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A B S T R A C T

Conservation projects have a lifecycle; they are born, they grow, and they can die. However, researchers know
little about how the legacy of a project that failed to deliver upon its promised goals affects former participants’
willingness to participate in future conservation programming. We utilize a natural experiment—an expiration
of a Reduced Emissions from Deforestation and Land Degradation (REDD+) readiness project that failed to
yield payments in Pemba Zanzibar − to explore whether and how exposure to REDD+ has influenced residents’
willingness to participate in a proposed future payment for ecosystem initiative (PES). We develop a simple
causal model and analyse willingness to accept data from treated and non-treated shehia (ward), showing how
exposure to REDD+ affected former participants’ willingness to engage with future PES projects and how this
is moderated by factors shown in previous studies to be key indicators of uptake. Contrary to our expectations,
we find that exposure to REDD+ is associated with fewer protest bids and higher levels of expected future
participation. We find strong evidence that use values, wealth, loss aversion, environmental attitudes, and
social desirability mediate this effect. We discuss these findings concerning Pemba and end with suggestions
for conservationists establishing programs with uncertain futures.
1. Introduction

How do communities targeted for conservation interventions view
routine project failure and closure? Over the past 35 years, multiple
waves of enthusiastic hype for various approaches have spread across
the conservation world (Redford et al., 2013; Massarella et al., 2018;
Lund et al., 2017; Skutsch and McCall, 2010). These include Integrated
Conservation and Development Projects (ICDP), Community Based Con-
servation (CBC), and Payments for Ecosystem Services (PES), including
market-based instruments such as those associated with carbon trad-
ing (Borgerhoff Mulder and Coppolillo, 2005). Inevitably, many such
projects fail. And while there is a growing literature that evaluates
the causes of project failure (Catalano et al., 2019; Etchart et al.,
2020), we know little about how project failure affects peoples’ will-
ingness to participate in future programming. Given the importance
of community/individual-level buy-in to the success of conservation
projects (Bennett, 2018; Bottazzi et al., 2018), it is crucial to determine
whether exposure to project failure can affect future participation and,
if so, how.

Part of the concern comes from the fact that conservationists are
increasingly aware of an ‘economy of expectations’ created through

∗ Corresponding author.
E-mail address: jeffrey_andrews@eva.mpg.de (J. Andrews).

the routine promulgation of new initiatives (Fletcher et al., 2016; Lund
et al., 2017; Massarella et al., 2018). When such expectations have been
triggered but the project fails, should we expect more disillusionment
and lower levels of participation in future programming? Or can suc-
cessive waves of conservation projects build on past successes despite
programmatic failure (Borgerhoff Mulder et al., 2021)? More generally,
how does institutional history, and specifically institutional failure,
affect the emergence or establishment of future institutions (Currie
et al., 2016)?

While the answer depends on the specific program, its reasons
for failure and what it left behind, the exact mechanisms through
which failure could affect future participation are under-theorized.
Accordingly, we propose that programmatic failure may affect future
participation by amplifying or diminishing the effects of some well-
studied determinants of participation in conservation programming.
Here, we consider four specific mechanisms. First, failure and proposed
revival can affect residents’ valuation of the targeted resource (Fisher,
2012; Waruingi et al., 2021). Second, failure may adjust risk assess-
ments of future projects (Greiner et al., 2009; Lacroix and Gifford,
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2018). Third, failure may amplify the crowding out/in of intrinsic
motivations for conservation (Gómez-Baggethun and Ruiz-Pérez, 2011;
Wong, 2014; Reutemann et al., 2016; Ezzine-de Blas et al., 2019;
Kaczan et al., 2019). Finally, by adjusting community-level discourses
about conservation projects, project failure may change the social
desirability of rejecting or accepting future initiatives (Andersson et al.,
2018; Benjaminsen and Kaarhus, 2018).

Here we provide evidence from a case study in Tanzania that
explores how exposure to a Reducing Emissions from Deforestation and
forest Degradation (REDD+) intervention that failed to produce any
carbon payments has affected residents’ willingness to participate in
future PES conservation. Using data gathered two years after the formal
conclusion of the REDD+ readiness project and by all outwards signs
had failed to meet its stated long-term goals, we test how exposure
to an incomplete REDD+ intervention affected willingness to engage
with future PES initiatives and how use values, social desirability,
environmental attitudes and risk may mediate future participation.

The paper proceeds as follows. First, we review the related literature
on the enduring effects of failed conservation projects and hypothesize
how failure may affect participation through four well-studied deter-
minants of participation. We then introduce our study site and the
REDD+ project. The methods section begins with a simple causal model
detailing how project failure affects future motivations and outlines our
statistical models. Finally, we present our results and discuss them and
their limitations.

2. Background

2.1. Participation in PES programs

Despite the frequency with which conservation interventions, in-
cluding those offering payments for ecosystem services, are delayed,
suspended, or even cancelled, the consequences thereof have received
surprisingly little attention (Etchart et al., 2020). Existing case studies,
including those from planned terminations, indicate mixed outcomes.
Emerging evidence suggests that programs which build household as-
sets (allowing them to reduce dependence on targeted resources) show
greater resilience than those that impose constraints on people’s be-
haviour (Calle, 2020; Rasch et al., 2021). Yet even programmes focused
on behavioural constraints can show some permanence after a period
of disturbance or uncertainty, as Hayes et al. (2022) discovered in
a study of grazing pressures on communal lands. However, the per-
manence of a conservation project can disappear when pressures to
resume harvesting remain high (Etchart et al., 2020); this is because
once the money stops, the opportunity costs for continuing to restrict
harvests increase (Jayachandran et al., 2018; Fisher, 2012). Additional
research has highlighted that permanence depends on how community
members view the intervention (Hayes et al., 2019), the salience of
non-monetary motivation (Rasch et al., 2021), as well as the extent
to which the programme may have crowded out intrinsic motivations
for conservation (such as Fisher’s (2012) ‘‘no pay, no care’’ charac-
terization of PES in Uganda). Nevertheless, in some cases, programs
may spark or revive intrinsic commitments to conservation that are not
contingent on compensation as with the engagement of intellectuals
in Mexico (Shapiro-Garza, 2020; Kosoy et al., 2008), effectively a
‘‘crowding in’’ of environmental ethics (Calle, 2020). The multiplicity
of these motivations (Maca-Millán et al., 2021; Authelet et al., 2021)
and their patterning will undoubtedly shape the legacy of a failed
intervention.

2.2. Moderating influences on participation

A relatively robust literature exists on the determinants of partic-
ipation in conservation, particularly PES programs. We propose that
one way in which programmatic failure will affect participation is by
modulating the relative salience of these determinants.
2

b

Opportunity Costs and Use Values: Opportunity costs are the central
heoretical pillar of PES programs—according to the rational actor
oundations of market-based programs, ceteris paribus actors should
gree to PES contracts if payments are above the opportunity cost of
articipation (Engel et al., 2008; Wunder, 2015). It follows that there
hould be a strong correlation between a household’s use value and the
mount of monetary compensation required to encourage participation.
et, studies find that focusing only on payment levels and opportunity
osts is insufficient to account for empirical observations about partic-
pation (Arriagada et al., 2009; Bremer et al., 2014), as Pagiola et al.
2005) recognized long ago.

Nevertheless, programmatic failure could adjust people’s internal
aluation of their natural resources (thus their opportunity costs) for
t least two reasons. First, having prior exposure to the neo-liberal,
arket-based structure of PES programs may encourage a ‘commod-

fication of nature.’ This, in turn, may raise the relative salience of
se values and increase the compensation required to induce future
articipation. Second, repeated attempts to initiate a PES program may
e akin to repeated visits from a prospective buyer, thus increasing
rospective participants’ valuation of the demand for their resources
nd their estimates of the value of their resources and, thereby, the
ompensation demanded.
Risk: Conservation projects affect the risk portfolios of participants.

ES programs have been shown to help reduce inherent risks in rural
ivelihoods by (a) assuring a legal basis for secure tenure over re-
ources (Bremer et al., 2014), (b) providing consistent income streams
hat are not subject to local climatological or market shocks (Etchart
t al., 2020; Hayes et al., 2022), and (c) ensuring the stability and exis-
ence of ecosystem services that in turn reduce the variance in income
rom other rural livelihoods (such as farming) (Shinbrot et al., 2019).
t the same time, conservation projects themselves are a source of
isk requiring the investment of resources for uncertain returns (Adams
t al., 2014), particularly when projects require collective action and
mplementers may breach contracts.

