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Abstract

Cost-effective allocation of conditional cash transfers (CCT) requires identifying recipients

with low opportunity costs who might change behavior. This paper develops a low-cost ap-

proach for improving program implementation by using a stated preference, referendum-style

survey question to calculate willingness to accept (WTA) for CCT contracts. We illustrate

this in the context of Mexico’s Payments for Ecosystem Services Program, and find that the

estimated social cost based on WTA is substantially lower than actual payments. Simulation

of three geographic targeting approaches shows that joint selection using deforestation risk

and WTA could increase program impact under the same budget. We also simulate modified

payment schedules based on predicted WTA and demonstrate that these could reduce program

cost.
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1 Introduction

Designing voluntary programs that induce behavioral change can be fraught with problems of self-

selection: households who would have sent their children to school without incentives are com-

pensated for enrollment (De Janvry & Sadoulet 2006), investors who were already building low-

income housing receive tax benefits intended to induce them to do so (Sinai & Waldfogel 2005,

Gyourko 2009), energy efficiency programs enroll individuals who would already have adopted

energy-efficient technologies (Joskow & Marron 1993, Boomhower & Davis 2014), or producers

who did not intend to deforest are paid for forest conservation efforts (Alix-Garcia et al. 2008,

Ferraro 2008). While conditional cash transfer programs (CCTs) usually benefit the voluntary

recipients, they often fall short on the behavior-change goals, and thus can result in inefficient

allocation of scarce resources. One of the important lessons from this literature is that effective tar-

geting requires being able to predict which potential beneficiaries are most likely to engage in the

targeted behavior (truancy, pollution, deforestation, etc.). Yet obtaining the information necessary

to identify where transfers are most effective and determining the appropriate levels of compen-

sation can be immensely difficult and expensive in practice. Practical strategies that successfully

allow policy-makers to do this are scarce (Johnson & Lipscomb 2017, Allcott & Kessler 2018).

In this paper, we study CCT design in the context of a major environmental cash transfer pro-

gram in Mexico. We propose that adding a simple stated preference referendum-style willingness

to accept (WTA) question to occasional surveys of potential recipients could be used to improve

program additionality and cost-effectiveness as well as to generate estimates of program social

cost. Specifically, we illustrate two strategies to refine program design for conditional cash trans-

fers: re-targeting based on the WTA estimates and a constructed risk index using observable geo-

graphic covariates, and changing the program’s schedule of payments based on geographic zones

and WTA estimates.

The conditional cash transfer we study is focused on reducing deforestation. Tropical de-

forestation threatens biodiversity, carbon storage, watershed function and rural livelihoods, and

policymakers continue to struggle to find effective strategies to combat it. More than eight

countries have adopted large payments for ecosystem services (PES) policies, which compen-

sate landowners for conservation activities on their own land. Payments for forest conserva-

2



tion have in multiple cases led to conserved forest1. Quasi-experimental evaluations of PES

programs in Costa Rica, Mexico, Ecuador, and Brazil (Alix-Garcia et al. 2012, Arriagada et al.

2012, Robalino & Pfaff 2013, Robalino et al. 2014, Alix-Garcia et al. 2015, Jones & Lewis 2015,

Sims & Alix-Garcia 2017, Simonet et al. 2018) have found avoided deforestation impacts as well

as neutral or positive livelihood impacts. An RCT of a pilot program in Uganda also demonstrated

high absolute additionality of PES (Jayachandran et al. 2017). However, many important ques-

tions remain about the opportunity costs of PES programs and practical approaches to maximize

the environmental and social net benefits of such programs. Concern about high enrollment of non-

additional properties has been salient in the literature on PES from the very beginning (Jack et al.

2008, Alix-Garcia et al. 2008, Wünscher & Engel 2012). Strong program additionality at low cost

depends on targeting payments to areas where the risk of deforestation is high yet WTA is low.

Although risk of deforestation and WTA are often correlated, opportunities to improve targeting

exist as long as these dimensions are not perfectly correlated and information can be collected

about both.

We begin by estimating and examining the distribution of willingness to accept for conservation

incentive payments among a representative population of common property applicants. Landown-

ers in Mexico can apply voluntarily to the program on an annual basis, responding to published

rules on eligible zones, available payments, and prioritization of applicants. The program currently

accepts applications from within eligible areas of the country, then ranks these according to multi-

ple criteria reflecting national environmental and social goals. Applicants with the highest scores

within each state are offered 5-year contracts until the available budget is exhausted. Program pay-

ment levels are differentiated by ecosystem type and risk of land cover change and the majority of

payments go to common property landowners, who own more than half of all land in Mexico (Fox

2007). We focus on payments to these landowners, who make decisions about program enrollment

and land management through an assembly of members and an elected council.

The willingness to accept analysis is based on answers to a question within a survey we de-

signed and supervised in 2016 of 862 community leaders and over 8,000 household heads across

communal properties. We included a referendum-style stated preference question designed using

best practices within the stated preference literature (Johnston et al. 2017). Specifically, respon-

1For full reviews of the literature, see Alix-Garcia & Wolff (2014), Miteva et al. (2015), Börner et al. (2017).
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dents were offered a randomly programmed payment amount and asked whether they would vote

in favor of program enrollment given that payment or not. If leaders vote in ways that reflect the

aggregate WTA for the community, their responses correspond to standard measures of WTA. In

the Mexican context, leaders are mandated to represent the community and are more familiar with

program details than the households, making this a reasonable assumption. However, to further

assess whether or not the leader responses are actually representative of community preferences,

we also derive the conditions under which the median voter would vote in favor of contracts and

use the individual household responses to estimate those amounts. We find that actual leader votes

are largely consistent with these stated preferences of community members. Given this, we use

leader responses to estimate the community-level opportunity cost of program participation.

Our analysis shows that for Mexico’s PES program, estimated WTA is substantially lower than

current program payments. This indicates that environmental benefits from the existing program

could be realized at lower budgetary cost. We then illustrate how to use the WTA estimates in com-

bination with observable covariates to increase environmental benefits and decrease social costs by

re-targeting to areas at greater risk of deforestation. To clarify tradeoffs between possible social

objectives, we simulate the implications of three different targeting schemes on four indicators of

CCT program success: total area enrolled, payments above WTA, area of land at high risk of de-

forestation enrolled, and wealth of beneficiaries. We find that targeting the program based on the

costs of participation (WTA) is likely to result in an inexpensive but ineffective intervention, while

targeting based upon the possibility of behavioral change (deforestation risk) increases potential

program impact but at a higher cost. A targeting strategy that integrates both components – the

ratio of risk per unit of WTA – enrolls land with higher risk of deforestation and at a lower op-

portunity cost. The schemes that incorporate deforestation risk have the added benefit of enrolling

poorer communities on average than the current approach.

Driven by the observation that estimated WTA is generally lower than actual payments, we

also propose a modified set of differentiated payments based upon simulated willingness to accept.

Here we decrease the payment levels within the current program payment categories, using WTA

function to predict enrollment. We demonstrate that the new payment scheme would enroll most

properties with significant deforestation risk while costing dramatically less.

Our research makes two main contributions to the general discussion of program design for
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conditional cash transfers: a test of stated opportunity costs relative to actual program payments,

and practical suggestions for improved design. Studies focused on how much to compensate partic-

ipants for enrolling in schemes that promote behaviors that may be costly to them are rare, usually

because measuring these opportunity costs is non-trivial2. While many environmental mechanisms

are structured to help set payments at the level of the opportunity cost – for example, through emis-

sions trading – land conservation programs in developing countries tend to operate based on best

guesses about prices, yields, and production costs from a few surveys.

In principle, one could use auctions to help set prices, as in the U.S. Conservation Reserve

Program (Hellerstein 2017). This has also been done for tree-planting programs on a small scale in

Tanzania (Jindal et al. 2013), Malawi (Jack 2013) and Indonesia (Jack et al. 2008), but not yet for

avoided deforestation contracts. Furthermore, auctions are often politically infeasible and might

disadvantage communities with less connectivity or knowledge of market mechanisms. A key

contribution of our paper is therefore to present an alternate strategy to improve program cost-

effectiveness based on stated preference from a simple referendum question and an index of risk

characteristics. Stated preference methods have been developed and extensively studied by envi-

ronmental and resource economists for more than 30 years (Hanemann 1984, Cameron & James

1987) but rarely applied to problems of CCT targeting. Stated preference approaches have been

previously examined in the PES literature (Southgate et al. 2009, Yu & Belcher 2011, Cacho et al.

2014), but used to estimate possible payment levels rather than to re-target CCTs. Our study is

also unique in that we use a representative sample from a national level program, directly link our

estimates to the current payment scheme, use both individual and community level responses to the

WTA question, and simulate both changes in targeting as well as adjustments to payment levels.

Our approach is also unique in that it uses household responses to inform our interpretation of the

community aggregate response.

Finally, our work also contributes to the discussion surrounding the social costs of land con-

servation programs. Estimating the costs of environmental policies is essential to understanding

the welfare gains from a particular intervention. Yet measuring such costs is difficult due to the

2In Mexico’s pioneering educational conditional cash transfer program (now called Prospera), payments were

originally set at 40 percent of an approximation of what children of school age earn when they work, but this proxy

does not take into account the myriad other reasons why children might not attend school, and the true opportunity

costs vary widely depending on context (De Janvry & Sadoulet 2006).
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fact that individuals and firms may not wish to reveal costs, are not fully aware of all components

of cost, or have very heterogeneous production functions for pollution abatement (Pizer & Kopp

2005)3. Most prior work uses estimates of production revenues for alternate crops or livestock uses

to estimate opportunity cost (e.g., Börner et al. (2010), Sims & Alix-Garcia (2017), Boerner et al.

(2016), Börner et al. (2017)) but these do not give true cost measures. It has previously been as-

sumed that the potential costs of payments for ecosystem services in developing countries could

be quite low – an assertion that has partially justified the expansion of the policy (Landell-Mills

2002). We confirm in the context of a major program that the social costs of ecosystem services

could indeed be low with appropriate targeting mechanisms.

2 Program description

2.1 Contracts, assignment, and payment structure

Mexico’s PES program is one of the oldest and largest environmental conditional cash transfer

programs. To respond to deforestation and degradation threatening Mexico’s water supply and bio-

diversity, the National Forestry Commission (CONAFOR, for its acronym in Spanish) introduced

its first program of payments for ecosystem services4 starting in 2003. The program is designed

to encourage the conservation of land cover and maintenance of intact ecosystems through pay-

ments to owners of environmentally valuable land. The program has two major modalities that pay

landowners to maintain hydrological services or biodiversity conservation and is currently unified

under the Programa Nacional Forestal – Pago por Servicios Ambientales (PSA). Since its creation,

the program has grown substantially, adding between 400,000 and 600,000 hectares of land annu-

ally. At the end of 2014 (the most recent year of enrollment of the recipients that we survey), over

2 million hectares of forests were enrolled in PSA and it had an annual budget of around US $60

million. The majority of the land enrolled in the program are holdings that operate under collective

3Whittington & Pagiola (2012) review CV in the PES context. However, this review, and the existing research,

focused on the demand for environmental services (willingness to pay) rather than producer costs, as we do in this

study.
4Text in this section is similar to the description of the survey and program in a paper on the social capi-

tal impacts of the program (Alix-Garcia, Sims, Orozco-Olvera, Costica, Medina & Monroy 2018) and a report to

CONAFOR/CONEVAL outlining findings from the overall impact evaluation of the program between 2011-2014

(Alix-Garcia, Sims, Orozco-Olvera & et al. 2018).
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land tenure arrangements (called ejidos and comunidades indigenas) but it is also open to individ-

ual households. Between 2011 and 2014, 62% of recipients and 90% of area enrolled were from

common properties. Because of the dominance of the communal tenure area in the program, we

restricted data collection and analysis to that group.

Mexico’s program has three main mechanisms to target participants in accordance with pro-

gram goals: geographic eligible zones, a priority points system of ranking applicants, and differ-

entiated payment levels. Over our study period, Mexico had approximately 30 million hectares

eligible for PSA. The eligible zones are determined mostly by geographic features – presence of

vegetation, deforestation risk, and other environmental characteristics – and are shown in Appendix

Figure A2. Individuals and communities living within eligible zones may submit applications,

which include geo-referenced boundaries of parcels they would like to enroll, along with a land

management plan. Community applicants to the programs must submit evidence of a community

vote in favor of enrolling in the program, a process described in more detail below. From these

submitted applications, the federal office of CONAFOR selects new beneficiaries every year based

on a point system, and pays them according to the area of each property falling within different

categories of ecosystem type and risk of loss. Applications are evaluated along multiple dimen-

sions including environmental criteria (e.g. high risk of deforestation, within a protected area,

high biomass density, high water scarcity, percent in forest cover) and social characteristics (e.g.

within a municipality with high degree of marginalization or majority indigenous, etc.). The full

point system for PSA for the years that we examine is shown in Appendix Table A2. CONAFOR

ranks all applications according to the sum of these points and awards payments to those with the

highest points within each state and sub-program. New beneficiaries are enrolled until the state

budget is exhausted. During the years that we examine (2011-2014), there were approximately

2,000 applications for the program each year, of which one-third were awarded payments.

