
Agricultural Subsidies:

Cutting into Forest Conservation?*

Fanny Moffette and Jennifer Alix-Garcia†

Click here for the most recent version

Abstract

We examine how agricultural subsidies may induce deforestation and undermine conser-
vation programs by analyzing two large-scale national programs in Mexico that have inter-
acted for more than a decade: an agricultural subsidy for livestock (PROGAN) and a program
of payments for ecosystem services (PES). Looking across the entire Mexican landscape, we
exploit the exogenous years of enrollment in PROGAN’s waves, fluctuations in program pay-
ments, and the change in the value of the subsidy induced by inflation and currency fluctu-
ations to identify the impacts of the livestock subsidy on environmental outcomes. We find
that PROGAN increased deforestation by 7 percent, partly because the program incentivized
extensive livestock production. While the willingness to enroll in PES was not affected, the ef-
ficacy of PES was reduced by PROGAN. The deforestation effects of PROGAN were reduced
where there were higher concentrations of PES recipients. On applicant parcels treated with a
greater intensity of PROGAN, the PES program was more effective at reducing deforestation
in enrolled land, although deforestation rates in unenrolled land were higher. Our results
suggest that agricultural subsidies could be better targeted to places with low deforestation
risk and high land productivity to maximize food production, minimize deforestation, and
reduce inefficiencies in government program allocation.
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1 Introduction

There are $700 billion spent by governments in agricultural subsidies each year (OECD, 2020).

Whether or not these subsidies have an impact on environmental outcomes depends upon

whether productivity improvements raise the profitability of land in agriculture, or if other mar-

ket frictions lead to intensification on existing land (Abman and Carney, 2020; Pfaff, 1999; An-

gelsen, 2010). While reducing deforestation has been shown to be a highly cost-effective way to

reduce carbon emissions (Stern, 2007; Wunder et al., 2008; Busch et al., 2019) and is promoted by

international agencies through policies like payments for environmental services (PES), agricul-

tural subsidies may increase opportunity costs of standing forest and reduce the cost-effectiveness

of forest conservation. Since agriculture contributes 23% and land-cover change 13% of anthro-

pogenic greenhouse gas emissions (IPCC, 2021), there is a growing interest in understanding the

connections between agricultural policies and environmental outcomes (Jaime et al., 2016; Ab-

man and Carney, 2020). Little is known, however, about the impacts of agricultural subsidies on

conservation. In particular, it is unclear whether publicly funded programs with conflicting goals

may undermine each other, leading to inefficiencies in government expenditures. The question

of whether agricultural subsidies encourage or discourage deforestation, and how they interact

with conservation efforts, is central to the debate surrounding economic development and the

environment.

We study these questions in Mexico, which has a long history of both national agricultural

subsidies and of cutting-edge conservation efforts. Between 2003 and 2014, the Mexican federal

government invested on average 1% of its budget in subsidies to promote livestock intensification,

and simultaneously in payments to mitigate deforestation. We begin by estimating the impact

of a broad-scale, per head livestock subsidy (called PROGAN) on forest loss, and examine the

mechanisms that drive its effect. In a second stage, we examine the impact of PROGAN on both

enrollment in and the deforestation impact of a national-level program of PES.

To identify the livestock subsidy impacts, we use data from 12 years of both programs across

all municipalities with measurable forest cover in Mexico (over 2,100). Our identification strategy

relies on exogenous enrollment years, unexpected fluctuations in program payments, arbitrary

program rules, and variation in the value of the Mexican peso, and we use two-way fixed effects

to control for municipality and time characteristics. Comparison of pre-program trends between

municipalities with high and low intensity of participation suggests that this approach leverages

a valid counterfactual. To estimate the interaction of PROGAN with the PES program, we first

use a similar panel approach at the municipality level. We then calculate program interactions at
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the parcel level, looking only at land that applied for the PES program. Here we apply property

and time fixed effects to improve identification, and also limit the sample to more comparable

properties by exploiting the program rules used for targeting.

We find that increases in participation and in payment levels per head of livestock increase

municipal forest loss by 7 percent on average. Focusing just on years where enrollment is fixed

and payment levels vary due to program rules or currency fluctuations, this number is 11 per-

cent. This deforestation effect suggests that the program encourages extensification rather than

intensification of livestock production, a hypothesis confirmed by an analysis of the choice to

plant fodder crops within a separate large-scale crop support federal program. We then proceed

to examine the interaction of PROGAN with the PES program. We first note that the budget of

PROGAN also dwarfs that of PES.1 The two programs do overlap, but producers do not appear to

be substituting one program for the other – not infrequently, they enroll in both. Municipal level

estimates show no indication that enrollment in one program affects the choice to enroll in the

other. In municipalities with high levels of PROGAN, the PES program reduces its deforestation

effect. For a municipality with average participation in PROGAN and without any participation

in PES, deforestation rates increased by 11 percent on average; however, the increase in deforesta-

tion for municipalities with both average PROGAN and PES enrollment was 8 percent. When we

calculate these impacts at the property level, we also find evidence that the programs interact:

PROGAN appears to increase deforestation on unenrolled areas both among applicants and non-

applicants to the PES program. There is some evidence that the effect of PES in areas with high

PROGAN intensity is to simply compensate for the increased deforestation propensity generated

by the livestock subsidy, rather than to generate additional avoided deforestation.

Since most of the deforestation caused by PROGAN occurred in municipalities with high

deforestation risk, we suggest that a more narrow targeting of the livestock subsidy may reduce

its negative impact on standing forests and its interactions with the forest conservation program.

Because the PES program is generally targeted to areas with some level of deforestation risk

and because PROGAN is distributed to municipalities with greater livestock productivity, we

identify the potential set of municipalities where PROGAN could be targeted to maximize the

benefits (i.e. livestock production) and minimize the costs (i.e. deforestation). It may also be that

programs giving unconditional cash transfers (such as PROGAN) rather than physical inputs to

increase productivity may increase the risk of unintended consequences. This is consistent with

evidence showing that cash transfers increase deforestation in some developing country contexts

1This is not unusual in developing countries. In the Brazilian Amazon and in Indonesia, the subsidies for environ-
mental conservation far exceeds those that promote agriculture without consideration for the environment (Dempsey
et al., 2020).
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(Alix-Garcia et al., 2013; Heß et al., 2021), although this need not always be the case (Ferraro and

Simorangkir, 2020). In addition to speaking to the question of cash transfers and deforestation,

this paper contributes to three other strands of literature: environmental effects of agricultural

subsidies, work on payments for ecosystem services, and the interaction of policies that affect the

environment.

The scarcity of evidence about the impacts of agricultural subsidies on the environment is

a concern for the World Trade Organization (Goodwin, 2011). There is limited empirical evi-

dence in developing countries, but research in Malawi demonstrates the positive effects on forest

conservation of an agricultural subsidy that delivers inputs to subsistence farmers (Abman and

Carney, 2020; Chibwana et al., 2012; Fisher and Shively, 2005). Estimates of the impact of agricul-

tural policy on environmental outcomes can be divided into two categories: first, changes in crop

type or demand for inputs that may harm the environment (Weber et al., 2016; Hendricks et al.,

2014), and second, increases in agricultural productivity that may affect standing forests (Abman

and Carney, 2020; Assunção et al., 2017; Cohn et al., 2014; Lorent et al., 2009).2 In some contexts

agricultural policy generates negative environmental externalities (Quiggin et al., 1993; Smith

and Goodwin, 1996), while in others it results in positive externalities, mainly documented in the

case of increased productivity (Fisher and Shively, 2005; Abman and Carney, 2020). Agricultural

policies can also cause simultaneously positive and negative externalities on the environment

(Assunção et al., 2017; Chibwana et al., 2012; Jaime et al., 2016), or simply not have any impact

(Weber et al., 2016; Lorent et al., 2009). Our work adds further evidence to this set of cases by

examining the situation of livestock subsidies in Mexico, a large, middle-income country, which

also has labor, credit, and transport market frictions that make it comparable to many developing

countries.

The literature evaluating PES targeted at forested land has generally shown positive impacts

on forest conservation, with some heterogeneity.3 Current evidence suggests that PES conserva-

tion impacts are reduced by the spillovers they generate (Alix-Garcia et al., 2012; Robalino et al.,

2017; Roberts and Bucholtz, 2005, 2006; Wu, 2000, 2005). These studies generally do not address

other policies that might be influencing outcomes, beyond trying to rule out confounding varia-

2A literature in economics analyzes the effect of the Green Revolution, or the increased availability of seeds of high
yielding variety, on forests. Stevenson et al. (2013) found that the Green Revolution saved land from being deforested
and Foster and Rosenzweig (2003) found that the Green Revolution increased deforestation.

3In Mexico, PES avoided deforestation of about 50% in enrolled parcels (Alix-Garcia et al., 2012, 2015), in Costa
Rica’s, 11% to 17% (Arriagada et al., 2012), 50% in Brazil (Simonet et al., 2019), and results from a randomized trial
of PES in Uganda show a reduction of 50% (Jayachandran et al., 2017). In the United States, the estimates for the
American Conservation Reserve Program vary widely, but induce significant conservation (FAPRI, 2007; Parker and
Thurman, 2018; Wu and Weber, 2012). Alix-Garcia and Wolff (2014) provides a review of the literature on PES before
2014.
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tion. For example, higher spillovers are found in areas with higher agricultural returns (Robalino

et al., 2017), which suggests that, by increasing the returns of land, agricultural policies could in-

crease spillovers. Further, because it is rare that PES payments are indexed and that participants

are compensated for the higher opportunity costs caused by agricultural subsidies (Jack et al.,

2008), such subsidies could reduce PES effectiveness. Consequently, environmental services may

not be provided, either because contracts are not taken up or because compliance is partial (Ajayi

et al., 2012). In short, we fill a gap in the literature by providing the first estimates of the impacts

of agricultural policies on PES effectiveness, spillovers, and willingness to enroll in the program.

Finally, we also contribute to work that estimates the impact of simultaneous policies that

affect the environment. Although there has been much discussion of the interactions between

agricultural and environmental policies in both policy circles (see for example these recent con-

versations in the international scene, DOS (2021) and UNFCCC (2020)) and in theory (Angelsen,

2010; Angelsen and Rudel, 2013), less has been established empirically. There is a clear need for

policy-oriented research about links between agricultural policies and PES (Lubowski and Rose,

2013). We have found three analyses of multiple programs related to environmental outcomes.

Moffette et al. (2021) examine how two environmental policies interacted and increased cattle

productivity, which in turn affected forest conservation in the Brazilian Amazon. Jaime et al.

(2016) found negative interactions of a market subsidy on uptake of organic agriculture, making

the adoption of sustainable practices more expensive. Sims and Alix-Garcia (2017) study the

complementarity between protected areas and PES in Mexico. Their results indicate that PES did

not provide additional avoided deforestation to protected areas, except when it was located on

the border with protected areas. Our work shows that PES can reduce some of the deleterious

effects of livestock subsidies. We also suggest ways in which more judicious targeting of livestock

subsidies might reduce their impact on deforestation.

2 Background and data

The trajectory of this paper is to first examine the direct impacts of the PROGAN livestock

subsidy on deforestation throughout Mexico, and then use information on producer planting

decisions within a long-standing agricultural support program to confirm the average producer

response to PROGAN. All of this analysis will be conducted at the municipal level, and the over-

arching strategy is to exploit variation in program take-up and payment amounts controlling for

unit and time fixed effects, with robustness checks that restrict variation to the most exogenous

sources, including scheduled changes in payment levels and unanticipated currency fluctuations.

The second part of the paper uses this same approach to understand the interactions between
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PROGAN and the national PES program. Here we will provide extensive description of spatial

variation of take-up and program overlap, and estimate the joint impact of these programs on

deforestation outcomes. We will also zoom in to the level of the PES applicants and study how

PROGAN has influenced take-up of PES and impact at the level of enrolled land. The third part

of the paper examines the targeting of each program and compares with criteria of optimality to

determine where PROGAN should be. The current section of the paper describes the data that

we use throughout, and provides essential programmatic background.

2.1 PROGAN: description and data

PROGAN is a national subsidy for different types of livestock that aimed to increase sectoral

productivity and began accepting applications in waves, starting in 2003. Other waves started in

2008 and 2014. Program applicants were given payments across multiple years after enrollment.

