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Abstract

While payments for ecosystem services (PES) schemes are increasingly common, in most
cases, their effectiveness has lagged behind initial expectations. A major debate exists
around whether performance can be improved by prioritising project design features that
align with the theoretical, economistic model of PES, or whether, where necessary, it is more
important for projects to depart from this model to build local support and legitimacy. In this
study we address this gap by examining how financial incentives, participation in decision
making and organisational centralisation have supported land management outcomes
across 39 smallholdings participating in carbon agroforestry PES schemes in Mexico and
Mozambique. We use interviews, tree growth records and fuzzy set qualitative comparative
analysis (QCA) to assess how these three design features, and contextual variables on
household wealth and farm-level water availability, have related to the actual level of
aboveground biomass (AGB) accumulated on each farm - the main land management
objective in such schemes. We then use interviews with farmers and project staff to gain a
more in depth understanding of how these design features are linked to land management
outcomes. We find that, in our cases, both monetary incentives and good participation in
decision making where integral to good outcomes. The level of (de)centralisation was
unimportant as long it was perceived as legitimate locally, and accounted for existing social,
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cultural and historical context. Our findings suggest that attempts to improve the
performance of PES schemes by enshrining ‘best practice’ or key design principles must put
equal emphasis on economistic design principles and the maintenance of local legitimacy,
and should be flexible enough to allow for local processes of institutional bricolage. Given
the typical nature of our cases, we argue that our findings provide new insights relevant to
the wider PES field.

Introduction

While payments for ecosystem services (PES) schemes are increasingly common, in most
cases, their effectiveness has lagged behind initial expectations (Bérner et al., 2017). Many
of the ongoing debates in PES focus on the causes of this underperformance, and which

project design features are important for a successful scheme (Huber-Stearns et al., 2017).

One of these debates revolves around whether PES projects should prioritise project design
features that align with the theoretical, economistic model of PES, or whether, where
necessary, projects should depart from this model to build local support and legitimacy
(Ezzine-de-Blas et al., 2016; Pascual et al., 2014; Shapiro-Garza et al., 2020; Wunder et al.,
2018). At the project level, this can be seen in decisions about whether to prioritise the
delivery of monetary incentives (e.g. through strict adherence to neoclassical economistic
principles in conducting monitoring, sanctioning and payments), over other design features
aimed at building local support (e.g. through more flexible and participatory decision
making). Associated with this is an apparent tension between a desire to exert centralised
organisational control within PES projects (e.g. through a greater role for administrators in
targeting, monitoring and sanctioning), and a desire to make such schemes more
decentralised ‘community based’ processes. Understanding how these three design features
(monetary incentives, local participation in decision making and the degree of centralisation)
relate to outcomes at the local (e.g. farm) level remains a research frontier.

In this study we examine how financial incentives, participation in decision making and
organisational centralisation have supported land management outcomes across 39
smallholdings participating in carbon agroforestry PES schemes in Mexico and Mozambique.
We use interviews, tree growth records and fuzzy set qualitative comparative analysis (QCA)
to conduct a multiple comparative case study. We assess how these three design features,
and contextual variables on household wealth and farm-level water availability, have related
to the actual level of aboveground biomass (AGB) accumulated on each farm - the main land
management objective in such schemes. We then use interviews with farmers and project
staff to gain a more in depth understanding of how these design features are linked to land
management outcomes. In doing so we draw on critical institutionalist theories to observe
how project design features have evolved alongside their local context. Our research
question is: in our cases, how have different perceptions of monetary incentives, local
participation in decision making and organisational centralisation co-occurred with different
AGB outcomes?

Below we first provide conceptual background, before presenting our study areas, methods
and results. We conclude with a discussion of the implications of our findings for the PES
field.

Conceptual background
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Our study focuses on debates around three key design features of PES: incentives;
participation in decision making; and the (de)centralisation of project processes. We
consider these features alongside the socio-economic and environmental contextual
variables of household wealth and water availability. In conducting the analysis we adopt a
critical institutionalist perspective, where we examine the degree to which project processes
were in fact ‘designed’, or whether they evolved organically alongside existing institutions,
norms and the agency of individuals. Below we define each of these concepts and briefly
review their links to PES theory.

Monetary incentives and participation in decision making

At the core of PES theory is the notion that monetary incentives cause predictable changes
in behaviour (and so to land management outcomes) (Engel et al., 2008; P. J. Ferraro &
Kiss, 2002). Yet contributions from behavioural and ecological economics challenge this
idea, and suggest that the extent to which a person responds to a financial incentive is
moderated by their socio-economic context, and the presence of other non-monetary
motivations (Bryan, 2013; Ezzine-de-Blas et al., 2019; Singh, 2015). Additionally, it is also
argued that in some cases the introduction of a financial incentive can cause a perverse
outcome by ‘crowding out’ existing non-monetary motivations for sustainable land
management (Chervier et al., 2017; Kerr et al., 2012; Martin et al., 2014; Vatn, 2010).

