. 88
613-38

[45] Miranda]]J, Corral L, Blackman A, Asner G and Lima E 2016
Effects of protected areas on forest cover change and local
communities: evidence from the peruvian amazon World Dev.
78288-307

[46] Schleicher ], Peres C A, Amano T, Llactayo W and
Leader-Williams N 2017 Conservation performance of
different conservation governance regimes in the Peruvian
Amazon Sci. Rep. 711318

[47] QiY and Wu] 1996 Effects of changing spatial resolution on
the results of landscape pattern analysis using spatial
autocorrelation indices Landsc. Ecol. 11 3949

[48] Diamond A and Sekhon J S 2012 Genetic matching for
estimating causal effects: a general multivariate matching
method for achieving balance in observational studies Rev.
Econ. Stat. 95 93245

[49] Maki S, Kalliola R and Vuorinen K 2001 Road construction in
the Peruvian Amazon: process, causes and consequences
Environ. Conserv. 28 199-214

[50] Naughton-Treves L 2004 Deforestation and carbon emissions
at tropical frontiers: a case study from the Peruvian Amazon
World Dev. 32 173-90

[51] Vuohelainen A J, Coad L, Marthews T R, Malhi Y and
Killeen T J 2012 The effectiveness of contrasting protected
areas in preventing deforestation in Madre de Dios, Peru
Environ. Manage. 50 645-63

[52] Soares-Filho B etal2010 Role of Brazilian Amazon protected
areas in climate change mitigation Proc. Natl Acad. Sci. USA
107 10821-6

[53] StuartE A 2010 Matching methods for causal inference: a
review and a look forward Stat. Sci. Rev. J. Inst. Math. Stat. 25
1-21

[54] Wooldridge ] M 2010 Econometric Analysis of Cross Section and
Panel Data, Second (Cambridge, MA: MIT Press)

[55] Hausman J A 1978 Specification tests in econometrics
Econometrica46 125171

[56] Abadie A, Athey S, Imbens G and Wooldridge ] 2017 When
should you adjust standard errors for clustering? NBER

