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Both environmental protection and poverty alleviation are high on the international policy agenda for
developing countries. We examine whether conditional environmental cash transfer programs contrib-
ute to the social protection of the beneficiaries, using data from a randomized controlled trial on refor-
estation, implemented in cooperation with the government of Burkina Faso. Randomly selected
farmers were invited to undertakemaintenance activities to increase the survival rate of trees that were
planted on degraded forest lands. Compensation, in the form of monetary payments, varied with the
number of trees still alive nine months after the tree planting. The timing of the conditional payments
coincided with the lean season, when most farmers needed cash for food consumption and agricultural
inputs. Six months after the transfers, the recipient households reported 12% higher food consumption
expenditures compared to the control group, as well as a 35 and 60% reduction in, respectively, mod-
erate and severe food insecurity. Our data indicate that the transfers received during the lean season
were not only used to address immediate consumption needs but also to invest in crop and livestock
production. The investments resulted in subsequent increases in agricultural outputs and income. We
thus conclude that conditional environmental cash transfers, when paid in the lean season, can not only
support consumption smoothing in the short run but can also improve livelihoods in the longer run.
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Hunger and malnutrition are still pervasive in
the developing world. Food insecurity is dis-
proportionately concentrated in Sub-Saharan

Africa (SSA). This is especially true in the
Sahelian drylands, where a large share of the
population is moderately or even severely
food insecure (FAO et al. 2019). The depen-
dence on increasingly unpredictable rainfed
food production systems and the limited access
to funds to support consumption smoothing
result in a vicious poverty cycle. Poor house-
holds engage in negative coping strategies dur-
ing the hungry season with adverse
consequences for both agricultural production
and post-harvest welfare that, in turn, trap a
substantial share of the rural population in pov-
erty and food insecurity (Christian and Dil-
lon 2018; Fink, Jack, and Masiye 2018).
Food insecurity is one important issue in the

Sahelian drylands of Sub-Saharan Africa; the
battle against desertification is another. Pay-
ments for environmental services (PES)
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schemes offer communities and/or individual
landowners financial compensation in return
for the provision of environmental services,
such as reduced deforestation or increased
reforestation (Engel, Pagiola, and Wun-
der 2008). By offering financial compensation
conditional on improved environmental ser-
vice provision, PES schemes address the
fundamental cause of environmental
degradation—the fact that the costs of conser-
vation are incurred locally, whereas a substan-
tial share (if not all) of the conservation
benefits accrue globally. Although Jayachan-
dran et al. (2017) show that PES schemes are
effective in promoting conservation, recent
overview papers document a critical dearth
of empirical evidence on their socio-economic
impacts (Samii et al. 2014; Borner et al. 2017).
In this paper, we leverage a randomized

controlled trial (RCT) to estimate the welfare
impacts of a government-led PES scheme
aimed at reforesting degraded forest lands in
arid Burkina Faso. As part of this interven-
tion, inhabitants of the communities in close
proximity to the project forests were invited
to participate in tree planting campaigns in
well-defined areas in the forests. The cam-
paigns started with, in total, about 33,500 new
trees being planted on sixty-six reforestation
sites across eleven protected forests in August
2017. Subsequently, community members of
villages surrounding these project forests were
randomly selected, from a pool of volunteers,
to receive a PES contract for the maintenance
of the newly planted trees. Those who were
selected for the maintenance activities were
grouped into teams of five and made responsi-
ble for the survival of the trees planted on their
assigned reforestation site. Contracts were
signed between each participant in the mainte-
nance group and the implementing government
agency. The contracts guaranteed that each
groupwould earn about $0.60 for every tree still
alive at verification almost a year after the
planting campaign (in June 2018). It stated fur-
ther that the amount received would be divided
equally among all five group members. We
ensured that this was the case by transferring
all money via private mobile money accounts.
We investigate the impacts of the Burkina

Faso PES scheme, using primary data col-
lected at the start of the tree maintenance pro-
ject as well as six months after the completion
of the transfers—a time period of four-
teen months. At baseline about 90% of the
individuals in our sample were farmers whose
families were at risk of food insecurity, facing

significant liquidity constraints because of the
(imminent) exhaustion of their food stocks
and earnings from the previous harvest period.
The timing of the PES payments coincided
with this “lean period.” The transfers are thus
expected to alleviate short-run food deficits.
But if the transfers also allowed households
to invest more in productive activities, or
avoid negative coping strategies to tackle
immediate consumption needs, their impacts
may actually be larger and long lasting.

We find that participation in the PES
scheme induced an increase in households’
food consumption expenditures by 12% and
a reduction of the prevalence of moderate
and severe food insecurity by 35 to 60%. We
also document positive effects on agricultural
as well as livelihood outcomes in the post-
harvest period. We investigate the channels
of the PES payment impacts and find that the
treated participants cultivated more land,
invested more in improved seeds and pesti-
cides, and obtained higher agricultural outputs
than their control peers. Although crop pro-
duction is the main economic activity for over
90% of our participants, PES recipients were
significantly more likely to engage in a second-
ary occupation at endline (especially livestock
production) and reported an overall higher
level of income. We thus find that participa-
tion in the PES program (and the associated
receipt of cash payments) did not just reduce
food insecurity directly by allowing for more
food purchases but also by increasing the par-
ticipants’ income-generating capacity. In fact,
the average increase in food consumption
expenditures in the month prior to the endline
survey is about 25% of the average amount of
PES transfer received. The impacts of partici-
pation in the PES scheme on livelihoods may
thus extend well beyond the agricultural cycle
in which the payments were disbursed.

Our results contribute to three main strands
of the development economics literature: (a)
PES as a dual environmental conservation
and poverty reduction tool; (b) a cash for work
(C4W) program as a social protection tool for
vulnerable communities in the drylands; and
last, (c) the impacts of seasonal liquidity con-
straints on rural households.

Accounting for the socio-economic impacts
of environmental programs is important to
fully appreciate the overall benefits of those
programs relative to their costs and in order
to make appropriate policy decisions about
whether and how to implement them. Yet the
literature on the socio-economic impacts of
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PES schemes is still very thin, geographically
skewed, and so far, suggests limited impacts
(Samii et al. 2014; Puri et al. 2016; Borner
et al. 2017; Liu and Kontoleon 2018). For
example, Alix-Garcia, Sims, and Yañez-
Pagans (2015), in their evaluation of a federal
PES program in Mexico, find substantial
effects on land cover outcomes but only small
positive effects on poverty reduction. The
authors rely on matching techniques to iden-
tify treatment effects while our study takes
advantage of an experimental design. Our
study brings evidence from the Sahel, a region
affected by multiple climate and poverty-
related challenges, and yet critically underrep-
resented in the available literature on the
question. The closest study to ours is by Jack
and Santos (2017) who use an experimental
design to evaluate the welfare and environ-
mental impacts of a PES program in Malawi.
They conclude that the program led to signifi-
cant labor shortage among the participants
without generating a significant impact on
any socio-economic outcome. Their program
was, similarly to our study, a reforestation
intervention where participants were paid
based on tree survival rates. However, one
main difference with our case, in addition to
the geography, is that their scheme was based
on private lands, which changes the nature of
the trade-off involved in participation. In our
case, the schemewas based on protected forest
lands, which makes it more comparable to a
C4W intervention. Another related study is
by Alix et al. (2018), who find significant
effects of PES on social capital in Mexico.
Our study is the first to report strong, signifi-
cant, and positive effects of a PES scheme on
participants’ welfare outcomes, based on an
experimental design. It complements the
evolving literature on this issue, with evidence
from a data-poor context such as the Sahel
region of SSA.