2003 payments were officially funded for 4 years, 2008 payments for 6, and 2014 payments for

4 years. The application process is very simple: producers register at local or state offices of

SAGARPA (Ministry of Agricultural, Livestock, Rural Development, Fish and Food). They begin

by entering their information within the National Livestock Registry. In this registry, they provide

an inventory of their livestock and the total number of hectares they have of different types of

land (pasture, irrigated agriculture, non-irrigated agriculture, etc.). Once the producer is added

to the registry, a personal identification number is generated. Each time producers want to

register for a wave, they need to update their information in the registry. Starting in 2008,

verification of the inventory by a local authority was required. The second step is to fill out a

form asking for PROGAN, provide their personal identification number, and present documents

proving their ownership or their right to use the land.

Registered producers in each wave receive a yearly payment for the entire duration of the

wave. However, during the first wave, a delay in one payment occurred, so producers received

payments for only four out of the five years between 2003 and 2007. The first wave allowed only

cattle to be subsidized. For the subsequent waves, subsidies for dairy cows, sheep, goat, and

bees were added.4 Once registered, ranchers receive the subsidy each year as a function of the

cattle unit equivalent (referred to as “animal equivalents”), which varies according to the type

of animal (e.g., one goat is equivalent to one sixth of a cow, and as such, the subsidy amount

for one goat is one sixth of the amount for a cow) and by a metric called “the pasture coeffi-

cient,” which measures how many animals a hectare of land can support in a sustainable way.

Subsidy amounts are restricted by the pasture coefficient and calculated using the information

4This analysis excludes the subsidy for bees.
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provided in the National Livestock Registry. We calculate the maximum sustainable livestock

for each municipality by tying the calculations for the pasture coefficient to characteristics of the

land specific to each municipality.5 Beyond being given to existing livestock holders and the

limitation on subsidies above the amount dictated by the pasture coefficient, PROGAN had no

other targeting criteria or conditionalities. It essentially operates as a cash transfer to individuals

holding livestock.

Data on PROGAN enrollment and payments covering the two first waves of the program

and the first two years of the third wave (2003-2015) comes from SAGARPA. The maximum

subsidized cattle unit equivalent is 300 per producer.6 Figure 1a presents the nominal and real

subsidy per animal according to program rules. During the first wave, the subsidy per animal

increased by 100 pesos each year (see the dotted line). The grey shadowed area represents

the unplanned additional year of the first wave. Beginning in 2008, prices were split into two

categories. During the second and third wave, owners of 35 or fewer cattle unit equivalents were

paid 75 and 70 MXN pesos more per unit than owners with more than 35 units. Note that for

simplicity, we don’t illustrate the subsidy per animal of the small ranchers in Figure 1a. We use

the GDP Deflator (World Bank)7 to transform monetary values in real Mexican pesos (MXN)

of 2008. Although the nominal subsidy for each type and number of animals is available at

the individual landowner level, it is not possible to match them to parcels or localities, so we

aggregate them to the municipal level.

Variation over time in the amount of PROGAN subsidies comes from four sources: (1) changes

in animals enrolled in 2003, 2008, and 2014; (2) changes in the subsidy per animal determined

by the program, some of which vary between enrollment years; (3) unexpected changes in the

timing of payments and (4) changes in the real value of the peso. Figures 1b and 1c present

respectively the variation in the total equivalent animals enrolled as well as the variation in PRO-

GAN subsidies over time. The number of equivalent animals enrolled in PROGAN is about 5.7

million during the first wave. It increases by almost 88% for the second wave, largely due to

new enrollment of cattle ranchers or dairy producers that missed the first wave, as well as the

change in program rules that allowed other animals to receive the subsidy. In 2014, the number of

equivalent animals decreased by 17%. According to anecdotal evidence from conversation with

program managers, this is most likely due to a stronger enforcement of the maximum capacity

of the land as dictated by the pasture coefficient.

The thin solid line of Figure 1c shows the expected nominal subsidy strictly calculated ac-

5The methodology for the maximum sustainable number of livestock is detailed in the Appendix A.1.
6Starting in the third wave, the maximum was 1000 per registered group of producers.
7Available for download at https://data.worldbank.org/indicator/NY.GDP.DEFL.ZS.AD.
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cording to the program rules. Since the first wave was originally planned to occur between 2003

and 2006, with unit payment increasing each year, there is a steep increase during those years,

then the expected subsidy has no specific value in 2007. Although there is an increase of 88% in

the number of equivalent animals in 2008, this change is not reflected in the subsidy because the

price dropped by about half for the second wave (Figure 1a). During the third wave, there is a

new decrease in the nominal subsidies caused by both the reduction in the number of animals

and the subsidy per animal. The thick line represents the real payments received by producers.

The large variation in payment amounts in 2007 result from a combination of increases in pay-

ment steps and delayed payments from the beginning of the first wave that were given in later

years. The dotted thin line depicts the nominal PROGAN subsidy.

The thick lines in Figures 1b and 1c represent the two treatment variables we use through-

out this analysis. Although the decision to enroll in PROGAN is not exogenous to our main

outcomes, the change in the equivalent animals in the program is subject to exogenous varia-

tion coming from strict enrollment years and the relative intensity of PROGAN. The changes in

the real PROGAN subsidy are driven by the combination of changes in enrollment, variation in

the subsidy per animal, unpredictable errors in subsidy delivery (between 2003 and 2008), and

changes in the value of the currency. The year to year variation in the real subsidy directly affects

producer budget constraints. It is worth noting that the variation from the two treatments is

quite different – animals enrolled only varies during the three enrollment years in our data.
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(a)

(b) (c)

Figure 1: Nominal and real subsidy per equivalent animal (a), variation in equivalent animals
enrolled (b) and PROGAN subsidies (c). Vertical lines represent application years for PROGAN
(i.e., 2003, 2008, 2014). The grey shadowed area represents the unplanned additional year of the
first wave.
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2.2 PES: description and data

Mexico’s PES program, like PROGAN, began in 2003. Application is voluntary, and payments

are only awarded to applicants within eligible zones defined by the government. Eligible zones

are determined by geographic characteristics and vary year to year. The amount of the subsidy

depends on forest type and deforestation risk, and has evolved over time (see Table A2), with

decreases in its real value driven by inflation. We examine the arms of the PES program that focus

on hydrological services and biodiversity, which are the largest and most durable.8 Initially,

targeting was based almost entirely on eligible zones, existence of forest cover, and informal

ranking of applicant properties. Starting in 2006, a point system was implemented to allocate the

subsidies to the applicants. Scores are calculated according to a number of criteria that have also

evolved over time, such as deforestation risk; surface water scarcity; indicators about whether

the property falls in an over-exploited aquifer, a Natural Protected Area, or a municipality with

majority indigenous population or with high poverty; and other factors. Applicants with the

highest scores are approved until the state budget limit is reached. This means that the threshold

of points for acceptance into the program varies by state-year, and by sub-program within state-

year. Participants sign a five-year contract, during which payments are conditional upon forest

preservation and improvements in forest management (e.g., building fire breaks). Monitoring

is done via satellite imagery and follow-up live inspection in the case of suspected violations.

Payments are revoked or reduced in the event of violations of the contracts. The evolution of

program targeting is discussed in detail in Sims et al. (2014) and Alix-Garcia et al. (2019).

Data for the federal PES comes from the agency managing the program, the Mexican National

Forestry Commission (CONAFOR by its Spanish acronym). CONAFOR provided digital maps

of the parcels, which detail the location and boundaries for all land submitted to the program

from 2003 to 2015. For some analysis, we employ the parcel level data directly and for others we

aggregate them to the municipality-year level.

The ratio of recipient hectares per municipal area is used to examine the heterogeneous effects

of PROGAN on municipal deforestation. Figure 2 shows the delineation of the eligible zones over

time for the PES program and the geographic distribution of the applicants accepted (in black)

and rejected (in red). Accepted and rejected parcels tend to be near each other, and they are

distributed evenly throughout the country and the eligible zones. Over time, the eligible zones

have expanded considerably, so there is significant variation in the number of years in which

8Through the years, there have also been programs for agroforestry, carbon capture, and natural regeneration of
the forest. However, the number of properties enrolled in these has been quite small and often does not follow the
standard rules of operation for the larger programs.
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specific land has been eligible.

(a) (b)

Figure 2: Eligible zones frequency (a) and PES accepted and rejected parcels (b): 2004-2015

The ratio of PES applicant hectares per eligible zone is an outcome of interest to measure

whether PROGAN affected the willingness to apply in PES. To control for characteristics of eligi-

ble zones land that could confound the willingness to enroll in PES and PROGAN, we calculate

the following for each municipality and year: percent in common property, in natural pasture

in 2002, in pasture associated with livestock production, as well as road density and the area of

the zones. The baseline pasture and road network comes from the National Institute of Statistics

and Geography (INEGI)9, and the percentage within communal land from the National Agrarian

Registry (PHINA)10. Because the zones change from year to year, these aggregates vary across

time.

2.3 Sample

In all of our analysis, we restrict ourselves to municipalities that had at least 50 ha of measured

forest cover in 2000 (the baseline year of our forest data). The reason for this is that our measure

of environmental impact is deforestation, which cannot occur if there is not measurable forest.

We also restrict ourselves to municipalities that had at least 50 ha of eligible zones for the PES

program on average over the sample period, although the Appendix shows results with a sample

9Land-Use and Vegetation 250, Serie III, available at https://www.inegi.org.mx/temas/usosuelo#Mapa and road
map available at https://www.inegi.org.mx/temas/mg/#Descargas

10Data available at https://phina.ran.gob.mx/index.php
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unrestricted by eligible zones. This is because our intention for our second research question is

to measure the extent of the competition between agricultural and environmental subsidies. We

note that the PES program does pay for the conservation of arid ecosystems that may not have

forest as measured by our remotely sensed outcome. Because we cannot assess environmental

impacts in these areas, we exclude them from our analysis. This limits the generalizability of

our results to areas that are similar to the ones that we analyze – i.e., those with detectable

forest cover. This restriction limits us to 2,166 municipalities out of the 2,457 total municipalities

in Mexico. We note that PES payments were ever allocated in only around 887 municipalities

during our study-period.

2.4 Deforestation

To analyze the impact of the livestock subsidy on deforestation, we use tree cover loss information

from 2001-2014 and forest cover metrics for 2000 from Hansen et al. (2013) at the level of the PES

parcels and the municipality.11 An area is defined as forested in 2000 if its canopy cover was

greater than 50%, and deforestation is conditional on the area being forested in 2000.

For heterogeneous estimations as well as program targeting analyses, we create a deforesta-

tion risk measure at the municipal level. We use a probit lasso on a sample of nearly 80,000 5 km

x 5 km grid cells created by the authors to predict the probability of deforestation pre-programs

(i.e. 2001-2002). Covariates included are baseline forest cover, distance to city, road density, dis-

tance to nearest urban area, average and standard deviation of elevation, average and standard

deviation of slope, biome indicators, and state indicators.

2.5 Intensification outcome

To proxy for intensification of cattle production, we examine a measure of transition from non-

fodder crops into fodder production. This information comes from a different government pro-

gram called PROCAMPO, which began in 1994.12 This program has subsidized around 3 million

producers, or approximately 14 million hectares per year. To obtain data on replacement of crop

with fodder for each municipality and year, we aggregate the area cultivated in alfalfa, fodders,

yellow corn, fodder corn, annual pasture, and forage sorghum, and divide by the total subsidized

hectares of the municipality in 1999. PROCAMPO covered almost all of the agricultural area in

1994 and 58% of the total agricultural area in 2002 (OECD, 2005), so although it is not a census it

11The dataset has a spatial resolution of 1 arc-second per pixel, or approximately 30 meters per pixel at the equator.
In Mexico, this is an average of 710 m2 per pixel. Forest cover loss is defined as a stand-replacement disturbance.

12We present the background of this program in Appendix A.
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does cover a large amount of the agricultural activity in the country. It also has the advantage of

providing a detailed panel data on production that includes all sizes of producers.

2.6 Descriptive statistics

Table 1 shows summaries of a number of key variables according to whether or not PROGAN

enrollment has been, on average, above or below the median enrollment across all municipalities.