Beneficiaries sign five-year contracts that are conditional on maintaining existing land cover

and having completed voluntary forest or biodiversity conservation management activities accord-

ing to the submitted plan. CONAFOR verifies forest cover through satellite imagery and with

audits in the field. A loss of forest cover or a change in land use can result in either a contract

cancellation (if changes were intentional) or a decrease in payments proportional to the reduction
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in area (if changes were due to natural causes or illegal encroachment by outsiders)5.

Table 1: Payment schedule 2011-2014

Modality Zone Ecosystem Deforestation Payment % eligible

risk per ha area

in pesos

Hydrological

1 Cloud forest Very high 1,100 0.13

2 Cloud forest High, medium, low 700 2.9

3 Pine, oak, semi-deciduous All risk levels 382 11.6

tropical

Biodiversity

4 Rainforest All risk levels 550 39.7

5 Dry tropical forest, High & very high 382 8.9

Mangroves All risk levels

6 Dry tropical forest Medium, low, very low 280 36.8

Arid and semi-arid All risk levels

Payment levels extracted from program rules of operation provided by CONAFOR and forest types verified through

discussion with CONAFOR. Deforestation risk is set according to spatial layers from the Mexican National Institute

for Ecology and Climate Change (INECC). Modalities refers to the type of ecosystem service being targeted, and per-

cent eligible area is the percent of the area within which applications are accepted that are found in each of the listed

payment zones.

Table 1 displays current per hectare payments set by CONAFOR, which vary by ecosystem

type and level of deforestation risk. If a property has land in more than one payment class, the

payment per hectare is a spatially weighted average of the land types. Although the payment levels

in principle have a wide spread, there is little land that qualifies for the two highest payment classes,

so average payments are below the average of the classes.

The magnitude of the total payments given to communities is relatively large compared to

wages but has a high variance across communities. In our sample, the average annual per capita

payment for common property households (if it were distributed as lump sum payments) is $340

USD, around one month of minimum wage salary. Program funds are deposited into the com-

5We do not have quantitative information on the number of contracts reduced or cancelled. Conversations with

officials at CONAFOR suggest that cancellation and reduction do happen but have affected only a small percentage of

properties. Costedoat et al. (2015) address this issue in Chiapas.
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munity bank account, which is managed by the ejidal leaders. The actual allocation of payments

received within the community varies significantly, and depends upon decisions taken within the

community assemblies. In our sample, half of the communities chose to invest in materials for

forest care and pay wages for labor in the forest (Table A3). Many communities also gave cash

distributions to members and invested in village infrastructure. When distributions to community

members (called ejidatarios) or wages for forest labor are chosen as investments, they tend to use

up more than half of the allocated funds. Community leaders manage all funding that comes into

the ejidos, and organize community work efforts associated not just with PSA, but with the variety

of other government support programs targeted to ejidos. For this reason, community leaders tend

to be more familiar with the specific details of effort and investment into activities associated with

the PSA.

2.2 Communal properties

As noted above, our analysis focuses on commonly-held agrarian properties. Collective tenure in

Mexico dates back to before the Spanish conquest (Knight 1986). However, its current form is

shaped by the land reform that began after the Mexican Revolution, with land redistributions oc-

curring between 1917 and 1992, and additional “regularization” of holdings occurring even today.

Mexico’s Agrarian Reform was one of the largest land transfer schemes in history, and included

both the expropriation and transfer of land from large “haciendas” to peasant villages as well as

the formalization of holdings held by indigenous communities for centuries. It transformed the

landscape and the politics of the country (Sanderson 1984, Knight 1991, Markiewicz 1993) – to-

day over half of the country’s land area is held in agrarian communities, where approximately half

of the rural population lives (de Janvry et al. 1997, Fox 2007).

Property rights can vary significantly by community. Comunidades indigenas, for example,

often hold all land within their boundaries as common, while many ejidos have individually-titled

parcels. Despite this variation, communities share important institutional features. First, forest

lands are legally property of the federal government, and cannot be officially divided or logged

without permits. Therefore, although in practice some communities allocate spatial forest rights

to households, most of the lands enrolled in the PSA program are officially managed as common
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property. The second important feature of the ejidal sector in the context of this paper relates to

governance. All ejidos have the same minimal administrative structure: a president, secretary,

oversight committee, and treasurer are elected by vote for three year terms, and are not allowed to

serve consecutive terms in the same position. Many villages also maintain committee structures

beyond this basic arrangement. Communities hold regular assemblies to make decisions on a

variety of issues, such as enrollment in government programs that affect the entire ejido, including

the PSA. In all of the communities that we interviewed, decisions are made based on majority

voting. Evidence of a vote to participate in the program is required along with the other application

materials. In order that there be a formal vote for participation in a PSA (or other government)

project, a clear sequence must occur. First, a general announcement of a meeting must be made.

When the meeting is held, there must be 50% plus 1 in attendance. In the case that attendance is

insufficient, the meeting ends and there is another meeting announcement. In the second meeting

the assembly is held, with a formal vote, even if attendance does not reach 50%. The vote is

validated by the National Agrarian Registry (RAN).

In the surveys used for this study, we asked a series of questions about these meetings. Par-

ticipation in community meetings is mandatory, although not all communities sanction lack of

attendance – 59% do have some kind of punishment for non-attendance, and within the past year,

70% have applied these sanctions. Attendance rates tend to be fairly high; we asked leaders the

number of members attending the most recent assembly, and find the median attendance to be

62%6.

6For the random sample of households to whom we administered the household survey, we also asked how many

assemblies a household member was sent to within the last year. Across our more than 8,000 households, less than

3% did not send a representative to a single assembly with in the past year. While households were asked about

all assemblies, the leaders were responding about the most recent assembly, so these numbers are not necessarily

inconsistent. Although this is quite a small number, we run a basic probit regression with non-attendance as the

dependent variable and the available household characteristics as covariates (results shown in Table A5). Broadly

speaking, non-attendance is greater for older and less educated households.
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3 Data

3.1 Survey data

The data come from surveys of households and leaders implemented in 12 Mexican states in 2016.

In total, we surveyed 862 communities and 8,413 households. The data were collected in order to

evaluate social and environmental impacts of the PSA program for cohorts enrolled between 2011

and 2014 (Alix-Garcia, Sims, Orozco-Olvera & et al. 2018). To determine the sample, we divided

the country into zones (North, Center, South and Yucatan Peninsula) and selected the states with

the highest number of applicants. The sample was stratified by “medium” (2011-2012) and “short-

term” (2013-2014) cohorts, although for the purposes of this paper we combine all cohorts, as the

program rules and deforestation pressures were substantially similar in all these years. Because the

design of the impact evaluation exploits a threshold in the enrollment criterion for the program –

based upon the point score assigned by CONAFOR – sampling of accepted and rejected applicants

occurred around the acceptance threshold for the point score. The basic sampling strategy was to

select treatment and control communities with scores adjacent to the cut-off for each cohort year

and state, and continue selecting farther away from the cut-off until arriving at a sample size that

represented the proportion of program applicants for that state and cohort. Figure A3 shows the

spatial distribution of all applicants to the program between 2011 and 2014, and highlights the

states in which interviews took place. The survey instrument was field-tested by project PIs and

then interviews were conducted by a team of enumerators from Chapingo University in Mexico.

While CONAFOR facilitated access to all communities, no CONAFOR employees were present

for interviews and enumerators clearly identified themselves as coming from an independent third

party.

An individual was defined as a leader if they were currently in a leadership position within

the ejido – i.e., they were in one of the main elected positions of president, secretary, treasurer,

or oversight committee. Surveyors asked first to speak with the president, but if the president was

absent, they would speak with his designated representative. Community leaders are accustomed

to such interactions and generally have systems in place for other council members to stand in for

the president when necessary.

For the household survey, 10 households were randomly selected to be interviewed for the pro-
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gram, based on lists of members obtained in advance, with responses given by the household head.

We chose to sample equal numbers of households within each community because one goal was

to obtain a community average effect on socioeconomic indicators (not weighted by population).

Characteristics of the respondents are given in Table A4. The primary reported economic activity

of over half of the respondent households was agriculture or livestock, most household heads have

not completed secondary school, and 72% of respondents understood the survey questions “very

well” (as assessed by the enumerator).

The sample is representative of the universe of possible applicants. When we compare the

communities sampled with the universe of possible applicants in all states during these years, we

find few differences in observable covariates. Table 2 shows the means and normalized differences

in means across the sampled versus the not sampled applicants between 2011 and 2014. Most of the

normalized differences are quite small (less than a quarter of a standard deviation). The covariate

for which there is a substantial difference is percent indigenous in the municipality, which is larger

for applicants in the sample both for beneficiary and non-beneficiary communities7. Sampled

beneficiaries are also somewhat farther from major cities.

Leaders and households were surveyed separately, with some questions overlapping across

the instruments. Leaders responded to questions about the PSA program, including the loca-

tion of the parcel and its characteristics, a referendum question regarding how they would vote

on program participation at different prices (see description below), the way in which payments

were divided within the community, the types of forest management, and use of the PSA par-

cel. In addition, they responded to a battery of questions on community characteristics (infras-

tructure, productive activities, common property size, etc.). A significant number of questions

were also asked with the intention of measuring social capital for use in a complementary study

(Alix-Garcia, Sims, Orozco-Olvera, Costica, Medina & Monroy 2018).

The household survey also began with questions about the PSA program, including the

same referendum question asked to the leaders (though with different random prices) and

household use of the PSA parcel. A basic household roster and demographic characteris-

7When we test within our sample for a difference in estimated WTA between those with above 50% indigenous

and those below, we find a difference of 3 pesos on average, and a t-test of this difference across subsamples yields

a p-value of 0.61. This assuages concerns about possible bias from a high presence of observations from majority-

indigenous municipalities.
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Table 2: Sample versus universe of PSA applicants, 2011-2014

Not sampled Sampled

(1) (2) (3) (4) (5) (6)

Non-ben Ben Non-ben Ben Norm diff Norm diff

(1) v (3) (2) v (4)

Ln(ejido area, ha) 8.41 8.07 8.12 8.28 -0.19 0.14

Ln(common property area, ha) 7.87 7.60 7.59 7.98 -0.11 0.17

Ln(ejidatarios) 4.63 4.57 4.64 4.56 0.01 -0.00

Ln(non-ejidatarios) 1.25 1.65 1.41 1.31 0.07 -0.14

Ln(area submitted, ha) 6.76 6.61 6.56 6.80 -0.16 0.16

Average slope (deg) 12.22 12.36 11.02 10.98 -0.12 -0.13

Average elevation (m) 1410.45 1357.59 1358.32 1271.73 -0.04 -0.06

Ln(km to any road) 7.86 7.65 7.61 7.67 -0.17 0.02

Ln(km to major city) 4.49 4.34 4.60 4.59 0.13 0.30

Ln(km to city > 5,000) 3.30 3.12 3.20 3.25 -0.11 0.11

Mean canopy cover 41.38 43.96 47.37 53.64 0.14 0.23

% indigenous in municipality 0.13 0.21 0.26 0.38 0.26 0.27

Deforestation risk (INE) 0.05 0.06 0.06 0.05 0.05 -0.10

Obs 1169 808 375 487 2839 2839

Table shows mean values of variables for communities that were sampled versus those that were not sampled, and

breaks these down by beneficiary and non-beneficiary communities. The last two columns show the normalized

differences in means between sampled and non-sampled non-beneficiaries (column (5)) and sampled and non-

sampled non-beneficiaries (column (6)).
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tics were also elicited, along with the main income sources of the household. Households

then responded to a series of social capital questions. In addition, the household survey

asked questions about both housing characteristics and small assets. We used these to gen-

erate wealth indices that help shed light on the socioeconomic effects of the program gen-

erally (Alix-Garcia, Sims, Orozco-Olvera, Costica, Medina, Romo-Monroy & Pagiola 2018) and

the distributional consequences of changing targeting approaches in this paper8. We examined

a variety of methodologies for aggregation, including simple summation of the presence or ab-

sence of characteristics, principal components, polychoric principal components (which takes into

account categorical variables), and inverse proportion weighting (which applies higher weight to

very scarce items). Our analyses use the village level averages of the simple asset indices, though

the other more complicated aggregations of the household data yield similar results.