Programmatic failure can affect the perceived risk of new projects.
owever, the expected direction of this relationship is not immediately
pparent. On the one hand, an experience with failure can increase the
redicted probability of future failure due to an increase in the salience
f risks regarding implementation and contract breaches. On the other
and, implementers and residents may have gained experience during
he implementation of the previous project. This experience may trans-
ate into higher levels of competence that could inspire confidence,
hereby reducing the perceived risk of future projects.
Environmental attitudes: While environmental attitudes can, at least

n theory, strongly influence involvement in conservation programs
Jones et al., 2019; Arriagada et al., 2009; Bremer et al., 2014; Obeng
nd Aguilar, 2018; Shapiro-Garza, 2020), there is an ever-present con-
ern about motivational crowding out (Kaczan et al., 2019; Moros et al.,
023). Notably, a large meta-analysis (Jones et al., 2020) suggests that
hile pro-environmental motivations generally increase with partici-
ation, participation may be the cause rather than the consequence
f such environmental attitudes, accordingly cause and effect are not
asily distinguished. Indeed, there are cases where no associations are
bserved (e.g., Grillos, 2017), suggesting that PES programs can just as
asily crowd-out as crowd-in positive environmental values.

When conservation projects fail, they may create a sense of disil-
usionment amongst those concerned with the environment, perhaps
romoting otherwise instrumental and extrinsic motivations, thereby
ecreasing the influence that environmental attitudes would have on
articipation. Nevertheless, given that environmental education is of-
en a major component of conservation programming (and present in
IMA), the prior normative inculcation may have strengthened envi-

onmental convictions and encouraged a deontological commitment to
onservation values driving participation despite the project’s demise.
Social Desirability : Social motivations for participation are diverse,
ut a generic concern for others is generally positively associated
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with participation in pro-environmental activities (Lacroix and Gifford,
2018; Hayes et al., 2019), with multiple possible pathways indicated.
For example, such motivations may arise as individuals seek social
approval and reputation through participating in or rejecting a pro-
gram, through conformist pressure of peers (Pfaff et al., 2019; Bremer
et al., 2014; Kaczan et al., 2017; Jones et al., 2020), through an altru-
istic concern with preserving resources for future generations (Rogers,
1994), or as a consequence of concern for coordination over collective
action (Hayes et al., 2019; Pfaff et al., 2019). Thus , social motivations
(conformity, reputation and altruism) can be frequency dependent and
depend on what an individual knows (or believes) about the beliefs
or actions of others. Again however, causality is difficult to ascertain
(contrast Authelet et al., 2021 with Bottazzi et al. (2018)), and it is also
quite likely that the importance of social approval and social networks,
more generally, are influenced over the course of an intervention.

While we doubt that program failure would affect more general
altruistic tendencies, failure will indeed affect people’s willingness to
participate by adjusting the social desirability of accepting or rejecting
future projects. Specifically, project failure may affect community-
level discourse concerning future projects (Benjaminsen, 2014); this
discourse may directly affect people’s willingness to participate by
adjusting what course of action is seen as socially desirable. However,
the direction of this pressure will again depend on how the community
views the project’s collapse.

3. Site and project background

The Indian Ocean archipelago of Zanzibar is a semi-autonomous
jurisdiction lying off the coast of Tanzania. Its forests have changed
dramatically over the last millennium in ecology and management
due to maritime trade with Oman and beyond and in the last two
centuries to commercial clove production. In the early 20th century,
forests were further impacted by selective sawmill logging, British
colonial afforestation programs, the gazetting of Forest Reserves under
both the colonial and post Revolutionary governments, and Finnish
aid for plantation development between 1980–1997 (Chachage, 2000).
The more recent global shift from a focus on commercial wood pro-
duction to conservation, together with internal political liberalization,
opened up space for multilateral and nongovernmental support for
community forestry and a new Forest Management and Conservation
Act. Novel community-based initiatives drew support from a variety
of international donors. Then in 2009, Tanzania was identified as an
appropriate country for piloting REDD+. With the principal support of
the Norwegian government, eight site-specific REDD+ projects were
initiated (Burgess et al., 2010), including one on Zanzibar (Caplow
et al., 2014). Here the Hifadhi ya Misitu ya Asili (HIMA) program was
designed to slow deforestation through the establishment of Commu-
nity Forest Management Agreements (CoFMA) in 45 shehia (wards,
18 of which are on Pemba, see Fig. 1), to sell carbon credits on the
voluntary market. Shehia for participation were selected on the criteria
of having high forest cover and high rates of deforestation.

These agreements (formalized in 2015 Andrews et al., 2020) assured
shehias collective land tenure over the shehia’s community forests,
which previously were de facto open access. Their use rights allow
them to zone areas of forest for higher protection. In addition, their
Shehia Conservation Committees (SCC) became eligible for support
through training, planting, restoration, patrols and the fining of illegal
forest harvesting. Crucially, as part of the HIMA’s institutional capac-
ity building, ‘mock carbon payments’ were issued to all participating
shehia to incentivize participation and simulate the potential effects of
a PES scheme. Each ward independently determined how to use the
payments. Some built mosques and schools and repaired roads. Others
distributed direct cash payments to all residents or vulnerable segments
of their shehia. In contrast, others reinvested the money directly into
conservation by building nurseries, purchasing additional equipment
and paying for patrols.
3

Fig. 1. Shehia in study.

After 2015 all formal funding to the project ended, and the interna-
tional partners withdrew according to the original plans in the project
document. HIMA was then effectively put into a state of stasis while the
final validation and verification were being completed. As of 2017, the
offices of the coordinating local NGO JUMIJAZA were forced to close,
and by 2019, the Department of Forestry, an original HIMA partner,
was seeking new sources of locally generated revenue outside of carbon
markets to fund CoFMA related activities. Despite efforts by concerned
residents and internationals to finalize the auditing process by 2022,
it has still not been completed, and no carbon payments have ever
been issued to Pemba. Nevertheless, there were some successes during
the projects life-span . In particular, the legal frame-work established
during REDD+ still exists and to varying degrees, the local conservation
committees persist and function today despite the lack of funds. More
so, to some extent these institutions are proliferating across communi-
ties that were not in the original HIMA programme (Borgerhoff Mulder
et al., 2021). Furthermore, we have evidence of wealthy landowners
seeking to engage with the failing HIMA programme between 2017
and 2019, indicative of their genuine interest in the PES scheme.
The continued viability of CoFMAs, and interests therein, suggest that
the longer-term effects of HIMA on conservation willingness merit
attention.

Economically, Pemba is primarily a rural society whose inhabi-
tants depend on small-scale farming, clove production, and fishing
and have a long history of forest dependence (for a general economic
overview, see Andrews and Borgerhoff Mulder, 2022). Except for three
government forest reserves and a few government/privately-owned
plantations, most forested land is under private or common-pool re-
source management, even though technically, all land is owned by
the state. Nevertheless, in many areas, usage is mainly open access
because of poorly articulated usufruct rights, community boundary
disputes, increasing land pressure, and ambiguities between central
government, district and community rights and responsibilities (Borg-
erhoff Mulder et al., 2021; Andrews and Borgerhoff Mulder, 2022).
In recent years population pressure and economic growth have con-
tributed to a deforestation rate of 3.4% per year (2010–2018 Collins
et al., 2022). The primary drivers of deforestation are the subsistence
needs of rural households and demands for converting land to agri-
culture (Caplow et al., 2014; Andrews and Borgerhoff Mulder, 2022).
Although no hard statistics are available, local users, including town
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Fig. 2. Directed acyclic graph.

esidents, are primarily responsible for deforestation (for agricultural
xpansion, building materials, firewood and charcoal); there are no
arge-scale commercial extraction industries. Demand for timber from
ourist developers (mainly from the neighbouring island of Unguja) and
he government is growing.

. Methods

.1. Causal inference

We construct a directed acyclic graph (DAG) (Pearl, 2009) to for-
alize the arguments above and determine necessary adjustment sets

or causal identification, thereby allowing us to isolate the effect of
EDD+ on future participation and understand how this is mediated
y the mechanisms proposed above.

Fig. 2 shows the DAG that maps out the effect of the REDD+ treat-
ent (T) on Participation (P). In the top-left, the primary exogenous

ariable was the amount of forest cover (FC) in the shehia in 2010.
his was the primary reason a ward was selected to participate in
EDD+ (Collins et al., 2022). Therefore, forest cover directly affects

he treatment as well as opportunity costs (O), as people living next to
ell-maintained forests generally have higher use values (Andrews and
orgerhoff Mulder, 2022). Note that we also assume that the treatment
ffects opportunity costs for the reasons specified in Section 2.2 and
ecause REDD+ programming may have directly affected harvesting
ehaviour through the creation of new property rights and rules. Fol-
owing Section 2.2, the treatment is also assumed to affect the risk (R)
f future projects, social desirability (S) and environmental attitudes
E) as well as having a direct effect on participation. The risk of future
rojects is also partially determined by social desirability, which modu-
ates risk perceptions (Carter et al., 2020), opportunity costs as required
ompensation should track use values, and wealth (W) as the effect
f opportunity costs is modulated by baseline wealth. We also assume
hat environmental attitudes directly affect opportunity costs values
djusting use values (harvesting) and vise versa that harvesting affects
nvironmental attitudes as people rationalize their own actions. Finally
e assume that environmental attitudes affect and are affected by social
esirability in a community, and that they affect the perceived risks
ssociated with environmental degradation and conservation projects.