Total submitted hectares of PES are lower in areas with high PROGAN, and given the relatively

similar percent hectares submitted within eligible zones in both types of municipalities, it would

appear that the eligible zones are smaller in areas with high PROGAN. We also observe higher

deforestation in high PROGAN municipalities, a smaller drop in deforestation over time in areas

where PROGAN is more prevalent, and a greater deforestation risk in high PROGAN munici-

palities. Municipalities with low and high PROGAN intensity have similar baseline forest per

municipal hectare. PROGAN tends to be higher in municipalities that have less dense popula-

tion, lower slope and elevation, and also have greater replacement of crop with fodders.

3 Deforestation effects of PROGAN

This section examines the deforestation impact of PROGAN. We begin by briefly discussing our

expectations for this interaction. Then we present the empirical strategy, examine the assumption

that underlies the validity of the strategy, and third present the results on deforestation followed

by results on intensification.

What is our expectation? A standard land rent framework with higher transport costs for

forest goods (Angelsen, 2010) yields one set of predictions. This type of model would suggest

that landowners would choose to hold forests in areas where the rents to pasture are less than

rents to forest, and cattle production would occur in other places. A per head livestock payment

increases capital as a function of livestock that is already owned. This effectively lowers the cost

of having cattle, and possibly releases producer credit constraints, which we assume to exist in

our setting.

Even if producers are not credit constrained, they may believe that enrollment will open

up again in the future, and may purchase more cattle in the hopes of receiving greater future

payments. Releasing a credit constraint may allow producers to make investments they would

not have been able to make otherwise, including purchasing more livestock, technology that

increases livestock productivity, or some other investment or consumption good. If there is a

wealth effect that increases the consumption of land-intensive goods (like beef), then this could

12



Table 1: Summary statistics

High PROGAN Low PROGAN N.d.

Livestock subsidy - PROGAN
Subsidy/ha (MXN, 2003) 6.45 0.46 0.50
Subsidy/ha (MXN, 2014) 26.42 4.76 0.84
Eq. animals/ha (2003) 0.05 0.00 0.70
Eq. animals/ha (2014) 0.09 0.01 0.96
Maximum animals/ha 0.49 0.32 0.49
Baseline natural pasture/ha 0.08 0.10 -0.11
Baseline livestock/ha 0.13 0.01 0.60

Payment for environmental services - PES
Enrolled PES/ha (%, 2004) 0.003 0.007 -0.089
Enrolled PES/ha (%, 2014) 0.013 0.025 -0.160
% ha submitted/ha ez (2004) 2.06 1.80 0.02
% ha submitted/ha ez (2014) 1.06 1.30 -0.03
Total submitted ha (2004) 246.22 212.13 0.02

Accepted ha (2004) 336.85 231.89 0.06
Rejected ha (2004) 187.67 166.78 0.01

Total submitted ha (2014) 375.64 412.22 -0.01
Accepted ha (2014) 303.82 326.06 -0.01
Rejected ha (2014) 939.70 649.88 0.07

Av. perc. in eligible zone (2004-2015) 0.32 0.42 -0.28

Replacement of crop with pasture
% PROCAMPO in fodder (2000) 1.04 0.94 0.02
% PROCAMPO in fodder (2014) 2.66 1.45 0.10
PROCAMPO area (2000) 7677.45 3493.69 0.22

Forests
% deforestation (2001) 0.44 0.22 0.16
% deforestation (2014) 0.22 0.07 0.38
Deforestation 2001-2014 (%) 0.06 0.03 0.28
Deforestation 2001-2014 (ha) 1330.60 671.92 0.10
Baseline forest/ha 0.30 0.34 -0.10
Deforestation risk 0.25 0.17 0.26

Other municipal variables
Marginality index (2000) -0.01 0.22 -0.16
Marginality index (2015) -0.05 0.25 -0.21
Population/ha (2015) 0.13 0.19 -0.16
Municipality area (Mha) 0.09 0.07 0.06
Slope 6.61 10.26 -0.45
Average elevation 1038.77 1683.46 -0.58
Observations 1188 978 2166

Note: Low and high PROGAN groups are based on whether the median animal equivalent per hectare of a given
municipality is above or below the average. Columns (1) and (2) present the mean values. Normalized differences in
column (3) are a scale-free measure of the difference in distributions between samples and has the advantage that it is
directly interpretable in terms of how much average standard deviation is the mean from one sample to the mean of
the other sample (Imbens and Wooldridge, 2009). Baseline land characteristics come from INEGI, and marginalization
index and population from CONAPO.
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lead to spillover deforestation effects.

Given this set of relationships, if the program induces productivity-increasing investments in

livestock by releasing credit constraints, it is possible that PROGAN will leave forests unaffected,

since it could simply increase output on existing pasture. However, if this investment greatly

increases the marginal productivity of land in pasture, deforestation is likely to ensue. In a

scenario where PROGAN induces additional purchase of animals using the same production

techniques, or increased consumption of land-intensive goods, deforestation is likely to increase.

3.1 Empirical strategy

Because agricultural and forest productivity both depend on underlying characteristics of the

land, it is difficult to cleanly identify the enrollment effect of PROGAN on deforestation. How-

ever, under the assumption that programmatic adjustments in payment levels, the unexpected

change in payment timing, restriction of enrollment to specific years, and fluctuations in the real

value of the peso are exogenous to these characteristics, we can isolate a causal effect of the

impact of changes in the value of agricultural subsidies on deforestation.

The baseline estimation equation is:

Ymt = βPROGANmt + Mm + θt + umt, (3.1)

where Ymt is the percent deforestation over baseline forest cover for municipality m and

PROGANmt is either the municipal livestock subsidy per hectare or the PROGAN-funded live-

stock per hectare. Depending on the specification, Mm is a state or a municipal fixed effect. The

first controls for geographic variation across states and the second controls for time-invariant

characteristics of the municipalities. θt are the year fixed effects and standard errors umt are clus-

tered at the municipal level. In the fourth specification, we restrict the sample to municipalities

that ever had PES enrollment; this sample allows to ensure comparability with the main sample,

and will become of greater interest in Section 4. In the last specification, we apply the baseline

forest area as a weight.

The identification of β comes from variation in PROGAN intensity within municipalities

across time. The implicit comparison here is between municipalities with higher and lower PRO-

GAN intensity. We present a test of the assumption that in the absence of PROGAN, these two

types of municipalities would have followed similar deforestation trends. We also test whether

the result is robust to using only the variation in payments caused by adjustments in program

rules and changes in the value of the currency during the first wave (2003-2007), and present a
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Table 2: Municipal deforestation pre-trends analysis.

Deforestation (%)
Panel A (1) (2) (3) (4) (5)
High subsidy/ha x Year 0.0001*** 0.0001*** -0.0213 -0.1053 -0.0706

(0.0000) (0.0000) (0.0532) (0.0770) (0.0530)
Panel B
High eq. animal/ha x Year 0.0001*** 0.0001*** -0.0641 -0.0961 -0.0709

(0.0000) (0.0000) (0.0532) (0.0775) (0.0509)

Observations 4,332 4,332 4,332 1,730 4,332
Year FE X X X X X
State FE X
Municipality FE X X X
Forest cover weights X

Note: Pre-trends for the years prior to 2003. Robust standard errors are clustered by municipality. Fourth column
includes only municipalities that ever had PES enrollment and the fifth column includes sample weight for the
baseline forest cover. * p< 0.10, ** p<0.05, *** p<0.01.

falsification exercise based on randomizing the treatment multiple times.

3.2 Pre-trends

To examine the assumption that trends might be different in places where there was eventually

high program enrollment in PROGAN, we check for differences in trends before 2003. Because

PROGAN is a continuous variable, we create representative categories based on the median level

of enrollment over the full duration of the program. Panel A presents the differences in trends

for the high livestock subsidy per hectare categories, and Panel B the differences in trends for

high animal equivalent per hectare. The omitted category is low livestock subsidy. Although

there are differences across high and low enrollment municipalities with state fixed effects – high

subsidy municipalities within states tend to have had higher pre-program deforestation – we do

not see differences after including municipality and year fixed effects (Table 2).

3.3 Results

Table 3 shows the results of Equation 3.1. Columns (1)-(4) present the results from unweighted

regressions and column (5) adds probability weights corresponding to the baseline forest cover

area.

Results show that the livestock subsidy increased deforestation at the municipal level. All
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coefficients on the livestock subsidy intensity of Panel A and B are positive and statistically sig-

nificant at the 1% level, except the weighted regression in Panel B column (5). Results from

Panel A are robust to very different specifications including unweighted (column (3)), limiting

the sample only to those municipalities that ever had PES enrollment (column (4)), and weighted

regression (column (5)). Using specification from column (3), we calculate that the magnitude of

the average municipal intensity of PROGAN resulted in 10% increase in the rate of municipal

deforestation. Using specification from column (5), we calculate that the effect is 7%.13 Results

from the unweighted regression (column (3)), show for both treatments an increase in defor-

estation, while for the unweighted regression (column (5)), only the subsidy had a statistically

significant impact on deforestation. This suggests that the effect associated to the increase in

animals enrolled was bigger in municipalities that had less forests before PROGAN.

Indeed, when we split the sample into municipalities with above and below baseline forest

area (see Appendix Table B1), we observe large effects of both treatment variables in areas with

less forest area. In these places, both are statistically significant. In larger municipalities, the

animals per ha measure is only marginally statistically significant and smaller in magnitude.

These differences reveal important treatment heterogeneity. If it is indeed the case that the vari-

ance of the treatment effect differs across baseline forest area, then neither the weighted nor the

unweighted regression is a perfect specification for revealing the average population treatment

effect (Solon et al., 2013).

The results of the impact of PROGAN on deforestation are robust to examining only the

years between 2003 and 2007, when variation is driven by exogenous changes only (Table B2).

The marginal effect of an increase in PROGAN the size of the average subsidy using these esti-

mates is 11%.14 We also restrict the sample to municipalities that had eligible zones for the PES

program (Table B3) and run the estimation on all municipalities with at least 50 ha of forest (Ta-

ble B4). In both cases, we find similar results. We also conduct a falsification exercise, where we

randomize the existing distribution of PROGAN “treatments” – the vector of PROGAN enroll-

ment associated with a municipality – across all municipalities 1,000 times. This is similar to the

process of randomization inference sometimes applied in randomized control trials (Athey and

Imbens, 2017). Using this method, we find that our estimated coefficient falls very far outside the

13The average subsidy per ha is .01546 kMXN/ha (or 15.46 MXN/ha). We multiply the estimated coefficient from
column (3) per the average subsidy, and divide by the pre-mean deforestation of 2002 (i.e. (1.838 x .01546)/.29% =
10%). For column (5), we do the same steps but use the weighted PROGAN treatment and the weighted deforestation
pre-mean (i.e. (1.266 x .01912)/.34% = 7%).

14The weighted average subsidy per hectare for 2003-2007 is equal to .01649 kMXN/ha (or 16.49 MXN/ha). We
multiply the estimated coefficient from column (5) per the average subsidy, and again divide by the pre-mean defor-
estation, i.e. (2.318 x .01649)/.34% = 11%.
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distribution that would have been expected had PROGAN enrollments been randomly allocated

across municipalities (see Figure B1).

Table 3: PROGAN increased deforestation at the municipal level.

Deforestation (%)
Panel A (1) (2) (3) (4) (5)
Subsidy/ha (kMXN) 6.358*** 5.695*** 1.838*** 1.215*** 1.266***

(0.335) (0.364) (0.550) (0.467) (0.462)
Panel B
Eq. animals/ha 2.128*** 1.946*** 0.578*** 0.261* -0.065

(0.077) (0.088) (0.115) (0.156) (0.193)

Observations 30,269 30,269 30,269 12,110 30,269
Year FE X X X X X
State FE X
Municipality FE X X X
Forest cover weights X

Note: Years 2001-2014. Unweighted pre-mean of dependent variable is .29%, weighted pre-mean of dependent
variable is .34%. Robust standard errors are clustered by municipality. Fourth column includes only municipalities
that ever had PES enrollment and the fifth includes sample weight for the baseline forest cover. * p< 0.10, ** p< 0.05,
*** p< 0.01.

Finally, we estimate the same equations adding a lag of PROGAN enrollment to examine

if program dynamics intensify over time (Table B5). There is some evidence of lagged effects

for animals enrolled, and less for the level of the subsidy payments. Generally speaking, we

prefer the estimations that use the variation in the subsidy level because the claim of exogeneity

is stronger for this measure, particularly for the first wave. However, the interpretation of this

impact is different. While animals enrolled is a measure of livestock pressure at the time of

enrollment, the subsidy measure includes both initial livestock intensity and capital, and so

captures the effect of loosening capital constraints for livestock owners.