3.2 Deforestation risk

In order to conduct targeting exercises below, we create a measure of deforestation risk9. We

would like this measure to be specific to the risk affecting the types of properties that apply for the

program. To this end, we use the national level program data to examine deforestation behavior

within the polygons that were submitted for consideration during the study period (2011-2014) but

were rejected from the program. We analyze polygons with unique histories – that is, if an applicant

submitted different pieces of overlapping land in different years, we separate the submitted parcel

into multiple non-overlapping units in order to avoid double-counting of areas.

To ensure that the deforestation index is exogenous to program participation during the period

that we analyze and simulates an ex-ante information set, we create the index using measured

deforestation between 2005 and 2010, prior to application. The deforestation data come from

Hansen et al. (2013). This dataset provides information on annual forest loss beginning in 2000

8Housing characteristics included brick or wooden walls, concrete, metal, fiber, cement, or tile roof, cement,

wooden, mosaic or marble floor, number of rooms. The housing index also includes measures of access to public

services, including existence of water and sewage connections, and amount of water and electricity availability. The

assets index is composed of responses to questions on the presence or absence of the following items: television

set, refrigerator, blender, microwave oven, laptop, car, truck, motorbike, bicycle, gas or electrical cooker, telephone

landline, and mobile phone.
9The Mexican government has its own deforestation risk index (“Index of Economic Pressure”) which is used for

targeting the PES program and setting payment levels (Table 1). We do not use this index due to the fact that it does

not have complete coverage of the entire country, is not specific to the types of land that are of interest for the current

study, and is not limited to the specific, pre-treatment years that we use to create our index.
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and has been updated yearly10. The underlying satellite imagery is a combination of Landsat (30m)

and MODIS (250m resolution). We aggregate total deforestation within each polygon between

2005 and 2010, and assign an indicator equal to one for polygons where deforestation over this

period was greater than 2 hectares, and that had a baseline forest cover of greater than 10 percent.

We estimate a probit model with the binary deforestation variable as an outcome and include

only exogenous covariates (geographic features, ecosystem indicators, baseline forest, and dis-

tances to small and large cities) with coefficients shown in table A6. These variables are strongly

correlated with returns to agriculture and livestock production, which are the main sources of de-

forestation in Mexico. These variables also correlate with accessibility, which may drive illegal

timber extraction, a secondary source of deforestation. When households in our survey were asked

what their enrolled PSA land might be used for, the most common potential uses (when they could

be specified) were agriculture and livestock. These responses are consistent with other research on

the causes of deforestation in Mexico (Kolb & Galicia 2012).

Table A6 shows two prediction strategies, without and with state fixed effects. We use the

estimated coefficients from column (1) to generate a probability of deforestation risk for each

parcel of land. In order to assign a single value to the submitted land from each ejido, we aggregate

the parcels using the mean. Results are nearly equivalent using predicted risk from column (2),

which includes state fixed effects and/or using the maximum risk for polygons within an ejido.

4 Measuring willingness to accept

We are interested in measuring communities’ underlying willingness to accept payment for en-

rolling common property land in the PSA program, in order to understand the program’s opportu-

nity costs and to construct supply curves for predicting responses to counterfactual payments and

enrollment criteria. Payments in the PSA program are set administratively, and so provide only an

upper bound on applicants’ WTA. In lieu of an auction, we exploit a standard methodology in en-

vironmental and resource economics, whereby survey participants receive a referendum question

on a program at a randomly chosen price, and are asked to vote yes or no for the program, at that

10This dataset has important limitations. It was created for global analysis, and the accuracy of the algorithm has

been shown to vary across countries and ecosystems (Burivalova et al. 2015). In Mexico, it is thought to underestimate

forest cover loss.
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price. As described above, we observe votes from our sample of leaders, whose job is to represent

their village, and a subsample of individuals within the village, who vote their own preferences.

We use responses to the referendum to estimate each community’s collective minimum willingness

to accept payment for enrollment, based on leaders’ responses, and the payment that would induce

the median household member to vote yes, based on the household data.

4.1 The question

The following question, based on standard stated preference methodology (Phaneuf & Requate

2017), was presented to all of the leaders and households in our sample:

Suppose that your ejido/community were voting another time to decide if they wanted

to participate in the program. The decision would be taken according to the normal

voting rules of your village. If the community were to receive an amount of [X] per

hectare, equivalent to [X x number of hectares in total], would you vote in favor of or

against participating?

Here [X] refers to an amount between 80 and 770 pesos (US $4 and $41). Values offered in

the referendum question were randomized, with a higher proportion of values offered below the

actual payment received (or that would have been received in the case of the non-beneficiaries).

This distribution was chosen because we assumed that true opportunity costs were likely to be less

than the payments, given that all surveyed communities had already voted once to participate at

these rates. The question was asked in reference to the specific parcel of land that was submitted

in the most recent PSA application. After answering, a follow up question was offered at a higher

(lower) value in the event that the respondent said no (yes) to the first value.

4.2 Minimizing strategic response

The referendum-style question was used, rather than an open ended or checklist format, because

prior research has shown that the referendum format can induce truthful preference revelation in

specific contexts11. Vossler et al. (2012) and Carson et al. (2014) provide theory and experimental

11The basic understanding of incentive compatibility in stated preference questions is drawn from the public choice

literature on voting (e.g. Farquharson (1969), Gibbard (1973), Satterthwaite (1975)), which lays out conditions under
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evidence related to willingness to pay (WTP) referendum questions for stated preference. They

show that a single issue, binary choice referendum over a public good that individuals care about –

i.e. is ‘consequential’ (Carson & Groves 2007) – is incentive compatible if the payment mechanism

is enforceable, and the probability of implementation is increasing in the proportion of yes votes.

Carson et al. (2014) further show that an advisory referendum preserves incentive compatibility.

Both studies verify their predictions using field experiments that compare real and hypothetical

payment scenarios. There is now general agreement that binary choice referenda are a preferred

choice for WTP public good studies, based on their attractive incentive properties and familiar

context for respondents, who respond to a posted price (Johnston et al. 2017, p.345).

There is comparatively little research on the incentive properties of WTA formats. This is

because stated preference practice has generally emphasized the WTP format due to perceived

challenges in implementing the WTA format. These include the potential for scenario rejection

given the unfamiliar context for many respondents of being offered payment, rather than buying at

a posted price, and concerns about incentive compatibility. In a recent review of the WTA format,

Whittington et al. (2017) nonetheless argue that in contexts such as payment for ecosystem services

to landowners, researchers should use a WTA format to accurately represent property rights at the

status quo.

The specifics of our study provide several reasons to believe that our WTA format, and stated

preference design more generally, will not be substantially affected by strategic or hypothetical

bias problems. The referendum presented in our survey mimics the process already undertaken

when the ejido votes on government program participation. The scenario itself was familiar to

respondents because surveyed communities had applied to (and hence voted on) the program in the

past. It was also phrased in reference to the specific piece of land that was most recently submitted

to the program. Land areas within communities tend to be identifiable by specific phrasing – e.g.

“the part of Bald Hill between the north road and the red river” – and this phrasing was identified in

an earlier part of the survey with the ejido leader and used in the referendum context. Participants

clearly understand which piece of land was being discussed. The familiarity and specificity of our

scenario increases our confidence that the object of the referendum was salient to respondents, and

which voters truthfully reveal their preferences. More recent insights related to information structure are discussed

by Carson & Groves (2007). Vossler & Holladay (2018) examine the incentive properties of alternative elicitation

formats.
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that they were comfortable completing the task.

Our WTA format is also likely to be incentive compatible because it asks about a collective,

rather than private good. Lloyd-Smith & Adamowicz (2018) modify the theory in Vossler et al.

(2012) to show that incentive compatibility carries through under the same sufficiency conditions

when the elicitation format is WTA in a public good referendum. They also show empirically that

the WTA format for public goods is preference revealing. This finding is relevant for us because

our household survey meets the conditions described by Lloyd-Smith & Adamowicz (2018): the

local forest resource is a collective good, and the vote centers on the single issue of the commu-

nity accepting payment for collectively giving up aspects of it. The audience for the vote is the

community government, which enters into an enforceable contract if the vote is positive.

The question would also be incentive compatible for leaders if they respond to the referendum

question with a public good in mind and on behalf of constituents. It is possible, however, that

leaders could respond to the question as they might for a private good, in which case for the

leaders’ survey there could be incentive to strategically overstate WTA. It is possible that leaders

could view themselves as acting as a representative of the community selling an asset to an external

party, with the audience for their vote the program administrator. Carson & Groves (2007) and

Lloyd-Smith & Adamowicz (2018) describe two types of strategic responses in this type of private

good stated preference WTA context: for existing goods, there is incentive to respond no to an

offer to indicate more price sensitivity, and for new or future goods there is incentive to respond

yes to secure a future chance to participate. Since this is an existing program, the former seems

more likely in our case. This would cause leaders to be less likely to vote yes, which would cause

us to overestimate the costs of program participation.

This issue could also possibly affect the more widespread use of referenda questions to solicit

WTA. For example, respondents might strategically say “no” to low payments (that they would

actually be willing to accept) in the hopes that it would convince the government to offer higher

payments next time. Although this is possible, it seems fairly unlikely, as such strategic responses

would require that respondents figure out and believe that their single shot, individual yes/no an-

swer will influence federal policy. We do acknowledge that if this type of question and survey

were conducted repeatedly with the same program applicants, then strategic behavior could be-

come more likely as applicants learn the impact of their answers. For this reason, we suggest that
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application of this method occur for a sub-sample of beneficiaries on a fairly infrequent basis, e.g.

re-sampling the same community no more than every 5 years. Because the program is quite large,

ensuring new representative samples is possible. However, intentionally allowing some repeated

sampling might also be useful, because it could provide important information to researchers re-

garding both evolving opportunity costs (estimated using new sample members) and strategic bias

(by comparing repeatedly sampled applicants).

4.3 Theory and estimation

This subsection describes how responses to the referendum question connect to the community-

level willingness to supply conservation and how individual responses relate to the leader re-

sponses. We begin by using household expenditure functions to derive a welfare-theoretic measure

of opportunity cost. This leverages the fact that expenditure functions are money metrics, and we

are interested in a monetary value for program participation. The expenditure function for house-

hold i in ejido j is E(qk
j,ui, ;si,εi), where qk

j denotes the common property forest parcel eligible

for enrollment, si j and εi j denote observable and unobservable characteristics of preferences, re-

spectively, and ui defines the utility level. We use k = 1 to indicate the parcel is enrolled in the

PSA program, and k = 0 otherwise, with the understanding that qk
j reflects both the lost produc-

tion and required conservation labor aspects of the program that are relevant to the household.

The household-level willingness to accept compensation for having the common property parcel

enrolled in the program is:

WTAi j(si j,εi j) = E(q1
j ,u

0
i ;si j,εi j)−E(q0

j ,u
0
i ;si j,εi j) = NBi j, (1)

where u0
i is the baseline level of utility prior to enrollment. Note that WTAi j > 0 indicates there is

an opportunity cost to the individual household of the community’s participation in the program,

since a higher expenditure amount is necessary to maintain status quo utility. Since the forest is

collectively held, the community-level willingness to accept is the summation of the individual

household values:

WTA j(X j,ε j) =
I j

∑
i=1

W TAi j(si j,εi j), (2)
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where X j and ε j are terms that capture the aggregate of household and community characteristics

and I j is the number of households in the ejido. Equation 2 is the welfare-theoretic opportunity

cost concept that we want to understand, using both the leader and household votes.

4.3.1 Leader responses and community WTA

We begin by using the leaders’ voting outcomes to measure willingness to accept. If we assume

leaders’ responses to the referendum reflect their forecast of the community level net benefits from

participation – a point to which we return below – then a yes response to the proposed payment B j

implies WTA j(X j,ε j) ≤ B j. That is, the payment exceeds the community’s collective opportunity

cost. For estimation we assume that the community willingness to accept function is given by

WTA j = exp(X jβ + ε j), (3)

where ε j ∼ N(0,σ 2) reflects unobserved drivers of the opportunity cost of participation, and the

explanatory variables include community level characteristics and state fixed effects.

Due to uncertainty represented by ε j, we are not able to predict the community leader’s vote

ex-ante. Rather, we can express the probability of a ‘yes’ vote based on

Pr(yes j) = Pr(B j ≥WTA j) (4)

= Pr(lnB j ≥ X jβ + ε j)

= Pr(ε j ≤ B j −X jβ )

To estimate these parameters, we normalize by the standard deviation of ε j, which leads to

Pr(yes j) = Pr

(

ε j

σ
≤

1

σ
lnB j −X j

β

σ

)

(5)

= Pr(ε∗j ≤ γlnB j +X jθ),

where ε∗j ∼ N(0,1), γ = 1/σ , and θ = −βγ . Maximum likelihood estimation produces values

for γ and θ , which are then used to recover elements of the willingness to accept distribution.
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Specifically, since WTA j is log-normally distributed, the conditional percentiles of the distribution

are

W TA
p
j = exp(zpσ +X jβ ), (6)

where zp is the pth percentile of the standard normal distribution. We will present the median as our

main summary statistic for community-level willingness to accept because this estimate of “leader

WTA” is closest to the welfare-theoretic construct in equation 2.