Similarly, debates on the appropriate levels of participation in decision making within a
scheme (a seperate concept to the willingness of landowners to join or ‘participate in’ PES,
which is discussed in depth elsewhere; e.g. J. Fisher, 2012; Lansing, 2017) also reveal
disagreements amongst PES theorists. Participatory decision making in PES has mainly
been analysed in relation to ‘procedural equity’ (or similarly, ‘procedural justice’, or
‘procedural fairness’), with many researchers arguing that schemes which include local
participants in decision making are likely to have greater community and political support (or
‘local legitimacy’), and so to be more successful (E. Corbera et al., 2007; Martin et al., 2014;
Pascual et al., 2014). On the other hand, some view that a focus on such ‘political’ aspects
may be presenting a barrier to what are argued to be other more important design principles,
such as strict sanctioning of non-compliance (Wunder et al., 2018). In this study we examine
how a series of local farmers have responded to incentives and participatory decision
making, and how this is linked to actual land management outcomes on their farms (i.e.
levels of AGB).

Organisational (de)centralisation

In addition to incentives and participation in decision making, we introduce a third concept
examining the degree of organisational decentralisation in PES. The concept of
‘organisational centralisation’ differs in its scope from the broader concept of ‘decentralised
governance’ in the wider natural resource management literature, but has many of the same
justifications. Over the last three decades, notions of decentralised governance have
become popular in natural resource management theory due to both normative views on the
benefits of its apparent democratising power, and because of assumptions that it is more
effective than centralised approaches (Larson & Soto, 2008; Ribot & Larson, 2004). In
response, many researchers have highlighted that decentralisation does not necessarily
solve issues related to elite capture, scale mismatches, and a lack of accountability (Blaikie,
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2006; Lockwood et al., 2010). Others thus advocate a co-governance compromise (or
similarly, networked or nested governance) in which centralised and decentralised
approaches are balanced to accommodate coordinated decision-making at different levels
(Leach et al., 2007). In practice, decentralisation of governance involves transferring power
to make NRM decisions from traditionally centralised institutions to lower levels (e.g. from
national- to village-level government), with the aim of better grounding practices in local
realities and of making interventions more responsive to community needs (Blomquist et al.,
2010).

In contrast to the broader concept of decentralised governance, organisational
decentralisation has similar justifications but is focused on decentralisation within an
organisation or institution as opposed to between institutions. It has been utilised to examine
the operation of organisations in the international development and public policy fields
(Bainbridge, 2000; Fowler, 1992, 2000; Gibbs et al., 2000; Madon, 1999; Peckham et al.,
2005), but, to our knowledge, has not been applied to PES. In PES discussions of
decentralisation have been concerned with broader aspects of decentralised governance.
Early advocates framed PES itself as a broad form of democratic decentralisation in a neo-
liberal sense: PES would allow better decisions about environmental resources through
handing decisions to free and rational individuals in the marketplace, rather than being made
by centralised governmental command-and-control structures (Engel et al., 2008). Following
on from this, there have been further higher-level assessments of power dynamics between
PES institutions at different levels (Esteve Corbera et al., 2009), vertical and horizontal
coordination of activities between institutions (Kolinjivadi et al., 2014), the role of
organisational leadership (Escobar et al., 2013), and the characterisation of PES schemes
as a middle-ground hybrid type of governance that is neither purely market-based, nor a
form of command-and-control (Muradian et al. 2012). While useful for understanding how
PES interacts with the wider governance context, examinations of organisational
decentralisation within a PES scheme are new.

While not addressed directly in the PES literature so far, organisational decentralisation
provides a way to summarise many existing debates in PES. On the one hand, advocates of
centralised approaches seek to exert control and minimise risks within a PES project through
the robust implementation of centrally managed (e.g. project-wide) rules, land use designs
and sanctioning (Ezzine-de-Blas et al., 2016; Paul J. Ferraro, 2001; Wunder et al., 2018). On
the other hand, decentralised approaches emphasise more community-based structures that
rely on cooperation and local flexibility (Esteve Corbera & Brown, 2008; Nieratkaa et al.,
2015; Pascual et al., 2014). Both sides argue that different degrees of (de)centralisation will
improve land management outcomes. As for incentives and participation, in this study we
assess how different types of centralisation have occurred alongside different land
management outcomes in each of our cases. In line with existing literature that PES
institutions are often hybrid processes (rather than adhering to a theoretical ideal type)
(Muradian et al., 2010; Shapiro-Garza et al., 2020), we define separate variables for the
degree of centralisation and decentralisation, rather than measuring them on a single
continuum. A case can thus exhibit aspects of both centralisation (e.g. close administrative
control) and decentralisation (e.g. farm-level flexibility).