There is a large and still evolving literature
across the developing world showing that cash
transfers1 to individuals can relieve capital
constraints and lead to positive welfare effects
(De Mel, McKenzie, and Woodruff 2008;
Angelucci and De Giorgi 2009). For example,
Haushofer and Shapiro (2016) find strong
improvements in consumption and large
increases in psychological well-being of poor

households in rural Kenya as a result of a
purely unconditional cash transfer interven-
tion. These results are corroborated by Bed-
oya et al. (2019) in Afghanistan. However,
very little of the evidence base on cash trans-
fers focuses on C4W per se. One of the few
exceptions is Beegle, Galasso, and Gold-
berg (2017), who find no evidence that a
labor-intensive public work program imple-
mented by the government of Malawi resulted
in higher lean season food security among par-
ticipants. In contrast, Rosas and Sabar-
wal (2016) find positive effects of a C4W
program in Sierra Leone on food, medical,
and asset spending. Our study complements
this literature by linking it to the one on envi-
ronmental policies and by bringing in evidence
from the Sahel region.
Finally, by providing the cash transfers to

the PES participants, specifically during the
lean season, our study also contributes to the
literature on the impacts of seasonal liquidity
constraints. The lack of access to capital, to
support immediate consumption needs at crit-
ical times of the year, pushes households to
make suboptimal choices, which can affect
their income and keep them in poverty. For
example, Burke, Bergquist, andMiguel (2019)
use a field experiment in Kenya to show that
liquidity constraints at harvest time prevents
farmers from taking advantage of intertem-
poral arbitrage opportunities in grain markets.
Providing timely access to credit allowed
farmers to delay sales to a later point in time,
when prices are high, thereby increasing their
revenues. In a related study, Fink, Jack, and
Masiye (2018) show experimentally that
liquidity constraints in the lean season push
small-scale farm households in Zambia to
oversell labor off farm. They find that lowering
the costs of access to liquidity during the lean
season mitigates labor oversupply and
improves consumption and income for the
more liquidity-constrained farms, with posi-
tive implications for inequality reduction in
the community. Our study is the first experi-
mental study of the impacts of an environmen-
tal C4W program, which also addresses
seasonal liquidity constraints for rural farm
households, specifically in the drylands of
SSA. Thus, our study seeks to inform social
protection and environmental policies in the
Sahel and other regions with similar agro-
ecological conditions.
The next section of this paper describes the

study context and the experimental design.
The empirical strategy for estimating the

1Here, we refer broadly to all types of programs that involve
handing cash to people. We recognize that the term cash transfers
may indicate more specific types of interventions in the develop-
ment economics literature.
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treatment effects, as well as the data sources,
are detailed in the subsequent section. The fol-
lowing section presents the results and related
discussions, including the mechanisms of
impacts. The last section concludes and makes
recommendations for future research.

Program Description and Experimental
Design

The notion that forests represent a cost effec-
tive source of carbon sequestration while
providing economic, environmental, and
socio-cultural benefits (Canadell and Rau-
pach 2008; Busch et al. 2019) has received
renewed impetus with the 2015 Paris Agree-
ment, as evidenced by the key role the agree-
ment attributed to forest conservation. In this
spirit, the government of Burkina Faso has ini-
tiated a Forest Investment Program (FIP) with
joint technical assistance from the African
Development Bank and the World Bank
Group, and with financial support from the
Climate Investment Fund. One of the main
goals of Burkina Faso’s FIP is to improve the
carbon sequestration capacity of protected
forests while contributing to poverty reduction
in forest-dependent communities.

The Intervention

Burkina Faso is a landlocked country in the
Sahel region of Africa and is characterized by
dry forests with sparse tree coverage. As a
result, landscape restoration through large
scale reforestation is one of the most common
forest interventions in this country (Adjognon,
Rivera-Ballesteros, and van Soest 2018).2 One
of the FIP’s key interventions is a reforestation
project involving eleven of the country’s
seventy-seven protected forests, in which local
communities are engaged in the planting of
indigenous trees on degraded areas of tar-
geted forests.3 Assistance to these activities is
provided by the FIP’s project implementation
team with the support of local institutions
called forest management committees
(Comité de Gestion Forestière, or CGF).

The reforestation campaign has two distinct
phases. The first phase, which is not part of this
study, is the tree planting phase, whereby the
local communities are involved in planting
seedlings on well-defined reforestation plots.
The tree planting phase for the 2017 reforesta-
tion campaign happened in July/August 2017,
during which about 33,500 seedlings were
planted across sixty-six reforestation plots
defined within the eleven protected forests of
intervention. Note that this phase was not part
of the RCT. Although quite a few of the indi-
viduals who participated in the tree planting
scheme were also interested in participating
in the subsequent phase of tree maintenance,
prior engagement in the tree planting activity
did not give prioritized access to the tree main-
tenance phase.

The second phase is thus the tree mainte-
nance phase, which seeks to keep as many sap-
ling trees alive as possible. Growing conditions
in Burkina Faso are harsh, and survival rates
can be improved not only by watering plants
but also by maintaining the holes in which sap-
lings are planted, by removing dead organic
material in the plant’s vicinity, by protecting
the plants from being eaten by wildlife or live-
stock, and also by putting up fire breaks. These
activities require time and effort, and hence
the FIP decided to enroll community members
into a PES scheme that will compensate partic-
ipants based on the survival rate of the newly
planted trees under their care. Our RCT is
based on the random allocation of individuals,
who were interested in participating in this
tree maintenance scheme, to a treatment and
a control group.

Experimental Design

We harness the outcomes of the above-
described RCT to evaluate the welfare
impacts of the environmental cash transfer
intervention aimed at increasing the planted
trees’ survival rates. The study’s implementa-
tion required a close partnership between the
research team and the FIP, in order to embed
key RCT-related activities in the project
implementation. Figure 1 summarizes the
timeline of the different activities related to
this study.

As described in the previous subsection, the
RCT is built on the tree maintenance phase;
this phase is completely orthogonal to the
prior tree planting phase. Having completed
the tree planting phase, the project team

2For example, the African Landscape Restoration Initiative
(AFR100) is a large scale multi-country initiative to bring 100 mil-
lion hectares of African land into restoration by 2030 (https://
afr100.org/).

3The choice of indigenous tree species is seen as important for
both carbon sequestration and biodiversity conservation.
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invited local community members to apply to
participate in the tree maintenance phase.
Many of the volunteers previously partici-
pated in the tree planting phase, but this did
not mean that they automatically participated
in the tree maintenance project. All local com-
munity members interested in participating in
the tree maintenance activity were informed
about the details of the PES schemes that
had been designed to incentivize tree mainte-
nance. This entailed the information that the
size of the monetary payments to participants
would depend on the number of trees still alive
on their reforestation plot nine months later.
For each of the sixty-six reforestation plots,
we intended to select ten people: five of whom
would participate in the PES scheme and five
of whom would end up in the control group.
Interest was such that, having heard the details
of the contract, the number of eligible individ-
uals4 was always strictly larger than ten.

Our program was thus oversubscribed, and
hence the selection of the participants was
implemented in two stages. First, we used a

public lottery to select ten people from the
pool of interested and eligible individuals. Sec-
ond, we used again a public lottery to allocate
five of the ten to the treatment and the remain-
ing five to the control group. Those in the
treatment group were offered a PES contract;
those in the control group were not included
in the PES scheme but were visited for all sur-
vey rounds.5 The lottery approach was consid-
ered the fairest way to enroll people and to
preserve the trust of the community members
(Gueron 2017). Field agents representing the
research team were present and helped the
project teams implement these public lotter-
ies. The lottery is also central to our identifica-
tion strategy to evaluate the impacts of the

Planting of 33,500 saplings across 66 reforestation sites,

coordinated by the BF FIP implementation team,

in collaboration with the local CGFs

Public lotteries around each reforestation sites

where volunteers were randomly selected

into the treatment group (5 people) and

the control group (5 people)

Treatment

PES participants

(N=325)

Control

PES participants

(N=303)

Treatment

non-PES participants

(N=305)

Control

Non-PES participants

(N=271)

Ongoing maintenance activities

across the 66 reforestation sites

Data collection Project implementation

July 2017

August 2017

Sept - Oct ’17

Baseline HH survey

June - Aug ’18

Lean season

Verification of

Tree Survival rates & payments

Nov - Dec ’18

Endline HH survey

Figure 1. Timeline of the randomized controlled trial

Note: The flowchart above depicts the full implementation timeline of the PES intervention and data collection activities for this study.

4The only two eligibility criteria were being 18 years or older
and a deemed fit to do the work. Eligibility was confirmed on the
spot by the project’s field agents.

5Contrary to Bertrand et al. (2007), we did not offer any mone-
tary incentives to induce participation, especially from the control
group, in our survey. Doing so would have potentially affected our
estimates of the impacts of the PES cash transfers.
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PES intervention on participants, because ran-
domly rejecting some of the interested individ-
uals from each community implies that the
treatment and control groups are likely to be
identical in all respects.

Tree Survival Outcome and PES Payments

Each team of the five participants employed in
the PES contract was informed that they could
collectively earn money based on the survival
rate of the newly planted trees on their
assigned reforestation plot. PES contracts
assured the groups that they would receive
about US$0.60 for every tree still alive at veri-
fication (about nine months after the start of
the maintenance project), and that every
group member would receive an equal share
(20%) of the total amount. All team members
received instructions about the activities in
which they could increase the survival rate.
About 500 trees were planted on each plot,
and hence the group earnings could be any-
thing between zero and $300.
The contract signing was followed by the

baseline survey, which was rolled out in
September and October 2017, and during
which 630 respondents were surveyed
successfully—325 in the treatment group and
305 in the control group. The enumerators
were unable to locate and interview the
remaining thirty respondents, mostly due to
migration reasons.
About nine months later, in June and July

2018 (just before the start of the next rainy sea-
son), all reforestation areas were visited by
independent monitors and consecutively par-
ticipants received their payments based on
the number of trees still alive on the reforesta-
tion site. The average survival rate was around
37%, with some variation across species and
regions.6 Although these survival rates may
seem low, this outcome is actually very good
considering the arid conditions in the Sahel
(Carey 2020).7 Given low survival rates of
trees in the Sahel, it is important for policy
makers to also appreciate the co-benefits of

these interventions, including the livelihood
outcomes for the affected communities, in
order to best decide among alternative policy
instruments.