Using the backdoor criterion and the DAG, we need only include
orest cover to estimate the direct effect of receiving the REDD+
ntervention on future participation in our models. Additionally, we
an investigate the moderating effects of opportunity costs, risk, and
nvironmental attitudes, by condition on these same variables and
4

ealth.
4.2. Site and sampling procedure

The data comes from 829 households across. Eighteen of these
shehia consist of those that had been granted CoFMAs in 2015, which,
as noted above, were not randomly selected but were targeted because
they were known to contain forests with high rates of deforestation and
enough woody biomass to be under threat (Collins et al., 2022). Six
matched controls were selected on the basis of two primary criteria—a
high percent of forest cover and rapid perceived rates of forest loss, the
former confirmed with satellite imagery. Additionally, while there is a
history of development projects across the island (marine conservation,
health, social welfare etc.), the distribution of these projects is, in effect,
‘random’ in relation to the assignment of shehia to control or treatment
conditions because the selection criteria for these prior projects have
nothing to do with forest cover.

Within these 24 shehia, we selected two contrasting villages, one
close to the forest and one further away. For each village, we randomly
sampled between 15 and 20 households from village registers ( 20% of
all households). Household heads were interviewed and, when absent,
substituted by the most senior household member available. The data
were collected between June and December 2017.

4.3. Survey design

The data were collected as part of a broader study of forest de-
pendency on Pemba. The survey was modelled on the CIFOR-PEN
instrument (for additional details, see CIFOR, 2007; Andrews and Borg-
erhoff Mulder, 2022), with other modules that measured environmental
attitudes, WTA, and economic preferences. To measure the participant’s
willingness to participate in future PES schemes, we asked a Willingness
to accept (WTA) question that measured how much money the person
would have to be paid to participate in a future PES program that
would include a year-long moratorium on all forest harvests and farm
expansion in all forested areas on Pemba. The exact question reads as
follows:

We would like you to imagine that JUMIJAZA (a local NGO) is
interested in signing contracts with some households to restrict
forested land use in exchange for direct cash payments. Under the
contract, your household would stop harvesting any forest products
from any forest (in your shehia and all others). In addition, you
would not be allowed to expand your farmland into any forested
area. You would sign a legally binding contract with JUMIJAZA,
and in return, you would be paid half the value at the beginning of
the contract and half at the end. The contracts are signed for one
year with the possibility of renewal. If you violated the contract and
collected forest products or expanded your farm, the contract would
be terminated immediately. Please note that JUMIJAZA can only
issue these contracts to a small number of households because of
limited funds and will only offer contracts to households that have
issued the lowest bids. What is the likelihood you would participate
in one of the contracts if the payment amount is X?

To account for poorly defined preferences towards such questions,
the payment card allowed for the measurement of uncertainty. Par-
ticipants could indicate the probability that they would accept each
bid (100%, 75%, 50%, 25% and 0%). The value of the bids spans
from $20 USD to $8000 USD increasing with each bid in a roughly
exponential fashion (note participants did not know the maximum, and
it was chosen during extensive pretesting to ensure that a minimum of
90% of respondents accepted the maximum offer).

To improve the quality of research, we followed the principles
in Johnston et al. (2017) for survey design and administration. This
included choosing an elicitation technique matched to the conser-
vation challenges; rooting the questions in the immediate economic
realities of the island; ensuring incentive compatibility by using an
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Fig. 3. Identification of Protest Bids. First panel—The thick black line shows the empirical supply curve drawn directly from the data. The grey lines show the estimated supply
curve drawn from the posterior of a calibration model. The dashed red line shows the price at the inflection point. The dotted grey line shows the percentage of the sample at
the inflection point. The second panel—shows the respective supply curves for the empirical distributions for those in REDD+ shehia and those in controls (blue).
‘‘auction framing’’ based on Becker et al. (1964); using a proven (hy-
pothetical) payment delivery mechanism; and including no-answer op-
tions, together with follow-up questions to determine the reasons for
(non)-participation, which allow us to determine if non-response were
motivated by protest (as defined below) or altruistic considerations.

The contract we offer differs from HIMA’s, as we specifically invite
private households to participate in a program aimed at forest con-
servation. In contrast, HIMA relied on a process where communities
chose to participate or not through rudimentary FPIC. We dropped the
collective framing to help our measurement process focus on measuring
individuals’ willingness to engage with future PES programs without
the obfuscation induced by the myriad of collective action dilemmas
necessary for the successful functioning of a collective PES program.

4.4. Variable definition

Here we define our primary independent and dependent variables.

4.4.1. WTA
We use the acceptance probabilities in the payment card to calculate

WTA point estimates. These allow us to estimate both expected WTA
values and variances/standard deviations that characterize the degree
of uncertainty for each WTA point estimate. To derive both measures,
we use the probability mass function, which is the probability that a
bid is accepted and that all previous bids have been rejected. Thus, we
can define the expectation as:

𝐸(𝑤𝑡𝑎) =
𝐾
∑

𝐾=1
[𝑥𝑘(𝑝𝑘𝑘∏(𝑘𝑖=0(1−𝑝𝑖...𝑘−1))

)] (1)

where 𝑋 is the set of offered bids and 𝑥𝑘 indexes the 𝑘th bid defined
on the payment card. 𝑝𝑘 is the probability that the person accepts the
𝑘th bid. Thus: ∏(𝑘𝑖=0(1−𝑝𝑖...𝑘−1)) is the probability that all previous bids
have been rejected (Note: 𝑝0 = 0). Using LOTUS and the probability
mass function, we can calculate the variance/standard deviation over
the set of bids presented to each individual.

𝜎(𝑤𝑡𝑎) =

√

√

√

√

𝐾
∑

𝐾=1
[𝑥2𝑘(𝑝𝑘𝑘∏(𝑘𝑖=0(1−𝑝𝑖...𝑘−1))

)] − (
𝐾
∑

𝐾=1
[𝑥2𝑘(𝑝𝑘𝑘∏(𝑘𝑖=0(1−𝑝𝑖...𝑘−1))

)])2 (2)

Simplified

𝜎(𝑤𝑡𝑎) =
√

𝐸(𝑤𝑡𝑎2) − 𝐸(𝑤𝑡𝑎)2 (3)

We define uncertainty in each individual’s WTA as equal to the
standard deviation derived above. The uncertainty is used in the second
stage of the hurdle model (see below) as measurement error on the
outcome variable (WTA).
5

4.4.2. Protest bids
Protest bids raise analytical problems for contingent valuation stud-

ies (Halstead et al., 1992). A protest bid is a response to a WTA question
where the individuals nominate a monetary value that would appear
to represent an outright rejection of the question’s premise either on
ethical, emotional or other grounds (Meyerhoff and Liebe, 2006). Typ-
ically, researchers delineate a threshold (Ferreira and Gallagher, 2010)
above which bids are considered ‘‘protests’’ and are either discarded
or analysed separately. Unlike other studies, we do not exclude protest
bids from our analysis but analyse whether participation in REDD+ has
changed their prevalence.

Protest bids are, unfortunately, difficult to demarcate. More specif-
ically, identifying a cutoff point between a genuine ‘‘very large bid’’
from a protest bid is arbitrary if one assumes strategic motivations
amongst bidders. Thus we adopt the point of view of a policy planner
looking to maximize participation and minimize costs. Accordingly,
using the existing bids, we plot out the supply curve as seen in Fig. 3
and calculate the inflection point where the slope equals one. This
inflection point is crucial because it represents where marginal costs
(payments per person) equal marginal gains (additional participation).
To the right of the point, the cost per additional participant begins
scaling supra-linearly, and net costs expand exponentially for each ad-
ditional participant. The inflection point is at approximately a payment
value of $4000 per year. Note that this value is more than 87% of the
sampled households’ yearly income. Using the $4000 cutoff designates
8% of the sample as having issued protest bids. The remainder we call
‘in-market’ (see Table 2).

4.4.3. Exposure to REDD+
Our primary independent variable is exposure to the REDD+

project, which we consider as a treatment. We utilize the six matched
control shehia that did not receive the REDD+ intervention (untreated)
as a quasi-experiment that allows us to measure the individual’s ex-
posure to the failed REDD+ program, which accounts for endogenous
and hard-to-measure covariates that may have been overlooked (Stuart,
2010).

Given the small size of the island and the extent of inter-community
ties (Pisor et al., 2024), we cannot assume control shehia are ignorant
of the REDD+ intervention. However, despite this potential knowledge,
it is key to remember that households in such shehia have not faced the
specific tradeoffs entailed in implementing or following regulations.