Socio-economic and environmental context



This is a non-peer reviewed preprint submitted to EarthArXiv and Elsevier.

To contextualise each case, we include two concepts relating to the household and farm
socio-economic and environmental contexts. Household wealth has been shown to be a key
indicator of the ability of a household to effectively implement land management
interventions in forest PES and similar schemes (Hayes et al., 2017; Lansing, 2017; Suich et
al., 2015; Van Oosten, 2013). For environmental context, water availability is used as a key
variable in the selection of species and expected growth rates in agroforestry and other
types of forestry (Ashton & Montagnini, 1999; Bontemps & Bouriaud, 2013).

Critical institutionalism in PES

Throughout this study we adopt a critical institutionalist perspective. Institutionalism is a
broad school of thought in social science which seeks to explain human behaviour through
the influence of our surrounding political and social rules, practices, norms and structures
(Lowndes & Roberts, 2013). Within the institutionalist school there are many and varied
perspectives which can be usefully categorised into ‘mainstream’ and ‘critical’ (also
sometimes ‘post-’) institutionalism (Cleaver & De Koning, 2015). Within NRM theory,
mainstream institutional approaches have been defined as those which assume that one can
identify and design optimal institutions to achieve a desired behavioural outcome (Cleaver,
2017; De Koning & Benneker, 2012). Critical institutionalism, on the other hand, emphasises
that institutions and their outcomes are rarely explicitly designed but instead evolve from
existing social and historical processes, and the individual agency of participants. Associated
with this perspective is the concept of institutional bricolage, where institutions are
continually being evolved and remade from existing rules, norms and beliefs in order to find
a socially acceptable way for an organisation or project to operate (De Koning & Benneker,
2012).

Much of the current literature on PES design is implicitly mainstream institutionalist: it
focuses on finding the necessary, desirable or optimal types of PES design, and in doing so
implies a high level of administrative control over the shape of project institutions and
processes (Bennett & Gosnell, 2015; Borner et al., 2017; Engel et al., 2008; Grima et al.,
2016; Huber-Stearns et al., 2017; Paudyal et al., 2018; Wunder et al., 2018). Alternatively, a
small emergent literature argues that PES institutions usually emerge from local context and
individual agency rather than being imposed (Shapiro-Garza et al., 2020; Van Hecken et al.,
2015). By adopting a critical institutionalise perspective we align with this new literature and
seek to assess why different organisational processes have emerged from the local context.

Methods
Study areas

We focus on the experiences of 39 farmers participating in two smallholder carbon
agroforestry PES schemes: Scolel’te in the southern State of Chiapas in Mexico; and the
Sofala Community Carbon Project in central Mozambique. The projects have been running
since 1997 and 2007 respectively, and both occur in remote, rural areas dominated by
subsistence agriculture and/or livestock systems (Hegde et al., 2015; Ruiz-De-Ofia-Plaza et
al., 2011), with high levels of poverty by global and national standards (OPHI, 2015, 2018).
The schemes implement similar types of agroforestry using native species, with species and
planting designs adapted to the local context. The farms examined in this study are usually
one to two hectares in size, and are monitored for 10 years after initial tree planting.
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Both projects are funded by a mix of donor funds, and carbon credits generated under the
Plan Vivo Carbon Certification system (Plan Vivo, 2013), and so have similar organisational
processes and land management objectives that are typical of forest PES schemes. Farmers
who opt to participate are coordinated and paid to plant and grow trees through a three-tier
structure: 1) at the project-level, an in-country intermediary (a local non-government
organisation) administers funding, high-level technical support, monitoring and farmer
payments; 2) at the village-level, local coordinators and technicians organise farmers and
provide extension services; and 3) at the farm-level, farmers design and implement their own
tree planting plans. Within this common structure, the degree of participation in decision
making, and the degree of centralisation, varies from village to village: some are very
centralised and directed, while others are more dispersed and consultative. All farmers
within a project receive the same payment per hectare subject to a minimum level of tree
growth being achieved, while the efficiency (and perceived importance) of payment delivery
varies between farmers.

We include in our study farmers from eight different villages (six from Mexico and two from
Mozambique) with varying village structures. Broadly, Yaluma (YLM) in Mexico, and
Nhambita (NMB) and Mutiabamba (MBB) in Mozambique have hierarchical village
structures, Naha (NH) and Punta Brava (PB) in Mexico are moderately centralised, while
Alan-Samariakantajal (ASK), Nuevo Rodulfo Figeuroa (NVR) and Villa las Rosas (VIR) are
relatively decentralised. Further nuances of particular villages and farmers are further
elaborated in the results section.