The RCT’s endline survey was implemen-
ted in November/December 2018, about five
months after the payments had taken place.
We were able to survey a total of 574 study
participants—303 in the treatment group and
271 in the control group. From the 303 treat-
ment respondents surveyed, 291 or 96.04%
confirmed having received a PES transfer.
The individual payments received ranged
from about 840 FCFA ($1.50) to 25,620 FCFA
(about $45.60). The average payment was
8,300 FCFA ($14.75)—the value of about
one week of food consumption for the median
rural household in Burkina Faso, or 25–30
kilos of fertilizer (NPK, or Urea).8 Figure A1
in the online supplementary appendix shows
the distribution of the payment amounts
received by the participants in the treatment
group.

From a participant’s private welfare per-
spective, the PES transfers are the only
short-time benefits from participation in the
program. The saplings planted were suffi-
ciently small so that they were not able to pro-
vide any local private benefits (in the form of
food or fruits, or as building materials or fuel-
wood) during the study time frame. Further-
more, the reforestation was implemented on
degraded land within protected forests. Plant-
ing trees therefore does not establish property
rights (neither formally nor informally), and
hence the land with the newly planted trees
cannot be used as collateral for accessing
credit (Abdulai, Owusu, and Goetz 2011; Dei-
ninger, Ali, and Alemu 2011; Fenske 2011).

The timing of the PES payments is of partic-
ular importance. Figure 2 presents data on
food insecurity, as experienced by the house-
holds in the control group, over the period
October 2017–September 2018—the agricul-
tural season before the payments and two
months into the new agricultural season. This
figure is thus reflective of the levels of food
insecurity experienced by farmer households
in the region, absent any intervention. As is
clear from this figure, the lean period spans
March to September and is the timewhen food
insecurity is most prevalent among non-

6The most resistant species were Acacia Senegal (acacia) and
Adansonia Digitata (Baobab), with survival rates of 54% and
49%, respectively. The least resistant were Parkia Biglobosa
(Nere) and Khaya Senegalensis (Cailcedrat), with survival rates
of 24 and 20%, respectively.

7For example, an experiment conducted as part of the pan-
African Great Green Wall for the Sahara and the Sahel Initiative
(GGW) reported an average survival rate of about 20%, with var-
iations across species, which are consistent with our findings in
Burkina Faso (Wade et al. 2018).

8Authors’ calculations from the BF 2014 Living Standards Mea-
surement Survey (LSMS) data estimate the median rural house-
hold’s daily consumption expenditures at about 1580 FCFA ($3).
In July 2018, 1,000 FCFA = US$1.78.
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participants due to dwindling stocks from the
previous harvest. As households’ marginal
utility of consumption increases during this
period, they may trade off future consumption
for present consumption. For example, they
may borrow money from local money lenders
at a high interest rate and pay back after har-
vest (Hoff and Stiglitz 1990). They may also
temporarily sell off too much household labor
off farm, which may affect the household’s
production and earnings for the season (Fink,
Jack, and Masiye 2018). In both cases, the
amount of resources available for the house-
hold in the post-harvest period could be
reduced because part of it is used (directly or
indirectly) to support immediate consumption
needs. At the time of the PES transfers distri-
bution, which coincided with the lean season,
most of the participants were already out of
food stock from the previous harvest, which
was almost a year ago by that time.

Regarding the costs of participation, the
opportunity costs of the time invested in tree
maintenance is quite low in our context. The
distance between the plots and the partici-
pants’ homestead was reported to be 7.8 km
on average and considered relatively far by
the majority participants. However, the vast
majority had access to some means of trans-
portation, typically a bicycle or a moped. Most

of the maintenance labor needed to be sup-
plied during the dry season—the six-month
period after harvest is completed and until
the next rainy season will start. So demand
for agricultural labor (or the time needed to
work the land) is negligible during the period
in which most of the tree maintenance activi-
ties needed to be implemented. Also off-farm
employment opportunities are typically
scarce. This means that households that
actively contributed to keeping the trees alive
can only be worse off in terms of having
worked at times where others were idling—
but not in terms of reduced land or labor avail-
able for, for example, agricultural activities.
That also means that if our PES design invited
free riding, this is unlikely to have resulted in
biased financial consequences. We ensured
that each member received the 20% share of
the group payments they were entitled to
(by sending the money they were entitled
directly into mobile money account), and the
scarcity of alternative employment opportuni-
ties in the dry season makes it unlikely that
free riders were able to earn additional
incomes during the time others were engaged
in the tree maintenance activities.9

The PES payments may have affected
behavior and outcomes from the moment
they were disbursed—from June/July 2018

0.7
0.0 0.0 0.4 0.7

6.6

3.3 3.0

5.9

15.1

39.1
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Figure 2. Seasonality of food insecurity (October 2017 to September 2018)

Note: This figure uses data from our control group only, and summarizes the percentage of households with insufficient food for each of the twelve months prior
to the endline. In the post-harvest months (Oct-Feb), hunger rates are the lowest. But fromMarch through September, food insecurity rises because most people
run out of food reserves at some point during this period.
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onwards. However, the timing of the payments
was clearly communicated at the start of the
project (as well as the payment conditions),
and hence they may also have affected behav-
ior in the period prior to their disbursement.
They may thus also have acted as safety nets
for the recipient households by supporting
their consumption smoothing capacities and
avoiding negative coping strategies. The pay-
ments may also have allowed the recipients
households to invest in productive activities
to increase their earnings for the season. We
focus in the remainder of this paper to investi-
gate whether these mechanisms were present.

Empirical Framework

We seek to estimate the average treatment
effect of participation in the PES scheme on
households’ welfare, mainly captured by food
security. Our identification strategy exploits
the random assignment of individual members
of the communities into a treatment and a con-
trol group.
The treatment group received contracts,

which guaranteed a monetary compensation
based on the number of trees still alive on their
assigned reforestation area at verification. The
control group did not receive any contract and
hence received no cash transfers from the pro-
ject. We estimate an intention-to-treat (ITT)
effect of the intervention on households’ food
security, using the following ANCOVA
model:

ð1Þ Yij1 = α+ βYij0 + γXij + δTij +μj + ϵij:

Here, Yij1 and Yij0, respectively, represent
the endline and baseline values of the outcome
variable of interest for household i in location
j. For outcome indicators collected only at
endline, a constrained version of equation
(1) is used, which does not include the baseline
outcome value. VectorXi captures participant
characteristics (such as age, gender and level
of education) as well as household characteris-
tics (such as household size, land holdings, and

the homestead’s distance to the reforestation
site). Treatment status is captured by Tij, tak-
ing value one if a household was offered the
opportunity to participate in the PES scheme
on reforestation site j, and zero otherwise.
Randomization into treatment and control
was at the level of the individual reforestation
site, and hence we also include reforestation
site fixed effects, as represented by μj. Finally,
ϵij is the mean-zero error term, clustered at the
maintenance group level.10

We rely on the ANCOVA approach
because it can increase the statistical power
of the test compared to a difference-in-
difference approach, especially when the out-
come variables have low autocorrelation
(McKenzie 2012). It also presents an advan-
tage when the baseline and follow up data
are collected in different seasons, so that Yij0
and Yij1 can differ even if nothing had chan-
ged. For example, in our case, the baseline
data were collected in September/October
2017, before harvest, whereas the endline data
were collected in November/December 2018,
after harvest.

In equation (1), δ is the main parameter of
interest, which under exogeneity and stable
unit treatment value (SUTVA) assumptions
identifies the ITT effects on beneficiaries’ food
security outcomes. The exogeneity assump-
tion is a direct implication of the randomized
selection of beneficiaries among eligible candi-
dates. As for the SUTVA assumption, we can-
not fully rule out the possibility of spillover
effects affecting our estimates. In fact, 90%
of our sample respondents live in villages
where there is least one representative from
each treatment group. The SUTVA assump-
tion might be violated if treatment group par-
ticipants share their transfers with other
members of the community, including the
members of the control group (Boltz, Maraz-
yan, and Villar 2019). We do not find any evi-
dence of such social redistribution. More
specifically, we find no statistically significant
differences in food expenditures of control
group households that reside in villages with

9The reforestation project’s endline survey probed respondents
regarding the prevalence of free riding. More than 70% of the
treatment respondents reported that all four of their peers contrib-
uted at about equally to the common task. For another 12% of the
treatment sample, three out of the four peers contributed at least
as much as the respondent interviewed. That means that free rid-
ing seemed not to have been very prevalent.

