I0P Publishing

@ CrossMark

OPEN ACCESS

RECEIVED
11 April 2022

REVISED
25 August 2022

ACCEPTED FOR PUBLICATION
9 January 2023

PUBLISHED
24 January 2023

Original Content from
this work may be used
under the terms of the
Creative Commons

Attribution 4.0 licence.

Any further distribution
of this work must
maintain attribution to
the author(s) and the title
of the work, journal
citation and DOIL.

Environ. Res. Lett. 18 (2023) 025003

ENVIRONMENTAL RESEARCH
LETTERS

LETTER

https://doi.org/10.1088/1748-9326/acbla7

The inherent trade-off between the environmental and anti-poverty
goals of payments for ecosystem services

Seema Jayachandran
Princeton University, Princeton, NJ, United States of America

E-mail: jayachandran@princeton.edu

Keywords: payments for ecosystem services, poverty reduction, deforestation, economics

Abstract

Conservation programs in low-income countries often have dual goals of protecting the
environment and reducing poverty. This article discusses the tension between these two goals in
payments for ecosystem services (PESs) programs. Participants who undertake a pro-environment
behavior receive a payment, which can be decomposed into two parts: the amount that
compensates them for the cost of changing their behavior and the extra amount that is a ‘pure
transfer’ to them. To maximize the program’s environmental benefits, a policy maker would like to
set the pure transfer component to zero, yet the pure transfer is the only part of the payment that
increases participants’ economic well-being. In practice, PES programs pay out some pure
transfers, and the extent of the anti-poverty benefits depends on whether the pure transfers are de
facto targeted to the poor. I lay out these points and then illustrate them with data from a
randomized trial of payments for forest protection in Uganda. I provide evidence that the
economic gains from participation in PES are indeed larger for those with low costs to fulfill the
program’s conservation requirements. I also show that, in this context, poorer eligible households
enjoyed more improvement in their economic well-being than richer ones did.

1. Introduction

As much as we wish it were not the case, protecting
the environment and economic well-being are often
in tension. An owner of forested land could conserve
the forest or earn income by cutting down and selling
the trees, for example. In low-income countries, the
trade-off can be stark: further impoverish one’s family
or harm the environment.

Payments for ecosystem services (PESs) are
attractive as a way to ease this tension between eco-
nomic security and environmental conservation. PES
programs offer a payment to participants who under-
take a specified pro-environment behavior, such as
keeping their forest intact (Wunder 2005, Engel et al
2008). The programs are voluntary, so if engaging
in the pro-environment behavior would still make
someone poorer or otherwise worse off, even with the
compensation, she can decline to participate. Those
who opt in and comply with the requirements do so
because they believe it makes them better off.

PES lessens the stark trade-off in the sense that it
enables additional people to protect the environment
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without exacerbating their family’s poverty (Wunder
2001, Samii et al 2014). But PES is often framed more
strongly, as a win-win: it both protects the envir-
onment and reduces poverty. While PES indeed can
achieve both goals, the dual goals are still, inher-
ently, in tension: the more successful a PES pro-
gram is in encouraging a participant to undertake
pro-environment behaviors, the less effective it is in
improving her economic well-being, all else equal.
To see this, it is useful to decompose a PES pro-
gram’s payment into two parts: the amount that com-
pensates the participant for the cost of changing her
behavior and the remainder, which is a ‘pure trans-
fer’ to her. A pure transfer is like an unconditional
cash grant; it increases someone’s financial resources
with no strings attached. To maximize the program’s
environmental benefits, one would set the pure trans-
fer component to zero. The compensation would be
just high enough to induce the participant to under-
take the pro-environment behavior. Setting the com-
pensation higher would not induce more conserva-
tion from her, so any additional program funds would
be better used to reach more participants. However,
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the pure transfer (also known as the inframarginal
payment) is the only component of the payment that
increases a participant’s income. If the payment only
compensates her for her costs of complying, the envir-
onment is better off and she is neither better nor
worse off than she was without the program.

In practice, PES programs pay out some pure
transfers, which is why there can be both environ-
mental and poverty-reduction gains; policy makers
cannot observe each person’s cost of complying, so
cannot set a payment that matches each person’s
costs. However, this win—win does not change the fact
that, as pure transfers get closer to 0, the environ-
mental benefits per dollar spent increase, but poverty
alleviation becomes more modest.