4.3.2 Household responses and median voter price

Up until this point, our analysis follows standard stated preference theory (Phaneuf & Requate

2017). Next, to assess the credibility of leader responses as representative of household prefer-

ences, we derive and estimate the payment that would induce the median household to vote in

favor of the program. Define the net benefit to household i from participation in the program at a

village level payment B j by

NBi j(B j,si j,εi j) = g(WTAi j,B j) (7)

where WTAi j is the willingness to accept for household i in ejido j, given by equation 1. The

function should be understood to reflect both the household’s individual opportunity cost as well

as its gain – either in services of its share of the payment – from community enrollment. While we

cannot observe the net benefit for a household, we do know that a household will vote yes in the

referendum if NBi j > 0 and no if NBi j < 0. Given this, an application to the PSA program will go

forward via majority vote if

NBm j(B j,sm j,εm j)> 0 (8)

where household m has the median net benefit amount among voting households in the community.

We use B50
j to denote the payment amount in community j that makes the median voter indifferent

to participation in the program. That is, B50
j is the amount that would induce 50 percent of member

households to vote yes. We refer to this as the median voter price.
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To estimate the median voter price, we specify the reduced form probability that a household

votes yes on the referendum by

Pr(NBm j(B j,sm j,εm j)> 0) = Pr(yi j = 1) =
exp(α j +φ lnBi j)

1+ exp(α j +φ lnBi j)
, (9)

where yi j = 1 denotes a yes vote and yi j = 0 indicates a no, and α j is a community fixed effect.

We use this relationship to implicitly define the median voter price for community j according to

0.50 =
exp(α j +φ lnB50

i j )

1+ exp(α j +φ lnB50
i j )

, (10)

To recover values for the median voter prices we first estimate φ in equation 9 using a fixed

effects binary logit model. The estimator recovers a consistent estimate for φ by concentrating the

fixed effects out of the likelihood function. To recover values for the fixed effects we implement a

contraction mapping that calibrates each α j so that the observed fraction of yes votes in community

j matches the average predicted probability of a yes vote for sampled community members. With

values for φ and α j in hand, we then implement a numerical routine based on equation 10 to

recover B50
j for each village in our sample. Details on these steps are included in Appendix A.1.

4.4 Summary statistics

The left panel in Figure 1 shows the distribution of per hectare payments actually received by

beneficiary communities, or calculations of what would have been received by non-beneficiaries.

The mean value of these payments is 412 pesos per hectare. The second histogram shows the

distribution of the random offers given in the referendum question. In 65% of the cases, the value

offered was less than what the community was or would have been receiving. These distributions

are similar for the household survey.

Table 3 shows summary statistics for the actual payments and offered prices, as well as the

proportion of ‘yes’ votes. The acceptance rates for the contract offers overall were high – 72%

for leaders and 79% for households. We note that the lower rate of acceptance among the lead-

ers implies that estimates of WTA made from their responses will be higher than those from the

household survey, and thus more conservative (i.e., reflect a higher opportunity cost). The rate
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Figure 1: Distribution of actual payments and of first offer in referendum
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Left panel shows the distribution of payments per hectare for communities in the sample. Values for beneficiaries are

the actual payments received. Values for non-beneficiaries were calculated from program rules. The right panel shows

the distribution of the offers in the referendum question for the leaders.
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Table 3: Sample actual and offered payments, acceptance rates

Mean sd Max min

a. Leaders

Approx. payment per ha 412 98 700 280

First offer in referendum 326 1678 770 80

Actual value - referendum value 86 163 590 -440

Voted yes to first offer 0.72 0.45 1 0

Obs 862

b. Households

Approx. payment per ha 412 98 700 280

First offer in referendum 329 171 770 80

Actual payment - referendum offer 84 165 590 -440

Voted yes to first offer 0.79 0.41 1 0

Obs 8413

Values from leader (panel a.) and household (panel b.) survey.

of acceptance was somewhat lower for those leaders who were offered a contract at a value less

than the one that they were supposed to receive; in these cases, 64% of the leaders voted yes, and

78% of households. This rate decreased to 59% among leaders of beneficiary communities, but

remained high, at 76%, among beneficiary community households.

With regards to the second offer price, we did encounter switching consistent with a change in

the level. For those who voted yes to the first contract price offered, and hence received a lower

price for the second question, 27% said that they would not take the lower offer. On the other hand,

among the 244 respondents in the leader survey who said no to the first offered price, 83% said yes

to the second (see Appendix Tables A7 and A8). The fact that many individuals did change their

answer suggests that they were engaged with the interviewer and understood the question.

Table 4 supports the assumption that leader votes are representative of community preferences,

which indicates that they are acting as community representatives. The table shows the distribution

of calculated median voter prices, both for the full sample and for the sample for which there
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was within village variation in votes (73% of villages). In both cases, the sample average of the

predicted median voter price is around 200 pesos – of similar magnitude to what we find using the

leader sample to estimate WTA (discussed below). Importantly, it appears that the leaders broadly

vote as their constituents would wish: in 71 and 77 percent of the villages, the leader vote was

consistent with the median voter price. The majority of the inconsistencies occur in cases where

the leader was rejecting a bid that was higher than the estimated median voter price (overall, 19 to

23% of all votes)12. This may be explained by the fact that the leaders may have a better sense of the

true total costs of program participation than do the households. It could also reflect the strategic

incentive for leaders to signal higher price sensitivity, though based on the high percentage of yes

votes we observe among the leaders, it does not seem that this was an important driver of choices.

Table 4: Median voter prices and leader votes

Mean 5th %tile Median 95th %tile

a. Full sample

Median voter price 179 3 48 626

Leader vote consistent with median voter price 0.77

Leader = yes, offer < median voter price 0.04

Leader = no, offer > median voter price 0.19

Observations 862

b. Sample with within-village vote variation

Median voter price 203 25 93 759

Leader vote consistent with median voter price 0.71

Leader = yes, offer < median voter price 0.06

Leader = no, offer > median voter price 0.23

Observations 625

Panel a. shows statistics for the full sample and panel b. for the sample that has variation in voting within the

village.

Based on this reasoning, in the remainder of the paper we use the estimates of WTA from the

12The existence of sampling noise around our point estimates of the median voter prices implies a higher proportion

of leader votes could be consistent if we compared their votes to confidence intervals, rather than point estimates. One

aspect of sampling error that could affect our findings is the potential for unusually large or small community level

average offer prices, which would induce some communities to have unusually large or small average yes votes. To

examine this, we completed our median voter price analysis on a subsample that excludes communities with average

household level offer prices that are larger or smaller than 1.5 standard deviations from the overall average. Our

findings using this subsample closely mirror the findings in table 4.
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leaders’ sample as our preferred prediction for the social costs of the program. In order to estimate

WTA, we run a series of probit regressions to estimate equation 5 with different configurations

of the matrix X j. Without any covariates, these estimations yield a γ that gives us an estimate of

the median WTA across all of the communities. With additional conditioning, we can refine these

estimates for subsamples of the population. For example, including state fixed effects as covariates

gives separate median WTA estimates for each state. Further covariates permit the prediction of

median WTA for communities with varying configurations of the covariates.

Table A9 contains the leader sample probit estimations used to predict willingness to accept.

These estimates show specifications with no controls (column 1), with state fixed effects (columns

2-5), and with a full set of covariates intended to reflect the opportunity cost of participation,

including forest type, ejidal wealth indices, primary economic activities, use of PSA land, and

geographic characteristics. Beneficiaries seem more responsive to changes in the offer price than

non-beneficiaries. We observe this also in a simple graph showing the proportion of yes responses

against the difference between the offer and the actual payment (Figure A4), which illustrates a

steeper drop for beneficiaries than non-beneficiaries when the net gains (the difference between the

hypothetical and the asking price) increase. This helps justify our use of the coefficient estimates

from the beneficiary sub-sample to predict non-beneficiary WTA in our simulations. The state

fixed effects explain a significant amount of the variation in responses (compare columns (1) and

(2) in Table A9). We use the estimated coefficients from this table (A9) to calculate γ and θ from

equation 5 above, and then the median value of WTA as written in equation 6.

5 WTA estimates

Figure 2 and Table A10 show the averages of the estimated median values of community willing-

ness to accept, calculated using both parsimonious specifications (the first three columns of Table

A9), and a specification using a large set of relevant covariates to refine the prediction (the last

column of Table A9). We also divide the calculations by sample, showing the full sample (Figure

2, panel a.) and the subsamples of beneficiaries (panels b. and d.) and non-beneficiaries (panel c.).

The sample average of the median WTA estimates ranges from 151 to 199 pesos per hectare.

The lowest estimate comes from the non-beneficiary population. This could be explained either
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Figure 2: Averages of estimated median WTA using different specifications
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The figure shows the distributions of estimated median WTA using different estimation equations to generate coef-

ficients, as well as different subsamples. The median WTA for each community is calculated using equation A10

with coefficients generated from the equations shown in Table A9. Panel a. shows results using the full sample of

beneficiaries and non-beneficiaries with a beneficiary indicator and state fixed effects (column (2), Table A9), panel

b. coefficients from column (3), panel c. from column (4), and panel d. from column (5). All estimations include

state fixed effects. Only panel d. includes additional covariates. The vertical lines indicate the mean value within each

estimation. The mean, minimum, and maximum are shown in Table A10.
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by the fact that non-beneficiaries have not experienced the extra labor cost of participating in the

program, or that the opportunity costs of beneficiaries are higher due to targeting on deforestation

risk. Because these differences seem to suggest learning about the costs of participating in the

program, and because we prefer the results including the more nuanced set of covariates, in later

simulations that use non-beneficiary WTA, we use the coefficients from the beneficiary estimates

(column (5), Table A10) to predict median WTA for non-beneficiaries. Note that in all cases the

average median values are lower than the minimum value actually offered by the program (280

pesos per hectare).

Figure 3 shows the sample distribution of differences between the real payment per hectare

received by the community, and the estimated median willingness to accept. In 80% of the cases,

the actual payment is higher than the median WTA, which we expect, given that communities are

already participating in the program. Of the 10% of the beneficiaries where the median WTA

is greater than the actual payment, half are within 50 pesos. In approximately 80 percent of the

cases where WTA is less than the actual payment, the estimate of median WTA is more than 100

pesos less than they are actually being paid. This implies there is a substantial transfer in excess of

participation costs to communities enrolled in the program13.

These estimates display a reasonable order of magnitude when compared to available infor-

mation on agricultural profits in Mexico. Using estimates from a previous paper on locality-level

production values (Sims & Alix-Garcia 2017)14, the median locality-level revenue for the states in

our survey that received some PSA payments is 731 pesos per hectare. Although profit margins are

not available for Mexico, for small, family-owned US farms with sales less than $150,000 per year,

76% have profit margins of less than 10%, and only 16% report margins greater than 20% (USDA

2013). A 10% profit margin on 731 pesos per hectare of revenue suggests profits of less than 100

pesos per hectare – implying both that our WTA estimates display a correct order of magnitude to

13Analysis of household impacts from the 2011-2014 cohorts (Alix-Garcia, Sims, Orozco-Olvera & et al. 2018)

suggests no significant gains in household wealth, but does find significant investment in communal assets and sub-

stantial increases in local land-cover management activities. Surplus payments are likely beneficial to the community

and may result in external benefits through land conservation. We do not take a stand on the objective function of

CONAFOR, which may wish to keep average payments for participating communities higher than estimated WTA.
14The estimates are derived from municipal level production revenues from principle crops and livestock in 2003

(the first year of the PSA program). We normalize the revenues by non-forested area of the municipality to calculate an

average value of production per non-forested hectare. We regress these revenues on municipal averages of geographic

covariates and predict the locality-level production values using the locality values of those covariates. These measures

therefore provide a village-level approximation of agricultural revenues, but no measure of cost.
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Figure 3: Distribution of the difference between payments and WTA based on leader responses
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Difference between the actual payment per hectare for each community and the estimated WTA shown in figure 2,

panel d. Negative values indicate estimated WTA greater than what is actually received.

compensate for the opportunity costs of foregone production, and that these costs are likely small.