10Although the treatment assignment was at the individual level,
we cluster the standard errors at maintenance group level to
account for the correlation of outcomes within treatment
groups—if any. Outcomes may be correlated because participants
in the same maintenance group had to work together towards a
common goal, and also received the same amount of PES pay-
ments. For consistency, we also apply clustering to the members
of the control group for each of the reforestation plots, even
though no special ties (are likely to) exist between them. In any
case, clustering does not affect our results and are available upon
request.
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fellow villagers participating in the PES pro-
ject compared to those without; see table A2
in the online supplementary appendix for
details. Most of the mechanisms we can think
of (ranging from payment sharing within vil-
lages to sabotage) would result in our mea-
sured treatment effects to be a lower bound
estimate of the true impacts of participation
in the PES scheme. But of course we cannot
fully rule out other potential sources of spill-
over that might result in an upward or down-
ward bias of the treatment estimates.

We estimate equation (1) using ordinary
least squares (OLS) and implement several
robustness checks. We first use randomization
inference as an alternative to t-test inferences
based on sampling variation. The randomiza-
tion inference approach, still not very wide-
spread in economic research, has been
strongly recommended for the analysis of
randomized experiments such as ours
(Imbens and Wooldridge 2009; Athey and
Imbens 2017). To calculate the p-value associ-
ated with the estimated treatment effect, the
randomized inference approach reassigns the
treatment status by keeping the number of
individuals in each group fixed and calculating
the corresponding difference in means. This
process is repeated many times and produces
a distribution of “fake” treatment effects
under the null hypothesis. The p-value is then
simply the proportion of cases in which the
“fake” treatment effect estimated is at least
as large in absolute value as the estimate we
seek to test. The method is attractive in part
because it relies on fewer modeling assump-
tions that are (implicitly) used in a regression
framework and leads to inferences that are
robust to any clustering bias (Athey and
Imbens 2017). Additional robustness tests
include corrections for multiple hypothesis
testing to account for the increasing likelihood
of rejecting null hypotheses as the number of
tests increases (Kling, Liebman, and
Katz 2007; Anderson 2008), as well as Lee
bounds, to show that our results are robust to
potential attrition bias (Lee 2009).

Data and Descriptive Statistics

As shown in figure 1, this study relies on two
rounds of primary household survey data: (a)
a baseline survey implemented just after par-
ticipants had been allocated to either of the
two treatment arms, and (b) an endline survey

implemented 5–6 after the PES transfers were
distributed.

Baseline Characteristics

In September to October 2017, right after the
PES contracts were signed with participants,
we administered the baseline household
survey.11 The baseline survey instrument cap-
tured households’ socio-demographic character-
istics, assets ownership, agricultural production,
non-farm economic activities, as well as food
consumption expenditures.
Table 1 summarizes the baseline character-

istics of our survey participants (and their
households) in both the treatment and control
group, as well as the tests comparing the two
groups. This table shows that the participants
in our RCT come from the country’s poorest
and most vulnerable groups. About 90% of
them cited farming as their primary source of
income, from which they had earned an aver-
age of $30 over the last thirty days prior to
the survey to support a family of, on average,
twelve members.

Balancing Tests

Table 1 presents the characteristics of our par-
ticipants and their households at baseline. The
table suggests that the treatment and control
groups are well-balanced with respect to most
characteristics. More importantly, there is no
significant difference, at conventional statisti-
cal thresholds, between treatment and control,
at baseline, for our key food security and food
consumption outcome variables. The covari-
ates showing an imbalance at baseline are the
indicator variables for the respondent being
head of her household, whether the home-
stead is considered far from the reforestation
site in the forest, as well as the age, gender,
and marital status of the respondent.
Although those differences appear statistically

11Unfortunately, logistical challenges and financial constraints
prevented us from implementing the baseline survey prior to the
treatment allocation. That means that treatment assignment was
completely random and not stratified on observable characteristics
thought to be of key importance for the outcomes of interest. This
is not of great concern as stratification is not very effective if the
number of stratification variables is relatively large compared to
the number of units to be allocated at the same time (as the num-
ber of singletons then becomes quite large), and the non-stratified
approach (just a simple lottery) is alsomore transparent to the par-
ticipants. That treatment allocation may have resulted in biased
survey answers is potentially a greater concern, but then the bal-
ance tests (see table 1) do not really show important imbalances
between the treatment and control group either.
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significant based on t-tests, the actual differ-
ences are quite small. The normalized differ-
ences, generally preferred to t-tests because
they provide a scale-free comparison (Imbens
and Wooldridge 2009; Abadie and
Imbens 2011; Imbens and Rubin 2015), are
all below 0.25. Moreover, the F-test for joint
orthogonality of the covariates, reported at
the bottom of the balancing table, fails to
reject the null hypothesis of no significant dif-
ference between treatment and control groups
(p = 0.33). This joint test is also preferred to
the individual t-tests for ensuring the validity
of the randomization process Bruhn and
McKenzie (2009). Finally, we also ran an alter-
native balance test by using a probit model to
regress treatment status on all baseline
characteristics (again see Bruhn and McKen-
zie (2009)). The relevant Chi2 test yields a
p-value 0.33 (see table A3 in online supple-
mentary appendix).
Although we find no robust evidence of

selection bias (or, for that matter, for strategic
misrepresentation bias; see footnote 11), our
econometric analysis includes regression spec-
ifications with additional covariates, including
the few covariates that failed the balance tests.
We follow Bruhn and McKenzie (2009) and
choose to add all available covariates that are
prognostic of our outcomes of interest, regard-
less of whether they show a significant differ-
ence, at baseline, between treatment and
control. The list of covariates deemed relevant
is added at the bottom of each regression table
and consists of almost all the variables in our
balancing table (table 1). We find generally
that our results are robust to the addition of
covariates.

Effort and Attrition

The endline survey was administered in
November/December 2018, five to six months
after the monetary transfers were disbursed
to the PES participants, and about one to two
months after the new harvest. This follow-up
survey tracked the same households inter-
viewed at baseline, using a very similar instru-
ment with an identical survey module for our
key outcome variables.
During the endline survey, we were able to

successfully interview 574 out of the 630 base-
line respondents. The remaining ones could
not be interviewed mostly due to (seasonal)
migration reasons. This corresponds to an
overall attrition rate of 9%, fairly modestT
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considering the challenging context in Burkina
Faso.12 However, the difference in attrition
rates between treatment and control groups
is 4.4 percentage points, and this difference is
statistically significant at the 10% level (see
table A4 in the online supplementary appen-
dix for details).
As argued by Ghanem, Hirshleifer, and Ortiz

Becerra (2019), differential attrition is not the
main threat to internal validity; it is selective
attrition.We therefore test for selective attrition
in our sample.We do so by evaluating the extent
to which observable baseline characteristics dif-
fer between treatment and control non-attritors
(the endline respondents), and between treat-
ment and control attritors. Table A5 in the
online supplementary appendix summarizes
these pairwise comparisons. The F-test of joint
significance of the pairwise differences yields a
p-value of 0.29 for the comparison of treatment
and control non-attritors, suggesting no signifi-
cant difference between the two groups. This is
rather comforting as it implies that the remain-
ing sample, after attrition, is still fairly balanced.
Similarly, using an F-test to compare treatment
and control attritors yields a p-value of 0.33, sug-
gesting the two groups are also fairly balanced.
We conclude that selective attrition is not

likely to be an issue for the validity of our treat-
ment effects estimates. Nevertheless,we include
Lee bounds (Lee 2009) as a robustness check in
our analysis to ensure our estimation results are
not affected by potential attrition bias.

Main Outcomes of Interest

Our primary outcome of interest is food secu-
rity. According to the 1996 World Food Sum-
mit, food security exists when all people, at
all times, have physical and economic access
to sufficient, safe, and nutritious food to meet
their dietary needs and food preferences for
an active and healthy life (FAO 1996). Food
security is thus a multidimensional concept
involving the availability, access, utilization,
and stability of food consumption. No single
indicator exists that captures all four dimen-
sions of food security. Therefore, a combina-
tion of indicators is often recommended for
assessing food security in any given context
(Carletto, Zezza, and Banerjee 2013;Maxwell,
Vaitla, and Coates 2014).