4.4.4. Moderating variables
The proposed moderating factors identified in Section 2.2 are in-

cluded as interactions/moderators in our regressions and are defined
in Table 1. Further definitions can be found in SI 1.
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Table 1
Variable definitions.
Concept Definition Operationalization Summary

Opportunity costs Forest income The total market value of all primary (harvested)
and secondary (produced) goods are dependent on
the forest for their existence. (see Andrews and
Borgerhoff Mulder (2022) for a full definition)

Median = $214
SD = $539

Wealth Total wealth Summed market value of all items, including land,
luxuries, and other productive assets owned by the
household.

Median = $6089
SD = $7815

Social pressure Neighbour’s expected WTA ‘‘How much money do you think your closest
neighbour requires to sign the above contract?’’

Median = $1000
SD = $4385

Environmental attitudes Concern for deforestation Summed Likert Scales: ‘‘How concerned are you
with deforestation in your shehia’’, ‘‘How
concerned are you with deforestation in Pemba’’.

Mean = 7.5
SD = 1.5

Risk Loss aversion 100% chance of losing 5 USD vs. 50% chance of
losing 10 USD

Mean = 0.28
Table 2
General definitions.

Variable Definition Operationalization

Protest Individuals who are not willing
to participate. The participant
issued a bid demonstrating an
attempt to seek rent, manipulate
future programs, and/or indicate
an ethical rejection of the
foundations of PES schemes.

𝑊 𝑇𝐴 > 4000𝑈𝑆𝐷
or 𝑊 𝑇𝐴 = ∞
(see main text)

Deontological
conservationists

Individuals who require
no compensation to participate

𝑤𝑡𝑎 = 0

In-market All people who issued
non-protest bids.

𝑊 𝑇𝐴 ≠ 𝑃𝑟𝑜𝑡𝑒𝑠𝑡

Supply The number of residents who
are willing to participate in a
PES scheme at a given
price/payment(p). The
supply curve determines
the full set of price/supply
combinations. The slope
is proportional to the elasticity
such that steeper slopes are
less elastic (indicating less price
sensitivity) and flatter slopes
are more elastic (indicating
greater price sensitivity).

𝑠𝑝 =
∑𝑛

𝑖=1(𝑤𝑡𝑎 ≤ 𝑝)

4.5. Statistical approach

We use a triple hurdle model (see Burke et al., 2015) to account
for the multiple nested nature of our data, as seen in Fig. 4. First,
we estimate a logistic model to determine the effect of REDD+ on the
probability of issuing a protest bid vs. being ‘in-market’. Second, we
estimate another logistic model only on those ‘in-market’ to estimate
the effect of the treatment on the probability of being a deontological
cooperator. Finally, for all non-deontologist in the market, we use a
log-normal likelihood that estimates the numerical WTA value. As our
elicitation technique measured individual-specific uncertainty in WTA
bids, this uncertainty (see Eq. (3)) is used in the log-normal portion of
the hurdle model regressions as measurement error on the outcome (fol-
lowing McElreath, 2020). All models have the same parameters, and
thus we can write the binomial model as:

𝑌 ∼ 𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖(𝑝)

𝑙𝑜𝑔𝑖𝑡(𝑝) = 𝑎 + 𝑏1𝐹𝐶 + 𝑏2𝑇 + 𝑏3𝑂 + 𝑏4𝑅 + 𝑏5𝐸 + 𝑏6 𝑊 (4)
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+𝑏7𝑆 + 𝑏8𝑇𝑂 + 𝑏9𝑇𝑅 + 𝑏10𝑇𝐸 + 𝑏11𝑇𝑆 + 𝑏12𝐸𝑁 + 𝑏13𝑉
where Y is either protests or deontological depending on the stage. The
log-normal model incorporates the measurement error as follows

𝑤𝑡𝑎 ∼ 𝑁(𝑤𝑡𝑎𝑡𝑟𝑢𝑒, 𝜎)

𝑤𝑡𝑎𝑡𝑟𝑢𝑒 ∼ 𝑁(𝜇, 𝜎(𝑤𝑡𝑎))

𝜇 = 𝑎 + 𝑏1𝐹𝐶 + 𝑏2𝑇 + 𝑏3𝑂 + 𝑏4𝑅 + 𝑏5𝐸 + 𝑏6 𝑊

+𝑏7𝑆 + 𝑏8𝑇𝑂 + 𝑏9𝑇𝑅 + 𝑏10𝑇𝐸 + 𝑏11𝑇𝑆 + 𝑏12𝐸𝑁 + 𝑏13𝑉

(5)

For both equations, variables follow the naming conventions set
forth in Fig. 2. We log and standardize all continuous variables (FC, W,
and O). After the primary effects (𝑏1..𝑏7), The subsequent four terms
in the model are the interaction terms that provide random slopes
conditional on treatment. The final two terms are random intercepts
to account for interviewer effects and shehia level effects.

All models are fit in Stan (Carpenter et al., 2017), we imputed
missing values for all independent variables using categorical and
regression random forests using the MICE package in R. All code and
exact prior specification can be found at https://www.github.com/
abjeffre/cpr_public.

5. Results

5.1. Effect of REDD+ on WTA and protests

The left-hand side of Fig. 5 presents the marginalized effects of
the REDD+ project on WTA values. Each line is a simulated out-of-
sample prediction for ‘in-market’ individuals based on the posterior
estimates. The red dotted line shows the median price point necessary
to induce 50% of the population to participate in the proposed PES
scheme, which is $516 for those exposed to REDD+ and $698 for
those not—a difference of $182. The proportion of individuals issuing
protest bids can be seen where each separate curve hits the top of
the graph (further to the left means more protests). The slope of
the curve provides information about price elasticity on the supply
of conservation. Finally, where the curve intersects with the 𝑥-axis
reveals the number of deontological conservationists (further to the
right means more deontologists).

The middle panel of Fig. 5 shows the marginal effect of REDD+
on protest bids. Having experienced REDD+ is associated with about
a 10% decrease in the likelihood of protest bids. Using the results from
both in-market and protest bids, we can estimate the total impact of
REDD+ on the supply of conservation across the participating shehia.
Across all REDD+ 18 shehia, there are an estimated 13 461 households.
In a counterfactual scenario where REDD+ never existed, it is estimated
that a PES program using our proposed bidding system would need
to spend 1,781,126 USD per year to induce 50% of the population to
participate. However, given that REDD+ took place, the point estimate

falls to $1,387,113, thus a net reduction in costs of 344,013 USD

https://www.github.com/abjeffre/cpr_public
https://www.github.com/abjeffre/cpr_public
https://www.github.com/abjeffre/cpr_public
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Fig. 4. Triple hurdle model.
Fig. 5. The effect of REDD+ on Future Participation: Left—the effect of REDD+ on the supply of conservation for in-market individuals. Each line shows a supply curve drawn
from the posterior distribution. Red lines show the supply for REDD+ shehia, and blue lines show the supply for control shehia. Middle—the effect of REDD+ on Protest bids.
Each point represents the predicted number of protest bids out of 1000 draws from the posterior. Right—The savings from REDD+ combine both models to estimate the percent
reduction in costs for a future PES program (y-axis) with a target X (x-axis) enrolment.
per year or a reduction of ∼20%. Note that the actual scale of WTA
estimates is likely inflated due to artificially high reserve prices in WTA
measures compared to willingness to pay (Brown and Gregory, 1999).
Nevertheless, by dividing the two costs, we can get the percent change
in the expected supply as a function of REDD+, which, like all ratios,
is scale-free, and thus unaffected due to inflation in the absolute scale
caused by WTA methods.

The right-hand plot of Fig. 5 shows the expected net reduction in
costs for future PES programs caused by the changes in supply as a
result of REDD+. The net expected savings are stratified on the 𝑥-axis
by the targeted desired enrolment (what proportion of households a
hypothetical future program would wish to comply with the contracts).
The savings are the largest when the program only targets those with
the lowest WTA values—because REDD+ is associated with a higher
frequency of deontological conservationists (see below). The savings
shrink in the middle but increase again as the desired enrolment rate
passes 60% because exposure to REDD+ also causes a net reduction in
the frequency of protest bids.

5.2. Moderating effects

5.2.1. Use value
Fig. 6 shows the results from our analysis of the effect of moderating

variables on the supply of conservation in REDD+ (top) and control
shehia (bottom). The supply curves are out-of-sample posterior predic-
tions with all variables except for the focal variable held at median
7

values. Different colour supply curves demarcate different levels of the
moderating variable (e.g. high-use value (gold - 1.41 USD) vs. low-use
value (black- 223 USD)).