11


https://doi.org/10.1371/journal.pone.0119881
https://doi.org/10.1371/journal.pone.0119881
https://doi.org/10.1371/journal.pone.0121544
https://doi.org/10.1088/1748-9326/9/12/124012
https://doi.org/10.1111/j.1523-1739.2011.01729.x
https://doi.org/10.1111/j.1523-1739.2011.01729.x
https://doi.org/10.1111/j.1523-1739.2011.01729.x
https://doi.org/10.1111/j.1523-1739.2011.01729.x
https://doi.org/10.1257/jel.47.1.5
https://doi.org/10.1257/jel.47.1.5
https://doi.org/10.1257/jel.47.1.5
https://doi.org/10.1088/1748-9326/aa7dab
https://doi.org/10.1088/1748-9326/6/4/044029
https://doi.org/10.1126/science.1241277
https://doi.org/10.1126/science.1241277
https://doi.org/10.1126/science.1241277
http://www.minam.gob.pe/wp-content/uploads/2013/09/rm_167-2010-minam.pdf
http://www.minam.gob.pe/wp-content/uploads/2013/09/rm_167-2010-minam.pdf
https://doi.org/10.1017/S0376892916000229
https://doi.org/10.1017/S0376892916000229
https://doi.org/10.1017/S0376892916000229
https://doi.org/10.1073/pnas.1603290114
https://doi.org/10.1073/pnas.1603290114
https://doi.org/10.1073/pnas.1603290114
https://doi.org/10.1016/j.worlddev.2012.10.006
https://doi.org/10.1016/j.worlddev.2012.10.006
https://doi.org/10.1016/j.worlddev.2012.10.006
https://doi.org/10.1016/j.envsci.2010.01.002
https://doi.org/10.1016/j.envsci.2010.01.002
https://doi.org/10.1016/j.envsci.2010.01.002
https://doi.org/10.1257/pol.20130139
https://doi.org/10.1257/pol.20130139
https://doi.org/10.1257/pol.20130139
https://doi.org/10.1016/j.gloenvcha.2013.05.012
https://doi.org/10.1016/j.gloenvcha.2013.05.012
https://doi.org/10.1016/j.gloenvcha.2013.05.012
https://doi.org/10.1111/j.1523-1739.2006.00559.x
https://doi.org/10.1111/j.1523-1739.2006.00559.x
https://doi.org/10.1111/j.1523-1739.2006.00559.x
https://doi.org/10.1016/j.jclinepi.2013.08.015
https://doi.org/10.1016/j.jclinepi.2013.08.015
https://doi.org/10.1016/j.jclinepi.2013.08.015
https://doi.org/10.1016/j.jclinepi.2013.08.015
https://doi.org/10.1073/pnas.0800437105
https://doi.org/10.1073/pnas.0800437105
https://doi.org/10.1073/pnas.0800437105
https://doi.org/10.1111/j.1749-6632.2009.05162.x
https://doi.org/10.1111/j.1749-6632.2009.05162.x
https://doi.org/10.1111/j.1749-6632.2009.05162.x
https://doi.org/10.1371/journal.pone.0022722
https://doi.org/10.3368/le.88.2.382
https://doi.org/10.3368/le.88.2.382
https://doi.org/10.3368/le.88.2.382
https://doi.org/10.3368/le.88.4.613
https://doi.org/10.3368/le.88.4.613
https://doi.org/10.3368/le.88.4.613
https://doi.org/10.3368/le.88.4.613
https://doi.org/10.1016/j.worlddev.2015.10.026
https://doi.org/10.1016/j.worlddev.2015.10.026
https://doi.org/10.1016/j.worlddev.2015.10.026
https://doi.org/10.1038/s41598-017-10736-w
https://doi.org/10.1007/BF02087112
https://doi.org/10.1007/BF02087112
https://doi.org/10.1007/BF02087112
https://doi.org/10.1162/REST_a_00318
https://doi.org/10.1162/REST_a_00318
https://doi.org/10.1162/REST_a_00318
https://doi.org/10.1017/S0376892901000212
https://doi.org/10.1017/S0376892901000212
https://doi.org/10.1017/S0376892901000212
https://doi.org/10.1016/j.worlddev.2003.06.014
https://doi.org/10.1016/j.worlddev.2003.06.014
https://doi.org/10.1016/j.worlddev.2003.06.014
https://doi.org/10.1007/s00267-012-9901-y
https://doi.org/10.1007/s00267-012-9901-y
https://doi.org/10.1007/s00267-012-9901-y
https://doi.org/10.1073/pnas.0913048107
https://doi.org/10.1073/pnas.0913048107
https://doi.org/10.1073/pnas.0913048107
https://doi.org/10.1214/09-STS313
https://doi.org/10.1214/09-STS313
https://doi.org/10.1214/09-STS313
https://doi.org/10.1214/09-STS313
https://doi.org/10.2307/1913827
https://doi.org/10.2307/1913827
https://doi.org/10.2307/1913827

10P Publishing

Environ. Res. Lett. 14 (2019) 045004

Working Paper No 24003 NBER (https://doi.org/10.3386/
Ww24003)

[57] CroissantY and Millo G 2008 Panel data econometrics in r: the
plm package J. Stat. Softw. 27

[58] Cisneros E, Zhou S Land Bérner ] 2015 Naming and shaming
for conservation: evidence from the brazilian amazon PLoS
One10e0136402

[59] Ho D E, Imai K, King G and Stuart E A 2007 Matching as
Nonparametric Preprocessing for Reducing Model Dependence
in Parametric Causal Inference Political Anal. 15 199-236

[60] FleissJ L, Levin B and Paik M C 2013 Statistical Methods for
Rates and Proportions (New York: Wiley)

[61] FerraroPJand Miranda ] ] 2017 Panel data designs and
estimators as substitutes for randomized controlled trials in the
evaluation of public programs J. Assoc. Environ. Resour. Econ. 4
281-317

[62] Programa Nacional de Conservacion de Bosques parala
Mitigacién del Cambio Climético (PNCBMCC) 2017
Suscripcion, Ratificacion, Suspension, Resolucion, y Liquidacion
de Convenios para la Conservacion de Bosques PNCBMCC
accessed 16/1/2019 (http://bosques.gob.pe/archivo/
la7ba4_RDE017-2017-PNCB.pdf)