In this study, we focus mostly on the food
access dimension, which is, arguably, the most
important dimension for food security mea-
surement at the household or individual level
and also incorporates the availability dimen-
sion. We use the following common household
level food security indicators, which capture
broadly dietary diversity and household’s
behaviors or experiences, widely considered
to be symptomatic of insecure food access
(Carletto, Zezza, and Banerjee 2013; Maxwell,
Vaitla, and Coates 2014). These are: (a) house-
hold food consumption expenditures, including
both home-produced and purchased food items
in the past seven days before the survey; (b)
household dietary diversity score (HDDS),
captured the number of food groups consumed
by the household in the seven-day period
before the survey; as well as (c) household food
insecurity access scale (HFIAS) and (d) house-
hold hunger scale (HHS). The HFIAS and the
HHS are both covering self-reported occur-
rences and frequencies of events over a last
thirty-day recall period, which are indicative
of limited food access and diversity for the
household of the respondent. We provide a
more detailed description of how we compute
each of those indicators in the online supple-
mentary appendixA. For a comparative assess-
ment on the relative strengths and weaknesses
of the most common food security indicators,
see Carletto, Zezza, and Banerjee (2013).

We also explore the mechanisms underlying
the observed impacts on food security. For this
purpose, we focus on agricultural production
indicators such as land cultivated (in hectares),
inputs use (including seeds, fertilizers, pesti-
cides, and hired labor), and the value of the
agricultural production. We extend the study
of mechanisms to household income from the
participant’s primary economic activity,
overall income, as well as the likelihood of
her engaging in a secondary economic
activity.13

12More than 50% of the top journal papers reviewed by Gha-
nem, Hirshleifer, and Ortiz Becerra (2019) report an overall attri-
tion above 10%.

13The indicators included in the treatment effects estimation do
not include environmental outcomes such as tree survival rates.
Due to small sample concern and the reluctance of the government
team to have reforestation plots without maintenance contracts,
we could not set aside pure control reforestation plots where no
PES contracts would have been signed. For that reason, we could
not credibly capture the impacts of the PES on tree survival rates.
It is also true that the environmental impacts of PES schemes are
fairly established in the available literature (Borner et al. 2017;
Jayachandran et al. 2017); and that it is unlikely that people would
have traveled to the forests and invested time and effort in keeping
trees alive on degraded protected forest land without any financial
incentives.

842 May 2021 Amer. J. Agr. Econ.



The Food Security Impacts of PES
Participation

In this section, we present our estimation
results for each outcome of interest. We begin
by presenting non-parametric evidence of the
relationship between the participation in the
PES scheme and food security outcomes.
Given exogenous variation in treatment
assignment, these non-parametric estimates
are unbiased for the intention-to-treat effects
of interest and not expected to be influenced
by confounding factors. Nevertheless, our pre-
ferred specification remains the parametric
estimation, including the respective baseline
outcome as a control variable, to improve the
precision of our estimates.

Food Consumption Expenditures

Figure 3 presents the kernel density distribu-
tion of the reported household food consump-
tion expenditures (in logarithms) during the
last seven days prior to the survey for individ-
uals in treatment and control group respec-
tively. Although food is not typically scarce
in absolute terms in the period in which the
endline survey is implemented (one or two
months after the end of the harvesting period,
see figure 2), food expenditures are still

reflective of differences in welfare outcomes.
We find that the treatment affected positively
food consumption expenditures; the distribu-
tion of the weekly food consumption expendi-
tures for the treatment group is shifted to the
right compared to the control group. The point
estimates of the treatment effects from equa-
tion (1) are summarized in table 2. The results
indicate an increase in weekly household food
consumption expenditures of 12.8% or 1798
FCFA (p < 0.05). These results are robust to
the inclusion/exclusion of additional covari-
ates as well as baseline outcomes. However,
when we run the same model using per capita
household consumption expenditures, the
average treatment effect drops to 6.4% or
132.4 FCFA, and this impact is not signifi-
cantly different from zero (see table A6 in
the online supplementary appendix).

Household Dietary Diversity

Did the Burkina Faso reforestation PES
scheme improve the dietary diversity of partic-
ipants’ households? Figure 4 presents a bar
graph of the seven-day recall food consump-
tion expenditure values for each food group,
separately for the participants and non-
participants in the PES scheme. The graph
suggests that, in general, cereals, roots and
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Figure 3. (Log) food consumption expenditures during the past seven days

Note: The (log) food consumption expenditure covers the household’s expenditures on cereal and tubers, pulses, vegetables, fruits, meat and fish, milk, oil, sugar
as well as expenses for other items such as tobacco, alcohol and condiments, during the last seven days prior to the survey.
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tubers account for more than 50% of a house-
hold’s food expenditures for both the treat-
ment and the control group. This is consistent
with the relatively low HDDS observed at
baseline for both groups (HDDS = 4.4 at
baseline).
The diversity in food consumed is thus fairly

low. We also find that there is no significant
impact of the PES payments on the HDDS.
This is already implied by the treatment differ-
ences presented in figure 4. Expenditures on
each food group appear higher in the treat-
ment group than in the control group, but the
distribution is not really different. This conclu-
sion is confirmed by figure A7 in the online
supplementary appendix, which presents the
distribution of HDDS in the treatment and
control groups. The treatment differences
are negligible, and the p-value for the
Kolmogorov–Smirnov test of equality of
the two distributions is 0.99. Participation in
the PES scheme allowed for higher food con-
sumption expenditures, but the income elastic-
ities of the various food groups are not
sufficiently different to generate a more
diverse consumption pattern. These conclu-
sions are corroborated by the regression
results in table 3 showing no evidence of a sig-
nificant treatment effect on HDDS, in all three
regression specifications.

We thus find that although there is a positive
and significant effect of the PES transfers on
households’ overall food consumption expen-
ditures, the effect did not translate into an
improved dietary diversity. To assess
whether these results are contradictory, we
investigate the main food items for which
the consumption expenditures were affected,
by comparing the mean expenditures on each
food group, between treatment and control.
Based on p-values from both t-tests and ran-
domization inference tests, we conclude that
the additional income received through the
PES transfers significantly increased house-
holds’ expenditures on starchy foods (cereals
and tubers), pulses, vegetables, as well as
meat and fish, albeit only at the intensive
margin (see table A8 in the online supple-
mentary appendix). We find no evidence of
PES participation effecting the extensive
margin—the likelihood of households’ start-
ing to consume food from a food group they
would otherwise not consume. This could
indicate a limited availability of a diverse
range of food items in local markets, a limited
diversity in own production by primarily sub-
sistence farmers, a limited knowledge of
recommended nutrition practices, or a com-
bination of all three (Hirvonen et al. 2017;
Hirvonen and Hoddinott 2017; Dillon,

Table 2. The Impact of PES Participation on Food Consumption Expenditures

Food expenditures log(Food expenditures)

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

PES 1780.8** 1798.1** 1558.8* 0.119** 0.128** 0.107**

(806.9) (815.6) (876.0) (0.0485) (0.0507) (0.0519)
Baseline outcome 0.0317 0.0226 0.0446 0.0492

(0.0359) (0.0410) (0.0344) (0.0327)
Constant 7126.2*** 6856.1*** 2290.8 8.619*** 8.231*** 8.109***

(1493.8) (1574.0) (6393.0) (0.167) (0.341) (0.565)
Observations 574 574 574 574 556 556
R2 0.231 0.232 0.246 0.341 0.336 0.359
Adjusted R2 0.183 0.182 0.174 0.299 0.291 0.296
Covariates included No No Yes No No Yes
Reforestation site fixed effects Yes Yes Yes Yes Yes Yes
Control mean 11097.08 9.02

Notes: Standard errors in parentheses.
We cluster standard errors at group level.
The baseline outcomes represent the food expenditure and log-food expenditure at baseline.
The covariates included are the age and gender of the respondent, the marital status, the role of the respondent in the household, whether the respondent has a
formal level of schooling, the household size, the primary economic activity, the annual revenue from the primary activity, the total annual revenue, whether the
respondent has a secondary occupation, the landholdings, the land area cultivated, assets, whether the respondent is a member of forest management group, and
whether the distance from the homestead to the reforestation site is far.
All covariates are baseline values.
*p < 0.10.
**p < 0.05.
***p < 0.01.
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Arsenault, and Olney 2019; Headey
et al. 2019). This issue is the main motivation
behind most integrated agriculture and nutri-
tion programs.

Household Food Insecurity Access Scale and
Household Hunger Scale

Table 4 summarizes the OLS estimates of the
treatment effects on food security captured
by the Household Food Insecurity Access
Scale (HFIAS), with a 30-day reference
period. The table reports the results for three
alternative transformations of the HFIAS:
the overall score in columns 1 and 2; the binary
indicator for being food insecure at any level
(mild, moderate, or severe) in columns 3 and
4; and the binary indicator for being severely
food insecure in columns 5 and 6. The
conclusions are consistent across all those
regressions.