3.4 Intensification of livestock production

The evidence above shows that per head livestock subsidies increased deforestation in munici-

palities with higher amounts of livestock enrolled, and as the amount of the payments increased.

This suggests the subsidies may have encouraged extensification. To provide additional evidence

for this dynamic, we consider how the introduction of the livestock subsidy has modified the

choices of crops planted within the long-standing PROCAMPO program. Specifically, we study

the impact of PROGAN on the percent of fodders cultivated in PROCAMPO using municipali-
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Table 4: Impact of PROGAN on PROCAMPO fodder (%)

Fodder (%)
Panel A (1) (2) (3) (4)
Subsidy/ha (kMXN) -8.420*** -7.431*** -7.831*** -2.205*

(1.561) (1.464) (1.515) (1.283)
Panel B
Eq. animals/ha -2.327*** -1.912*** -2.116*** -0.837

(0.689) (0.670) (0.686) (0.523)

Observations 34,153 34,153 34,153 34,153
Year FE X X X X
State FE X
Municipality FE X X
PROCAMPO weights (1999) X

Note: Years 1999-2014. Pre-mean of dependent variable is 1.3%. Robust standard errors are clustered by municipality.
* p< 0.10, ** p<0.05, *** p<0.01.

ties and the years 1999 to 2014. The logic is that planting fodder may allow more livestock to be

supported on less land. We use a similar specification to equation 3.1, replacing the deforestation

outcome with percent fodder on PROCAMPO land. As above, the identifying assumption is that

changes in PROGAN enrollment are uncorrelated with other factors that might be driving crop

choice within PROCAMPO. This is untestable, but we do find no statistical difference in crop

choices during pre-PROGAN years (1999-2002) in Table B6, suggesting that before PROGAN,

municipalities with low and high PROGAN had similar trends in terms of intensification.

Table 4 presents the impact of this analysis. Specifications (1)-(3) show that PROGAN ac-

tually decreased the percent of PROCAMPO land in fodders. Since there is large variation in

PROCAMPO area across municipalities, our preferred specification is in column (4), which con-

tains area weights. These estimates show a negative effect significant at the 10% level associated

with the subsidy and no statistical impact for the equivalent animals treatment. These find-

ings are similar with the analysis restricted to the impact of PROGAN for 2003-2007 (Table B7),

which includes only variation in the subsidy from the first wave (since the number of animal

equivalent does not vary within wave). We therefore find no evidence that PROGAN increased

intensification.

18



4 Agricultural subsidies and PES

This section examines the interaction of PROGAN with Mexico’s national PES program. We

begin with a brief discussion of how the programs might affect each other. Then we use data

to describe the actual spatial interaction of both programs, and we confirm that each is not

measurably affecting enrollment in the other. Finally, we examine the interactions of the two

programs on deforestation at both the municipal and parcel level.

We established above that the average effect of increases in PROGAN subsidy values and

enrollments lead to increases in deforestation. This suggests that producers are using the subsi-

dies either to increase the number of their livestock or that they are making other investments

that favor pasture and agriculture over forest. It is also possible that there is a wealth effect that

is resulting in increased demand for non-forest uses of land. The subsidy does not appear to

finance technologies that allow for the production of more livestock on the same amount of land.

So, what happens in the presence of the PES incentive?

PES gives payments that are conditional on holding on to the forest, and as such raise the

value of standing forest. By themselves, they should help conserve forest in places where it

otherwise might have been cut down in favor of more profitable land uses. Whether or not

this incentive interacts directly with PROGAN depends upon the land holdings of the producer.

There are three possibilities for program interactions for those that hold forested property. For

producers with plenty of forest, PROGAN could increase the appeal of deforestation on land

that is not already enrolled in the PES program, provided that land can support livestock. In

this case, the additional deforestation would not take place on land in the PES program but this

activity would still undermine conservation by increasing deforestation in general.

Producers with less forest might have to make a choice about whether or not to enroll in the

PES (or PROGAN) program at all. If it is simply more profitable to engage in their agricultural

or cattle investment activities on forested land than to enroll it in the PES, they may do so,

thus decreasing enrollment in PES. The process could also work in reverse, resulting in lower

PROGAN enrollment in areas with high PES potential. This enrollment effect is the second

possible case. If producers already have land enrolled in the PES, they may break the program

rules and deforest it. This would directly undermine the goals of the PES, and is the third

potential outcome.

To summarize, the interaction of the programs may increase deforestation on non-PES land,

change enrollment in the PES program, or induce deforestation on enrolled PES land. It bears

mentioning that PES is also a cash transfer program, so if the main available investment activities
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involve deforestation, then the additional capital from PES may actually, and perversely, support

future deforestation. The next section considers the distribution of the land enrolled in the two

programs.

4.1 Program growth and competition

Enrollment in PROGAN and PES increased substantially over our study period (Figure 3a). The

area applying to the PES program had a significant spike in 2007 when the eligible zones in-

creased in size, though overall payment levels did not. The quantity of subsidies paid out to

PROGAN participants dwarf those paid for PES. It is interesting to note, however, that the pro-

grams have less overlap in some areas than in others. Figures 3b and 3c compare PES applications

and payments to PROGAN payments in municipalities with below and above median PROGAN

participation. In municipalities with low PROGAN participation, PES payments increase more

over time, whereas in those with high PROGAN participation, PES payments are relatively lower.

Further, Table 1 shows that the area enrolled in PES is nearly twice as high in low PROGAN mu-

nicipalities.

Figure A1 illustrates the geographic intensity of the PROGAN subsidy in 2008 and all PES

recipients over the course of our study. While many PES recipients are located in low PROGAN

municipalities (mostly in the center of the country), the map shows big overlaps, particularly in

coastal municipalities. It is also the case that these two programs operate within the very same

beneficiary household or community. A 2016 survey of over 850 PES applicants between 2011

and 2014 (Alix-Garcia et al., 2019) found that 36% of livestock-owning households in villages

that had applied for PES had received a payment from PROGAN in the previous year. Therefore,

although we do observe the municipalities with lower PROGAN tend to have higher PES, there

are still geographies with considerable presence of both programs. The next section examines

more rigorously whether there is actual substitution in enrollments.
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(a)

(b) (c)

Figure 3: Total payments for PROGAN (thick dark line), total payments for PES (thin line),
and area of land applying for PES (dotted line). Vertical lines represent application years for
PROGAN (i.e., 2003, 2008, 2014). All municipalities presented in Figure (a). Municipalities with
below median levels of PROGAN are on Figure (b), and above median municipalities on Figure
(c).
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4.2 Enrollment effects

If PROGAN decreases enrollment in PES, then it may indirectly reduce the amount of defor-

estation the program is able to avoid. This section examines the effect of the livestock subsidy

on willingness to enroll in PES. To do this, we analyze the period from 2004 to 2015. Our de-

pendent variable is the total number of hectares that apply to the PES program divided by the

total hectares in eligible zones for each given year. We use the same two definitions of PROGAN

(the total subsidy per municipal hectare and the total number of enrolled animals divided by the

area of the municipality). We also include characteristics within PES eligible zones to control for

changes in the quality of land available for PES participation.

Generally speaking, the results presented in Table 5 show that there is no impact of PROGAN

on PES enrollment, regardless of the level of controls and specification. There is a negative

correlation with the monetary value of the subsidy, but it is imprecise in all specifications except

column (1), which includes only time effects.

Table 5: Estimated effect of PROGAN on the percent of eligible zone submitted to PES

PES submitted (% of eligible zones)
Panel A (1) (2) (3) (4) (5)
Subsidy/ha (kMXN) -6.014*** -2.979 -3.036 -4.652 -3.213

(2.160) (2.406) (2.423) (3.431) (3.105)
Panel B
Eq. animals/ha -1.383* 0.029 0.102 3.119* 1.993

(0.772) (0.925) (0.933) (1.733) (1.807)

Observations 18,708 18,708 18,708 18,708 18,708
Year FE X X X X X
State FE X X
Municipality FE X X
El. zones controls X X

Note: Years 2004-2015. Mean of DV in 2004 is 2%. Panel is unbalanced. Robust standard errors are clustered by
municipality. Controls included in columns (3) and (5) are eligible zones-specific. They include road network, the
percentage within communal land, the percent of the municipality that is located in an eligible zone, the baseline
characteristics of pasture (both natural pasture and pasture associated with livestock production). * p< 0.10,
** p<0.05, *** p<0.01.

Bias might enter into the estimation through simultaneity or because there is an omitted vari-

able driving changes in the willingness to enroll in PES that is correlated with the choice of the

number of animals to enroll during the allowable enrollment years. The latter is less likely with
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municipal fixed effects, but might occur if there are trends, such as technological change, that

drive investment in livestock differentially across municipalities with higher and lower PROGAN

enrollment. To address the issue of simultaneity, we show estimates with lags in the Appendix

(Table C1). We also show a regression with a balanced panel where the dependent variable is the

percent of municipal area submitted to PES (Table C2). To exploit only the exogenous variation

in PROGAN stemming from programmatic adjustments in payment levels, random delays in

payment timing, and changes in the value of the peso, we also examine estimations restricted to

the years 2004 to 2007, when no new PROGAN enrollment decisions were made (Table C3).

Finally, a regression of PROGAN enrollment on PES area enrolled (Table C4) and on PES

area submitted (Table C5) for the years 2004, 2008 and 2014 using the PES eligible zones as an

instrument for PES enrollment show no evidence of reverse causality. These results suggest that

PROGAN did not affect the willingness to enroll in PES, and similarly, that PES did not affect

the willingness to enroll in PROGAN. This means that if the estimations in next section show

interactions of PROGAN with the effectiveness of PES, they are unlikely to occur due to reduced

enrollment in the PES program or due to simultaneity in the enrollment choice.

4.3 Empirical strategy: municipal level deforestation

We use two approaches to estimate the interactions between PROGAN and PES on deforestation:

the municipality level and the parcel level. Each has its own strengths and weaknesses. We

begin with the municipal approach. This approach measures deforestation at an aggregated level

which reduces the noise that arises from imperfect satellite measures. It has the advantage of

implicitly accounting for any spillover effects that might happen within a municipality. However,

its weakness is that when measured at a municipal level, the measure of the PES treatment is

very small in magnitude – ranging only from zero to 1.18 percent of the municipal area. It also

does not present a clean counterfactual, since it is possible that even with two way fixed effects

there remain confounding omitted variables.

The parcel level interaction in Sections 4.5 and 4.6 examine all of the land that ever applied for

the PES program. This creates a better estimate of the impact of the PES program, but suffers from

the problem that our measure of PROGAN is only available at a municipal level, so we obtain

a measure of average PES effectiveness across municipalities with different PROGAN intensity.

This is imperfect also, but useful for seeing how the livestock subsidy affected landholders with

a propensity towards participation in environmental programs.

As in equation 3.1, we examine regressions with state or municipal fixed effects combined

with time effects and standard errors clustered at the municipality level. The dependent variable
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is the percent deforestation over baseline forest cover, and we are interested in the interaction be-

tween the PES program, measured as the percent of the municipal area enrolled in the program,

and PROGAN measured as either the municipal livestock subsidy per hectare or the PROGAN-

funded livestock per hectare. In some estimations we restrict the sample to municipalities that

ever had PES enrollment, and in others we apply the baseline municipal forest area as weight.

4.4 Results: municipal level

Table 6 shows the results of the regression at the municipal level. Columns (1)-(4) present the

results from unweighted regressions and column (5) adds sample weights corresponding to the

baseline forest cover. The proportion of the municipality enrolled in PES has no detectable direct

effect on deforestation measured at the municipal level. This may be because there are negative

spillovers that undermine its average impact or as a result of the small amount of land affected

directly by PES.

The interaction between the livestock subsidy and PES, however, are all negative and precisely

estimated (at 1% level for all estimations except columns (4) and (5), Panel B). This indicates that

deforestation stemming from PROGAN is lower in municipalities where there is higher PES. This

interaction, however, was on average not sufficiently large to eliminate the increase in deforesta-

tion from the livestock subsidy. For a municipality without PES, the average livestock subsidy

increased the deforestation rate by 11%. For a municipality with average PES coverage, the av-

erage livestock subsidy reduced this deforestation rate by 3 percentage points (extracted from

Panel A, column (5), weighted average PES = 0.022).15 To illustrate the results, we present the

marginal interaction effects of PROGAN and PES on deforestation in Figure 4. In this figure, we

show that a one standard deviation increase in PES would result in a reduction of deforestation

nearly compensating the deleterious effects of PROGAN.