Use values affect the amount of compensation demanded, but the
relationship is not one of strict equivalence. Indeed, across both treated
and non-treated shehia, households with higher use values have de-
manded higher levels of compensation and issued more protest bids,
and the amount of compensation required for in-market individuals
increased with use value. In the REDD+ shehia, moving from a z-score
of −2 (1.41 USD) to a score of +2 (223 USD) caused an increase in the
reserve price for 50% participation to rise from ∼497 USD to ∼685.
Note that the increase in use value across the conditions is ∼ 221 USD,
which increases the bid price by only 188 USD. . However, the impact
of use values on WTA is even stronger in control Shehia, where low-use
value households have a 50% reserve price of 467 USD and high-use
value households have an astounding 1299 USD. As per the treatment
effect, households in control shehia issued more protest bids (21%—
nearly twice as large as the unmoderated effect) than those in REDD+
shehia (9%) and had significantly higher reserve bids (to reach 50%
compliance, the average payment would have to be ∼ 1299 USD in
controls and was only ∼ 685 USD in the REDD+ shehia).

The difference in the marginal impact of use values across treatment
groups surprised us and prompted us to see how wealth might pattern
this relationship. The results of this model are presented in SI 2. They
show that poorer households in both REDD+ and control shehia have
significantly higher reserve prices, that use values have a much stronger
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Fig. 6. Moderators of the effect of REDD+ on participation: The top row shows the interaction effects for the REDD+ shehia. Each black line shows a single draw from the
posterior. In column one, the black line is the predicted supply curve when use values are low (z score = −2, 1.41 USD), and gold shows when the use value is high (z score =
2, 223 USD). For social desirability, the black line shows an expected WTA for neighbours of 10 USD, and the gold line shows 1000 USD. For environmental concern, the black
lines show low Concern (E = 2), and the gold line shows high concern (E = 10). Finally, for loss aversion, the black line shows the supply for those who are not loss averse, and
the gold line shows the supply for those who are loss averse. All other variables are held at their median values.
positive effect on bid size, and that they issue significantly more protest
bids than their wealthier counterparts. However, the effect of use values
on bid size and the issuance of protest bids was still considerably lower
in REDD+ shehia for all wealth levels. Interestingly, for those with low-
use values, as wealth increased, so too did the probability of issuing a
protest bid (from 7% amongst the poor to 21% among the wealthy).

5.2.2. Social desirability
The second column in Fig. 6 shows the results regarding social

similarity. Generally, we find a positive relationship between a respon-
dent’s expectation of their neighbours’ WTA bid and the size of their
own bid, and the probability that they issue a protest bid. In other
words, the more compensation participants thought their neighbours
would demand, the more they demand for themselves. Comparing
the top and bottom panels, we can see that people in the treated
shehia report WTA bids that are generally lower than what they expect
their neighbours to report. In contrast, the opposite is true in the
control shehia, where participants typically demand more than they
expect their neighbours to. This means that if respondents believe their
neighbour’s WTA to be 1000 USD per year, to achieve 50% compliance
in REDD+ shehia, a new program would have to offer a minimum of
874 USD to each household, while in the control shehia, they must
offer 1210 USD. Additionally, the number of protest bids also increases
from an estimated 11% in REDD+ shehia to 32% in the control shehia.
Overall, these results imply that while agents generally think that their
bids are very close to their neighbours, individuals in REDD+ shehia
consistently report that their WTA bids are lower than their neighbours,
while those in the controls report that their own bids are higher.

5.2.3. Environmental attitudes
The panels in the third column of Fig. 6 show the effect of the

perceived threat of deforestation on willingness to participate. In the
REDD+ shehia (top panel), the results show that environmental concern
has no effect on the size of bids issued by those ’in-market’ (for example,
values needed for 50% compliance is $611 for high concern (gold) and
621 USD for those with low concern (black)). However, note that we
find a more certain reduction in the number of protest bids from ∼ 17%
for those with low concern to ∼ 10% for those with serious concern.

In the control shehia, environmental attitudes substantially affect
the bids of those ‘in-market.’ Here, to reach 50% compliance, payments
8

must be 852 USD for those who are highly concerned with defor-
estation, while the value increases to 1183 USD per year for those
not worried at all. Here we also find a substantial decrease in the
expected number of protest bids from 23% of all bids amongst the least
concerned to only 12% amongst the most concerned.

5.2.4. Risk
The panels in the final column show the results for loss aversion. In

the REDD+ shehia, those who are not loss averse (black) require 742
USD per year to achieve 50% compliance, while those who are loss
adverse only need 589 USD (gold) – a difference of approximately 150
USD – additionally, those who are loss adverse issued approximately
8% fewer protest bids than those who are not. In the control shehia, we
can see that the curves are layered directly on each other, indicating
no difference between those who are and are not loss averse.

6. Discussion

6.1. Was REDD+ worth it?

Despite its ultimate failure to produce carbon credits and deliver
upon its original goals, the REDD+ intervention in Pemba was not a
complete failure. Compared to those in non-targeted matched shehia,
individuals exposed to REDD+ gave a considerably lower price point
for entering into a hypothetical future PES programme. A particularly
encouraging aspect of the analyses is that there is no evidence that
exposure increases protest toward PES programs, as might be expected
from many commentaries on the failures of REDD+ (e.g., Lund et al.,
2017; Fletcher et al., 2016). This challenges the idea that a series of
(even failed) conservation interventions are unable to build on each
others’ gains, at least in cases such as this. This is likely because
REDD+ intervention helped to establish collective property rights over
forests, provided mock carbon payments, and contributed to some local
enterprise initiatives and environmental training. However, given that
the REDD+ project on Pemba cost approximately 9 million euros (TCG,
2017) and had no measurable impact on forest cover loss (Collins et al.,
2022), could the effect on future participation alone justify the costs?
Taken into consideration with the net reduction in costs shown in the
third panel of Fig. 5, a new PES scheme targeted at the same set of
shehia would have to operate for 26 years at 50% participation or
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ten years at 80% participation for the project’s costs to be offset by
additional buy-in caused by the HIMA project.

As such, one must ask whether such participation rates are viable,
given the stock of carbon in Pemba and the current carbon price on
the voluntary carbon market. The original project document predicts
that the project would save 110,644 tCO2e annually from the two
islands (TCG, 2017). Assuming Pemba contributes half, the carbon price
would have to be approximately $26 per tonne to encourage a 50%
enrolment rate and $92 to obtain an 80% enrolment rate. More so, the
rate of carbon stored is most certainly endogenously determined by the
participation rate. Thus, the expectation that the island could achieve
the maximum potential carbon capture with only a 50% buy-in rate is
unlikely, given that those who are most likely to protest and thus not
participate are those with high forest usage—the ones most responsible
for deforestation.

6.2. How do opportunity costs affect participation?

Here, we have two main results. First, for households with high-
use values, exposure to the failed REDD+ project is not associated with
lower levels of participation. Quiet the opposite, those with high forest
dependence are more likely to participate if they received the REDD+
treatment than if they did not. Second, this effect is mediated by wealth
(see SI 2), such that it is the poor, forest-dependent households who
demand the highest compensation and who issue the most protest bids
but again, but their overall apprehension is reduced if they experienced
REDD+.

The finding that forest-dependent households are more likely to par-
ticipate after experiencing REDD+ is striking—particularly if it is taken
in conjunction with the observation that in the REDD+ shehia, there is
relatively little difference in the amount of compensation demanded
between those with high and low-use values. This implies that these
highly dependent households are not simply estimating the market
value of the forest and then demanding compensation based on such
equivalences. Indeed, judging by the elasticity of the supply curves for
highly dependent households (gold) in Fig. 6, we can infer that expo-
sure to REDD+ has not increased the commodification of forests. How
an we know this? If REDD+ had increased the commodification of
ature, we would expect to see the market value of forest goods playing
more central role in determining the amount of compensation people
emanded from PES schemes if they had been exposed to the treatment.
owever, this is not the case. This implies that factors other than strict
arket values drive decisions to participate in ‘treated’ households.

ndeed, one possible mechanism driving this may be the environmental
ducation that people in these shehia have received, which may have
ed to a valuation of nature based on its multidimensional benefits to
umans and the broader ecosystem.

Second, one of the central theoretical foundations of contingent
aluation and the WTA method is that the loss in utility from agreeing
o a contract should equal the utility gained from the compensation pro-
ided (Engel et al., 2008). It follows directly from this that there should
e no wealth/income effect that adjusts the total amount of payment
equired to offset the loss. For example, two agents, one rich and one
oor, who use $100 of forest goods per year, should require the same
onetary compensation to result in a net zero change to their utility.
hus, why poorer households report requiring more compensation at a
ixed use value requires additional theoretical assumptions.

This result can be partially explained by reflecting on risk. Suppose
e consider the change to a household’s utility from project-associated

isk (e.g. a contract breach by implementers failing to pay). In that
ase, with any concave utility function that holds opportunity costs
ixed, the relative loss in utility to a poor household from a contract
reach is greater than the relative loss of utility to a wealthy house-
old because of the non-linear transformation of monetary losses into
tility. Therefore, ceteris paribus, given any non-zero risk associated
9

with a conservation program, poor households should require higher
compensation levels than wealthier households to offset any possible
losses.