The results in the table consistently indicate
that the Burkina Faso PES scheme helped to
significantly reduce households’ food insecu-
rity. The overall HFIA score was reduced by
about 0.6 points—a 40% reduction relative to
the control group. In columns 3 and 4, we see
a 14 to 15 percentage points decrease in the
likelihood of being food insecure at any level.
In columns 5 and 6, we observe a 9 percentage

point reduction in the likelihood of being
severely food insecure. All reported impacts
are significant at the 1% level, or better. These
results are illustrated graphically in figure 5.
Relative to the control group, these estimates
amount to a 35 and 60% reduction in food
insecurity and severe food insecurity,
respectively.
Moreover, the estimation results, using

HHS as outcome variable, are very consistent
with the impacts measured on HFIAS. They
suggest that participation in the PES scheme
led to a 66% reduction in the likelihood of
being food insecure at the moderate or severe
levels (see table A9, in the online supplemen-
tary appendix, for further details).
Overall, these strong results on food secu-

rity five to sixmonths after the payments trans-
fers, and even during the post-harvest period,
suggest that the PES transfers had lasting
effects on the recipient households. These
results are even more striking given that the
figure 2 suggests a quasi-absence of hunger
during the post-harvest period, based on self-
reported food insufficiency.14 Nevertheless,
based on the HFIAS, we find the rates of food
insecurity and severe food insecurity, to be
40% and 15%, respectively, in the control
group. This stresses the fact that agricultural
households still can, and often do, experience
food insecurity even during the post-harvest
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period, especially if pre-harvest constraints
push them to make choices that end up reduc-
ing their production. The fact that the figure 5
and the figure 2 seem contradictory with
respect to the prevalence of food insecurity in
the months of November and December also
confirms the point made by Carletto, Zezza,
and Banerjee (2013) that alternative food
security indicators do not always agree. It is
possible that the direct self-reported measures
would underreport food insufficiency due to
potential stigma attached to being hungry
(Moffitt 1983; Stuber and Kronebusch 2004).
These considerations also suggest that our
measured treatment effects might have been
larger if they were they measured in the lean
season when one would expect higher preva-
lence of food insecurity.

Impact Mechanisms

Having documented the sizeable treatment
effects of participating in the PES program
(and the payments received as a result), we

now investigate the mechanisms of such food
security impacts. The results described above
suggest that post-harvest households’ consump-
tion is affected by binding liquidity constraints
during the lean season, which were, at least,
partly alleviated by the timely PES transfers
received. We investigate the potential channels
of impacts from various angles of our data.
Overall, we find suggestive evidence that the
transfers received were allocated in part to
immediate consumption. In addition, we also
find that the recipients were able to cultivate
more land and invest more in agricultural
inputs. This in return led to higher agricultural
outputs, higher income and therefore improved
food security of the beneficiary households in
the post-harvest period. Moreover, we find
some evidence that a few recipients (4%) had
saved part of the payments, up until the time
of the endline survey.

Self-Reported Use of the PES Transfers

First, at the time of the payments, recipients
were asked to report the three main intended
uses for the PES transfers. An overview of the
responses (see table 5, column 1) shows food
consumption (mentioned by 39% of the respon-
dents) at the top but also includes the purchase
of agricultural inputs (29%) and investments

Table 3. The Impact of PES Participation on the Household Dietary Diversity Score (HDDS)

HDDS

(1) (2) (3)

PES 0.0282 0.0289 0.00989
(0.0826) (0.0830) (0.0819)

HDDS at baseline 0.0120 0.00564
(0.0433) (0.0470)

Constant 2.005*** 1.954*** 2.333***

(0.162) (0.247) (0.608)
Observations 574 574 574
R2 0.550 0.550 0.565
Adjusted R2 0.522 0.521 0.524
Covariates included No No Yes
Reforestation site fixed effects Yes Yes Yes
Estimation approach OLS OLS OLS
Control mean 3.79

Notes: Standard errors in parentheses.
We cluster standard errors at group level.
The covariates included are the age and gender of the respondent, the maritial status, the role of the respondent in the household, whether the respondent has a
formal level of schooling, the household size, the primary economic activity, the annual revenue from the primary activity, the total annual revenue, whether the
respondent has a secondary occupation, the landholdings, the land area cultivated, assets, whether the respondent is a member of forest management group, and
whether the distance from the homestead to the reforestation site is far.
All covariates are baseline values.
***p < 0.01.

14Bellemare and Novak (2017) defines the hungry season as the
months during which the members of the household go without
three meals per day. The post-harvest period is not typically con-
sidered a hungry period because most farmers are expected to still
have a food reserve from the previous harvest.

846 May 2021 Amer. J. Agr. Econ.



into livestock production (16%), among the
main intendeduses reported by the respondents.

At endline, we asked recipients how they
actually spent the money received and if they

still had any left. Table 5, column 2 shows that
themoney was used by a large share of respon-
dents as intended at baseline: 37% stating that
they spent some of the money on food. In

Table 4. The Impact of PES Participation on the Household Food Insecurity Access Scale
(HFIAS)

Overall scale � [0,4] Food insecure(0/1)
Severely food insecure

(0/1)

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

PES −0.607*** −0.567*** −0.148*** −0.136*** −0.0934*** −0.0894***
(0.192) (0.194) (0.0424) (0.0441) (0.0312) (0.0307)

Constant 0.800*** 0.197 0.405** 0.396 0.0625* −0.140
(0.263) (1.278) (0.168) (0.355) (0.0350) (0.128)

Observations 574 574 574 574 574 574
R2 0.184 0.201 0.089 0.099 0.283 0.304
Adjusted R2 0.132 0.126 0.032 0.014 0.238 0.239
Covariates included No Yes No Yes No Yes
Reforestation site fixed
effects

Yes Yes Yes Yes Yes Yes

Control mean 1.517 0.406 0.151

Notes: Standard errors in parentheses.
We cluster standard errors at group level.
The covariates included are the age and gender of the respondent, the marital status, the role of the respondent in the household, whether the respondent has a
formal level of schooling, the household size, the primary economic activity, the annual revenue from the primary activity, the total annual revenue, whether the
respondent has a secondary occupation, the landholdings, the land area cultivated, assets, whether the respondent is a member of the forest management group,
and whether the distance from the homestead to the reforestation site is far.
All covariates are baseline values.
*p < 0.10.
**p < 0.05.
***p < 0.01.
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addition, also 22% and 16% reported to have
used part of the money for investments in agri-
cultural inputs and livestock production.
Investments in transport mobility were men-
tioned by 10% of the respondents.
A similar pattern emerges from the amount

spent on each item as a reported share of the
total PES transfer. The responses, summa-
rized in table 5, column 3, indicate that the
largest share of the amount received was spent
on direct food consumption (28% of the pay-
ment). But investments in transport, agricul-
tural inputs, and livestock production also
took up substantial shares of the payment
received. It is also noticeable that, about 4%
of the transfer amount was on average still
reported as unspent savings by the
respondent.
We confirm these self-reported usages with

a set of econometric analyses.

PES Impacts on Agricultural Production

We explore the effects of the PES payments
on agricultural production using the same
econometric model as in equation (1). Here,
the variables and parameters are defined as
earlier, except that the outcome variables Yij1
capture households’ agricultural production
at endline (land cultivated, value of produc-
tion) and investments in inputs (improved
seeds, fertilizers, pesticides, hired labour).
For the effects on land cultivated and the value
of agricultural production, we use the logarith-
mic transformation of the outcome variables
on the left-hand side and estimate the

regressions’ parameters using OLS. For the
treatment effects on the household’s expendi-
tures in each agricultural input, we estimate a
linear probability model (using standard
OLS) for the binary input use response func-
tion. We use tobit regressions to estimate the
treatment effects on the actual expenditures
in agricultural inputs (in FCFA) conditional
on purchasing a positive quantity.15 In each
regression model, we control for baseline out-
comes and adjust standard errors for cluster-
ing at the group level. We report the results
both with and without additional covariates,
just as we did in the main results on food secu-
rity and consumption expenditures outcomes.