The results are robust to restricting the analysis to the first PROGAN wave. In this case, the

deforestation effect of the subsidy and the deterrent effect of PES were about 50% bigger in the

first round than for our whole study period (Table C6).

15Results from Panel A, column (3), suggest that, for a municipality without PES, the average livestock subsidy
increased the deforestation rate by 11.5%. For a municipality with average PES coverage (i.e., 0.015, the average
livestock subsidy reduced this deforestation rate by 1.5 percentage points.
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Table 6: PES partly overcame the deforestation impact of PROGAN.

Deforestation (%)
Panel A (1) (2) (3) (4) (5)
Subsidy/ha (kMXN) 6.939*** 6.342*** 2.144*** 1.849*** 1.985***

(0.250) (0.272) (0.581) (0.442) (0.411)
Enrolled PES/ha (%) -0.046 0.184*** 0.133* 0.069 0.265*

(0.058) (0.052) (0.075) (0.070) (0.147)
Subsidy/ha (kMXN) × Enrolled PES/ha (%) -43.382*** -44.597*** -16.532*** -14.345*** -25.244***

(7.243) (6.228) (5.591) (4.672) (7.075)
Panel B
Eq. animals/ha 2.227*** 2.060*** 0.630*** 0.371** 0.107

(0.076) (0.086) (0.115) (0.166) (0.169)
Enrolled PES/ha (%) -0.112** 0.113** 0.096 0.024 0.121

(0.050) (0.047) (0.071) (0.068) (0.163)
Eq. animals/ha × Enrolled PES/ha (%) -9.807*** -10.319*** -3.462** -2.690* -5.001**

(1.836) (1.744) (1.496) (1.535) (2.526)

Observations 30,269 30,269 30,269 12,110 30,269
Year FE X X X X X
State FE X
Municipality FE X X X
Forest cover weights X

Note: Years 2001-2014. Unweighted pre-mean of dependent variable is .29%, weighted pre-mean of dependent
variable is .34%. Robust standard errors are clustered by municipality. Fourth column includes only municipalities
that ever had PES enrollment and the fifth column includes sample weight for the baseline forest cover. * p< 0.10,
** p< 0.05, *** p< 0.01.
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Figure 4: Marginal interaction effects of PROGAN and PES on deforestation. Marginal effects
are calculated according to the specification presented in column (5), Panel A of Table 6. The
PROGAN subsidy/ha label represents the full range of the program. Marginal effects on defor-
estation are depicted for: no PES enrollment, PES/ha enrollment at the average, and given a one
standard deviation increase from the average enrolled PES/ha.
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4.5 Empirical strategy: parcel level deforestation

This section examines the interaction between PROGAN and PES on the land that applied for

the PES program. We are interested in the direct effect of increases in PROGAN enrollment or

payments, and the interaction of that effect with PES payments. The unit of analysis is polygons

with unique application histories. We employ a layer created by Alix-Garcia et al. (2017), which

overlays all applicant parcels and divides them up, creating spatial histories.16 This approach

eliminates the problem of double counting areas in the panel analysis of applicants, but generates

challenges with the unit of analysis; many very small parcels resulting from the year to year

overlaps are often not meaningful units of analysis. To help address this issue, we drop unique

history parcels with less than 10 hectares of forest cover in 2000.

To estimate impact we apply fixed effects at the level of the property (p) where the boundaries

are known – this is the case for common properties – at at the level of the municipality for private

properties.17 As shown in Section 4.2, our sample of accepted and rejected parcels has not been

affected by the availability of PROGAN. Therefore, any impact on deforestation do not occur

through changing the deforestation risk profile of applicants. The identification of the PROGAN

and interaction effects rely on the assumption that after controlling for property fixed effects, time

fixed effects, and controls, there are not unobserved factors that change deforestation decisions

at the parcel level and simultaneously the municipal participation in PROGAN and PES.

The estimation equation is:

Yipt = f (α + β1PESipt + β2PROGANm(ip)t + β3PESiptxPROGANm(ip)t + Xiptγ + ψp + θt + uipt),

(4.1)

where Yipt takes a value of one if parcel i in property p experiences any deforestation in year t.
The binary treatment variable PESipt is equal to one when the parcel is enrolled and equal to zero

otherwise. Depending on the specification PROGANm(ip)t is the municipal livestock per hectare

or the municipal livestock subsidy per hectare. Xipt includes a variable equal to one if the parcel

was ever accepted into the program, and also parcel-level values of distance to major city and

road, elevation, slope, locality level poverty in 2010, percent of the polygon that was forested in

16For example, suppose a community submits a parcel in 2011 that is rejected, and then they submit a parcel in
2012 that overlaps the 2011 parcel, but this new application is accepted. This sequence of activities generates three
polygons in the dataset: one with a history of being rejected in 2011 and then accepted in 2012, one with a history of
being rejected in 2011, and another with a history of being accepted in 2012.

17Common properties in Mexico are known as ejidos. Ejidos comprise the majority of the land in rural Mexico and
house a significant amount of forest. This tenure structure arose as a result of the Mexican Revolution after 1917,
and have fixed membership over time, with rights only passing on to one family member over generations. Although
some ejidos were dissolved as a result of a 1992 reform of the sector, they remain a dominant land tenure arrangement
in rural Mexico.
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2000, and whether or not the municipality in which the parcel is located is majority indigenous.

To accommodate property level fixed effects ψp, we include ejido means of all of the included

X variables as well as all of the treatment variables. Year fixed effects θt are also included. The

standard errors uipt are clustered at the property level. We estimate the equation using a random

effects logit and report marginal effects. This transformation, originally proposed by Mundlak

(1978), avoids the incidental parameters problem and allows us to use a non-linear estimator that

better matches the data generating process.

Although the treatment effect of PES on its own is not our primary parameter of interest,

we also want to ensure that characteristics of the rejected parcels are as similar as possible to

those of the accepted parcels. To this end, we keep only applicants that have passed a first

round of screening and have sent geo-referenced property boundaries. We also exploit the fact

that for later years of the program, parcels received a “score” based upon a series of observable

characteristics. Within each state, program, and year, applications with the highest score were

accepted until state budgets were exhausted. Our main specification restricts the sample to only

those properties which received a normalized score of between -10 and 10 points. This includes

99% of the area of land ever submitted to the program. We explain this process in more detail in

Appendix A.3.

Table A3 presents the average and the normalized differences of parcel and municipality char-

acteristics for the accepted and the rejected applicants. We compare the full sample as well as the

sample with recentered point scores between the -10 and 10 points around the central cutoff value

for the state, program, and year. The restricted sample improves the comparability between the

accepted and the rejected parcels on the following characteristics: whether the parcels are within

a protected area, elevation, slope, the distances to roads and the percent majority indigenous,

and at the municipal level, the frequency in eligible zones and the marginality index.

4.6 Results: parcel level

Table 7 shows the results of Equation 4.1 on our preferred sample (restricted between -10 and 10

on the normalized point score). Appendix Table C8 shows estimates using the full sample. In

columns (2) and (5), PROGAN is defined as the number of animal equivalent units per hectare,

and in columns (3) and (6), as the subsidy per hectare. All specifications include property (mu-

nicipality for private properties) fixed effects and the last three columns include a weight for the

area of the parcel.

We observe consistently negative effects, though not always statistically significant, of PES

alone, mostly positive point estimates of the subsidy, with inconsistent levels of significance for
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Table 7: Estimated effect of PROGAN on deforestation at the parcel level

Deforestation (0/1)

(1) (2) (3) (4) (5) (6)
PES recipient (0/1) -0.004 0.000 0.000 -0.011** -0.013* -0.012*

(0.003) (0.003) (0.003) (0.006) (0.007) (0.007)

PROGAN subsidy 0.006 0.240
(0.055) (0.188)

PES x Subsidy/ha -0.172** 0.043
(0.068) (0.208)

Eq. animals/ha -0.023 0.166*
(0.025) (0.086)

PES x Eq. animals/ha -0.050** -0.013
(0.023) (0.069)

Observations 324,114 324,114 324,114 324,114 324,114 324,114
Pre-period deforestation mean 0.155 0.155 0.155 0.155 0.155 0.155
Year FE X X X X X X
Ejido FE X X X X X X
Area weights X X X

Note: Years 2001-2014. The sample is the full sample of polygons within the municipalities considered in all sections
of the paper. The estimator is a correlated random effects logit with effects at the ejido level for common properties
and the municipality level for private properties. Robust standard errors are clustered by ejido for common
properties and by municipality for private properties. The last three columns include a sample weight for polygon
area. * p< 0.10, ** p< 0.05, *** p< 0.01.

these. The interaction terms are negative and statistically significant in the unweighted estimates

and not statistically significant in the weighted ones.

As in the municipality deforestation estimations, we suspect that treatment heterogeneity

across polygons of different parcel sizes explains the differences between these two estimates, and

also that the problem is more severe here, since the range in sizes is very large – from 10 to 6,000

ha. In addition to possible behavioral effects, such as the fact that resource extraction is likely

to slow as the resource becomes more scarce. Additionally, mechanically there is significantly

much more measurement error in the smaller areas, although this is not the main source of

concern here. To examine the effects of this heterogeneity, we split the sample into above and

below median parcel sizes (the median is 152 ha). The above median polygons contain nearly

9.5 million hectares, where as the below median polygons contain around 800,000 – only 7.7%

of the area ever submitted to the program (Table C7). In this sample of larger polygons, we
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observe positive effects of the subsidy alone, meaning that municipalities with greater PROGAN

intensity have higher deforestation rates on unenrolled land that applied to the program. The

interaction terms are negative, statistically significant, and slightly larger in magnitude than the

direct effect of PROGAN. This means that the PES program, at least in these larger land areas,

eliminates the deforestation-increasing effect of PROGAN, and possibly reduces deforestation

on enrolled parcels slightly beyond this. Figure 5 shows a visualization of the effects of a one

standard deviation increase in the intensity of PROGAN on applicants in general and then the

sum of this with the effect of enrollment. Although PES enrollment eliminates the increase in the

propensity to deforest caused by PROGAN, the evidence is that the PES effect is not substantial

enough to actually generate avoided deforestation in areas with high PROGAN intensity. In these

places, the PES serves only to maintain the status quo in the face of the deforestation incentives

generated by PROGAN.

These results are the same when we restrict estimations to parcels that received point scores

normalized for their state, program and year between -5 and 5 (Table C9), for the full set of parcels

and for those greater than the median size. For both sets of estimations the direct effect of the

subsidies is positive and its interaction with the PES program negative. Only the effect of PES

alone and the direct effect of the PROGAN intensity measures are statistically significant, and

only in the sample of large polygons. As above, we check the robustness of this result to the years

in which there was only variation in the PROGAN subsidy as a result of ramping up of program

rules and changes in the value of the currency (between 2003 and 2007). The results show a

negative effect of the subsidy on unenrolled parcels, and an even stronger negative interaction

term between PROGAN and PES (Table C10). This particular result suggests heterogeneity in the

effects of PROGAN on PES applicants over time. We are not able to explore this variation here,

but expect that it may result from changes in the targeting strategy of the PES program over time

– the eligible zones in the earlier years of the program were much more restricted, although the

system of points for choosing parcels was considerably less elaborate than it became after 2008.

We note that the heterogeneity appears to be in the effect of PROGAN and on the interaction of

the programs, not in the average effect of the binary PES indicator.
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Figure 5: Marginal effects are for a one standard deviation increase in the intensity of PROGAN
on land that applied to the PES (Subsidy x 1 SD increase in subsidy), and then the sum of
this effect with the interaction of PROGAN intensity and enrollment in the PES (PES recipient
+ (PROGAN subsidy + PES x subsidy)x 1 SD increase in subsidy). Error bars are for 90%
confidence. The estimates come from polygons greater than the median area (152 ha), using
Table C7. The first bar is from column (4). The second two bars come from column (5).
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5 Where should PROGAN be?