In figure SI 1.1 we can see that the poor who depend on forest
resources demand vastly higher levels of compensation. If compared
across treatments, this effect is larger in the control than in the REDD+
shehia. This result is consistent with the idea that poor forest-dependent
households with no experience with PES are the ones who perceive
the highest amount of risk associated with such programs. When this
result is taken in conjunction with the fact that only in REDD+ shehia
are more loss-averse households more willing to participate, then it
seems likely that the experience with REDD+ has actually reduced the
perceived risk of PES schemes despite having failed. This could be
because of the indirect benefits of the HIMA project outlined above.

6.3. Is participation more socially desirable after REDD+?

Our results confirm the general trend in the literature that social
forces, in the form of conformity, norm compliance and/or fear of
punishment/social exclusion by others in the community, may be a
major motivating force that can drive participation in conservation
programming. Specifically, we find strong evidence that agents tend
to calibrate their compliance based on the expected behaviour of their
fellow community members.

What is peculiar about our results is the difference across the
treatment conditions—where those in REDD+ shehia report WTA bids
less than their expectation of the community average, while those in
control shehia report WTA bids higher. Consider those who expect their
neighbours to issue WTA bids of $1000. To achieve 50% compliance in
the REDD+ shehia, the average offer must then be $874 versus $1210
in the control shehia. Those in REDD+ shehia are offering bids lower
than what they expect their neighbours to do.

One possible interpretation of this finding is that the REDD+ project
has increased community awareness of environmental challenges, cre-
ating a new social ethic where participation in environmental conserva-
tion is seen as socially worthy. Thus, participants present themselves as
being more willing to contribute than their fellow community members.
However, if we compare the expectations of neighbours’ WTA bids
across REDD+ and control shehia, we find that the median expectation
is 800 USD and 400 USD, respectively. This suggests that exposure
to REDD+ dramatically altered people’s reporting of their perceptions
of their neighbours’ willingness to participate. Therefore, an equally
plausible explanation is that exposure to the failed REDD+ project in-
culcated the belief that other community members are now less willing
to participate in PES programs. Of course, this belief is unfounded, as
participation is higher in the REDD+ shehia. Thus, the project’s failure
may have distorted people’s perception of their community’s support
for PES programs.

6.4. Did REDD+ crowd-out intrinsic motivations?

Our results on the effect of environmental attitudes directly pertain
to motivational crowding-out. In the REDD+ shehia, we find that
environmental concern has no impact on WTA values and only slightly
affects the frequency of protest bids. In contrast, in the control shehia,
we find that across all measures (WTA values and protest bids), those
who are more concerned with the environment are dramatically more
likely to participate in future PES programs. In unpublished analyses,
we have checked other operationalizations of environmental attitudes,
such as the number of ecosystem services participants can correctly
identify, but all yield similar results.

One possible interpretation of this finding is that REDD+ crowded
out otherwise intrinsic environmental motivations. Such an interpre-
tation might be warranted given that the marginal increase in supply
due to environmental concern is more substantive in shehia that did
not receive the REDD+ treatment—indicating that value-based moti-
vations are less impactful after REDD+’s implementation. At the same
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time, this seems unlikely, given that those who report being entirely
unconcerned with the environment in the REDD+ shehia still have
lower predicted WTA values than those maximally concerned and in the
control shehia. This difference means that even if REDD+ crowed out
pro-environmental values, the project’s net gains on the conservation
supply are still enough to compensate for that loss.

7. Limitations

This study has several limitations. Firstly, during data collection,
optimism surrounded REDD+’s potential, and resentment may have
increased since. Despite this, CoFMAs have spread (Borgerhoff Mul-
der et al., 2021), suggesting ongoing positive evaluations within cer-
tain segments of society. Thus, conclusions about complete program-
matic failure are somewhat premature. More recent data would help
illuminate the overall trend.

Secondly, our study relies on a single time point, lacking pre-
treatment Pemba data and using matched shehia for quasi-
experimentation. This limits intra-individual or intra-shehia assess-
ments over time, and thus all existing estimates assuming our condi-
tioning blocks unobserved endogenous variables (Pearl, 2009). Thirdly,
exploring factors affecting PES participation faces causality challenges.
REDD+ bundled benefits, making causal identification of sub-
component contributions impossible. Difficulties in operationalizing
concepts like opportunity costs and social desirability, especially in
domain-specific contexts, underscore the need for a genuine within-
individual longitudinal study.

Finally, readers should note that WTA values may be grossly inflated
without effective upper bounds, impacting intercept estimates but not
coefficients on other predictors.

8. Conclusion and policy recommendations

The REDD+ failure on Pemba produced fewer adverse side effects
than would be expected from arguments presented in the literature
concerning conservation fads and fashions. Our data suggest that there
remain significant pockets within the communities exposed to REDD+
where an appetite for forest protection under some kind of PES scheme
persists. Yet, despite this finding, we emphasize that this does not
absolve implementers of the ethical responsibility to provide high-
quality projects and follow through with commitments. Given that
not all projects can or should succeed, it is encouraging to note that
project failure does not necessarily wholly erode former participants’
willingness to engage with future conservation. In this particular case,
the failure of the HIMA program can be placed firmly in the court
of the foreign implementing partners, in line with critical analyses
of REDD+ as a primarily extractive institution; see, for example, the
analysis of Frewer (2021) on the collapse of a similar REDD+ project
in Cambodia under the same carbon agent (Terra Global Capital).
Somewhat remarkably, both projects still appear on the agent’s website
(as of early 2024), despite zero payments.

More specifically, concerning policy recommendations, we have
several points. First, given our finding that use values dramatically
affect rates of participation and protest amongst the poor, future pro-
grams would benefit from engaging more directly with poor forest-
dependent individuals and dedicating resources to increasing their
participation rates. More generally, as a result of the importance of
opportunity costs, future programs can expect higher participation rates
and less protest if they invest in economic development programs that
lower dependence on forest goods, particularly amongst the poor, such
as through policies that reduce the cost of substitutes or boost other
non-farming sectors of the economy. Second, it is likely that by building
a legal basis for secure property rights over community forests, the
legacy of the REDD+ pilot project will be felt years in the future.
Therefore we believe that in addition to building household assets,
programs that build legal frameworks, particularly property rights, that
persist beyond the program’s death will be able to have lasting positive
10

effects.
CRediT authorship contribution statement

Jeffrey Andrews: Conceptualization, Data curation, Formal anal-
ysis, Investigation, Methodology, Validation, Visualization, Writing –
original draft, Writing – review & editing. Monique Borgerhoff Mul-
der: Conceptualization, Funding acquisition, Methodology, Project ad-
ministration, Resources, Supervision, Writing – original draft, Writing
– review & editing.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data availability

Data will be available at www.github.com/abjeffre/wta_public.

Acknowledgements

This research was supported with funds from the Max Plank In-
stitute of Evolutionary Anthropology, Germany. We thank Assa Sharif
Ngwali, Asha Yussuf Nour, Bidawa, Bidawa Bakari Khamis, Fatima
Mbarouk Saleh, Hamad Khamis Mbarouk, Omar Mtarik Msellem, in
addition to and two anonymous referees for comments on an earlier
manuscript. All remaining errors are our own.

During the preparation of this work the author used CHATGPT in
order to increase the clarify of the text. After using this tool/service,
the author reviewed and edited the content as needed and take full
responsibility for the content of the publication.

Funding source declaration

This work was supported by the Max-Planck-Institut für Evolu-
tionäre Anthropologie, Germany and a Seed Grant for International Ac-
tivities, Grant/Award from UC Davis Global Affairs; UC Davis’ College
of Letters and Sciences, United States.

Author agreement

All authors have read and certified the final version of the
manuscript before submission. The article is our original work and
has not been received for prior publication, nor is it under review
elsewhere.

Appendix A. Supplementary data

Supplementary material related to this article can be found online
at https://doi.org/10.1016/j.ecolecon.2024.108155.

References

Adams, V.M., Game, E.T., Bode, M., 2014. Synthesis and review: delivering on
conservation promises: the challenges of managing and measuring conservation
outcomes. Environ. Res. Lett. 9 (8), 085002.

Andersson, K.P., Cook, N.J., Grillos, T., Lopez, M.C., Salk, C.F., Wright, G.D.,
Mwangi, E., 2018. Experimental evidence on payments for forest commons
conservation. Nat. Sustain. 1 (3), 128–135.

Andrews, J., Borgerhoff Mulder, M., 2022. Forest income and livelihoods on Pemba: A
quantitative ethnography. World Dev. 153, 105817.

Andrews, J.B., Caro, T., Ali, S.J., Collins, A.C., Hamadi, B.B., Khamis, H.S., Mzee, A.,
Ngwali, A.S., Mulder, M.B., 2020. Does REDD+ have a chance? Implications from
Pemba, Tanzania. Oryx 1–7.