Study design

We conducted a multiple comparative case study analysis to explore qualitatively the broad
proposition that the PES design features outlined above matter for land management
outcomes (Yin, 2014). We chose a qualitative approach as the fieldwork was exploratory in
nature and aimed at gaining rich, in depth accounts of PES project design at the farm level.
We define each case (or unit of analysis) as the experience of each farmer in the project,
and their associated level of AGB accumulation. Based on interviews with farmers and
technicians, and on project records, we characterised the design features, socio-economic
and environmental context, and level of AGB in each case. We then used QCA (described
further below) to identify patterns across our cases, followed by analyses of farmer
interviews. We used the farmer interviews to gain deeper understandings of how and why
these design features affect, and differ, between different farmers. We contend that our
study projects represent typical smallholder carbon agroforestry projects in rural developing
countries. We use these similarities to highlight lessons for such projects more broadly.

Data sources

The main sources of data were semi-structured interviews with participating farmers. We
selected farmers through a theoretical purposive sample (Guest, 2006), aimed at
interviewing farmers in as many different villages as field logistics would allow, targeting
farmers with different levels of AGB performance (as assessed from project records). We
conducted interviews during fieldwork visits during 2017 and 2018. The interviews took the
form of broad, semi-structured conversations about the respondent’s experience throughout
the project, covering aspects of incentives, participation and centralisation, as well as open
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questions on why some farmers have bigger or different trees compared to others.
Interviews were conducted with prior informed consent, and anonymity was maintained
throughout. We documented interviews in notes and audio recordings, sometimes with the
assistance of translators fluent in the local languages. To assess the wealth of each
household, in each village we also conducted with a group of village leaders a wealth
ranking of all households participating in the project (Narayanasamy, 2009).

We also used project records for additional data on administrative arrangements and
payments, and to model tree growth (see below). We used secondary data on annual rainfall
to assess water availability (see below).

Case characterisation

For each of our cases we used the data to characterise the relative level of monetary
incentives, participatory decision making, (de)centralisation, wealth, water availability and
AGB. These are high level constructs that are difficult to measure and assess in practice.
Thus, borrowing language from statistics, we framed these high-level concepts as ‘latent’
(i.e. hidden) constructs that can only be assessed through more attainable ‘observed’ (i.e.
proxy) variables. The observed variables and their sources for each latent construct are
summarised in Table 1 (see Supplementary Material for the full input data). For the QCA, we
then used the observed variables to construct ordinal indicators on the strength of each
latent construct through simple additive indicators.

For monetary incentives, payments (per hectare) did not differ between farmers. We thus
assessed two other observed variables shown to affect perceptions of incentives in PES:
from interviews, whether money was a main motivation (J. Fisher, 2012; Martin et al., 2014),
and from project documents, whether there were administrative payment delays (unrelated
to poor performance) (Cole, 2010; Scullion et al., 2011). For the level of participatory
decision making, through interviews and using indicators to similar studies on participation
(Bagherian et al., 2011; lzurieta et al., 2011), we assessed observed variables on the extent
to which farmers felt able to influence decisions that affected their land: perceptions of
whether there were organisational communication issues with the farmer; the presence of
personal relationships with project staff; and perceptions of sufficient flexibility in rules. For
centralisation, motivated by similar QCAs on governance (Pahl-Wostl & Knieper, 2014), we
used interviews to assess perceptions on the level of top-down control at the village level,
and project records to assess the presence of expert staff or consultants in the village.
Finally, for decentralisation, we used interviews to generate observed variables on the
perceptions of bottom-up collective action-type processes and the number of other
participating farmers in the village (Gebremedhin et al., 2004; Meinzen-Dick et al., 2004). We
characterised household wealth in each case based upon the previously mentioned wealth
ranking exercises in each village. Throughout the interviews, we sought to minimise the risk
of reverse causality in variables generated from respondent perceptions (e.g. where
respondents’ perceptions would be driven by their AGB outcome), by first approach
discussing each design feature in a general sense, then asking for their perception now, and
if this had changed since they had been monitored or sanctioned.

For water availability, we modelled the mean annual climatic water deficit (CWD) since
planting on each farm (see Poorter et al. (2016) for a similar approach). CWD is the
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difference between potential and actual evapotranspiration and provides a more nuanced
measure of water availability than simple rainfall indicators. We generated mean annual
CWD since planting on each farm using farm location data, spatio-temporal records of
temperature and rainfall from Willmot et al. (2014), digital elevation models (INEGI, 2018;
USGS, 2006) and the CWD R function from Redmond (2015). We then converted this into
an ordinal scale for the QCA.

Finally, to characterise the level of AGB accumulated on each farm, we modelled farm-level
AGB using tree growth records for 10 years on each farm (documenting species, tree
diameter, tree height and farm area), wood density information and the pantropical allometric
model provided by Chave et al. (2009, 2014); and the BIOMASS package in R (Rejou-
Mechain et al., 2018). For the purpose of the QCA, we then categorised each farm on a four
point ordinal scale, based on quartiles of AGB per hectare across farms (normalised to
account for different tree stocking densities).