The fact that a PES program’s economic benefits
to participants depend on the difference between the
payment level and their costs to fulfill the conserva-
tion requirements follows from standard economic
reasoning, and it is not an insight that is novel to
this article. The point is mentioned by Pagiola et al
(2005) and Jack et al (2008) and discussed in more
detail by Alix-Garcia et al (2015). Rather, the contri-
bution of this article is, first, to explain this insight in a
way that can convey the intuition to a broad audience
and, second, to present empirical analyses to illustrate
it. To my knowledge, Alix-Garcia et al (2015) is the
only prior study that tests the prediction that the eco-
nomic benefits of PES are larger for those with lower
compliance costs’. One of this study’s advances is to
use machine learning techniques to construct a rich
measure of each participant’s compliance costs. For
the empirical analysis, I use data from a randomized
trial of payments for forest protection conducted in
Uganda (Jayachandran et al 2017).

2. Conceptual framework

Policy makers implement PES to encourage people
to pursue a particular pro-environment behavior that
entails private costs but generates positive environ-
mental externalities. If the environmental benefits
of the behavior are larger than the private costs
to undertake it, societal welfare would be higher if
people undertook it. PES aims to align the individual’s
incentives with society’s by rewarding her for under-
taking the behavior.

Consider a PES program that pays a participant M
if she undertakes the required behavior, for example,
keeping her primary forest intact. The participant
incurs a cost, C, to undertake the pro-environment

2 Alix-Garcia et al (2015) use geographic proxies for deforestation
risk such as closeness to the city and low land slope (but do not
verify that these predict deforestation in the control group). They
find that the program had more environmental benefits where
deforestation risk was higher, which were richer places.
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behavior. The cost could be a monetary outlay
(e.g. for kerosene to replace firewood) or a time cost
(e.g. patrolling her land so that interlopers do not
clear it). A large part of the cost is often opportun-
ity costs. For example, someone who keeps her forest
intact forgoes income from selling timber.

In some cases, C < 0. Here, the person enjoys
enough private benefits from the activity that she
would undertake it even without the PES program.
The premise of PES, however, is that C > 0 for at least
some participants. PES would not be needed if every-
one were undertaking the pro-environment behavior
under the status quo.

An eligible person falls into one of three
categories:

(a) Does not undertake the behavior. This case
applies if C > M.> The payment is not enough
to offset the costs and make the behavior in the
person’s private interest. The program makes no
payment to her and generates no environmental
benefits from her.

(b) Undertakes the behavior and would have done
so even without the PES payment. This applies if
C < 0. The program pays out M and generates
no additional environmental benefits from the
participant because she would have undertaken
the pro-environment behavior even without the
program. Her economic status improves by M.
The entire payment is a pure transfer.

(c) Undertakes the behavior only because of the PES
payment. This applies if 0 < C < M. The pro-
gram pays out M and generates additional envir-
onmental benefits from the participant. Her eco-
nomic status improves by M — C. The amount C
compensates her for her costs of compliance, and
the remainder M — C is a pure transfer to her.

The trade-off between the environmental and
anti-poverty goals of PES can be seen by comparing
cases (b) and (c). In case (b), there is no environ-
mental benefit but the largest increase in the parti-
cipant’s economic well-being. In contrast, in case (c)
PES generates environmental benefits, but the eco-
nomic gains to the participant are smaller than in case
(b).

Moreover, when the program has environmental
benefits, i.e. in case (c), the environmental benefits
per dollar spent are maximized if the pure transfer
is set to 0. Suppose everyone eligible has a compli-
ance cost of C. When M = C, everyone complies, and
the cost per complier is C. Consider an alternative

3 1 assume that, when indifferent, a person chooses to protect the
environment. I also assume no extra cost to sign up for and meet the
program requirements, beyond the cost of the pro-environment
behavior. I discuss these potential extra costs in the next section.
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payment M’ > C. Compliance remains 100% but
the cost per complier is higher. For the same total
budget, a program could enroll more peopleat M = C
and thereby achieve more conservation. But when
M = C, there is no pure transfer to the participant.
Thus, the PES design that achieves the most envir-
onmental benefits for a given budget is the one
that results in participants’ economic status being
identical to what it would have been without the
program.