[63] Wunder S, Brouwer R, Engel S, Ezzine-de-Blas D, Muradian R,
Pascual U and Pinto R 2018 From principles to practice in
paying for nature’s services Nat. Sustain. 1 145-50

[64] Robalino J and Pfaff A 2013 Ecopayments and deforestation in
Costa Rica: a nationwide analysis of PSA’s initial years Land
Econ. 8943248

P Letters

[65] Sims KRE, Alix-Garcia ] M, Shapiro-GarzaE, Fine LR,
Radeloff V C, Aronson G, Castillo S, Ramirez-Reyes C and
Yafiez-Pagans P 2014 Improving environmental and social
targeting through adaptive management in Mexico’s payments
for hydrological services program Conserv. Biol. 28 1151-9

[66] Alix-Garcia], Janvry A D and Sadoulet E 2008 The role of
deforestation risk and calibrated compensation in designing
payments for environmental services Environ. Dev. Econ. 13
375-94

[67] Angelsen A, van Soest D, Kaimowitz D and Bulte E 2001
Technological Change and Deforestation: a Theoretical Overview
(Oxon: CABI Publishing)

[68] Angelsen A 2010 Policies for reduced deforestation and their
impact on agricultural production Proc. Natl Acad. Sci. 107
19639-44

[69] Vincent ] R 2016 Impact evaluation of forest conservation
programs: benefit-cost analysis, without the economics
Environ. Resour. Econ. 63 395-408

[70] Jayachandran S, Laat], de, Lambin EF, Stanton CY,

Audy R and Thomas N E 2017 Cash for carbon: A randomized
trial of payments for ecosystem services to reduce deforestation
Science 357 267-73

[71] CorberaE2012 Problematizing REDD -+ as an experiment in
payments for ecosystem services Curr. Opin. Environ. Sustain.
4612-9

[72] Instituto Nacional de Estadistica e Informatica (INEI) 2008 IT
Censo de Comunidades Indigenas de la Amazonia Peruana 2007
(Lima: INEI)

12


https://doi.org/10.3386/w24003
https://doi.org/10.3386/w24003
https://doi.org/10.18637/jss.v027.i02
https://doi.org/10.1371/journal.pone.0136402
https://doi.org/10.1093/pan/mpl013
https://doi.org/10.1093/pan/mpl013
https://doi.org/10.1093/pan/mpl013
https://doi.org/10.1086/689868
https://doi.org/10.1086/689868
https://doi.org/10.1086/689868
https://doi.org/10.1086/689868
http://www.bosques.gob.pe/archivo/1a7ba4_RDE017-2017-PNCB.pdf
http://www.bosques.gob.pe/archivo/1a7ba4_RDE017-2017-PNCB.pdf
https://doi.org/10.1038/s41893-018-0036-x
https://doi.org/10.1038/s41893-018-0036-x
https://doi.org/10.1038/s41893-018-0036-x
https://doi.org/10.3368/le.89.3.432
https://doi.org/10.3368/le.89.3.432
https://doi.org/10.3368/le.89.3.432
https://doi.org/10.1111/cobi.12318
https://doi.org/10.1111/cobi.12318
https://doi.org/10.1111/cobi.12318
https://doi.org/10.1017/S1355770X08004336
https://doi.org/10.1017/S1355770X08004336
https://doi.org/10.1017/S1355770X08004336
https://doi.org/10.1017/S1355770X08004336
https://doi.org/10.1073/pnas.0912014107
https://doi.org/10.1073/pnas.0912014107
https://doi.org/10.1073/pnas.0912014107
https://doi.org/10.1073/pnas.0912014107
https://doi.org/10.1007/s10640-015-9896-y
https://doi.org/10.1007/s10640-015-9896-y
https://doi.org/10.1007/s10640-015-9896-y
https://doi.org/10.1126/science.aan0568
https://doi.org/10.1126/science.aan0568
https://doi.org/10.1126/science.aan0568
https://doi.org/10.1016/j.cosust.2012.09.010
https://doi.org/10.1016/j.cosust.2012.09.010
https://doi.org/10.1016/j.cosust.2012.09.010

	Introduction
	NFCP background

	Expected impact channels
	Methods
	Data
	Empirical approach

	Results
	Matching
	Main results
	Conservation effects over time

	Discussion
	Acknowledgments
	References