Table 1. Observed variables used to characerise the different high-level concepts (latent constructs) in our
cases. FSSIs = farmer semi-structured interviews; PDs = project documents/records.



This is a non-peer reviewed preprint submitted to EarthArXiv and Elsevier.

Latent construct Observed variable Levels and measurement Source
Organisational Level of centralised project High/Low. Respondents reported dose control FSSIs
centralisation managementin village atvillage level.
(CEN)
Level of vertical extension  High/Low. Presence of afeasbility study PDs
servicesinvillage and/oratechnician livingin the village.

Organisational Perception of collective acti Yes/No. Respondent reported aperceptionof FSSis

decentralisation onbyrespondent community responsibility for trees an/or

(DCEN) reported receiving free labour.
Numberof other project Ordinal. Numberof other project participants PDs
partidpants in the area in the area

Level of particdipat Communication problems  Yes/No. Respondent reported problemsin FSSls
ion with project staff communication with project intermediary.
(PTI)
Level of flexiblity in land High/Low. Respondent reported sufficient FSSis
use permitted by project flexiblityin the project

Personal relationship with p Yes/No. Respondent reported knowing FSSis

rojectforest technician technician sodally
Level of monetary Level of monetary Yes/No. Respondent indicated that monetary FSSIs
incentives (ITV) motivations benefits were their main motivation

Efficiency of payments Yes/No. Respondent reported delaysin their FSSIs

payments (that were notrelated to sanctions)

Household Relative wealth of Ordinal (from village ranking exercises during Ranking
wealth (WLT) household (within village)  fieldwork) exerdse
Wateravailability Relative water availability = Generated from plot locations and NOAA Secondary
(WAT) since planting rainfall records data
Aboveground Level of Ordinal. Level of AGB accumulation relative to PDs
biomass (AGB)  aboveground biomass on other farmers doing the same type of

fam agroforestry.

Fuzzy set QCA (QCA)

QCA is a form of qualitative analysis which is useful for finding patterns in datasets with too
few cases for robust statistical analyses, but which are too large for common qualitative
thematic or narrative syntheses (Jordan et al., 2011). It uses set theory and Boolean algebra
(the same logic used in Venn diagrams) to find logical patterns in data where sets of ‘causal
conditions’ lead to a particular ‘outcome condition’ (Dusa, 2019). QCA is has been used
widely in social science, economics and engineering, and is increasingly being used in
studies of environmental change (Hudson & Kuehner, 2013; Rudel et al., 2009). QCA does
not make strong generalisable statements about causation (i.e. where a change in factor
always changes an outcome variable; Meyfroidt, 2016), but rather implies ‘conjectural
causation’ where, based on a critical assessment of the results, different theories and
associated propositions about the causal pathways are supported or not supported in our
cases (Jordan et al., 2011).



This is a non-peer reviewed preprint submitted to EarthArXiv and Elsevier.

In this study we use QCA to initially identify patterns across our cases of the co-occurence of
different levels of monetary incentives, participation and (de)centralisation, alongside levels
of AGB accumulation. We then explore these in more depth through thematic analysis of
interviews, and discuss the implications for PES theory. For our cases, the ‘outcome
condition’ in the QCA is the level of AGB achieved in each case, while everything else is a
‘causal condition’. Inputs and outputs of QCA resemble the ‘truth table’ at Table 2. A truth
table groups all cases together based on the pattern of their causal conditions and outcomes
(each pattern being a ‘complete product’). QCA can then be used to find a ‘minimised
solution term’ which uses Boolean logical minimisation to find across all complete products
the simplest common combination of causal conditions for a particular outcome. It does this
by comparing all complete products and using logic to eliminate redundant causal conditions
(e.g. in its simplest form, if condition X occurs in both positive and negative sets with
outcome Y, it has no explanatory power and is eliminated). This minimised solution is
notionally the ‘best’ explanation for an outcome.

Following Dusa (2019), we implement fuzzy set QCA which (unlike crisp set QCA) allows a
case to be a partial member of different sets at the same time (e.g. instead of rich or poor, a
household can be both to different degrees). Following the construction of the ordinal
variables for our latent constructs, we calibrated each variable using totally fuzzy and relative
(TFR) calibration, which is appropriate for both ordinal and interval variables. TFR uses the
existing data to calculate an empirical cumulative distribution function for a variable, then
uses rank orders of cases from this function to transform the data into fuzzy membership
scores from 0 to 1.