In reality, participants will differ in their com-
pliance costs. A program could attempt to elicit the
payment level that would just induce each person to
comply and then price discriminate, setting person-
specific payment levels. However, most programs use
a uniform payment for reasons of simplicity and fair-
ness. They might pay a fixed amount per year per
hectare of forest that is kept intact, for example. It
also means that PES programs, in practice, do pay out
some pure transfers.

The efficacy of the pure transfers in reducing
poverty depends on how poor the recipients of them
are. This is determined by how poor those eligible
are and whether, among them, costs of compliance
are higher or lower for poorer people. If compliance
costs are lower for the poor, then the pure transfers
have a pro-poor tilt. If the costs are higher for the
poor, then the targeting is relatively regressive and not
what one would choose in a dedicated anti-poverty
program.

All else equal, the pure transfers being progress-
ive is desirable. However, this does not imply that
PES programs should prioritize enrolling poor house-
holds. A participant’s compliance costs are system-
atically related to the potential environmental bene-
fits of PES: higher compliance costs typically imply
greater environmental benefits, as seen in the com-
parison of cases (b) and (c) above. Thus, when pure
transfers are progressively targeted (i.e. the poor have
lower compliance costs), the largest environmental
gains from PES come from the participation of better-
off households.

3. Evidence from PES program in Uganda

This section uses data from the PES program eval-
uated in Jayachandran et al (2017) to provide evid-
ence on the ideas discussed above®. The PES program
ran for two years in western Uganda. Participating
forest owners received USD 28 (in 2012 USD) per
year per hectare of primary forest they owned if
they kept it intact. The program was implemented
in 60 villages randomly selected from the 121 vil-
lages in the study sample. The study enrolled 1099

4The data set and survey instruments are publicly available
(Jayachandran 2017).
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forest owners. The main outcome was deforesta-
tion measured using satellite imagery. In addition,
household characteristics and other outcomes were
collected through a baseline and endline household
survey. Appendix table A.1 reports summary statistics
and shows that baseline characteristics are balanced
between the treatment and control groups.

Jayachandran et al (2017) reported that, on aver-
age, 28% of eligible households enrolled in and com-
plied with the program, leading to an additional
5.5 hectares of intact forest per treatment village, on
average. There was no strong evidence that the pro-
gram improved economic well-being for the sample
overall. This is consistent with the PES payments off-
setting forest owners’ compliance costs. Under the
status quo, many forest owners cut trees and sold
them to charcoal or timber dealers or cleared forest
to use the land for cultivation. They needed to forgo
this income to comply with the PES contract.

Below, I investigate the compliance costs and
economic benefits of the PES program in greater
detail. Forgone income from selling trees serves as
the measure of compliance costs, C. Forgone agricul-
ture income from cultivating newly cleared land is not
included because, while the endline survey collected
data on agricultural income, it is difficult to attribute
the portion that was from newly cleared land. A self-
assessment of overall economic well-being serves as
the measure of economic benefits, M — C.

First, I present evidence that the compliance costs
and economic gains from participation in PES are
negatively correlated, consistent with the inherent
trade-off I laid out in the previous section. Then
I investigate how compliance costs and economic
benefits of participation vary with the (pre-program)
socioeconomic status of the participant. This rela-
tionship bears on whether the pure transfers made by
the program were de facto pro-poor.

3.1. Are the economic benefits of PES higher when
compliance costs are lower?

I test the hypothesis that people who had to pay more
costs to comply with the PES contract enjoy less of
an economic benefit from participating. Compliance
costs are mostly opportunity costs in this context,
namely forgone income from selling trees and cul-
tivating more land. The challenge is that one does
not observe forgone income; it is a counterfactual
of what income would have been for forest owners
in treatment villages had they not been offered PES.
Fortunately, the forest owners in the control group
offer a way to estimate this counterfactual, as they are
ex ante (nearly) identical to those in the treatment
group. I use baseline characteristics to predict forest
owners” endline income from clearing forest. I then
use the model estimates to construct the predicted
forest income, absent the program, for the treatment
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Figure 1. PES increases economic-well-being only for those with low costs of compliance.