Although it seems to be the case that areas with high PROGAN intensity have somewhat lower

presence of PES (as shown in Section 4.1), the programs clearly interact. Because they may be

working at cross-purposes in terms of environmental outcomes, this begs the question of whether

it is possible to adjust the structure of PROGAN in order to minimize its deforestation footprint

while supporting livestock productivity. There are many possible structural changes that could

occur – for example, PROGAN could promote specific technologies rather than giving uncon-

ditional lump-sum transfers. Adjustments of agricultural policy to limit environmental impacts

have begun increasingly popular in agricultural policy in high income countries. Reforms in the

United States (1996, 2002) and in the European Community (1992, 2003) are examples of changes

in regulation where farm programs have contained environmental conditionalities (ex.: conserv-

ing wetlands, highly erodible lands, etc.) (Baylis et al., 2008; Claassen et al., 2017).18 In this

section we look at the very basic question of targeting. In particular, we examine whether a

different spatial distribution of the program might allow it to distribute payments in areas with

high pasture potential and low deforestation risk.

The current structure of PROGAN payments is based upon the maximum sustainable num-

ber of animal equivalents per hectare, which vary spatially according to ecosystem type and land

productivity. If we assume that a higher number according to this measure indicates greater po-

tential livestock productivity, then if the goal of the program is to increase livestock productivity

in a sustainable way, more PROGAN payments should be given to places with a higher maxi-

mum. In theory, PES payments should be targeted to places where deforestation risk is higher,

since those are areas where environmental services are threatened. Indeed, it has been found in

other work that the program is more effective in areas at higher deforestation risk (Alix-Garcia

et al., 2015). The question is whether or not these programs are currently distributed according to

these criteria, and if there is a space where deforestation risk is low and maximum animal equiv-

alents are high. If this is true, then it may be possible for both programs to achieve targeting

improvements.

Figure 6 shows the relationship between program distribution and variables that proxy for

these priorities. For the former, we exploit the available pasture coefficients from SAGARPA to

18Findings on the impact of these reforms has been mixed. Some analysis of European policies demonstrates
that more environmentally sensitive agricultural policies increased the uptake of sustainable agricultural practices
(Jaime et al., 2016; Schmid et al., 2007), while others found it had no impact on the environment due to intensification
(Lorent et al., 2009). In the United States, Claassen et al. (2017) study the benefits from the reforms, and recent research
examines how conditioning the receipt of agricultural subsidies on ambient water quality could lead to optimal levels
of pollution (see e.g., Palm-Forster et al. (2019) and Ribaudo et al. (2017)), without relying on voluntary programs.
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(a) (b)

Figure 6: Targeting criteria versus program distribution. Figure a shows the maximum number of
animals that can be sustainably enrolled in PROGAN and the intensity of the number of animals
enrolled in PROGAN. Figure b shows the deforestation risk and the intensity of PES recipients
in hectares. Linear fits and 95% confidence intervals are included.

calculate an average maximum sustainable number of livestock per hectare within the municipal-

ity and for the latter we use the average predicted deforestation risk aggregated to the municipal

level. In both cases, the relationship between recipients per hectare (either in forest or in live-

stock) and these targeting criteria is positive. This suggests that generally speaking, program

intensities are greater where environmental (PES) or livestock productivity (PROGAN) potential

is greater. These relationships, however, have quite a bit of noise around them.

Figure 7 scatters all the municipalities across two dimensions: maximum sustainable animals

per hectare (x-axis) and municipal deforestation risk (y-axis). The first thing to note is that al-

though there is a positive relationship between deforestation risk and sustainable animals per

hectare, there are clearly other factors determining deforestation risk other than livestock poten-

tial. Second, and very importantly, there are a large number of places with high potential for

livestock and low deforestation risk. The third take-away is that there are municipalities with

very high concentration of PROGAN payments (above the 75th percentile), with relatively low

livestock potential.

Do environmental outcomes change in municipalities with high deforestation risk or animal

potential? Figure 8 examines this possibility by estimating the interaction between PROGAN,

maximum sustainable animals, and deforestation risk. The outcome of interest is municipal

deforestation and the specification parallels the municipality regressions up to this point, with
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Figure 7: Programs’ relative to targeting criteria. Each diamond represents a municipality and
year. X-axis is maximum animal equivalents per ha, y-axis measures ln(deforestation risk). Mu-
nicipalities have an additional pink diamond overlaid when they have PES enrollment above the
75th percentile, and a gray x if they have PROGAN enrollment above the 75th percentile.
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municipal and year fixed effects. These figures show two lessons. First, all of the deforestation

induced by PROGAN appears to be taking place in municipalities with high risk of deforestation

– it does not seem to induce deforestation in low risk aras. Second, directing payments towards

areas with high livestock potential and low deforestation risk does not increase deforestation,

and there are quite a few municipalities that fall into this category.

In sum, the implementation of PROGAN was spread across areas with high and low livestock

potential. Adjusting targeting to municipalities or areas with lower deforestation risk and higher

livestock potential would reduce its environmental impact and might even end up encouraging

production in areas where producers have higher return livestock production systems. However,

without any conditionality or training in sustainable production methods, the second outcome

may not occur. The targeting of the PES program uses eligible zones in a way that could easily

be replicated for PROGAN – areas with high animal production potential and low deforestation

risk could be prioritized in the distribution of payments. Experience has shown that this can be

done and that it works for targeting environmental payments, and would be simple to generalize

for livestock supports. Certainly more complicated targeting schemes could also be created.

However, with limited administrative resources and a goal of distributing as much support as

possible to rural areas, even a simple approach could result in significant improvements.
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(a)

(b)

Figure 8: Linear combination that examines the optimal targeting of PROGAN based on whether
the municipality is above or below the average deforestation risk, as well as above or below the
average maximum sustainable animals. Linear combinations for Figure 8a comes from Table 3
for the first bar and from column (2) of Table D1 for the other bars. Linear combinations for
Figure 8b comes from column (6) of Table D1.
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6 Conclusion

This paper examines the interactions between agricultural subsidies and conservation. The agri-

cultural subsidy increased municipal deforestation rates by 7% on average. We also illustrate

how the livestock subsidy interacts with a conservation program, and not always in ways that

maximize the use of the limited budgets. Producers are clearly taking advantage of both types

of supports – enrollment in one does not preclude enrollment in the other. We are limited in our

ability to observe substitution within properties due to the fact that our livestock subsidy data is

not sufficiently spatially explicit. However, the results that we have suggest that cash transfers for

livestock have a deleterious effect on forest outcomes, particularly in forest that is not enrolled in

the PES program.

The environmental subsidies do help limit some of the impacts of PROGAN, but this sort of

program dueling is inefficient, and could be avoided by more careful targeting of both livestock

subsidies and environmental supports. In particular, livestock subsidies might be directed to

areas with land that can support higher numbers of animals per hectare in a sustainable way,

and environmental subsidies should be funneled to places at highest risk of forest loss. Although

these two criteria do have some correlation, the data show that there is space for improvement

on both fronts.

Our analysis also shows that the livestock subsidy is encouraging extensification, both be-

cause we observe greater deforestation where it is present, but also because the available infor-

mation suggests that producers are not increasing their planting of forrage crops that support

intensification. It is not obvious that intensification will lead to better environmental outcomes

(Villoria et al., 2014), but it is fairly certain that extensification increases deforestation. Accom-

panying future livestock supports with training in sustainable animal production may achieve

superior results in terms of both productivity and environmental impact.

We would be remiss if we did not mention that improving the sustainability of meat pro-

duction is a key ingredient in the constellation of policies to support climate change mitigation.

Many experts propose demand-side interventions to reduce meat consumption (Willett et al.,

2019), however, supply side interventions are likely to play an important role. Our analysis raises

questions about the benefits of non-targeted agricultural subsidies, and suggests limiting policies

that increase the extensive agriculture rent as part of next actions to limit climate change and as

part of the next REDD+ agenda (Angelsen and Rudel, 2013). In a world where many of the

places contributing large shares of carbon emissions from land use are poor, thinking carefully

about policy designs that respect livelihoods as well as conservation outcomes is the only path
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to sustainability.
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Appendix A Programs

Appendix A.1 Data

PROGAN: maximum sustainable number of livestock

We construct the average maximum sustainable number of livestock per hectare within the

municipality using the pasture coefficients (SAGARPA) (i.e. the number of hectares to sustain

one animal unit), and the baseline characteristics of the land (INEGI). Specifically, we calculate:

MaxPROGANm = agric_rain f edm ∗ 1
PAar

m
+ agric_irrigatedm ∗ 1

PAai
m

+ nat_pasturem ∗ 1
PAnp

m
+ livestock_pasturem ∗ 1

PAlp
m

+ otherm ∗ 1
PAo

m
).

The maximum sustainable number of animals per hectare (MaxPROGANm) varies per munic-

ipality because the pasture coefficients and the characteristics of the land vary per municipality.

We use four different type of lands: rainfed agriculture, irrigated agriculture, natural pasture,

pasture associated with livestock production and all other uses of land. The geographical distri-

bution of the maximum sustainable number of livestock is illustrated in Figure A2.

PROCAMPO: An agricultural subsidy to study fodder production

This study uses data from PROCAMPO (a program also managed by SAGARPA) to analyze

yearly changes in pasture production. In response to North American Free Trade Agreement

(NAFTA), Mexico’s government developed this crop subsidy to protect farmers from changes in

prices stemming from international competition. The program targeted farmers that had planted

at least one of nine staple crops during the 1991-93 agricultural cycles (corn, beans, rice, wheat,

sorghum, barley, soybeans, cotton and/or cardamom). Stating that they had planted one of those

staple crops allowed farmers to receive this subsidy for each cultivated hectare. Beginning in

1996, the program subsidized farmers for other types of crops, with the ongoing constraint that
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it still applies to land registered when the program opened. To continue receiving the subsidy,

farmers needed to continue producing on the same parcel each year. Each year between 1994

and 2015, this program has subsidized around 3 million producers, or approximately 14 million

hectares per year. Recipients range from large businesses to small landowners that cultivate for

subsistence or sell at a small scale. In 2015, 300 different crops were subsidized, ranging from the

initial staple crops to pineapple and pasture. Payments are annual but do not vary by crop type.

Appendix A.2 PROGAN and PES: programs comparison

Figure A1: PROGAN real subsidy per hectare in 2008 and accepted PES parcels 2003-2015
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Table A1: Program summaries and comparison

PROGAN (livestock) PES (forest)

Eligibility

- National - Falls in eligible zone
- File with the National Livestock Registry - Highest point scores (starting in 2006)
- Ownership or land right - Ownership or land right

- Constraint: no overgrazing
- Minimum forest cover: 50-80%

Timing
- 3 waves: 2003-2007, 2008-2013 and 2014-2015 - 5-year contract if accepted
- One payment per year - One payment per year

Minimum - None - 50 ha per applicant

Maximum
- Varies based on the pasture coefficient - 2000-6000 ha per applicant
- Ceiling of 300 animal equivalent units per person,
or 1000 per business

Mexican pesos - See Figure 1a - See Table A2

US$

- US$843/year/producer on average (2011) - Common properties: US$130/year/ person (>1
month of work at minimum wage)
- Private property: US$3,050/year/hh (12 % of hh
income) (Alix-Garcia et al., 2015)

Size - 344,430 producers (2011) - 3,884,247 ha (2011)
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Figure A2: Maximum PROGAN subsidy per hectare. Average calculated according to 2003
subsidy per animal and pasture coefficients for different types of land.
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Appendix A.3 Sample selection: PES parcels

As described in the main text of the manuscript, criteria for enrollment into the PES program have

evolved over time. Starting in 2006, a points score was established in order to bring transparency

into the selection process. Points were based upon characteristics of the application as well as

geographic features calculated based upon GIS layers. Across all years, application outside of

eligible zones were rejected. In the years prior to 2006, applications were often rejected due to

lack of sufficient forest cover, and in the later years because of relatively insufficient point scores.

Since point scores did not exist for properties that applied before 2006, a new score is imputed

for those parcels.