To assess the validity of our findings, we focus on the ‘sufficiency’ of different causal
conditions to explain high AGB outcomes. A condition is sufficient where it is commonly
associated with an outcome, as measured by: ‘consistency’, an indicator of robustness of the
causal pattern (i.e. condition X is perfectly consistent and sufficient if every time X occurs it
is also with outcome Y); and ‘coverage’, the proportion of an outcome explained by the
condition (similar to R? in statistics; i.e. condition X has perfect coverage if every time
outcome Y occurs it is also with X). Values for consistency and coverage are always
between 0 and 1, with higher values indicating greater internal validity. We implement a high
consistency threshold (i.e. cut-off value) of 0.85 (Rihoux & Ragin, 2008), above which a case
is assigned to that set. We implemented the QCA using the QCA package in R, version 3.5.1
(R Core Team, 2019).

Linking QCA to farmer perspectives and experiences

After running and assessing the validity of the QCA, we then related the patterns apparent in
the results to those individual experiences conveyed in interviews. We did this through a
thematic synthesis approach, where we reviewed each interview with the QCA results in
mind to gain in depth and contrasting insights on each of design features under
consideration (Ritchie et al., 2013). In our results below we include selected quotes from
respondents to give a voice to the general themes across the interviews. To further unpack
the QCA, and to better understand which underlying observed variables were driving the
results, we also examined the QCA outcomes for each case alongside their underlying
observed variables (see Table S1 in the Supplementary Material).
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Results
QCA results

The QCA results are summarised in Table 2, where 15 of our 39 cases were assessed to
have high AGB outcomes to a high degree of consistency (consistency > 0.85). These high
AGB cases covered sites from both countries. The truth table results show that good AGB
outcomes almost always occurred with perceptions of both good participation and good
monetary incentives. AGB outcomes were usually poorer where one of these was lacking,
with the exception of two cases (cases 9 and 10). These two cases scored well on wealth
and water availability, and interviews with the associated farmers suggested that their wealth
and environmental context allowed them to ‘continue on the path’ of supporting their trees
despite lower monetary incentives. The degree of (de)centralisation had no clear pattern: all
cases, whether with high or low AGb outcomes, had either strong centralised or
decentralised structures (or the co-occurrence of both). Wealth and water availability also
had no clear pattern.

The logical minimised parsimonious solution term emphasises the importance of
participation and incentives in our cases, and of household wealth (Table 2). The minimised
term also suggests that, in our cases, high AGB occurred with low organisational
centralisation where participation was perceived to be high.

The QCA results can be further unpacked by reviewing the underlying observed variables
(Table S1), which show that good AGB outcomes mainly occurred alongside good
relationships with project technicians, efficient and high monetary payments, and high
horizontal (farmer to farmer) cooperation and extension.

Table 2. Raw truth table and minimised parsimonious solution from the QCA. In the truth table, the level of
aboveground biomass (AGB) in the case is the outcome variable, while causal conditions are: degree of
organisational centralisation (CEN); degree of organisational decentralisation (DCEN); level of participation
in decision making (PTI); perceived level of monetary incentives (ITV); household wealth rank (WLT); and
water availability since planting (WAT). A score of 1 means that the case performed strongly on that criteria.
In the minimised solution term, * represents the Boolean AND operation, while + means OR. Variables in
capitals and lowercase respectively represent high and low scores.
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Truth table
AGB CENDCENPTI ITV WLT WAT n Consist. PRI. Cases Villages
1 0 1 1 0 1 1 2 1 1.000 S,10 NVR (Mx)
1 01 1 1 0 o0 41 1.000 5,13,15,16 ASK (Mx), VIR (Mx)
1 0 1 1 1 1 1 1 1 1.000 11 PB (Mx)
1 1 1 1 1 1 0 2 0.978723 0.956 18,19 YLM (Mx)
1 0 1 1 1 0 1 3 0.955674 0.937 2,34 ASK (Mx)
1 0 1 1 1 1 0 3 0.922671 0.873 12,14,25 PB (Mx), NMB (Mz)
1 1 0 1 1 1 0 2 0.888 0.784 27,31 NMB (Mz)
0 1 0 1 0 0 0 1 0.84127 0.805 39 NMB (Mz)
0 1 0 1 1 0 0 6 0.805684 0.582 28,29,30,32,33,38 NMB (Mz), MBB (Mz)
0 1 0 0 1 1 0 1 0.74934S 0.551 34 NMB (Mz)
0 1 1 1 0 1 0 5 0.716229 0.552 20,21,22,23,24 YLM (Mx)
0 1 1 1 0 1 1 1 0.707675 0.502 17 YLM (Mx)
0 1 0 o 1 o 0 4 0.671457 0.373 26,35,36,37 NMB (Mz)
0 0 1 0 0 1 0 2 0.408271 0.184 7,8 NH (Mx)
0 0 1 0 0 0 1 1 0.387097 0.119 1 ASK (Mx)
0 0 1 0 0 0 0 1 0.361446 0.108 6 NH (Mx)
Minimised solution term
Consistency Coverage
cen*PTI + PTI*ITV*WLT => RAGB 0.855 0.502

Farmer perspectives and case contexts

Broadly, perspectives from local farmers and technicians accorded with the QCA results that
both incentives and participation in decision making were important (Box 1). For incentives,
these local perspectives then went further to suggest that, in addition to short term monetary
incentives, AGB outcomes were better for farmers who also had prominent non-monetary
motivations. For participation in decision making, farmers emphasised the importance of
good relations with project technicians.