Notes: The outcome is self-assessed position on an income ladder. Low predicted forest income refers to households with a
below-median predicted value of income from forest. Statistical inference is based on a linear regression that allows for
non-independence of errors within a village and, for precision, controls for baseline characteristics: household head has no more
than 8 years of education, house has a grass or bamboo roof, and house is made of mud and poles. Asterisks denote a statistically
significant difference between the groups: * p < .10, ** p < .05, *** p < .01.

High predicted forest income
5

Position on income ladder (range: 1-9)

Treatment

Control

group. A household’s predicted forest income serves
as a measure of its PES compliance costs.

Using the control group, I use LASSO to predict
income from selling trees, or more precisely, income
per hectare of forest owned’. (The PES payments were
per hectare of forest, so the relevant opportunity costs
are per hectare.) LASSO is a regularized linear regres-
sion procedure that shrinks some coefficients toward
zero, which enables a researcher to identify a small set
of best predictors from a large set of potential predict-
ors without over-fitting the data. The potential pre-
dictors (listed in appendix table A.2) include variables
from the baseline balance table in Jayachandran et al
(2017), baseline forest cover (satellite-based meas-
ure), and additional variables that, intuitively, seemed
like they might predict deforestation, such as owning
a saw and the household’s distance to a main road®.

Economic well-being was not a main focus of the
original study, so the endline survey did not include a
comprehensive income or expenditure module. One
proxy for total income, however, is a survey ques-
tion that asked, Tmagine a 9-step ladder where on

> To increase predictive accuracy, I take the inverse hyperbolic
sine transformation of the (skewed) forest income variable, which
is similar to a logarithmic transformation but allows for 0’s.
Throughout the analysis, I top-code forest income at the 95th per-
centile of the distribution to reduce the influence of extreme out-
liers.

6 The tuning parameter was chosen with 5-fold cross validation.
The model was estimated using the cviasso command in the soft-
ware package, Stata. The selected predictors are village-average dis-
tance to the main road, self-reported land area, self-reported forest
area, income from cutting trees in the previous year, indicator for
rents out any part of the land, indicator for household head has
more than 8 years of education, and indicator for owns a saw. Dis-
tance to the main road is a negative predictor of endline forest
income, while the other variables are positive predictors.

the bottom, the first step, stand the people in your
community who earn little money, and on the highest
step, the 9th, stand the people who earn the most
money in your community. On which step are you
today?” I use this ladder variable as a continuous
measure of overall income. The sample mean is 4.15,
and the standard deviation is 2.14.

When testing how economic benefits of PES vary
with compliance costs, for ease of presentation, I split
the sample into those with below- or above-median
compliance costs (where predicted forest income per
hectare is the measure of compliance costs). Figure 1
shows the results, comparing economic well-being for
the treatment and control groups, by low versus high
compliance costs. On the left are those with low costs
of compliance. This is the group for whom more of
the PES payments should be pure transfers. The mean
self-assessed position on the economic ladder in the
control group is 3.72. The treatment group reports a
higher economic well-being of 4.12. This difference
has a p-value of 0.012. The PES program was finan-
cially beneficial for this group.

The bars on the right analyze households with
high compliance costs. The control group has an aver-
age ladder position of 4.44. The treatment group has
a somewhat lower but statistically indistinguishable
value of 4.29. The PES program did not change eco-
nomic well-being among those with high compliance
costs. For people who had to sacrifice income to com-
ply, the program made them no better or worse off
economically, on average.

The figure also shows that, in the control group,
economic well-being is significantly higher among
those with high predicted forest income. The differ-
ence (4.44 versus 3.72) has a p-value <0.01. This link
between predicted forest income and overall income
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Figure 2. Poorer households earn less income from selling trees, absent PES.
Notes: The figure uses data from the control group. The confidence interval is calculated using a regression that allows for
heteroskedastic errors. Asterisks denote a statistically significant difference between the groups: * p < .10, ** p < .05,
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could be causal: earning income from selling trees
makes the high-predicted-forest-income households
richer. Alternatively, certain correlates of being richer,
such as being nearer to a major road, could facilitate
earning income by selling trees. In either case, this
pattern is a preview of the analysis below, which
focuses on whether the poorer or richer PES-eligible
households enjoy more pure transfers.