We create recentered point scores for each parcel according to their specific state, year of

application and program type in order to select a sample of similar parcels. For parcels submitted

after 2006, we simply use the existing point scores. For earlier parcels, we impute them from a

regression of real point scores for 2006-2015 on various characteristics used to calculate the point

scores.19 We then calculate the minimum point score for acceptance in each state, year and

program type. Then we subtract the minimum score for acceptance in each parcels state-year-

type category from its actual or imputed score. We match the recentered point scores with the

panel of parcels, and for the units of analysis that applied more than once, calculate the average

recentered point scores based on each time the parcel was submitted. Figure A3 compares the

histogram of the recentered point scores for the accepted and rejected groups. As expected,

accepted parcels have significantly higher recentered point scores than rejected parcels.

19Characteristics are: state indicators, year of application, PES type, IHS(average slope), IHS(average elevation),
IHS(forest cover 2003), IHS(submitted parcel size), deforestation risk, communal land indicator, and also indicators
of whether the submitted parcel falls within a Biosphere, a Federal park, a State park, a municipal park, a RAMSAR
site or a privately or communally owned certified area. Hyperbolic sine transformation (IHS) (Burbidge et al., 1988)
is similar to a logarithmic, which reduces the influence of outliers, but at the difference that it is identified at zero.
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Table A3: Summary statistics for accepted and rejected applicants

All parcels Restricted with rec. pt. scores

Accepted Rejected N.d. Accepted Rejected N.d.
Parcels’ forests
% forest cover (2000) 79.30 70.13 0.22 79.39 70.50 0.21
Forest cover (2000), ha 217.26 203.84 0.01 217.64 206.04 0.01

Parcels’ characteristics
Parcel area (ha) 394.16 517.40 -0.05 394.55 528.51 -0.05
Parcel ha submitted (2004) 5653.10 2530.00 0.28 5680.95 2522.77 0.29
Parcel ha submitted (2014) 1059.62 1049.56 0.01 1067.94 1037.10 0.02
Ejidos (2004) 0.50 0.48 0.03 0.50 0.48 0.04
Ejidos (2014) 0.51 0.49 0.04 0.52 0.48 0.05
Protected area (2004) 0.37 0.24 0.21 0.36 0.25 0.18
Protected area (2014) 0.43 0.28 0.23 0.43 0.29 0.20
Average elevation (mt) 1393.06 1248.09 0.11 1367.10 1272.70 0.07
Average slope (degree) 14.92 13.88 0.09 14.88 14.05 0.07
Distance to any road (meters) 4283.26 4976.34 -0.11 4319.49 4858.46 -0.08
Distance to city with > 5,000 people 28.59 31.61 -0.10 28.85 31.60 -0.09
Distance to highway > 80km/h (meters) 18439.56 18411.33 0.00 18664.53 18590.97 0.00
Distance to highway > 60 km/h (meters) 7526.64 8481.90 -0.09 7603.18 8460.36 -0.08
Distance to major city (km) 101.40 108.78 -0.09 102.07 107.73 -0.07
Deforestation risk 0.04 0.05 -0.04 0.04 0.04 -0.03
Percent of majority indigenous 29.25 22.29 0.11 29.76 24.49 0.08
Percent acquifer 10.25 7.23 0.08 9.98 7.30 0.07

Parcels’ scores
Recentered point scores 1.35 -5.22 0.94 1.18 -3.57 1.01

Municipal characteristics
Eq. animals/ha (2003) 0.03 0.04 -0.06 0.03 0.04 -0.03
Eq. animals/ha (2014) 0.05 0.06 -0.03 0.05 0.05 -0.01
Subsidy/ha (kMXN, 2003) 0.01 0.01 -0.10 0.01 0.01 -0.06
Subsidy/ha (kMXN, 2014) 0.02 0.02 0.00 0.02 0.02 0.02
Average pasture coefficient 3.24 3.36 -0.05 3.22 3.38 -0.06
Baseline livestock density 0.07 0.07 -0.02 0.07 0.07 0.00
Baseline pasture density 0.05 0.05 -0.07 0.05 0.05 -0.07
Eligible zones/ha (2006-2014) 0.66 0.58 0.24 0.67 0.60 0.21
Marginality index (2005) 0.22 0.12 0.08 0.23 0.17 0.05
Marginality index (2010) 0.22 0.13 0.06 0.23 0.18 0.04
Observations 12866 12828 25694 12351 10897 23248

Note: Columns (1)-(3) present full sample and columns (4)-(6) present the sample restricted to the recentered point
scores between the -10 and 10 points around the central cutoff value for the state, program, and year. Normalized
differences are in columns (3) and (6) (Imbens and Wooldridge, 2009) and averages in the remaining columns. Parcel
data and their land characteristics are from Alix-Garcia et al. (2017), deforestation data from Hansen et al. (2013),
PROGAN and PROCAMPO from SAGARPA, and marginalization index and population from CONAPO.

50



Appendix B Robustness checks on deforestation effects of PROGAN

Table B1: Estimated effect of PROGAN on deforestation at the municipal level in municipalities
above and below baseline forest area.

Deforestation (%)
Above median baseline Below median baseline

(1) (2) (3) (4)
Subsidy/ha (kMXN) 1.101*** 2.778*

(0.286) (1.477)
Eq. animals/ha 0.174* 0.988***

(0.095) (0.222)

Observations 15,134 15,134 15,135 15,135
Year FE X X X X
Municipality FE X X X X

Note: Years 2001-2014. Robust standard errors are clustered by municipality. First two columns contain
municipalities with above median baseline forest and the second two below median baseline forest. * p< 0.10,
** p< 0.05, *** p< 0.01.
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Table B2: Estimated effect of PROGAN on deforestation at the municipal level during the first
wave exclusively.

Deforestation (%)
(1) (2) (3) (4) (5)

Subsidy/ha (kMXN) 6.217*** 4.950*** 2.803*** 1.594** 2.318***
(0.618) (0.641) (0.514) (0.632) (0.547)

Observations 10,810 10,810 10,810 4,325 10,810
Year FE X X X X X
State FE X
Municipality FE X X X
Forest cover weights X

Note: Years 2003-2007. Unweighted pre-mean of dependent variable is .29%, weighted pre-mean of dependent
variable is .34%. Robust standard errors are clustered by municipality. Fourth column includes only municipalities
that ever had PES enrollment and the fifth includes sample weight for the baseline forest cover. * p< 0.10, ** p< 0.05,
*** p< 0.01.

Table B3: The effect of PROGAN on municipal deforestation is robust to a broader sample that
includes only municipalities with more than 50 ha of eligible zones.

Deforestation (%)
Panel A (1) (2) (3) (4) (5)
Subsidy/ha (kMXN) 6.024*** 5.349*** 1.787*** 1.247*** 1.266***

(0.324) (0.349) (0.617) (0.472) (0.462)
Panel B
Eq. animals/ha 1.997*** 1.798*** 0.477** 0.278* -0.065

(0.083) (0.094) (0.215) (0.157) (0.193)

Observations 33,162 33,162 33,162 12,334 32,764
Year FE X X X X X
State FE X
Municipality FE X X X
Forest cover weights X

Note: Years 2001-2014. Unweighted pre-mean of dependent variable is .29%, weighted pre-mean of dependent
variable is .34%. Robust standard errors are clustered by municipality. Fourth column includes only municipalities
that ever had PES enrollment and the fifth includes sample weight for the baseline forest cover. * p< 0.10, ** p< 0.05,
*** p< 0.01.
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Table B4: The effect of PROGAN on municipal deforestation is robust to a broader sample that
include municipalities without 50 ha of eligible zones.

Deforestation (%)
Panel A (1) (2) (3) (4) (5)
Subsidy/ha (kMXN) 6.346*** 5.688*** 1.847*** 1.215*** 1.266***

(0.332) (0.360) (0.548) (0.467) (0.462)
Panel B
Eq. animals/ha 2.124*** 1.942*** 0.583*** 0.261* -0.065

(0.076) (0.087) (0.115) (0.156) (0.193)

Observations 30,324 30,324 30,324 12,110 30,324
Year FE X X X X X
State FE X
Municipality FE X X X
Forest cover weights X

Note: Years 2001-2014. Unweighted pre-mean of dependent variable is .29%, weighted pre-mean of dependent
variable is .34%. Robust standard errors are clustered by municipality. Fourth column includes only municipalities
that ever had PES enrollment and the fifth includes sample weight for the baseline forest cover. * p< 0.10, ** p< 0.05,
*** p< 0.01.
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Table B5: Some evidence of lagged effects for animals enrolled

Deforestation (%)
Panel A (1) (2) (3) (4) (5)
Subsidy/ha (kMXN) 4.353*** 4.048*** 1.495*** 1.147*** 1.836***

(0.535) (0.522) (0.521) (0.416) (0.600)
L.Subsidy/ha 2.473*** 2.096*** 0.561** 0.117 -0.958*

(0.496) (0.469) (0.243) (0.277) (0.498)
Panel B
Eq. animals/ha 1.290*** 1.316*** 0.144 -0.052 -0.123

(0.195) (0.194) (0.137) (0.154) (0.260)
L.Eq. animals/ha 0.927*** 0.701*** 0.504*** 0.377* 0.065

(0.204) (0.201) (0.144) (0.207) (0.232)

Observations 30,269 30,269 30,269 12,110 30,269
Year FE X X X X X
State FE X
Municipality FE X X X
Forest cover weights X

Note: Years 2001-2014. Unweighted pre-mean of dependent variable is .29%, weighted pre-mean of dependent
variable is .34%. Robust standard errors are clustered by municipality. Fourth column includes only municipalities
that ever had PES enrollment and the fifth includes sample weight for the baseline forest cover. * p< 0.10, ** p< 0.05,
*** p< 0.01.

Figure B1: Falsification exercise: randomizing PROGAN subsidy (left) or animal equivalents
enrolled (right) at the municipality level. The histograms come from point estimates of PROGAN
impact on deforestation using the full set of municipal and time fixed effects from equation 3.1.
The program variables are randomized and the impact re-estimated 1,000. The vertical dotted
lines represent the point estimate in the specification of column (3), Table 3.
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Table B6: Municipal PROCAMPO fodder (%) pre-trends analysis.

Fodder (%)
Panel A (1) (2) (3) (4)
High subsidy/ha (kMXN) x Year -0.0001 -0.0001 0.0736 -0.0251

(0.0001) (0.0001) (0.0808) (0.1695)
Panel B
High eq. animal/ha x Year -0.0000 -0.0001 -0.0084 -0.0410

(0.0001) (0.0001) (0.0809) (0.1783)

Observations 8,552 8,552 8,552 8,552
Year FE X X X X
State FE X
Municipality FE X X
PROCAMPO weights (1999) X

Note: Years 1999-2002. Robust standard errors are clustered by municipality. * p< 0.10, ** p<0.05, *** p<0.01.

Table B7: Impact of PROGAN on PROCAMPO fodder (%) during first wave exclusively.

Fodder (%)
(1) (2) (3) (4)

Subsidy/ha (kMXN) -0.866 -0.497 -0.368 1.380*
(0.689) (0.686) (0.695) (0.829)

Observations 10,670 10,670 10,670 10,670
Year FE X X X X
State FE X
Municipality FE X X
PROCAMPO weights (1999) X

Note: Years 2003-2007. Pre-mean of dependent variable is 1.3%. Robust standard errors are clustered by municipality.
* p< 0.10, ** p<0.05, *** p<0.01.
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Appendix C Robustness: agricultural subsidies and conservation programs

Appendix C.1 Enrollment effects

Table C1: Estimated effect of PROGAN on the percent of eligible zones submitted to PES
PES submitted (% of eligible zones)

Panel A (1) (2) (3) (4) (5)
Subsidy/ha (kMXN) -12.230 -7.811 -7.808 -8.358 -4.431

(8.036) (7.615) (7.424) (7.813) (6.329)
L.Subsidy/ha (kMXN) 1.565 4.719 1.624 3.959 1.268

(5.682) (5.981) (5.179) (6.608) (5.955)
Panel B
Eq. animals/ha -3.272 -1.211 -1.827 2.459 2.257

(3.689) (3.748) (3.441) (4.385) (4.043)
L.Eq. animals/ha 0.754 1.692 1.093 3.132 1.712

(3.466) (3.487) (3.209) (3.816) (3.380)

Observations 10,044 10,044 9,370 10,044 9,370
Year FE X X X X X
State FE X X
Municipality FE X X
El. zone area X X

Note: Years 2004-2015. Mean of DV in 2004 is 2%. Panel is unbalanced. Robust standard errors are clustered by
municipality. Controls included in columns (3) and (5) are eligible zones-specific. * p< 0.10, ** p<0.05, *** p<0.01.
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Table C2: Estimated effect of PROGAN on the percent of municipal area submitted to PES (in-
stead of the percent of eligible zones)

PES submitted (% of municipal area)
Panel A (1) (2) (3)
Subsidy/ha (kMXN) -0.036*** -0.031*** -0.018*

(0.009) (0.009) (0.009)
Panel B
Eq. animals/ha -0.010*** -0.008*** 0.003

(0.002) (0.003) (0.004)

Observations 25,932 25,932 25,932
Year FE X X X
State FE X
Municipality FE X

Note: Years 2004-2015. Mean of DV in 2004 is 2%. Panel is balanced. Robust standard errors are clustered by
municipality. * p< 0.10, ** p<0.05, *** p<0.01.