Box 1. Local perspectives on participation and incentives

Importance of monetary incentives

“ ... afew people stopped [looking after their saplings] because they didn’t get paid on time,
which then caused the trees to be sick.”
Farmer, Mexico

“Some farmers lack interest because they don’t understand the financial benefits... there is
some [short term] benefit now from the fruit trees but they want the money from timber, which
takes too long for them.”

Farmer, Mozambique

Importance of non-monetary motivations
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“Trees are like children. You need to care for them. Some people stop giving proper care
because they are only interested in the payment, and they don’t think about the other
benefits.”

Farmer, Mozambique

“Some people’s trees are better than others because of the soils and shade, but also because
some people are better at looking after the trees ... because they find the trees beautiful”
Farmer, Mexico

Importance of technician relations

“I lived next door to the house where the project technicians would stay. It helped to have
them next door. They would always come and give advice which helped the trees.”
Farmer, Mozambique

“After the first few years there was a problem with the technician in the village and
communication with [the project intermediary] broke down. Many farmers found it difficult
because of the lack of advice... some trees died because of this.”

Agroforestry technician, Mexico

An additional insight from farmer perspectives was the key role of local social and cultural
context in determining what was perceived as ‘good participation’, and in determining
preferences for centralised and decentralised organisational structures. While some farmers
endorsed flexibility and decentralisation, others reported that they were not bothered by a
lack of flexibility in decision making, nor more decentralised hierarchical structures (Box 2).

Box 2. Local perspectives on flexibility and centralisation

Endorsements of flexibility and decentralisation

“I planted what project staff told me to plant for the first two times but a few of the trees were
still dying ... so | had an idea to try some different local species and they worked. | checked
with the project technician and they said it was ok.”

Farmer, Mexico

“There was flexibility ... it was good because people wanted to include some fruit trees or let
in their cattle ... initially it was not allowed so people were disappointed and unmotivated, but
the project agreed after we talked to them.”

Farmer, Mexico

Endorsements of centralisation

“[The project staff] told us what to do, but that was ok. ... | didn’t want to experiment in case it
went wrong. It was something new and you shouldn’t experiment when you don’t know what
you’re doing”

Farmer, Mozambique

“[the village technician] is also a good community leader, so he takes the main decisions
about the project ... and we follow him. He organises the farmers.”
Farmer, Mexico

There were consultations [by senior project staff] with community leaders, but not with other
farmers, and not on the tree species ... they figured out which trees would work then told us.
This was good because we didn’t know what we were doing and were fearful ... the rules
were rigid but it worked because there was a lot to change. People had to stop burning and
opening up new farms so rules were necessary

Farmer, Mozambique
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These different perspectives on flexibility and organisational centralisation appeared linked
to the existing practices and expectations of farmers, stemming from their surrounding
social, cultural and historical context. In Mexico, the villages of Alan-Samariakantajal (ASK)
and Villa las Rosas (VIR) both had an established history of decentralised natural resource
management in their villages, and this appears to have led to a preference for decentralised
approaches in the agroforestry project. Farmers in the project in Nhambita (Mozambique) on
the other hand appeared largely satisfied with a more centralised structure, and this aligns
with the existing hierarchical governance at the village-level in the area. The village of
Yaluma is unique amongst our cases, with both centralised and decentralised structures
appearing to co-exist in the village. Here the village leadership was already highly
centralised, but also apparently highly consultative and focused on building consensus and
cooperation between participating farmers. This appears to have sparked the development
of horizontal structures and cooperation between farmers:

At first the community didn’t want to plant the trees but [the village leaders] decided it was
good because trees were disappearing from the fields ... so they organised everyone into
groups and they began to learn ... people joining later then found it easier because there were
lots of educated people to help them.

Farmer, Mexico

Broadly, local perspectives combined to suggest that the shape of the organisational
processes, and the nature of participation in decision making, was contingent on socio-
cultural factors.

Discussion

Our results emphasise the importance in our cases of both monetary incentives and good
participation in decision making. Additionally, our results indicate that the type of
participation in our cases, and the effectiveness of different types of (de)centralisation
appeared dependent on existing social, cultural and historical context. Given the similarities
between our study sites and other smallholder PES programmes, here we argue that our
findings have relevance for two key ongoing debates in the PES field.