The results in figure 1 are robust to alternative
ways of measuring both compliance costs and eco-
nomic well-being. Appendix figure A.1 shows that the
results using an indicator for having any income from
selling trees (rather than the continuous measure) or
an indicator for cutting any trees for any purpose (e.g.
clearing land for cultivation) as the measures of com-
pliance costs. Appendix figure A.2 reports the results
using non-food and food expenditures (more pre-
cisely, the subset of these expenditures asked about
in the survey) as alternatives measures of economic
well-being.

3.2. How do PES compliance costs vary with the
household’s economic status?

With heterogeneity in people’s compliance costs and a
uniform reward for compliance, a PES program inev-
itably makes some pure transfers. The welfare benefits
of these pure transfers, which are not serving the pur-
pose of protecting the environment, depend on how
targeted to the neediest households they happen to be.
The answer to that question depends on how compli-
ance costs vary with poverty.

I use education, which the prior literature has
shown substantially increases income in rural Africa,
as a proxy for the household’s economic status
(Reimers and Klasen 2013, Peet et al 2015). Specific-
ally, to identify poorer households, I use an indic-
ator for the household head’s education being below-
median for the sample, which maps to having no
more than 8 years of education’. To test whether com-
pliance costs are lower or higher for poorer house-
holds, one can focus on the control group, which
represents the status quo without PES. Figure 2
shows that (actual) income per hectare from forest
products is much lower among poorer households.
This suggests that if poorer households participate
and comply with PES at a similar or higher rate than
richer households, the pure transfers are progressively
targeted.

To simplify the analysis, I have ignored some sub-
tleties. First, the forgone income from selling trees in
a given year overstates the opportunity costs because
the participant retains the trees. A more accurate
measure would be the trees’ risk-adjusted expected
value in a year multiplied by the annual discount
rate (Jayachandran 2013). Second, if someone’s fore-
gone income is sufficiently high that she would not
partake in PES, then it does not matter, for the pur-
poses of analyzing potential pure transfers, if her

7 Appendix figure A3 replicates figure 2 using having a grass or
bamboo roof as the proxy for being a poorer household.
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Table 1. Poorer households forgo less income when they comply with PES, so enjoy more economic benefits from PES.

Forest income

Self-assessed

Enrolled in and in last year (in position
complied with 100 000s UGX on income
PES program per ha) ladder
1) (2 3)
<8 years of education —0.031 —0.287"** —1.037"**
[0.035] [0.071] [0.172]
Treated —0.214"** —0.001
[0.080] [0.187]
Treated X <8 years of education 0.213** 0.191
[0.093] [0.251]
Number of observations 592 967 1099
Observations included Treated only All All

Notes: Asterisks denote significance: * p < .10, ** p <.05, *** p <.01. Each observation is a household.
Standard errors allow for non-independent errors within a village.

forgone income is even higher. Thus, a more precise
test would top-code the opportunity costs at the level
of the potential PES payments. While the exact value
to use would vary across people and is hard to know,
the pattern in figure 2 is robust to top-coding forest
income per hectare at various values: poorer house-
holds continue to have lower opportunity costs to
protect their forest.

3.3. Are the economic benefits of PES higher or
lower for poorer households?

The result above would suggest that poorer house-
holds should enjoy more economic benefits of PES.
However, the opportunity costs of protecting the
environment are not the only determinant of com-
pliance. There might be other barriers to particip-
ating, for example in signing up or meeting pro-
gram requirements. The wedge between the costs of
protecting the environment and of meeting the PES
requirements could advantage or disadvantage the
poor (Lansing 2017). For example, as reported in
Jack and Jayachandran (2019), lack of prior experi-
ence with written contracts is associated with 10 per-
centage points lower sign-up in the Uganda PES pro-
gram, which might be disproportionately excluding
poorer households from participation. Other barri-
ers to sign-up could go in the opposite direction,
however.

In practice, poorer households signed up for and
complied with the PES contract at the same rate as
richer households, as shown in table 1, column (1).
Their lower opportunity costs suggest they should
sign up and comply at a higher rate, so this result hints
of participation barriers disadvantaging the poor,
on average. Nonetheless, on net, poorer and richer
household receive PES payments at an equal rate.