Table C3: Estimated effect of PROGAN on the percent of eligible zones submitted to PES during
the first wave exclusively

PES submitted (% of eligible zones)
(1) (2) (3) (4) (5)

Subsidy/ha (kMXN) -7.272** -4.792 -4.633 -19.598*** -12.897*
(3.299) (3.652) (3.646) (6.751) (6.924)

Observations 6,722 6,722 6,722 6,722 6,722

Year FE X X X X X
State FE X X
Municipality FE X X
El. zone area X X

Note: Years 2004-2007. Mean of DV in 2004 is 2%. Panel is balanced. Robust standard errors are clustered by
municipality. Controls included in columns (3) and (5) are eligible zones-specific. * p< 0.10, ** p<0.05, *** p<0.01.

57



Table C4: Estimated effect of cumulated PES enrolled hectares on the animals enrolled in PRO-
GAN

Second-stage (1) (2) (3)

Cum. enrolled PES ha/mun ha -0.0575*** -0.112*** -0.0151
(-6.12) (-10.48) (-1.21)

p-value AR-test 1.94e-10 1.32e-36 0.222
F-stat 358.3 370.1 171.7

First-stage:

Cum. eligible zone ha/mun ha 0.0669*** 0.0690*** 0.0649***
(18.93) (19.24) (11.35)

Observations 6488 6488 6488
Year FE X X X
State FE X
Municipality FE X

Note: Years 2003, 2008, and 2014. Dependent variable is the number of animals enrolled in PROGAN for each wave.
Treatment is the sum of all PES enrolled hectares per municipal hectare between each wave (before 2003, between
2003-2007, and between 2008 and 2013). Instrument is the sum of all eligible zones per municipal hectare between
each wave. Robust standard errors are clustered by municipality. * p< 0.10, ** p<0.05, *** p<0.01.
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Table C5: Estimated effect of cumulated hectares submitted to PES on the animals enrolled in
PROGAN

Second-stage
(1) (2) (3)

Cum. ha applied to PES/mun ha -0.183*** -0.347*** -0.0958
(-6.18) (-10.96) (-1.20)

p-value AR-test 1.94e-10 1.32e-36 0.222
F-stat 503.0 525.4 40.53

First-stage:

Cum. eligible zone ha/mun ha 0.0210*** 0.0223*** 0.0102***
(22.43) (22.92) (5.51)

Observations 6488 6488 6488
Year FE X X X
State FE X
Municipality FE X

Note: Years 2003, 2008, and 2014. Dependent variable is the number of animals enrolled in PROGAN for each wave.
Treatment is the sum of all PES hectares submitted to PES per municipal hectare between each wave (before 2003,
between 2003-2007, and between 2008 and 2013). Instrument is the sum of all eligible zones per municipal hectare
between each wave. Robust standard errors are clustered by municipality. * p< 0.10, ** p<0.05, *** p<0.01.
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Appendix C.2 Effect of PROGAN and PES on Deforestation at the Municipal Level

Table C6: Estimated effect of PROGAN and its interaction with PES on deforestation at the
municipal level during the first wave exclusively.

Deforestation (%)
(1) (2) (3) (4) (5)

Subsidy/ha (kMXN) 5.306*** 4.858*** 3.449*** 2.708*** 3.070***
(0.450) (0.495) (0.463) (0.678) (0.587)

Enrolled PES/ha (%) -0.240 -0.046 -0.170 -0.043 0.150
(0.183) (0.154) (0.338) (0.340) (0.599)

Subsidy/ha (kMXN) × Enrolled PES/ha (%) -50.335*** -48.740*** -34.342*** -26.618*** -37.348***
(5.638) (5.529) (6.169) (7.254) (8.324)

Observations 10,810 10,810 10,810 4,325 10,810
Year FE X X X X X
State FE X
Municipality FE X X X
Forest cover weights X

Note: Years 2003-2007. Unweighted pre-mean of dependent variable is .29%, weighted pre-mean of dependent
variable is .34%. Robust standard errors are clustered by municipality. Fourth column includes only municipalities
that ever had PES enrollment and the fifth includes sample weight for the baseline forest cover. * p< 0.10, ** p< 0.05,
*** p< 0.01.
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Appendix C.3 Effect of PROGAN and PES on Deforestation at the Parcel Level

Table C7: Estimated effect of PROGAN on deforestation at on above and below median parcels

Deforestation (0/1)
Below median Above median

(1) (2) (3) (4) (5) (6)
PES recipient (0/1) -0.002 0.001 0.001 -0.006* -0.001 -0.001

(0.003) (0.004) (0.004) (0.004) (0.004) (0.004)

PROGAN subsidy -0.067 0.178*
(0.051) (0.100)

PES x Subsidy/ha -0.080 -0.303**
(0.073) (0.125)

Eq. animals/ha -0.061** 0.086**
(0.024) (0.043)

PES x Eq. animals/ha -0.024 -0.100**
(0.024) (0.042)

Observations 162,988 162,988 162,988 161,126 161,126 161,126
Year FE X X X X X X
Ejido FE X X X X X X

Note: Years 2001-2014. Robust standard errors are clustered by ejido for common properties and by municipality for
private properties. The estimator is a correlated random effects logit with effects at the ejido level and marginal
effects reported. * p< 0.10, ** p< 0.05, *** p< 0.01.
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Table C8: Estimated effect of PROGAN on deforestation at the parcel level, full sample

Deforestation (0/1)
(1) (2) (3) (4) (5) (6)

PES recipient (0/1) -0.004* -0.001 -0.001 -0.014** -0.015** -0.015**
(0.003) (0.003) (0.003) (0.005) (0.007) (0.007)

PROGAN subsidy 0.004 0.177
(0.055) (0.175)

PES x Subsidy/ha -0.157** 0.059
(0.067) (0.199)

Eq. animals/ha -0.029 0.148*
(0.025) (0.082)

PES x Eq. animals/ha -0.044* -0.004
(0.023) (0.067)

Observations 358,330 358,330 358,330 358,330 358,330 358,330
Pre-period deforestation mean 0.155 0.155 0.155 0.155 0.155 0.155
Year FE X X X X X X
Ejido FE X X X X X X
Area weights

Note: Years 2001-2014. Sample is the full unrestricted sample. Robust standard errors are clustered by ejido for
common properties and by municipality for private properties. The estimator is a correlated random effects logit
with effects at the ejido level and marginal effects reported. * p< 0.10, ** p< 0.05, *** p< 0.01.
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Table C9: Estimated effect of PROGAN on deforestation at the parcel level, with sample further
restricted by point scores

Deforestation (0/1)
Score > -5 & < 5, all Score > -5 & < 5, > median

(1) (2) (3) (4) (5) (6)
PES recipient (0/1) -0.008 -0.010 -0.009 -0.012** -0.012 -0.013*

(0.006) (0.007) (0.007) (0.006) (0.009) (0.008)

PROGAN subsidy 0.244 1.362***
(0.227) (0.322)

PES x Subsidy/ha 0.071 -0.164
(0.242) (0.362)

Eq. animals/ha 0.158 0.221**
(0.103) (0.102)

PES x Eq. animals/ha -0.004 -0.015
(0.079) (0.086)

Observations 248,178 248,178 248,178 161,126 161,126 161,126
Pre-period deforestation mean 0.155 0.155 0.155 0.223 0.223 0.223
Year FE X X X X X X
Ejido FE X X X X X X
Area weights X X X X X X

Note: Years 2001-2014. Sample restricted by point scores as described in column headings. Robust standard errors are
clustered by ejido for common properties and by municipality for private properties. The estimator is a correlated
random effects logit with effects at the ejido level and marginal effects reported. * p< 0.10, ** p< 0.05, *** p< 0.01.
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Table C10: Estimated effect of PROGAN on deforestation at the parcel level, 2003-2007

Deforestation (0/1)

Score > -10 & < 10 Polygons > median
(1) (2) (3) (4)

PES recipient (0/1) -0.013 -0.005 -0.020 -0.004
(0.019) (0.021) (0.012) (0.013)

PROGAN subsidy -0.381* -0.346**
(0.228) (0.162)

PES x Subsidy/ha -0.587** -0.725***
(0.275) (0.225)

Observations 115,755 115,755 57,545 57,545
Pre-period deforestation mean 0.145 0.145 0.207 0.207
Year FE X X X X
Ejido FE X X X X
Area weights

Note: Years 2003-2007. Samples defined in column head. Robust standard errors are clustered by ejido for common
properties and by municipality for private properties. * p< 0.10, ** p< 0.05, *** p< 0.01.
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Table C11: Misclassification correction model

Deforestation (0/1)
Full sample Polygons > 152 ha

(1) (2) (3) (4) (5) (6)
PES recipient (0/1) -0.007 0.003 -0.000 -0.010 -0.005 -0.002

(0.006) (0.008) (0.007) (0.007) (0.010) (0.009)

PROGAN subsidy 0.301 0.733***
(0.236) (0.269)

PES x Subsidy/ha -0.606* -0.402
(0.347) (0.429)

Eq. animals/ha 0.107 0.410***
(0.097) (0.107)

PES x Eq. animals/ha -0.132 -0.208
(0.091) (0.129)

Observations 324114 324114 324114 161126 161126 161126
G0 0.000 0.000 0.000 0.000 0.002 0.002
G1 0.559 0.545 0.546 0.449 0.435 0.435
logL -128584.293 -128217.742 -128187.806 -79343.171 -79023.828 -78995.134
Year FE X X X X X X
Ejido FE X X X X X X

Note: The estimator is the misclassification adjusted logit with ejido level means of all covariates and standard errors
clustered at the ejido level. Marginal effects evaluated at sample means are displayed. G0 and G1 are the probability
of a false positive and negative, respectively, evaluated at sample means. The false positive and negative rates
depend on the number of L7 cloud-free scenes and its interaction with average slope. It also includes the log of the
polygon area. Time fixed effects included in all models. * p< 0.10, ** p< 0.05, *** p< 0.01.
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Appendix D Additional tables for "Where should PROGAN be?"

Table D1: Impacts of targeting to maximize program benefits
% Deforestation

Panel A (1) (2) (3) (4) (5) (6)
Subsidy/ha (kMXN) 2.057*** 1.280*** 1.276 -0.658 2.216* -0.416

(0.656) (0.463) (0.874) (0.824) (1.337) (0.893)
Subs./ha (kMXN) x Low defor. risk -1.213* -2.119*** -2.380 -1.503

(0.694) (0.708) (1.574) (1.186)
Subs./ha (kMXN) x High max animals 0.594 1.963** -0.186 1.725*

(0.937) (0.802) (1.440) (0.907)
Subs./ha (kMXN) x Low risk x High max animals 1.404 0.109

(1.711) (1.223)
Panel B
Eq. animals/ha 0.630*** -0.066 -0.093 -0.321 -0.486 -0.196

(0.128) (0.194) (0.356) (0.317) (0.652) (0.311)
Eq.animals/ha x Low defor. risk -0.251 -0.370 0.767 -0.592

(0.154) (0.266) (0.739) (0.399)
Eq.animals/ha x High max animals 0.699** 0.254 1.162* 0.124

(0.351) (0.286) (0.658) (0.301)
Eq.animals/ha x Low risk x High max animals -1.094 0.563

(0.740) (0.421)

Observations 30,269 30,269 30,269 30,269 30,269 30,269
Year FE X X X X X X
Municipality FE X X X X X X
Weights X X X

Note: Years 2001-2014. The sample contains the municipalities considered in all sections of the paper. Robust
standard errors are clustered by municipality. * p< 0.10, ** p< 0.05, *** p< 0.01. Weights are baseline forest cover.
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