Arriagada, R.A., Sills, E.O., Pattanayak, S.K., Ferraro, P.J., 2009. Combining qualitative
and quantitative methods to evaluate participation in Costa Rica’s program of

payments for environmental services. J. Sustain. Forestry 28 (3–5), 343–367.

http://www.github.com/abjeffre/wta_public
https://doi.org/10.1016/j.ecolecon.2024.108155
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb1
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb1
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb1
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb1
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb1
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb2
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb2
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb2
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb2
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb2
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb3
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb3
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb3
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb4
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb4
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb4
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb4
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb4
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb5
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb5
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb5
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb5
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb5


Ecological Economics 220 (2024) 108155J. Andrews and M. Borgerhoff Mulder
Authelet, M., Subervie, J., Meyfroidt, P., Asquith, N., Ezzine-de Blas, D., 2021.
Economic, pro-social and pro-environmental factors influencing participation in an
incentive-based conservation program in Bolivia. World Dev. 145, 105487.

Becker, G.M., DeGroot, M.H., Marschak, J., 1964. Measuring utility by a single-response
sequential method. Behav. Sci. 9 (3), 226–232.

Benjaminsen, G., 2014. Between resistance and consent: project–village relationships
when introducing REDD+ in Zanzibar. Forum for Development Studies, vol. 41,
Taylor & Francis, pp. 377–398.

Benjaminsen, G., Kaarhus, R., 2018. Commodification of forest carbon: REDD+ and
socially embedded forest practices in Zanzibar. Geoforum 93, 48–56.

Bennett, N.J., 2018. Navigating a just and inclusive path towards sustainable oceans.
Mar. Policy 97, 139–146.

Ezzine-de Blas, D., Corbera, E., Lapeyre, R., 2019. Payments for environmental services
and motivation crowding: towards a conceptual framework. Ecol. Econom. 156,
434–443.

Borgerhoff Mulder, M., Caro, T., Ngwali, A.S., 2021. A silver lining to REDD:
Institutional growth despite programmatic failure. Conserv. Sci. Pract. e312.

Borgerhoff Mulder, M., Coppolillo, P., 2005. Conservation: Linking Ecology, Economics,
and Culture. Princeton University Press.

Bottazzi, P., Wiik, E., Crespo, D., Jones, J.P., 2018. Payment for environmental ‘‘self-
service’’: Exploring the links between farmers’ motivation and additionality in
a conservation incentive programme in the Bolivian Andes. Ecol. Econom. 150,
11–23.

Bremer, L.L., Farley, K.A., Lopez-Carr, D., 2014. What factors influence participation in
payment for ecosystem services programs? An evaluation of Ecuador’s SocioPáramo
program. Land Use Policy 36, 122–133.

Brown, T.C., Gregory, R., 1999. Why the WTA–WTP disparity matters. Ecol. Econom.
28 (3), 323–335.

Burgess, N.D., Bahane, B., Clairs, T., Danielsen, F., Dalsgaard, S.r., Funder, M.,
Hagelberg, N., Harrison, P., Haule, C., Kabalimu, K., et al., 2010. Getting ready
for REDD+ in Tanzania: a case study of progress and challenges. Oryx 44 (3),
339–351.

Burke, W.J., Myers, R.J., Jayne, T.S., 2015. A triple-hurdle model of production and
market participation in Kenya’s dairy market. Amer. J. Agric. Econom. 97 (4),
1227–1246.

Calle, A., 2020. Can short-term payments for ecosystem services deliver long-term tree
cover change? Ecosyst. Serv. 42, 101084.

Caplow, S., Putri, A.A.D., Kweka, D.L., 2014. Piloting REDD in zanzibar through
community forest management, Tanzania.

Carpenter, B., Gelman, A., Hoffman, M.D., Lee, D., Goodrich, B., Betancourt, M.,
Brubaker, M., Guo, J., Li, P., Riddell, A., 2017. Stan: A probabilistic programming
language. J. Stat. Softw. 76 (1).

Carter, N.H., Baeza, A., Magliocca, N.R., 2020. Emergent conservation outcomes of
shared risk perception in human-wildlife systems. Conserv. Biol. 34 (4), 903–914.

Catalano, A.S., Lyons-White, J., Mills, M.M., Knight, A.T., 2019. Learning from
published project failures in conservation. Biol. Cons. 238, 108223.

Chachage, C.S.L., 2000. Environment, Aid and Politics in Zanzibar. Dar es Salaam
University Press.

CIFOR, 2007. PEN Technical Guidelines Version 4. Technical Report, Center for
International Forestry Research, Bogor, Indonesia, URL http://www.cifor.org/pen/
research-tools/the-pen-technical-guidelines.html.

Collins, A., Grote, M.N., Caro, T., Ghosh, A., Thorne, J.H., Salerno, J.D., Borger-
hoff Mulder, M., 2022. How community forest management performs when REDD+
payments fail. Environ. Res. Lett..

Currie, T., Turchin, P., Bednar, J., Richerson, P.J., Schwesinger, G., Steinmo, S.,
Wacziarg, R., Wallis, J., 2016. Evolution of Institutions and Organizations. MIT
Press.

Engel, S., Pagiola, S., Wunder, S., 2008. Designing payments for environmental services
in theory and practice: An overview of the issues. Ecol. Econom. 65 (4), 663–674.

Etchart, N., Freire, J.L., Holland, M.B., Jones, K.W., Naughton-Treves, L., 2020. What
happens when the money runs out? Forest outcomes and equity concerns following
Ecuador’s suspension of conservation payments. World Dev. 136, 105124.

Ferreira, S., Gallagher, L., 2010. Protest responses and community attitudes toward
accepting compensation to host waste disposal infrastructure. Land Use Policy 27
(2), 638–652.

Fisher, J., 2012. No pay, no care? A case study exploring motivations for participation
in payments for ecosystem services in Uganda. Oryx 46 (1), 45–54.

Fletcher, R., Dressler, W., Büscher, B., Anderson, Z.R., 2016. Questioning REDD+ and
the future of market-based conservation. Conserv. Biol. 30 (3), 673–675.

Frewer, T., 2021. What exactly do REDD+ projects produce? A materialist analysis
of carbon offset production from a REDD+ project in cambodia. Polit. Geogr. 91,
102480.

Gómez-Baggethun, E., Ruiz-Pérez, M., 2011. Economic valuation and the commodifica-
tion of ecosystem services. Prog. Phys. Geogr. 35 (5), 613–628.

Greiner, R., Patterson, L., Miller, O., 2009. Motivations, risk perceptions and adoption
11

of conservation practices by farmers. Agric. Syst. 99 (2–3), 86–104.
Grillos, T., 2017. Economic vs non-material incentives for participation in an in-kind
payments for ecosystem services program in Bolivia. Ecol. Econom. 131, 178–190.

Halstead, J.M., Luloff, A., Stevens, T.H., 1992. Protest bidders in contingent valuation.
Northeast. J. Agric. Resour. Econom. 21 (1204-2016-69643), 160–169.

Hayes, T., Grillos, T., Bremer, L.L., Murtinho, F., Shapiro, E., 2019. Collective PES:
More than the sum of individual incentives. Environ. Sci. Policy 102, 1–8.

Hayes, T., Murtinho, F., Wolff, H., López-Sandoval, M.F., Salazar, J., 2022. Effectiveness
of payment for ecosystem services after loss and uncertainty of compensation. Nat.
Sustain. 5 (1), 81–88.

Jayachandran, S., De Laat, J., Audy, R., Pagiola, S., Sedano Santamaria, F., 2018.
Evaluating the Permanence of Forest Conservation Following the End of Payments
for Environmental Services in Uganda. Report No: AUS0000379, World Bank Group,
Washington DC.

Johnston, R.J., Boyle, K.J., Adamowicz, W., Bennett, J., Brouwer, R., Cameron, T.A.,
Hanemann, W.M., Hanley, N., Ryan, M., Scarpa, R., et al., 2017. Contemporary
guidance for stated preference studies. J. Assoc. Environ. Resour. Econom. 4 (2),
319–405.

Jones, K.W., Foucat, S.A., Pischke, E.C., Salcone, J., Torrez, D., Selfa, T.,
Halvorsen, K.E., 2019. Exploring the connections between participation in and
benefits from payments for hydrological services programs in Veracruz State,
Mexico. Ecosyst. Serv. 35, 32–42.

Jones, K.W., Powlen, K., Roberts, R., Shinbrot, X., 2020. Participation in payments
for ecosystem services programs in the global south: A systematic review. Ecosyst.
Serv. 45, 101159.

Kaczan, D., Pfaff, A., Rodriguez, L., Shapiro-Garza, E., 2017. Increasing the impact
of collective incentives in payments for ecosystem services. J. Environ. Econom.
Manage. 86, 48–67.