Next, I analyze (actual) endline income from
selling forest products (column 2). The interpreta-
tion of the negative and significant coefficient for

< 8 years of education is that, in the control group,
poorer households earn less income from the forest.
This is the result seen above in figure 2. The neg-
ative coefficient on Treated means that the program
reduced richer households’ (the omitted group’s)
forest income. This is consistent with them refrain-
ing from cutting and selling trees and, instead, earn-
ing PES payments. The net effect of the program
for poorer households is the sum of Treated and its
interaction with the low-education indicator. The net
effect is close to 0: poorer households did not lose
out on forest income from participating, because they
would have earned negligible forest income absent the
program.

Finally, column 3 analyzes economic well-being,
using the income ladder survey question. As expected,
in the control group, the low-education subsample
has lower self-assessed total income. The zero coeffi-
cient on Treated means that the program made high-
education households neither better nor worse off
economically. The PES payments appear to have just
offset their forgone forest income. (This is like the
M = C scenario discussed in section 2.) The net effect
of the program for poorer households is the sum of
the last two coefficients. It is not statistically differ-
ent from 0 but is positive, consistent with the pro-
gram lifting up the economic position of poorer par-
ticipants a bit.

To summarize the results in this section, the eco-
nomic benefits of PES for eligible households are
higher for those with low compliance costs, as one
would expect from simple economic reasoning. Eco-
nomic theory does not have a general prediction
about whether poorer or richer eligible households
should enjoy more economic benefits, but the empir-
ical answer is important for assessing how valuable
the pure transfer part of PES payments is: even if the
pure transfers are not advancing an environmental
goal, are they going toward the poorest of the poor,
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whom an anti-poverty program would target? In this
context in western Uganda, the compliance costs were
lower for poorer households. Because they particip-
ated in the program at the same rate as richer house-
holds, we therefore expect more of the pure transfers
to be flowing to them. Indeed, there is suggestive evid-
ence that the program led to more economic gains for
poorer households.

For data reasons, the analysis of the economic
gains from PES focused on the short-run effects
among eligible households. Another important
determinant of how progressive the pure transfers
are is whether the eligibility criteria exclude poorer
households from even participating (Pagiola et al
2005). Anecdotally, poorer households are less likely
to own forest, but systematic data are not available.
In addition, the long-run effects of PES on poverty
might differ from the immediate effects. For example,
poorer households might be more credit-constrained,
so their pure transfers might enable them to invest in
profitable opportunities that increase their long-run
income. In addition, if a long-term PES program
causes some forest owners to move out of agricul-
ture, their economic well-being will depend on how
successful they are in their new occupation.

4. Policy implications

The points discussed in this article have several
implications for the design of PES programs. First,
it is valuable at the design stage to assess how com-
pliance costs vary with participants’ economic status,
in order to understand how pro-poor the pure trans-
fers will be. These data do not need to be collected for
every household; self-reported costs for a small, rep-
resentative sample would suffice to assess the de facto
targeting of the economic benefits of PES participa-
tion. A more ambitious approach would be to use an
incentive-compatible elicitation of compliance costs,
as done in Jack (2013).

A second related implication is that funding mod-
els for PES could be more creative in light of the
dual environmental and poverty-reduction benefits.
The part of PES payments that are needed to com-
pel people to protect the forest or plant trees should
be eligible for carbon financing, for example. How-
ever, conceptually, the pure transfers should not be
charged to the buyer of a carbon credit. Some PES

S Jayachandran

programs might only be able to offer carbon credits
at the prevailing price in the market if the pure trans-
fers are excluded from the cost base. These pure trans-
fers, though, are often achieving a different set of
actors’ equally important goal of reducing poverty.
In such a case, the PES program could be funded
through a combination of revenue from carbon cred-
its and aid money from a development agency, for
example. The development agency (or philanthrop-
ists focused on poverty reduction) could perhaps
provide just enough funding to make the carbon cred-
its competitive in the market, assuming that doing so
is justified by the PES program’s poverty reduction
benefits.