6 Estimates of social cost and adjustments to targeting

Under the assumption that the leader WTA estimates represent a combination of foregone produc-

tion and participation costs, we can use the predictions for median willingness to accept across

the beneficiary leaders in the sample to establish an estimate of the social cost of the program for

participant communities. To do this, we first take the predicted median WTA for each community

(estimated using the coefficients from column 5 of Table A9) and multiply this by the number

of hectares of land enrolled in the program within each community. We then sum this amount

across all beneficiary communities15. The estimated total WTA provides a basis for assessing the

difference between what would be a minimal compensation and what is actually paid.

The first row of Table 5 shows that total yearly payments to sample beneficiaries were 238

million pesos (about 13 million USD), while the sum of the WTA over all of these beneficiaries is

104 million pesos (5.6 million USD) – 134 million pesos less than is actually being paid. At the

community level, the average ratio of the payments given to each community versus the estimated

community-level median WTA suggests that payments were more than three times higher than the

15This does not take into account the costs of administering the program – which are up to 4% of payment amounts

(Sims & Alix-Garcia 2017).
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amounts recipients would need in compensation to participate. The payments above WTA exceed

the total estimated WTA among non-beneficiaries in our sample, meaning that under the current

budget, all properties in the sample could be enrolled if they were paid their WTA. Together, these

calculations raise the possibility that more conservation could be achieved using the same budget.

Table 5: Social costs and government expenditures

Total PSA payments to sample beneficiaries (million pesos) 238.4

Total median WTA, sample non-beneficiaries (million pesos) 62.8

Total median WTA, sample beneficiaries (million pesos) 103.8

Payments above WTA (million pesos), median WTA 134.6

Community level ratio of total payment to median WTA 3.6

Total PSA payments are actual transfers made to beneficiaries. WTA estimates use

coefficients from equation 5, Table A9. This equation is estimated from beneficia-

ries, with point estimates used for non-beneficiary calculations of WTA. Total median

WTA is calculated by multiplying the median WTA estimate for each community by

the area enrolled and summing across all communities. For non-beneficiaries, the area

proposed to be enrolled is used for this computation. Payments above WTA are the dif-

ference between the actual payments made and the total estimated median and mean

WTA. The community level ratio is the average ratio of payments to WTA across all

communities.

This transfer may achieve other objectives desired by the government, such as providing funds

for community investments or additional land management beyond simply maintaining existing

cover, but it naturally raises two questions about potential levers for increasing cost-effectiveness.

These levers are targeting – changing the criteria about who may enroll – and payment levels –

adjusting compensation in such a way that might change enrollment and the distribution of surplus.

The following sub-sections address each of these issues in turn.

6.1 Potential targeting schemes

We begin by varying targeting criterion and maintaining the current payment schedule. We inves-

tigate the distribution of the current scheme and compare it with three approaches to targeting:

1. Selecting those properties with the lowest willingness to accept values (“WTA targeting”)

2. Selecting those properties with the highest deforestation risk (“risk targeting”)
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3. Selecting those properties with the highest ratio of deforestation risk to willingness to accept

(“risk/WTA targeting”)

In order to simulate these schemes, we first rank the applicants according to the relevant crite-

rion: estimated WTA, deforestation risk as estimated by our index, and the ratio of deforestation

risk to WTA. For WTA targeting, we enroll properties beginning with the lowest-ranked one, and

allocate payments according to what the property would be paid were it enrolled under the current

payment system. We continue until reaching the budget constraint as defined by the total payments

received by our sample of recipients under the current program. Because we only enroll complete

properties, the final simulated budget is not exactly equal (but within 1%) to that of the current

program. Similarly, for risk targeting, we begin by selecting the highest-risk properties and then

proceed as with the WTA targeting. For risk/WTA targeting, we select from highest to lowest ratios

until approximating the current budget, again applying the current scheme for payment levels.

6.2 Enrollment, surplus, additionality, and poverty

Figure 4 shows a scatterplot of all of the properties in our sample, with log-transformed estimated

WTA on the y-axis and deforestation risk on the x-axis. The red line maps out predicted values

from a simple OLS regression of WTA on a quadratic of deforestation risk. The figure visualizes

how the targeting schemes interact with deforestation risk and WTA. Dark points represent enrolled

properties and light points applicants who were not enrolled. Panel a. shows which properties out

of our sample are enrolled in the current scheme, and the other panels illustrate enrollment in

the various simulations. The figure shows that WTA targeting (panel b.) minimizes social cost

by selecting properties under the red line, but favors properties for enrollment on which there

is little potential environmental effect, since many have very low risk of deforestation. Risk-

targeting (panel c.), by contrast, enrolls properties with the highest potential environmental effect,

but at higher social costs. Finally, risk/WTA targeting maximizes the environmental impact per

unit of social cost, favoring properties below the diagonal from the origin up to the right. The

actual programmatic cost of these strategies depends upon the relationship between the payments,

deforestation risk, and willingness to accept.

The figure also highlights the wide spread of WTA at varying levels of deforestation risk,
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Figure 4: WTA versus geographic deforestation risk coded by targeting approach
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Median predicted WTA comes from column 5, Table A9, and the estimation of deforestation risk is from Table A6,

column 1. Light gray circles represent the full sample of applicants, while other symbols indicate which properties are

selected from the program under different targeting schemes that hold the overall budget fixed. The red line shows the

fitted values from a regression of ln(WTA) on a quadratic specification ln(defor risk).
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which draws attention to the fact that although these measures are correlated they are not by any

means perfectly related. At its strongest, the explanatory power of risk for WTA is 6.7% (the R2

in column (3), Appendix Table A11). This is at least partly explained because in a country like

Mexico, places with low absolute opportunity cost can have very high deforestation risk. This may

be because poor households have few outside opportunities for production, so the possibility of

earning a small amount of money from converting land to agriculture is preferable to no activity

at all. Conversely, land with very high productive capacity may be owned by individuals with a

variety of other income-generating options, so a high absolute WTA could be found in a place

with relatively low deforestation risk. A regression of the ranked risk/WTA measure on specific

exogenous covariates indicated that factors such as elevation, proximity to roads and proximity to

protected areas are significant predictors. However, given the changing nature of risk over time,

we suggest updating the risk of deforestation index periodically, rather than switching to a set of

specific geographic criteria for targeting.

Figure 5 shows several possible indicators of program success: the total WTA (as measured

by the sum of median community-level WTA multiplied by the number of hectares enrolled),

hectares enrolled, the ratio of actual payments to WTA, and the average of the assets index under

the different strategies. These results are also represented numerically in Table A12. As anticipated

from Figure 4, enrolling properties with the lowest WTA estimates results in the lowest social cost

as approximated by WTA. It also creates the highest ratio between amount paid to beneficiaries

and their estimated WTA: under WTA-targeting, payments are more than 4 times higher than what

we estimate villages would have accepted.

Targeting only on deforestation risk results in the highest overall social cost (total WTA) and

the lowest number of hectares enrolled. This arises from higher WTA being associated with higher

payments under the established payment schedule, and with higher deforestation risk. It also yields

a lower ratio of total payments to WTA. Prioritizing properties based on the ratio of risk to WTA

and paying the current rates increases the number of hectares enrolled relative to risk targeting,

decreases the overall social cost (total WTA) compared to pure risk targeting, and increases the

ratio of actual payments to WTA.

The figure also presents the total hectares above median risk of deforestation as a measure
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Figure 5: Impacts of targeting on social costs, area enrolled, excess payments and mean asset index
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targeted communities under existing payments per hectare/Total WTA. Numbers represented in graph are reported in

Table A12. The mean poverty measure indicates the mean of the simple poverty index for properties enrolled, and is

multiplied by 10.
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of potential program effectiveness16. The total effect of targeting on the enrollment of hectares

at above median risk of deforestation is captured by the area under the dashed lines in Figure 5.

These comparisons show that while WTA targeting enrolls the most hectares, it enrolls the least

area at high risk of deforestation. The highest enrollment of hectares at high risk is under pure risk

targeting, followed by targeting on risk per WTA.

Finally, the figure includes the mean simple assets index for enrolled properties under each

scheme. Mean assets are slightly lower under both risk and risk per WTA targeting than under

the other two schemes indicating more targeting to poorer communal properties. Appendix A.2

statistically examines shifts in the average values of deforestation risk and poverty for enrolled

properties and demonstrates that the wealth levels of beneficiaries from a risk or risk/WTA tar-

geting strategy are statistically significantly lower than those of the current program, while the

average levels of deforestation risk are higher. In summary, the simulation results indicate that

by combining referendum-based WTA with measures of deforestation risk, it is possible to re-

target the program to achieve more avoided deforestation at less social cost and without adverse

distributional consequences.

7 Using WTA estimates to set prices

The other lever for changing program cost-effectiveness is to adjust the payment scheme. This

section presents two possible approaches to adjust the payments offered within the six zones de-

scribed in Table 1. In both cases, the payment schedule offers a single price for forest in each zone,

which in effect maintains the system currently used by the government but changes the amounts

offered.

The first approach, which we call “adjusted payments”, sets payment rates so that the supply

of forest derived using our WTA estimates is equal to the area enrolled in each zone type under the

present scheme. We then exploit our community-level median WTA estimates as best guesses of

the payments that would induce participation of land submitted by the communities that we inter-

16Since deforestation tends to occur in small increments in Mexico it is difficult to predict precisely where it will

be located. While another approach to assessing environmental effectiveness would be to use the exact predicted

deforestation rate for each parcel (i.e., multiplying our risk index by the area enrolled from each community), we

feel that this is likely to be inaccurate and somewhat misleading, since the areas at lowest risk are highly unlikely to

contribute any avoided deforestation at all.
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viewed. Multiplying these estimates by the area submitted by each community yields approximate

supply curves of land within each zone (Figure 6). The intersection of the area currently enrolled

in each zone establishes a possible price by zone (panel a.).

However, offering these prices without any targeting will tend to enroll more forest at low risk

of deforestation within each zone – the standard adverse selection outcome. For this reason, we

compare this scheme with a second approach, labelled “targeted adjusted payments” that integrates

both WTA and targeting on risk. For the second approach, we only permit enrollment of land at

high risk of deforestation, and pay the price that would induce the current area at high risk in each

of the zones to enroll (panel b.). This price is set where the supply curves (derived from the WTA

estimates for high risk forest) intersect with the quantity of forest demanded, which is equivalent

to the area at high risk of deforestation in each zone within the current program.

The prices established are shown in Figure 7, alongside the existing program prices by zone. In

all zones, the adjusted prices are significantly lower than the current program prices offered. The

prices generated for the adjusted and targeted adjusted scenarios are fairly similar, and the prices

for high risk land are not always higher than those for any land.

Figure 8 shows the total WTA, hectares enrolled, hectares at risk enrolled, average price per ha

at risk, and mean asset index for enrolled properties under the two adjusted payment approaches

and the current payment scheme. By construction, the adjusted payments enroll the same amount

of hectares as the current scheme, and the targeted adjusted payments the same number of hectares

at risk. Total WTA decreases substantially under both adjusted payments schemes relative to the

current scheme, since properties with very high WTA no longer enroll in these settings. In terms of

environmental benefits, the adjusted payments yield fewer hectares at risk than the current scheme,

but the risk-targeted adjusted payments are able to maintain high enrollment of hectares at risk. The

differences in the price paid per ha at risk, which are an indicator of program cost-effectiveness,

are substantial between both adjusted payment schemes and the current scheme. Payments under

the current system exceed 600 pesos per hectare at risk. The adjusted payment scheme cuts this

number in half, while risk-targeted adjusted payments are the lowest on a per hectare at risk basis.

Finally, we show comparisons across the modifications in both targeting and in payment

schemes (Table 6). As already indicated, both targeting by risk and adjusting payment schemes

can increase program benefits (area at risk enrolled) and decrease social costs (total WTA). Table 6
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Figure 6: Supply and demand of land by zone and median WTA
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Vertical lines represent total hectares enrolled in each zone (panel a.) and actual hectares enrolled at high risk (panel b.).

Supply curves are calculated by multiplying the community estimate of WTA by the area offered by each community

for enrollment, ranking these by WTA, and then plotting them against cumulative hectares. Note that the x-axis scales

are different in the two panels.
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Figure 7: Offered prices under current program and proposed schemes
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Figure 8: Social costs, enrollment, and surplus from adjusted payment schemes
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underscores this conclusion, and shows that the biggest increase in cost-effectiveness comes from

a combination of targeting and payment adjustments17. For the targeting simulations, the budget

outlays (total payments) are limited to the total payouts of the current program by construction.

For the payment schedule simulations, the limiting factor is area of the current program – total

forest area for the adjusted payments, and the area at risk for the high-risk targeting with adjusted

payments.