The results are summarized in table 6. The
first panel of the table shows the results on
investments in improved seeds. The first two
columns of the panel report the results of the
estimation of the linear probability model of
the use of improved seeds, estimated with
OLS, with and without additional covariates.
The last two columns of the panel show the
marginal effect estimates of a tobit regression
model for the actual expenditures on
improved seeds given non-zero improved
seeds use, again with and without additional
covariates. The second, third, and fourth
panels of table 6 present the results for fertil-
izers, pesticides, and hired labor, using the
same structure as the first panel. The two

Table 5. Intended (ex ante) and Reported (ex post) Usage of the PES Payments

(1) (2) (3)
Intended use Reported use Shares spent

Food 0.39 0.37 0.28
Other family expenses 0.31 0.09 0.07
Agricultural inputs 0.29 0.16 0.12
Livestock production 0.16 0.22 0.13
Investments in transport/mobility 0.15 0.10 0.05
Clothing 0.06 0.09 0.05
Cosmetic products 0.05 0.01 0.00
Medication 0.03 0.06 0.02
School fees 0.02 0.14 0.11
Savings 0.04
Observations 330 303 289

Note: In column (1) we summarize the share of PES participants who stated at the time of the disbursement to intend to spend the transfers on the respective
items. Participants were able to enumerate up to three items. We display the actual use reported by the participants at endline, as the proportion of respondents
mentioning the item (column (2)) and as share of the transfer spent on it (column (3)).

15Tobit regressions are appropriate for corner solutions
responses. See Wooldridge (2010) for further details on tobit
models. In our cases, zero is a corner solution for variables captur-
ing the expenditures in each agricultural input.
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columns of the fifth panel of the table present
the OLS estimation results of the linear model
of land cultivated (log transformed), with and
without additional covariates. Finally, the
two columns of the sixth and last panel present
the same results, but for agricultural output,
captured by the total estimated value of the
agricultural production during the ongoing
season (log transformed).

The results suggest that participation in the
PES scheme had positive and significant
impacts on investments in improved seeds, on
both the extensive and intensive margins.
The PES treatment increased the likelihood
of using improved seeds by about six percent-
age points (significant at the 10% level). The
treatment also increased the conditional
expenditures on improved seeds by about
885 FCFA (significant at the 5% level)—a
48% increase relative to the control group.
As for pesticides, we fail to detect a significant
treatment effect on the likelihood of their
usage—the extensive margin. However, we
do find that the PES transfers led to a signifi-
cant increase in pesticide investments of about
2310 FCFA, conditional on purchase. This
represents about 15% increase relative to the
control group. Next, we find a 17% increase
in the total area cultivated (significant at 1%)
and also a 17% increase in the value of agricul-
tural production—albeit that the significance
of the latter impact is attenuated when con-
trolling for baseline covariates. We find no
effect on investments in chemical fertilizers
nor hired labor.

PES and Household Income

Next, we explore the (direct and indirect)
effects of the PES treatment on household
income. We do so by estimating equation
(1) using OLS, but with the following outcome
variables: (a) households’ estimated primary
income for the past twelve months (FCFA),
(b) households’ estimated total income for the
past twelve months (FCFA), and (c) a binary
indicator for whether the respondent had a sec-
ondary income source. For the two income vari-
ables, we use the inverse hyperbolic sine (IHS)
transformation on the left-hand side of the rele-
vant regressions (Bellemare and Wich-
man 2020).16 Again, all regression models

control for baseline outcome values, and their
standard errors are adjusted for clustering.
The results are summarized in table 7. The

first panel contains two columns, which pre-
sent the estimates of the treatment effects on
the primary income, with and without covari-
ates inclusion. Similarly, the second panel pre-
sents the results for total household income.
The last panel of the table presents the results
for the likelihood of having a secondary
occupation.
The results suggest that participation in

the PES scheme led to 34% increase in
household’s primary income and a 26%
increase in household’s total income for the
past twelve months. The results are robust
to the addition of additional covariates, and
the estimated coefficients are significant at
1% or better in all cases. It is worth noting
that agriculture is the primary income source
for more than 90% of the respondent in our
sample.
The last panel of table 7 suggests that the

increase in income does not come only from
increase in agricultural revenues but also
from livelihood diversification. Participation
in the PES scheme led to a seven percentage
points increase in the likelihood of the
respondent’s having a secondary occupa-
tion. The most common secondary occupa-
tion reported by respondents is livestock
production.
The econometric results and the self-

reported uses of the PES transfers by the recip-
ients are highly consistent with each other.
Taken together, these results suggest, first, that
participation in the PES scheme did not affect
negatively other productive activities, as found
by Jack and Santos (2017). This may be
explained by the fact that themaintenancework
of the treeswas during the dry season and there-
fore did not compete for labor with the main
income generating activities (agriculture and
livestock), which require labor investments in
the rainy season. Secondly, participation in the
PES scheme, and the transfers received, seem
to have released financial constraints for the
respondents at the right time, allowing them to
not only satisfy immediate consumption needs
during the lean season but also to invest in pro-
ductive activities (agriculture and livestock),
which led to increased income. Although our
data do not allow us to explicitly test this, it is
likely that, by being able to meet urgent con-
sumption needs, the recipients were also able
to avoid negative coping strategies in the lean
season.

16The IHS is commonly used to approximate the natural loga-
rithm of a variable while retaining zero-valued observations.
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Robustness Analyses

The results presented above suggest signifi-
cant and positive impacts of Burkina Faso’s
FIP PES scheme on households’ food security
outcomes and trace the mechanisms of
impacts to increased investments and higher
production. In this section we perform a series
of robustness checks to ensure that those
results do not suffer biases related to our ana-
lytical procedures.

Randomized Inference Tests

The results presented so far are derived from
regression analyses, with inferences based
on asymptotic theory and distributional
assumptions. In this subsection, we use a ran-
domized inference approach to ensure that
our main results are robust to relaxing those
assumptions (Imbens and Wooldridge 2009;
Athey and Imbens 2017). In table A10 in
the online supplementary appendix, we sum-
marize the p-values for each of our outcome
variables from the randomized inference
tests alongside the p-value of the t-tests used
in the main analysis. The t-tests and the ran-
domized inference p-values in the last two
columns of the table are very similar, which
supports our main results. Based on tradi-
tional significance thresholds, the randomi-
zation inference p-values lead to the same

conclusion as the t-tests—that the PES inter-
vention led to significant improvements in
all food security measures, except for the
HDDS variable.
Table A11 in the online supplementary

appendix reports analogous results for agricul-
tural production and investments, as well as
income and livelihood diversification out-
comes. Again, the randomized inference
results support our conclusion that the PES
treatment led to significant and positive effects
on agricultural investments in most inputs,
agricultural production and livelihood diversi-
fication. Even better, although the regression
results in table 6 suggest no statistically signif-
icant treatment effects on investments in
chemical fertilizers, nor hired labor, the ran-
domized inference results suggest significant
effects on both—albeit only at the intensive
margins.

Multiple Inference Adjustments

The probability of incorrectly finding signifi-
cant effects increases with the number of
hypotheses being tested (Anderson 2008;
Athey and Imbens 2017). Failing to correct
for multiple inference can lead to misleading
policy advice. Given the number of indicators
under consideration, in this study, might it be
possible that the results obtained were the
product of chance?

Table 7. The Impact of PES Participation on Income and Livelihood Diversification

Primary income Total income Respondent has
last 12 months (IHS

transformed)
last 12 months (IHS

transformed)
a secondary

occupation (1/0)

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

PES 0.344*** 0.284*** 0.262*** 0.212** 0.0718** 0.0762**

(0.0992) (0.0891) (0.0962) (0.0882) (0.0356) (0.0364)
Constant 12.62*** 16.25*** 13.52*** 16.98*** 0.612*** 0.603*

(0.156) (2.451) (0.173) (1.408) (0.107) (0.307)
Observations 574 574 574 574 574 574
Covariates included No Yes No Yes No Yes
Reforestation site fixed effects Yes Yes Yes Yes Yes Yes
Baseline outcome included Yes Yes Yes Yes Yes Yes
Control mean 12.54 13.24 0.56