A third implication is that to fundamentally
change the environment-economic tradeoff discussed
in this article, one needs to permanently lower house-
holds’ cost of undertaking pro-environment behavi-
ors. With this goal in mind, PES programs some-
times make their payments in kind, for example
offering inputs for an alternative livelihood. How-
ever, such efforts can undermine PES effectiveness
if participants value the in-kind payment less than
they would its cash equivalent. A more promising
option would be a complementary policy to encour-
age innovation in the market for alternatives to char-
coal or alternatives to wood as a building mater-
ial. Viable substitutes for tree products would lower
the price of charcoal or lumber and, thereby, reduce
people’s forgone income from protecting the forest. If
PES programs were paired with such efforts, then in
the short run, PES incentives could offset households’
compliance costs, and in the long run, the compliance
costs would drop. This would allow the PES payments
to be lowered over time or might even make them
unnecessary.
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Appendix. Figures and tables
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Figure A.1. Replication of figure 1 with indicators for any forest income or cutting any trees as the measures of compliance costs.
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Figure A.2. Replication of figure 1 with (select) non-food and food expenditures as the measures of economic well-being.
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Figure A.3. Replication of figure 2 using grass/bamboo roof as the proxy for poorer households.
Table A.1. Summary statistics and balance test between treatment and control groups.
Variable Treated Control p-value
Baseline variables
HH head has >8 years of education 0.435 [0.496] 0.420 [0.494] 0.586
House has grass or bamboo roof 0.103 [0.304] 0.114 [0.318] 0.534
House is made of mud and poles 0.671 [0.470] 0.655 [0.476] 0.579
Avg distance to nearest main road 2.199 [1.663] 1.800 [1.217] 0.000
IHS of self-reported land area (ha) 4.056 [1.023] 4.012 [0.948] 0.436
Self-reported forest area (ha) 1.695 [3.239] 1.993 [11.820] 0.552
Total revenue from cut trees (in 1000s UGX) 0.016 [0.061] 0.019 [0.130] 0.606
IHS of total revenue from cut trees 2.339 [2.460] 2.265 [2.466] 0.602
Rented any part of land 0.165 [0.371] 0.196 [0.398] 0.158
Household owns any type of saw 0.158 [0.365] 0.152 [0.360] 0.787
Endline variables
Self-assessed position on income ladder 4.235 [2.195] 4.075 [2.086] 0.217
Total income income from selling forest 26.567 [76.886] 35.217 [85.721] 0.099
products in last year (per ha, in 1000 U)
Food expend. in last 30 days (in 1000s UGX) 25.743 [26.803] 27.349 [32.241] 0.369
Non-food expend. in last 30 days (in 1000s 203.505 [217.647] 202.004 [246.104] 0.915
UGX)
Total income from clearing land (per ha of forest 6.976 [6.586] 7.408 [6.519] 0.305
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Table A.2. Potential predictors included in LASSO prediction of forest income.

Potential predictor

Number of PFOs in village at baseline (strat var)
Village avg weekly earnings per capita at baseline (UGX, strat var)
Avg distance to nearest main road

Village avg size of the reported land nearest the dweling (ha, strat var)
Household head’s age

Household head’s years of education

IHS of self-reported land area (ha)

Self-reported forest area (ha)

Cut any trees in the last 3 years

Cut trees to clear land for cultivation

Cut trees for timber products

Cut trees for emergency/lumpy expenses

ITHS of total revenue from cut trees

Rented any part of land

Dispute with neighbor about land

Involved in any environmental program

Agree: Deforestation affects the community

Agree: Need to damage environ. to improve life

% change in vegetation in PFO land circle, 1990-2010
Household head’s age

Household head’s years of education

IHS of self-reported land area (ha)

Self-reported forest area (ha)

Cut any trees in the last 3 years

Cut trees to clear land for cultivation

Cut trees for timber products

Cut trees for emergency/lumpy expenses

IHS of total revenue from cut trees

Rented any part of land

Dispute with neighbor about land

Involved in any environmental program

Agree: Deforestation affects the community

Agree: Need to damage environ. to improve life

Tree cover in village (ha)

% of village with tree cover

% change in vegetation in village, 1990-2010

Tree cover in PFO land circle (ha)

% of PFO land circle with tree cover

% change in vegetation in PFO land circle, 1990-2010
HH head has >8 years of education

House has grass or bamboo roof

House is made of mud and poles

From your household, how far is it to the nearest trading center? (km)
From your household, how far is it to the nearest main road (km)
Household owns any type of saw

Household owns: cattle
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