The key cost-effectiveness measures are found in columns (5) and (6), which give the program

cost per ha at risk and the WTA per hectare at risk, respectively. In the former case, budgetary

outlays include the transfers as well as an additional 4 percent administrative cost allowed by

law. The lowest budgetary and social cost per ha at risk is achieved by the risk-targeted adjusted

payment scheme. Targeting explicitly by WTA also yields very low social costs per hectare at

risk, but has the highest budgetary outlay per hectare at risk, mostly because this strategy enrolls

a very low amount of hectares at risk. If policymakers only adjust targeting but not payment

levels, the scheme with the lowest WTA per hectare at risk is WTA/risk-targeting. This approach,

however, is more costly per hectare at risk in a budgetary sense, whereas outlays are lower under

the scheme that targets by risk alone. Adjusting payments alone (“current targeting, adjusted

payments”) achieves far greater improvements in program cost per hectare at risk than any of the

targeting schemes alone, and results in a WTA/hectare at risk nearly as low as in the WTA-targeted

system.

Therefore, for agencies seeking to increase cost-effectiveness, the best strategy would be to

both target on risk of deforestation and adjust payments according to WTA. Substantial cost savings

could also come from adjusting payments alone. However, if changes in targeting are the only

available option, simply directing payments towards areas with higher deforestation risk would be

an important step towards improved cost-effectiveness.

17The table reiterates some of the numbers already presented: columns (1)-(4) appear in Table (5), Figure (5),

and Figure (9). Comparisons across rows within columns (1)-(4) are only appropriate for the first 4 rows as a group

(targeting simulations) and the last two rows (payment schedule simulations).
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Table 6: Cost effectiveness comparisons across all schemes

Total area Area at risk Payments WTA Program cost/ WTA/

100,000 100,000 million million Area at risk Area at risk

ha ha pesos pesos peso/ha peso/ha

(1) (2) (3) (4) (5) (6)

Current program 5.9 3.6 238.4 103.8 686.1 287.3

WTA-targeted, current payments 6.2 3.2 237.6 53.3 774.1 166.8

Risk-targeted, current payments 5.5 5.5 237.7 109.2 448.5 198.1

WTA/risk-targeted, current payments 5.7 4.6 237.5 78.0 536.5 169.4

Current targeting, adjusted payments 5.7 3.1 99.3 53.9 330.5 172.5

Risk targeting, adjusted payments 3.4 3.4 74.0 38.6 224.1 112.4

Area is the total forest area enrolled under each scheme. Area at risk is the area of forest with above median risk of deforestation.

Payments represent the sum of the total payments given to beneficiaries under each scheme, and WTA is the median leader-calculated

WTA per ha multiplied by the area enrolled per community and summed over beneficiaries in each scheme. Program cost/area at risk

is column (3) plus 4% to reflect administrative costs divided by column (2), and WTA/Area at risk is column (4) divided by column

(2).
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8 Conclusion

In this paper, we address two key issues that bedevil the implementation of conditional cash trans-

fer schemes: targeting to maximize additionality, and setting payments to minimize social cost. We

analyze Mexico’s national level payments for ecosystem services program, but the methods used

are broadly applicable to many conditional cash transfer settings. We first show how simple pre-

dictions of deforestation risk can be linked to existing targeting efforts to identify land with likely

higher benefits. We then combine this information with estimates of willingness to accept derived

from a referendum question, using a well-established contingent valuation method to improve the

cost-effectiveness of CCT targeting.

We present a simple strategy for adjusting the current payment scheme to more closely align

with applicants’ willingness to accept levels. We associate willingness to accept with current

program payment rate-setting practices and show that the current program could be significantly

expanded without sacrificing environmental and social impact. This application of the referendum

approach is lower in cost and less complicated than implementing an auction to establish appro-

priate payment levels. Furthermore, it is significantly more likely to be practical and politically

feasible where future CCTs will be scaled-up.

While implementing periodic surveys to recalibrate targeting and payment levels is not cost-

less or without challenge, we believe that the likelihood of strategic bias in surveys used for this

purpose can be minimized through sampling subsets of program applicants on an occasional basis.

This is feasible in our case because (1) governments do no recalibrate prices on a yearly basis,

thus allowing significant time to pass between questioning and price calibration; (2) the program

is large enough to allow representative sampling without repeats. In addition, if re-sampled, re-

peated surveying of applicants may actually provide an opportunity to extract useful information.

A mixture of new and previously treated sample members would allow researchers to assemble

information to improve the cost-effectiveness of CCTs (via the new sample members) while also

measuring possible strategic bias (by comparing to the older sample members). Therefore, it may

be both low cost and informative to integrate this type of referendum question every few years for

a random subset of program beneficiaries.

The analysis in this paper also suggests scope to expand the number of properties enrolled by
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changing program targeting and payment rates. However, in isolation, offering reduced payments

will simply attract more applicants at low risk, resulting in less avoided deforestation. To address

adverse selection, it is essential to combine payment adjustments with targeting to higher risk

areas. This conclusion is broadly applicable to a variety of cash transfer situations – in the event

that a behavior is costly, reducing the compensation for changing that behavior will reduce program

effectiveness on aggregate, unless there is also a mechanism encouraging enrollment of those who

are likely to engage in behavioral change.

Finally, this paper makes a methodological contribution to the stated preference literature by

using information provided by households to support the use of a community leader statement

regarding willingness to accept. Although the specifics of Mexico’s communal governance forests

are rather unique, a recent global assessment found that at least 18 percent of the world’s total land

area is held communally or by indigenous groups (Rights and Resources Initiative 2015). Thus

in both land conservation and other realms, situations in which individuals are given voice by a

leader are important, and we hope that our theory and analysis linking household stated preference

to leader behavior on a referendum question can prove useful in other contexts.
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Alix-Garcia, J. M., Sims, K. R. & Yañez-Pagans, P. (2015), ‘Only one tree from each seed? Envi-

ronmental effectiveness and poverty alleviation in Mexico’s Payments for Ecosystem Services

Program’, American Economic Journal: Economic Policy 7(4), 1–40.

Alix-Garcia, J. & Wolff, H. (2014), ‘Payment for ecosystem services from forests’, Annual Review

Resource Economics 6(1), 361–380.

Allcott, H. & Kessler, J. (2018), ‘The Welfare Effects of Nudges: A Case Study of Energy Use

Social Comparisons’, American Economic Journal: Applied Economics . forthcoming.

Arriagada, R. A., Ferraro, P. J., Sills, E. O., Pattanayak, S. K. & Cordero-Sancho, S. (2012), ‘Do

payments for environmental services affect forest cover? A farm-level evaluation from Costa

Rica’, Land Economics 88(2), 382–399.

Boerner, J., Wunder, S. & Giudice, R. (2016), ‘Will up-scaled forest conservation incentives in the

Peruvian Amazon produce cost-effective and equitable outcomes?’, Environmental Conserva-

tion 43(4), 407–416.

Boomhower, J. & Davis, L. W. (2014), ‘A credible approach for measuring inframarginal partici-

pation in energy efficiency programs’, Journal of Public Economics 113, 67–79.

Börner, J., Baylis, K., Corbera, E., Ezzine-de Blas, D., Honey-Rosés, J., Persson, U. M. & Wun-

der, S. (2017), ‘The effectiveness of payments for environmental services’, World Development

96, 359–374.

Börner, J., Wunder, S., Wertz-Kanounnikoff, S., Tito, M. R., Pereira, L. & Nascimento, N. (2010),

‘Direct conservation payments in the Brazilian Amazon: Scope and equity implications’, Eco-

logical economics 69(6), 1272–1282.

44



Burivalova, Z., Bauert, M. R., Hassold, S., Fatroandrianjafinonjasolomiovazo, N. T. & Koh, L. P.

(2015), ‘Relevance of global forest change data set to local conservation: case study of forest

degradation in masoala national park, madagascar’, Biotropica 47(2), 267–274.

Cacho, O. J., Milne, S., Gonzalez, R. & Tacconi, L. (2014), ‘Benefits and costs of deforestation by

smallholders: Implications for forest conservation and climate policy’, Ecological Economics

107, 321–332.

Cameron, T. A. & James, M. D. (1987), ‘Efficient estimation methods for” closed-ended” contin-

gent valuation surveys’, The Review of Economics and Statistics pp. 269–276.

Carson, R. & Groves, T. (2007), ‘Incentive and informational properties of preference questions’,

Environmental and Resource Economics 37, 181–210.

Carson, R., Groves, T. & List, J. (2014), ‘Consequentiality: A theoretical and experimental ex-

ploration of a single binary choice’, Journal of the Association of Environmental and Resource

Economists 1, 171–207.

Costedoat, S., Corbera, E., de Blas, D. E., Honey-Ross, J., Baylis, K. & Castillo-Santiago, M.

(2015), ‘Consequentiality: A theoretical and experimental exploration of a single binary choice’,

PLoS ONE 10.

de Janvry, A., Gordillo, G. & Sadoulet, E. (1997), Mexico’s Second Agrarian Reform: household

and community responses, 1990-1994, Center for US-Mexican Studies.

De Janvry, A. & Sadoulet, E. (2006), ‘Making conditional cash transfer programs more effi-

cient: designing for maximum effect of the conditionality’, The World Bank Economic Review

20(1), 1–29.

Farquharson, R. (1969), The Theory of Voting, Yale University Press, New Haven.

Ferraro, P. J. (2008), ‘Asymmetric information and contract design for payments for environmental

services’, Ecological Economics 4, 810–821.

Fox, J. (2007), Accountability Politics: Power and Voice in Rural Mexico, Oxford University Press,

New York, NY.

45



Gibbard, A. (1973), ‘Manipulation of voting schemes: a general result’, Econometrica 41, 587–

601.

Gyourko, J. (2009), ‘Housing supply’, Annu. Rev. Econ. 1(1), 295–318.

Hanemann, W. M. (1984), ‘Welfare evaluations in contingent valuation experiments with discrete

responses’, American Journal of Agricultural Economics 66(3), 332–341.

Hansen, M. C., Potapov, P. V., Moore, R., Hancher, M., Turubanova, S., Tyukavina, A., Thau, D.,

Stehman, S., Goetz, S., Loveland, T. et al. (2013), ‘High-resolution global maps of 21st-century

forest cover change’, Science 342(6160), 850–853.

Hellerstein, D. M. (2017), ‘The US Conservation Reserve Program: The evolution of an enrollment

mechanism’, Land Use Policy 63, 601–610.

Jack, B. K. (2013), ‘Private information and the allocation of land use subsidies in Malawi’, Amer-

ican Economic Journal. Applied Economics 5(3), 113.

Jack, B. K., Kousky, C. & Sims, K. R. (2008), ‘Designing payments for ecosystem services:

Lessons from previous experience with incentive-based mechanisms’, Proceedings of the Na-

tional Academy of Sciences 105(28), 9465–9470.

Jayachandran, S., de Laat, J., Lambin, E. F., Stanton, C. Y., Audy, R. & Thomas, N. E. (2017),

‘Cash for carbon: A randomized trial of payments for ecosystem services to reduce deforesta-

tion’, Science 357(6348), 267–273.

Jindal, R., Kerr, J. M., Ferraro, P. J. & Swallow, B. M. (2013), ‘Social dimensions of procurement

auctions for environmental service contracts: evaluating tradeoffs between cost-effectiveness

and participation by the poor in rural Tanzania’, Land Use Policy 31, 71–80.

Johnson, T. R. & Lipscomb, M. (2017), ‘Pricing People into the Market: Targeting through Mech-

anism Design’, Working paper .

Johnston, R. J., Boyle, K. J., Adamowicz, W., Bennett, J., Brouwer, R., Cameron, T. A. &

Tourangeau, R. (2017), ‘Contemporary guidance for stated preference studies’, Journal of the

Association of Environmental and Resource Economists 4, 319–405.

46



Jones, K. W. & Lewis, D. J. (2015), ‘Estimating the counterfactual impact of conservation pro-

grams on land cover outcomes: the role of matching and panel regression techniques’, PloS one

10.

Joskow, P. L. & Marron, D. B. (1993), ‘What Does Utility-Subsidized Energy Efficiency Really

Cost?’, Science 260(5106), 281–370.

Knight, A. (1986), The Mexican Revolution, University of Nebraska Press, Lincoln, NE.

Knight, A. (1991), ‘Land and Society in Revolutionary Mexico: The Destruction of the Great

Haciendas’, Mexican Studies/Estudios Mexicanos 7(1), 73–104.

Kolb, M. & Galicia, L. (2012), ‘Challenging the linear forestation narrative in the neo-tropic:

Regional patterns and processes of deforestation and regeneration in southern mexico’, The

Geographical Journal 178(2), 147–161.