Notes: Standard errors in parentheses.
We cluster standard errors at group level.
The covariates included are the age and gender of the respondent, the marital status, the role of the respondent in the household, whether the respondent has a
formal level of schooling, the household size, the primary economic activity, the annual revenue from the primary activity, the total annual revenue, whether the
respondent has a secondary occupation, the landholdings, the land area cultivated, assets, whether the respondent is a member of forest management group, and
whether the distance from the homestead to the reforestation site is far. All covariates are baseline values.
*p < 0.10.
**p < 0.05.
***p < 0.01.
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Overall, it is not very likely that our analysis
suffers from (severe) multiple hypothesis bias.
In our main analysis, we have tested seven
food security outcomes that are likely to be
reasonably well-correlated with each other
and expected to be affected in the same direc-
tion by the treatment. We were able to reject
the null hypothesis for all but one food security
outcome. Nevertheless, we follow Ander-
son (2008) and correct for multiple hypothesis
testing in two main ways.
First, we apply Bonferroni’s adjustment

procedure, which estimates the probability
that one or more of our outcome “families”
of multiple tests is false—the so-called family
wise error rate (FWER). It does so by
upwardly adjusting the p-value for each of
the tests within the family (Savin 1984; List,
Shaikh, and Xu 2019). The standardized
results, summarized in figure 6, are fully con-
sistent with our main results. All food secu-
rity indicators (Family 1 or F1) have
confidence intervals excluding zero and on
the expected side of the zero line, except
the HDDS.
Figure 6 also summarizes the same Bonfer-

roni adjustment results for the agricultural
investments and production variables (Family
2 or F2) as well as the income and livelihood
diversification outcomes (Family 3 or F3),
used to explore the mechanisms of impacts.
The results, for both families of outcomes,
are broadly robust to the Bonferroni adjust-
ments. Only the two variables capturing
investments in improved seeds have changed
from being significant to nonsignificant.
The drawback of the above approach is that,

by adjusting p-values upwards, it effectively
reduces the power of any given test. As an
alternative, we use the summary index tests
(O’Brien 1984), which pools all outcomes into
a single test and thereby reduces overtesting,
increases power, and provides a test on the
general effect of the treatment on the out-
comes of interest. We implement Kling, Lieb-
man, and Katz’s (2007) approach by
combining all our outcomes from each family
into one weighted standardized index and esti-
mate the mean standardized effect size. To
align all variables in the same direction (cap-
turing food insecurity), we multiply the con-
sumption expenditure variables as well as the
HDDS variable by −1; and we subtract the
food secure status binary variables from
1. We obtain a point estimate of −0.14 stan-
dard deviation and a p-value of 0.006 for the
summary index with the food security

outcomes only. This confirms that the Burkina
Faso FIP PES scheme has reduced food inse-
curity for the beneficiary households. For the
agricultural outcomes, we find a point estimate
of 0.14 (p = 0.26). For the income and liveli-
hood diversification outcomes, we get a point
estimate of 0.20 (p = 0.005). The summary
index results also confirm positive treatment
effects on those two classes of outcomes used
to explore the mechanisms of impacts on food
security.

Dealing with Potential Attrition Bias

To ensure that potential attrition bias did not
influence our results, we implement Lee (2009)
bounds estimates for our main outcomes of
interest.17 Table A12 in the online supplemen-
tary appendix presents the Lee bounds estima-
tion results for the food security outcomes,
whereas table A13 and table A14 in the same
online supplementary appendix present the
Lee bounds estimates for the agricultural out-
comes and income variables.

The estimated bounds for the food con-
sumption expenditures indicate positive treat-
ment effects in the range of 7 to 23%, although
the lower bound estimate is not significantly
different from zero. For the HDDS, neither
the lower bounds nor the upper bound is sig-
nificant, confirming the lack of a treatment
effect of the PES scheme on dietary diversity.
Finally, all three transformations of the HFIA
variables show consistently significant lower
and upper bounds treatment effects. This con-
firms that the impacts of the PES transfers on
food security in our sample is quite robust to
potential attrition bias.

As for the agricultural production out-
comes, the upper bounds broadly agree with
our treatment effects results, but the lower
bounds effects are generally not significant
(table A13). This is also the case for the
income and livelihood diversification out-
comes (table A14, online supplementary
appendix). That means that we cannot rule

17The Lee bounds estimator is a non-parametric approach to
dealing with attrition. The treatment effect bounds are estimated
by trimming the sample, from above or below, so that the share
of observed individuals is equal in both the treatment and the con-
trol groups. It is similar to—but produces tighter bounds than –

Horowitz and Manski (2000)’s bounds. The approach is also pre-
ferred to Heckman (1976, 1979)’s parametric selection correction
estimator and to the semi-parametric approaches proposed by
Ichimura and Lee (1991) and Ahn and Powell (1993), mainly
because it relies on fewer assumptions. The main underlying
assumptions for Lee bounds estimation are random assignment
and monotonicity (Tauchmann 2014).
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out that selection bias may have affected our
outcomes at least to some extent. However,
given that table A5 in the online supplemen-
tary appendix suggests that selective attrition
is not really an issue, we remain confident in
our primary results on the mechanisms of
impacts.

Conclusion

We use data on a sample of households across
thirty-two communes in Burkina Faso and an
experimental design to investigate the causal
impacts of participation in a so-called pay-
ments for environmental services (PES)
scheme on a variety of food security out-
comes. The specific intervention of interest is
a reforestation campaign in which interested
community members were invited to partici-
pate; those who ended up in the treatment
group were offered PES contracts according
to which they would receive monetary pay-
ments based on the number of trees still alive
at verification—nine months after the imple-
mentation. The contracts were allocated to a
subset of volunteers via a public lottery. Con-
sidering several different food security

indicators, we consistently find significant
and positive effects of the PES scheme on
food security. Participants’ households
reported 12% higher food consumption
expenditures, and as high as a 60% reduction
in the likelihood of being severely food inse-
cure (as measured on the HFIA scale). The
mechanisms of impacts involve higher invest-
ments in productive inputs, leading to higher
production and income. For example, we find
a 17% increase in the total area cultivated, a
six percentage point higher likelihood of using
improved seeds, and a 15% increase in pesti-
cide use. These results suggest potentially high
poverty reduction benefits of conservation pay-
ments, especially in contexts where seasonal
liquidity constraints are keeping vulnerable
households into poverty. These co-benefits are
not always considered in the costs-benefits ana-
lyses of environmental policies. In the drylands,
policy makers face an ostensibly clear trade-
off—whether to invest limited development
funds in natural resource management or focus
on fighting contemporaneous poverty and hun-
ger issues that are often considered more press-
ing issues. Studies like this, which shed the light
on the co-benefits of environmental interven-
tions, allow policy makers to make more
informed decisions.

Total (nominal) food consumption expenditures in FCFA (past 7 days) [F1]

(LOG) Total (nominal) food consumption expenditures in FCFA (past 7 days) [F1]

Household Food Insecurity Access Scale (HFIAS) Score [F1]

HFIA − Food secure (0/1) [F1]

HFIA − Severely food insecure (0/1) [F1]

Household Hunger Scale (HHS) Score [F1]

HHScat == little/no hunger in household (0/1) [F1]

Household Dietary Diversity Score (HDDS) [F1]

Bought improved seeeds (0/1) [F2]

Amount spent on improved seeds (FCFA) [F2]

Bought chemical fertilizer (0/1) [F2]

Amount spent on chemical fertilizer (FCFA) [F2]

Bought plant protection products (0/1) [F2]

Amount spent on plant protection products (FCFA) [F2]

Hired agricultural labor (0/1) [F2]

Amount spent on agricultural labor (FCFA) [F2]

Land cultivated (log transformed) [F2]

Estimated value of agr. production in ongoing season (log transformed) [F2]

Primary Income last 12 months (IHS transformed) [F3]

Total Income last 12 months (IHS transformed) [F3]

Respondent has a secondary occupation [F3]

−.8 −.4 0 .4 .8

←  Standardized Effect  →

Figure 6. Bonferroni multiple hypothesis adjustment
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The fact that we find positive and significant
net effects of the PES schemes on the partici-
pants in our study suggests that the benefits
of participating (mostly through the payments
received) outweighed the costs of participa-
tion (the treemaintenance on state-owned for-
est lands required only some labor during the
dry season where very few people were occu-
pied in other income generating activities).
However, in more humid agro-ecological con-
ditions, or in areas where irrigation water is
available, or for PES schemes that require
land use changes on private lands, the oppor-
tunity costs of participation might be higher
and thus outweigh the benefits due to poten-
tially stiffer competition for labor between
agricultural-related activities and environ-
mental work. That means that external valid-
ity may be limited to nature restoration
projects in arid regions (with just one agricul-
tural season per year) that targets protected
or heavily degraded lands.
Designing multifaceted interventions pre-

sents substantial challenges, which are further
complicated by the diversity of the context
across which such interventions might be rele-
vant. To better understand the impacts of such
multifaceted interventions, more insights are
needed in the heterogeneity of the treatment
effects across subgroups and space. Moreover,
it would also be important to consider equilib-
rium effects, in the case of scale-up (Angelucci
and De Giorgi 2009). Our study is not able to
address these questions, as the estimation of
these effects would require larger scale RCTs.
Finally, our study focused on the medium-
term impacts of the PES intervention in Bur-
kina Faso. To fully appreciate the poverty
reduction potential of PES schemes, it would
be valuable to test the long-run effects on food
security and production outcomes. We leave
these questions for future research.

Supplementary Material

Supplementary material are available at
American Journal of Agricultural Economics
online.
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