Kaczan, D.J., Swallow, B.M., et al., 2019. Forest conservation policy and motivational
crowding: Experimental evidence from Tanzania. Ecol. Econom. 156, 444–453.

Kosoy, N., Corbera, E., Brown, K., 2008. Participation in payments for ecosystem
services: case studies from the Lacandon rainforest, Mexico. Geoforum 39 (6),
2073–2083.

Lacroix, K., Gifford, R., 2018. Psychological barriers to energy conservation behavior:
The role of worldviews and climate change risk perception. Environ. Behav. 50 (7),
749–780.

Lund, J.F., Sungusia, E., Mabele, M.B., Scheba, A., 2017. Promising change, delivering
continuity: REDD+ as conservation fad. World Dev. 89, 124–139.

Maca-Millán, S., Arias-Arévalo, P., Restrepo-Plaza, L., 2021. Payment for ecosystem
services and motivational crowding: experimental insights regarding the integration
of plural values via non-monetary incentives. Ecosyst. Serv. 52, 101375.

Massarella, K., Sallu, S.M., Ensor, J.E., Marchant, R., 2018. REDD+, hype, hope and
disappointment: The dynamics of expectations in conservation and development
pilot projects. World Dev. 109, 375–385.

McElreath, R., 2020. Statistical Rethinking: A Bayesian Course with Examples in R and
Stan. CRC Press.

Meyerhoff, J., Liebe, U., 2006. Protest beliefs in contingent valuation: explaining their
motivation. Ecol. Econom. 57 (4), 583–594.

Moros, L., Vélez, M.A., Quintero, D., Tobin, D., Pfaff, A., 2023. Temporary PES do not
crowd-out and may crowd-in lab-in-the-field forest conservation in Colombia. Ecol.
Econom. 204, 107652.

Obeng, E.A., Aguilar, F.X., 2018. Value orientation and payment for ecosystem ser-
vices: Perceived detrimental consequences lead to willingness-to-pay for ecosystem
services. J. Environ. Manage. 206, 458–471.

Pagiola, S., Arcenas, A., Platais, G., 2005. Can payments for environmental services
help reduce poverty? An exploration of the issues and the evidence to date from
latin America. World Dev. 33 (2), 237–253.

Pearl, J., 2009. Causality. Cambridge University Press.
Pfaff, A., Rodriguez, L.A., Shapiro-Garza, E., 2019. Collective local payments for

ecosystem services: New local PES between groups, sanctions, and prior watershed
trust in Mexico. Water Resour. Econom. 28, 100136.

Pisor, A.C., Borgerhoff Mulder, M., Smith, K.M., 2024. Long-distance social relationships
can both undercut and promote local natural resource management. Philos. Trans.
R. Soc. Lond. Ser. B 379 (1893), 20220269.

Rasch, S., Wünscher, T., Casasola, F., Ibrahim, M., Storm, H., 2021. Permanence of PES
and the role of social context in the regional integrated silvo-pastoral ecosystem
management project in Costa Rica. Ecol. Econom. 185, 107027.

Redford, K.H., Padoch, C., Sunderland, T., 2013. Fads, funding, and forgetting in three
decades of conservation.

Reutemann, T., Engel, S., Pareja, E., 2016. How (not) to pay—field experimental
evidence on the design of REDD+ payments. Ecol. Econom. 129, 220–229.

Rogers, A.R., 1994. Evolution of time preference by natural selection. Am. Econ. Rev.
460–481.

Shapiro-Garza, E., 2020. An alternative theorization of payments for ecosystem services
from Mexico: origins and influence. Dev. Change 51 (1), 196–223.

http://refhub.elsevier.com/S0921-8009(24)00052-1/sb6
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb6
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb6
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb6
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb6
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb7
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb7
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb7
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb8
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb8
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb8
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb8
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb8
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb9
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb9
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb9
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb10
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb10
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb10
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb11
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb11
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb11
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb11
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb11
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb12
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb12
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb12
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb13
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb13
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb13
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb14
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb14
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb14
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb14
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb14
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb14
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb14
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb15
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb15
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb15
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb15
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb15
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb16
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb16
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb16
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb17
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb17
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb17
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb17
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb17
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb17
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb17
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb18
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb18
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb18
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb18
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb18
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb19
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb19
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb19
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb20
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb20
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb20
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb21
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb21
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb21
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb21
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb21
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb22
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb22
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb22
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb23
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb23
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb23
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb24
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb24
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb24
http://www.cifor.org/pen/research-tools/the-pen-technical-guidelines.html
http://www.cifor.org/pen/research-tools/the-pen-technical-guidelines.html
http://www.cifor.org/pen/research-tools/the-pen-technical-guidelines.html
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb26
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb26
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb26
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb26
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb26
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb27
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb27
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb27
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb27
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb27
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb28
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb28
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb28
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb29
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb29
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb29
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb29
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb29
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb30
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb30
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb30
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb30
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb30
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb31
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb31
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb31
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb32
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb32
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb32
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb33
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb33
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb33
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb33
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb33
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb34
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb34
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb34
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb35
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb35
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb35
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb36
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb36
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb36
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb37
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb37
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb37
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb38
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb38
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb38
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb39
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb39
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb39
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb39
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb39
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb40
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb40
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb40
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb40
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb40
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb40
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb40
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb41
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb41
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb41
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb41
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb41
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb41
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb41
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb42
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb42
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb42
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb42
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb42
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb42
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb42
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb43
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb43
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb43
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb43
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb43
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb44
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb44
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb44
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb44
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb44
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb45
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb45
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb45
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb46
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb46
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb46
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb46
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb46
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb47
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb47
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb47
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb47
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb47
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb48
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb48
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb48
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb49
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb49
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb49
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb49
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb49
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb50
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb50
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb50
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb50
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb50
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb51
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb51
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb51
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb52
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb52
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb52
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb53
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb53
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb53
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb53
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb53
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb54
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb54
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb54
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb54
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb54
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb55
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb55
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb55
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb55
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb55
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb56
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb57
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb57
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb57
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb57
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb57
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb58
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb58
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb58
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb58
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb58
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb59
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb59
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb59
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb59
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb59
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb60
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb60
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb60
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb61
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb61
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb61
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb62
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb62
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb62
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb63
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb63
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb63


Ecological Economics 220 (2024) 108155J. Andrews and M. Borgerhoff Mulder
Shinbrot, X., Jones, K., Rivera-Castañeda, A., López-Báez, W., Ojima, D., 2019. Small-
holder farmer adoption of climate-related adaptation strategies: The importance of
vulnerability context, livelihood assets, and climate perceptions. Environ. Manage.
63 (5), 583–595.

Skutsch, M.M., McCall, M.K., 2010. Reassessing REDD: governance, markets and the
hype cycle. Clim. Change 100 (3–4), 395.

Stuart, E.A., 2010. Matching methods for causal inference: A review and a look forward.
Statist. Sci.: Rev. J. Inst. Math. Statist. 25 (1), 1.

TCG, 2017. Methodology for Carbon Accounting for Mosaic and Landscape-scale REDD
Projects (VCS-VM0006) - Terra Carbon Global. Technical Report.
12
Waruingi, E., Mbeche, R., Ateka, J., 2021. Determinants of forest dependent household’s
participation in payment for ecosystem services: Evidence from plantation estab-
lishment livelihood improvement scheme (PELIS) in Kenya. Glob. Ecol. Conserv.
26, e01514.

Wong, G., 2014. The Experience of Conditional Cash Transfers: Lessons for REDD+
Benefit Sharing, vol. 97, CIFOR.

Wunder, S., 2015. Revisiting the concept of payments for environmental services. Ecol.
Econom. 117, 234–243.

http://refhub.elsevier.com/S0921-8009(24)00052-1/sb64
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb64
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb64
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb64
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb64
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb64
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb64
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb65
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb65
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb65
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb66
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb66
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb66
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb67
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb67
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb67
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb68
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb68
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb68
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb68
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb68
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb68
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb68
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb69
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb69
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb69
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb70
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb70
http://refhub.elsevier.com/S0921-8009(24)00052-1/sb70

	The value of failure: The effect of an expired REDD+ conservation program on residents' willingness for future participation
	Introduction
	Background
	Participation in PES programs
	Moderating influences on participation

	Site and project background
	Methods
	Causal inference
	Site and sampling procedure
	Survey design
	Variable definition
	WTA
	Protest bids
	Exposure to REDD+
	Moderating variables

	Statistical approach

	Results
	Effect of REDD+ on WTA and protests
	Moderating effects
	Use value
	Social Desirability
	Environmental Attitudes
	Risk


	Discussion
	Was REDD+ worth it?
	How do opportunity costs affect participation?
	Is participation more socially desirable after REDD+?
	Did REDD+ crowd-out intrinsic motivations?

	Limitations
	Conclusion and policy recommendations
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Author Agreement
	Appendix A. Supplementary data
	References