Landell-Mills, N. (2002), ‘Developing markets for foresty environmental services: an opportu-

nity for promoting equity while security efficiency?’, Philosophical Transactions of the Royal

Society of London A: Mathematical, Physical and Engineering Sciences 360, 1817–1825.

Lloyd-Smith, P. & Adamowicz, W. (2018), ‘Can stated measures of willingness-to-accept be valid?

evidence from laboratory experiments’, Journal of Environmental Economics and Management

.

Markiewicz, D. (1993), The Mexican Revolution and the Limits of Agrarian Reform, 1915-1946,

Lynne Rienner Publishers, Boulder, CO.

Miteva, D., Murray, B. & Pattanayak, S. (2015), Assessing the performance of protected areas in

preserving mangroves in Indonesia, Technical report, Duke University, Working Paper.

Phaneuf, D. J. & Requate, T. (2017), A Course in Environmental Economics: Theory, Policy, and

Practice, Cambridge University Press.

Pizer, W. A. & Kopp, R. (2005), ‘Calculating the costs of environmental regulation’, Handbook of

environmental economics 3, 1307–1351.

47



Rights and Resources Initiative (2015), Who owns the world’s land?: A global baseline of formally

recognized indigenous and community land rights?, Technical report, Report by the Rights and

Resources Initiative, September.

Robalino, J. & Pfaff, A. (2013), ‘Ecopayments and deforestation in Costa Rica: A nationwide

analysis of PSA’s initial years’, Land Economics 89(3), 432–448.

Robalino, J., Sandoval, C., Villalobos, L., Alpizar, F. et al. (2014), ‘Local effects of payments for

environmental services on poverty’, Discussion papers dp-14-12-efd, Resources for the Future .

Sanderson, S. R. W. (1984), Land reform in Mexico, 1910-1980, Academic Press, New York, NY.

Satterthwaite, M. (1975), ‘Strategy-proofness and Arrow conditions: existence and correspon-

dence theorems for voting procedures and welfare functions’, Journal of Economic Theory

10, 187 – 217.

Simonet, G., Subervie, J., de Blas, D. E., Cromberg, M. & Duchelle, A. E. (2018), ‘Effectiveness

of a REDD+ Project in Reducing Deforestation in the Brazilian Amazon’, American Journal of

Agricultural Economics .

Sims, K. R. & Alix-Garcia, J. M. (2017), ‘Parks versus PES: Evaluating direct and incentive-based

land conservation in Mexico’, Journal of Environmental Economics and Management .

Sinai, T. & Waldfogel, J. (2005), ‘Do low-income housing subsidies increase the occupied housing

stock?’, Journal of public Economics 89(11), 2137–2164.

Southgate, D., Haab, T., Lundine, J. & Roriguez, F. (2009), ‘Payments for environmental services

and rural livelihood strategies in Ecuador and Guatemala’, Environment and Development Eco-

nomics 15, 21–37.

Timmins, C. & Murdock, J. (2007), ‘A revealed preference approach to the measurement of con-

gestion in travel cost model’, Journal of Environmental Economics and Management 53, 230–

249.

Train, K. E. (2009), Discrete Choice Methods with Simulation, second edition, Cambridge Univer-

sity Press.

48



USDA (2013), 2013 agricultural resource management survey, Technical report, National Agricul-

tural Statistics Service and Economic Research Service.

Vossler, C. A., Doyon, M. & Rondeau, D. (2012), ‘Truth in consequentiality: theory and

field evidence on discrete choice experiments’, American Economic Journal: Microeconomics

4(4), 145–71.

Vossler, C. A. & Holladay, J. S. (2018), ‘Alternative value elicitation formats in contingent val-

uation: Mechanism design and convergent validity’, Journal of Public Economics 165, 133 –

145.

Whittington, D., Adamowicz, W. & Lloyd-Smith, P. (2017), ‘Asking willingness-to-accept ques-

tions in stated preference surveys: A review and research agenda’, Annual Review of Resource

Economics pp. 317–336.

Whittington, D. & Pagiola, S. (2012), ‘Using contingent valuation in the design of payments for

environmental services mechanisms: a review and assessment’, The World Bank Research Ob-

server 27(2), 261–287.

Wünscher, T. & Engel, S. (2012), ‘International payments for biodiversity services: Review and

evaluation of conservation targeting approaches’, Biological Conservation 152, 222–230.

Yu, J. & Belcher, K. (2011), ‘An economic analysis of landowners’ willingness to adopt wetland

and riparian conservation management’, Canadian Journal of Agricultural Economics/Revue

canadienne d’agroeconomie 59(2), 207–222.

49



Appendix A Supporting information

(for online publication only)

Appendix A.1 Description of method to extract median voter bid value

To recover the median voter prices for each community, note that given α j and an estimate of θ ,

the predicted probability of observing a yes vote from a household i in community j is

Pr(yi j = 1) =
exp(α j + φ̂ lnBi j)

1+ exp(α j + φ̂ lnBi j)
, (A.1)

where φ̂ is the maximum likelihood estimate from the fixed effects binary logit model. We find

that φ̂ = 1.075 with a standard error of 0.063, based on 6,146 households and 625 communities.

Note that the number of communities is smaller than in our full sample, since the fixed effects logit

model only uses groups with variation in the outcome variable. There is a subset of communities

in our sample in which all respondents vote either yes (234 villages) or no (2 villages).

To recover an estimate of α j we implicitly define α̂ j based on

1

N

N j

∑
i=1

yi j = w j =
1

N

N j

∑
i=1

exp(α̂ j + φ̂ lnBi j)

1+ exp(α̂ j + φ̂ lnBi j)
, (A.2)

where N j is the sample size in community j. Note that the equation defines α̂ j as the value

that makes the average predicted probability of a ‘yes’ vote in the community (the right hand side)

equal to the observed frequency of ‘yes’ votes in the community (the left hand side). There is

no closed form for α̂ j, but for the values of w j that lie inside the (0,1) interval, the continuity

and monotonicity of the expression in α̂ j guarantees there is a unique solution. We implement a

numerical contraction mapping routine in Matlab, similar to what is described in Train (2009, p.

322), to find the values for α̂ j that satisfy equation A.2 for the communities in our sample.

As noted above, here is a subset of communities in our sample in which all respondents vote

either yes or no. For these w j = 1 or w j = 0, and so there is no unique solution for α̂ j that satisfies

equation A.2. To address this we implement a numerical patch similar to Timmins & Murdock

(2007), whereby we set w j = 0.99 for villages with everyone voting yes and w j = 0.01 when

everyone votes no, and solve for α̂ j. We examine if our findings regarding the relationship between
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leader voting and the median voter price are affected by using or leaving out these villages, and

our show that our conclusions are unaffected.

Once we have recovered (α̂1, ..., α̂J) a second numerical contraction mapping can be used to

recover B50
j in

0.50 =
exp(hatα j + φ̂ lnB50

i j )

1+ exp(α̂ j + φ̂ lnB50
i j )

, (A.3)

for each village in the sample. Specifically, we search numerically for the value of B50
j that

satisfies equation A3, given (α̂1, ..., α̂J) and φ̂ .
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Appendix A.2 Regressions assessing distributional effects of targeting

schemes

.

We run a series of regressions intended to statistically assess changes in the mean levels of

wealth and deforestation risk of properties enrolled under different types of targeting. The differ-

ences are indicated by a series of interaction terms. “Current beneficiary” measures the difference

between communities enrolled in the current scheme and those rejected, while “WTA-targeted ben-

eficiaries” indicates the additional effect of being selected under the WTA scheme, and “Current

& WTA-targeted” is the interaction between these two, thus giving the additional difference in the

wealth indices in properties selected by both schemes. The same sequence is true for risk and risk

per peso targeting.

As outcomes we use two wealth indices – housing and assets – generated from community-

level aggregations of responses to our household questionnaire. To assess changes in average

deforestation risk we use as a dependent variable the log-transformed deforestation risk metric.

Table A1 shows the results. The first three columns of the table show estimations for the housing

index, the second three the index of assets, and the last three the deforestation risk index.

The interactions show that targeting by WTA yields significantly wealthier recipients. Risk

targeting, and risk per peso-targeting, however, both seem to select communities with statisti-

cally significantly lower values for the housing and asset indices. In other words: selecting on

deforestation risk can be pro-poor. When we compare the different targeting schemes across the

deforestation indices, we see that targeting on risk alone raises the risk profile of recipient proper-

ties relative to those targeted under the current scheme, while targeting on WTA alone lowers the

risk profile of recipient properties.

Figure A1 shows the complete distributions of wealth and deforestation risk using the bene-

ficiaries selected by each of the targeting schemes. The solid gray line represents the status quo.

The dotted lines show lower wealth and higher deforestation risk in the schemes that prioritize de-

forestation risk. Interestingly, beneficiaries selected on the WTA criterion draw from the extremes

of the wealth distribution.
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Table A1: Poverty, deforestation risk, and targeting

Dep. var index:

Housing Assets Defor risk

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Current beneficiary -0.000 -0.006 -0.005 0.027** -0.008 0.008 0.023 0.007*** 0.012**

(0.011) (0.011) (0.010) (0.014) (0.015) (0.013) (0.015) (0.002) (0.006)

WTA-targeted beneficiary 0.067*** 0.033** -0.040***

(0.012) (0.015) (0.014)

Current & WTA-targeted -0.018 -0.040** 0.009

(0.015) (0.020) (0.019)

Risk-targeted beneficiary -0.038*** -0.056*** 0.185***

(0.012) (0.015) (0.010)

Current & risk-targeted -0.006 0.030 0.015

(0.016) (0.020) (0.014)

Risk per peso-targeted beneficiary -0.000 -0.050*** 0.145***

(0.013) (0.016) (0.012)

Current & risk per peso targeted -0.014 -0.002 0.015

(0.016) (0.020) (0.017)

Observations 861 861 861 861 861 861 862 862 862

Adjusted R2 0.060 0.031 0.001 0.002 0.018 0.028 0.023 0.487 0.309

* p< 0.10, ** p<0.05, *** p < 0.01. Estimates are from simple OLS regressions with robust ses. Robust ses in (). The housing index is the simple

sum of indicators for valuable housing features, including having concrete walls, wooden, mosaic or marble floor, above median number of rooms,

access to water and sewage connections, and above median days of water and electricity availability. The assets index is the sum of indicators for the

presence of a television set, refrigerator, blender, microwave oven, laptop, car, truck, motorbike, bicycle, gas or electrical cooker, telephone landline,

and mobile phone.
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Figure A1: Distribution of wealth and deforestation risk across different strategies
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Both figures show kernel density estimations using the Epanchnikov kernel function. The simple asset index is the

sum of indicators for the presence of a television set, refrigerator, blender, microwave oven, laptop, car, truck, mo-

torbike, bicycle, gas or electrical cooker, telephone landline, and mobile phone. Deforestation risk uses the predicted

probability of deforestation as estimated in column 1, Table A6.

Appendix A.3 Additional tables
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Table A2: Targeting criteria for PSA: 2011-2014

Geographic Selection Criteria 2011 2012 2013 2014

Within a Protected Natural Area x x x x

Within an area of high surface water scarcity x x x x

Located in an overexploited aquifer x x x x

Within area of high risk of deforestation as classified

by INE

x x x x

Area contains high biomass density determined by

ECOSUR

x x x x

Area has low rate of anthropogenic soil degradation x x x x

In a watershed where there are others with local pay-

ments for environmental services

x x x x

In an area with an initiative for the development of a

local PES mechanism

x x x x

Land has an associated property management plan x x x x

In an area with a high risk of natural disasters x x x x

Within a Bird Conservation Area (AICA) or a Ramsar

site

x x x x

Within a hydrological priority region (RHP) or terres-

trial priority region (RTP)

x x x x

Priority site for biodiversity conservation as deter-

mined by CONABIO, CONANP, The Nature Conser-

vancy, and Pronatura

x x x x

Located within biological corridors x x x x

Within a strategic restoration zone as determined by

CONAFOR

x x x x

Proposed property has a shade grown agroforestry

system registered with ASERCA

x x

Located within the habitat of endangered or threat-

ened species (NOM-59-SEMARNAT-2001)

x
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Participant Selection Criteria 2011 2012 2013 2014

No active legal battle over enrolled land x x x x

Not enrolled in any other CONAFOR PSA programs x x x x

Applicant has never received support from

CONAFOR

x x x x

Priority to applicants with land of highest % forest

cover

x x x x

Applicant presents a forest management plan at time

of application

x x x x

Applicants in municipality with majority indigenous

population

x x

Applicants from marginalized areas defined by

CONAPO

x x x

Applicant is a woman x x x x

Agrarian population center or indigenous population x x

Environmental Watch Network (red viga) created in

ejido or community

x x x x

Applicant has an assessment regarding the establish-

ment of community conservation areas approved by

CONAFOR

x x

Applicant is P-PREDIAL approved x

Applicant is a young adult (18-25 years of age) x x

Located within a municipality with National Crusade

against Hunger program

x

Forestry certification x x

Audit or forest management certification in progress x x x x

Awards or recognition in environmental and forestry

matters

x

Applicant is prepared to assume responsibility for ad-

ditional land area

x x x

Applicant provides geo-referenced polygon x x

Located in a municipality with a 100x100 strategy x

Located within an Indigenous Region of Mexico and

indigenous municipalities

x x

Applicant responds quickly to the program call x x x

Refrendos x x
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Land area 2011 2012 2013 2014

criterion

Land Area

Hydrologicals 100-200 ha per individual,

200-3000 ha (areas 1,2), 200-

6000 ha (area 3) per commu-

nity

100-200 ha per individual,

200-3000 ha per community

Biodiversity 100-200 ha per individual,

200-3000 ha (area 4) and 200-

2000 ha (areas 5,6) per com-

munity

100-200 ha

per individual,

200-3000

ha (area 4),

200-3000 ha

(areas 5,6) per

community

100-200 ha

per individual,

200-3000

(area 4),

200-2000 ha

(areas 5,6) per

community

Forest cover 50% 70% North-Central 50%

South-Central

Figure A2: Eligible zones, 2011-2014

Legend

2014

2013

2012

2011

0 450 900225 Kilometers

Shaded areas indicate eligible zones for each year from 2011 to 2014. These are areas within which applications to

the PSA program will be considered.
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Figure A3: Sample states

Legend

Sampled states

Accepted

Rejected

0 450 900225 Kilometers

States included in sample appear with cross-hatch. The map shows all applicants to the PSA program between 2011

and 2014 coded by accepted (black) and rejected (gray).
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Table A3: Investment of PSA funds among beneficiaries

Mean SD Obs

Invested in materials for forest care (0/1) 0.818 0.386 446

Gave distributions to ejidatarios (0/1) 0.360 0.480 445

Paid wages for labor in the forest (0/1) 0.733 0.443 446

Gave distributions to non-ejidatarios (0/1) 0.045 0.207 445

Invested in village celebrations (0/1) 0.061 0.239 445

Gave emergency support to families in need (0/1) 0.144 0.351 445

Invested in village infrastructure (0/1) 0.324 0.468 445

% community investment 22.022 21.445 139

% emergency assistance 5.490 7.640 62

% village celebrations 10.158 13.874 27

% distributions to non-ejidatarios 26.015 23.308 21

% wages for forest labor 52.380 29.438 304

% distributions to ejidatarios 56.838 32.474 153

% materials needed for forest care 33.293 25.690 348

Table shows the proportion of villages investing payments in a particular investment category.

The percent investments are only reported for those villages that reported positive amounts

invested in a given category. Not all ejidos reported these amounts – 405 reported expendi-

tures in at least one of the listed categories.
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Table A4: Characteristics of household survey respondents

Mean SD Max Min

Primary activity marketed agriculture 0.21 0.41 1.00 0.00

Primary activity subsistence agriculture 0.19 0.40 1.00 0.00

Primary activity marketed livestock 0.13 0.34 1.00 0.00

Primary activity subsistence livestock 0.02 0.14 1.00 0.00

Household head has primary incomplete schooling 0.40 0.49 1.00 0.00

Household head has completed primary schooling 0.20 0.40 1.00 0.00

Household head has completed secondary education 0.11 0.31 1.00 0.00

Number of household members 3.87 2.01 15.00 1.00

Interviewee was a woman 0.13 0.34 1.00 0.00

Understood survey questions very well 0.72 0.45 1.00 0.00

Hh knows what PSA is 0.72 0.45 1.00 0.00

Obs 8413

The table reports means, standard deviations, maxima and minimum of responses given by households

interviewed in the household survey. The simple assets index is simply the sum of binary indicators

for having a television, refrigerator, blender, microwave, computer, car, truck, moto, bicycle, gas stove,

mobile phone, telephone, and electicity.
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Table A5: Probability of assembly participation

Dep. var = 1 if no attendance

(1) (2)

Simple assets index -0.008 -0.023

(0.015) (0.014)

Household head age 0.001*** 0.001***

(0.000) (0.000)

Household head has completed secondary education -0.021** -0.021**

(0.009) (0.009)

Household has migrant abroad -0.011 -0.012

(0.008) (0.008)

Ln(household size) -0.005 -0.002

(0.004) (0.003)

Household’s main income is agriculture or pastoral -0.008** -0.006

(0.004) (0.004)

State FE no yes

Observations 8249 8249

Pseudo R2 0.028 0.075

* p< 0.10, ** p<0.05, *** p < 0.01. Estimates are probits, with standard errors clustered at the ejidal

level. The dependent variable is equal to one when there the household has not attended an assembly in

the past year. Column (2) contains fixed effects for each state. Marginal effects shown.
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Table A6: Predicted deforestation risk

Dep. var = 1 if defor > 2 ha

(1) (2)

178 m elevation- -0.401*** -0.407***

(0.078) (0.081)

964 m elevation- -0.314*** -0.476***

(0.099) (0.106)

1670 m elevation- -0.275*** -0.419***

(0.105) (0.114)

2302 m elevation- -0.188* -0.461***

(0.108) (0.122)

SD(elevation) 0.001*** 0.002***

(0.000) (0.000)

IHS(slope in degrees) 0.055 0.016

(0.039) (0.042)

% forest, 2000 0.040*** 0.109***

(0.006) (0.004)

Deforestation between 93 and 00 0.625*** 0.604***

(0.094) (0.094)

Ln(km to major city) 0.192*** 0.158***

(0.035) (0.040)

Ln(km to city > 5000) -0.073** -0.060*

(0.032) (0.034)

Ln(km to 60 kph hwy) -0.187*** -0.165***

(0.025) (0.025)

State FE no yes

Observations 12674 12172

Pseudo R2 0.248 0.229

* p< 0.10, ** p<0.05, *** p < 0.01. Estimates are probits, and also

include the percentage of a polygon in a variety of key ecosystem

types (results suppressed). The dependent variable is equal to one

when there are more than 2 ha lost in a polygon between 2005 and

2010.
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Figure A4: Proportion yes votes by referendum deficit and recipient status
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Note: The y-axis shows the proportion of yes votes from leaders. The left panel shows leaders from non-beneficiary

communities and the right panel from beneficiary communities. The x-axis shows the difference between the payment

per hectare value that the community would receive under the program and the referendum value that they were

offered. Negative values therefore indicate referendum values higher than actual payment values, while positive values

indicate referendum offers lower than actual payments. The number of observations in bins on either side of zero are of

approximately equal size (15% of the population falls in each of the negative value bins, while 17.5% of the population

is in each of the positive value bins). Bin numbers indicate the lowest value in the bin.

Table A7: Voting patterns on first and second price offers: leaders

First response

Against For Total

Second response

Against 125 119 244

For 169 449 618

Total 294 568 862

Tabulation of responses to first and second price offers on

referendum question in leader survey.
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Table A8: Voting patterns on first and second price offers: households

First response

Against For Total

Second response

Against 940 848 1788

For 1789 4836 6625

Total 2729 5684 8413

Tabulation of responses to first and second price offers on

referendum question in household survey.
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Table A9: Prediction equations for willingness to accept

Dep. var = 1 if yes

Full Full Ben Non-ben Ben

(1) (2) (3) (4) (5)

Ln(offer price) 0.153*** 0.230*** 0.283*** 0.160*** 0.259***

(0.025) (0.023) (0.028) (0.037) (0.028)

Beneficiary in either cohort (0/1) -0.070** -0.085***

(0.030) (0.027)

Ln(area submitted) 0.041

(0.026)

PSA land: Coniferous forest 0.140

(0.086)

PSA land: Semi-perennial dry tropical forest -0.062

(0.058)

Ejidal mean of house simple 0.733***

(0.227)

Ejidal mean of assets index -0.631***
(0.212)

Ln(ejidatarios) 0.002

(0.023)

Primary activity of households: marketed agriculture 0.023

(0.043)

Primary activity of households: marketed livestock -0.011

(0.064)

Primary activity of households: forestry 0.131

(0.117)

PSA land used for wood extraction in past 12 months 0.226**

(0.103)

PSA land used for non-wood products in past 12 months 0.075
(0.068)

Percent locality in protected area -0.011

(0.052)

Slope in degrees -0.005

(0.014)

Slope squared 0.000

(0.000)

Ln(elevation in m) -0.057*

(0.030)

Ln(km to any road) -0.006

(0.022)

Ln(km to city > 5000) -0.021
(0.032)

Percent forest in baseline -0.013

(0.069)
State FE no yes yes yes yes

Observations 862 862 487 366 487

Pseudo R2 0.037 0.206 0.219 0.199 0.279

* p< 0.10, ** p<0.05, *** p < 0.01. Estimates are probits that include dummy variables for each state. Marginal effects shown, with standard errors in parentheses.

Columns (1) and (2) use the full sample, columns (3) and (5) just beneficiaries, and column (4) only non-beneficiaries.
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Table A10: Estimated WTA using different subsamples and covariates: leaders

Mean sd Max min

(1) Full sample medians 173.75 149.49 568.39 31.53

(2) Beneficiaries medians 191.27 122.02 440.23 53.05

(3) Non-beneficiaries medians 151.16 179.85 556.37 14.23

(4) Beneficiaries medians, all covariates 198.51 163.96 1171.39 9.31

The table shows the average estimated WTA using different estimation equations to generate co-

efficients, as well as different subsamples. The median WTA for each community is calculated

using equation with coefficients generated from the equations shown in Table A9. The mean

WTA (row (5)) is calculated using equation . The first row shows results using the full sample

of beneficiaries and non-beneficaries (column (2), Table A9), row (2) uses coefficients from col-

umn (3), row (3) from column (4), and rows (4) and (5) from column (5).
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Table A11: WTA, actual payments, and deforestation risk

Dep. var:

Ln(WTA) Ln(payment)

(1) (2) (3) (4) (5) (6) (7) (8)

Ln(Defor risk) 0.141*** 0.139*** 0.051*** 0.054***

(0.024) (0.027) (0.006) (0.006)

Ln(Defor risk, state FE) 0.190*** 0.181*** 0.095*** 0.098***

(0.024) (0.030) (0.006) (0.007)

With area weights no yes no yes no yes no yes

Observations 861 861 860 860 862 862 861 861

Adjusted R2 0.036 0.039 0.067 0.060 0.067 0.080 0.233 0.236

* p < 0.10, **p< 0.05, *** p < 0.01. Estimates are from simple OLS regressions with a constant. WTA is the estimated WTA from Table A9, column 5. Payments are the pay-

ment per hectare (for beneficiaries) or that would have been offered (for non-beneficiaries). Deforestation risk is calculated as described in section 3.2 above. Prediction equations for
deforestation risk are shown in Table A4.
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Table A12: Changes in surplus with different targeting strategies

Total PSA payments to sample beneficiaries (million pesos) 238.4

Total PSA payments to WTA-targeted beneficiaries (million pesos) 237.6

Total PSA payments to risk-targeted beneficiaries (million pesos) 237.7

Total PSA payments to risk per peso-targeted beneficiaries (million pesos) 237.5

Total median WTA, sample beneficiaries (million pesos) 103.8

Total WTA with WTA-targeted beneficiaries (million pesos) 53.3

Total WTA with risk-targeted beneficiaries (million pesos) 109.2

Total WTA with risk per peso-targeted beneficiaries (million pesos) 78.0

Area enrolled, current beneficiaries (100,000 ha) 5.9

Area enrolled, WTA-targeted beneficiaries (100,000 ha) 6.2

Area enrolled, risk-targeted beneficiaries (100,000 ha) 5.5

Area enrolled, risk per peso-targeted beneficiaries (100,000 ha) 5.7

High risk area enrolled, sample beneficiaries (100,000s ha) 3.6

High risk area enrolled, WTA-targeted beneficiaries (100,000 ha) 3.2

High risk area enrolled, risk-targeted beneficiaries (100,000 ha) 5.5

High risk area enrolled, risk per peso-targeted beneficiaries (100,000 ha) 4.6

Total payments/WTA, actual program 2.3

Total payments/WTA, WTA targeting 4.5

Total payments/WTA, risk targeting 2.2

Total payments/WTA, risk per peso targeting 3.0

Total payments are the sum of payments made using the current payment schedule but targeted under

the different schemes. Total WTA is the sum over all enrolled communities of the median WTA from

the leader estimation times total hectares enrolled. Area enrolled measures the total hectares enrolled

across all communities under differing targeting schemes. Area at high risk is the total area enrolled in

communities with above median deforestation risk.
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