First, our study speaks directly to the ongoing debate around whether PES projects should
prioritise theoretical, economistic concerns around monetary incentives, or the building of
local support through flexibility and participatory processes (Ezzine-de-Blas et al., 2016;
Pascual et al., 2014; Shapiro-Garza et al., 2020; Wunder et al., 2018). Our findings provide
new evidence that there may be no trade-off to be had between these different aspects. In
our cases, both considerations had to be satisfied for successful outcomes to occur at the
farm level. We view that this is likely a wider phenomenon, and argue that PES projects
need to focus on achieving this balance in their project designs, rather than prioritising one
over the other.

In addition to informing PES design, we argue that this findings has additional relevance to
the adoption of new technologies in PES and associated aims of ‘upscaling’ (i.e. large scale
implementation) PES. Recently, many PES practitioners and theorists have expressed
increased interest in using remote sensing, blockchain and cloud-based technologies to
reduce transaction costs, improve accountability and upscale PES programmes (Howson et
al., 2019; Marke, 2018). On their own, many of the suggested new technologies imply a
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reduced presence in the field which would likely diminish communication with, and
representation of, local participants. Should this come to occur, our findings suggest that
project outcomes may suffer, and anticipated improvements to cost effectiveness may not
occur. While more efficient technologies may assist PES administration, our evidence
suggests that any benefits would need to be considered alongside the costs of reduced
participation amongst local actors. We argue that any proposed innovations that reduce
personal contact with local participants must be paired with strong participatory mechanisms
that build and maintain local participation and support.

The second key PES debate to which our findings contribute is the emerging ‘best practice’
literature for designing PES schemes. There are an increasing number of empirical studies
and reviews which attempt to define the key features required for ‘successful’ PES schemes,
ranging from those focused on economic design principles around delivering conditional
financial incentives (Borner et al., 2017; Grima et al., 2016; Sattler & Matzdorf, 2013), to
those which have a similar level of focus on additional social and biophysical factors
(Bennett & Gosnell, 2015; Huber-Stearns et al., 2017; Paudyal et al., 2018). While aspects
of all of these frameworks are no doubt relevant in different contexts, our study provides new
evidence in support of theories that PES and other natural resource management institutions
are likely to evolve alongside existing practices and norms rather than being wholly
‘designed’ by project practitioners (He, 2020; Shapiro-Garza et al., 2020; Van Hecken et al.,
2015).

Our cases show the evolution of different organisational processes, even within the same
project, and suggest that the path of this evolution was determined by the local socio-cultural
context and existing institutions. This finding links to the wider concept of institutional
bricolage in natural resource management, and associated theories of critical
institutionalism, where the shape of institutions are argued to be the product of continually
evolving socio-cultural processes and the agency of individuals (Cleaver & De Koning, 2015;
de Koning et al., 2014; De Koning & Benneker, 2012). Broadly, we argue that PES
programmes should not expect to exert too much direct control over the shape of institutions
at the local level. Instead projects should provide flexibility and resources to support a
process of institutional adaptation, where institutional processes evolve alongside local
norms, needs and expectations.

Relatedly, in contrast to the trend in natural resource management towards more
decentralised approaches (which are assumed to be better for, and more widely supported
by, local people; Kolinjivadi et al., 2014; Larson & Soto, 2008) we find that preferences for
(de)centralisation vary between participants depending on the local context. There are
separate and compelling arguments on the longer term benefits of decentralised institutions
for broader sustainable development (and many of these may apply to PES in the long term)
(Ribot & Larson, 2004). However, for PES in the timeframe that we examined here (ten
years since planting), it appears that centralised approaches can be just as effective when
they are also perceived as legitimate locally.

Similarly, our study contains cases from a village (Yaluma in Mexico) where both strong
centralised and decentralised processes successfully occur alongside each other. This
provides empirical evidence in support of existing theories that there is not necessarily a
dichotomy between centralised and decentralised two approaches in PES: they can co-exist
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in a hybrid or interacting form (e.g. hybrid or nested approaches) (Muradian et al., 2010;
Shapiro-Garza et al., 2020) . The question therefore is not ‘which side of the centralisation
spectrum is best?’, but ‘what institutional mix is locally appropriate?’. Generally, with regard
to best-practice guidelines on PES design, we argue that PES practitioners should be wary
of letting strict rules and ‘best practice’ guidelines hinder the process of local institutional
bricolage necessary for a successful scheme - institutions that evolve locally are likely to be
more effective than those that are imposed.

One limitation of explicitly aligning PES project process with existing institutions is that, while
this may be good for existing land holders and project outcomes, it may limit the
transformative potential of PES: building PES on existing structures can simply reinforce
existing power imbalances and structural inequalities that may be the root cause of many
local social and environmental problems (Baynes et al., 2019; Esteve Corbera et al., 2020;
Mahanty et al., 2013; vonHedemann, 2020). Thus, programmes will need to be critical about
which existing institutions to engage with and how they do so. Where PES programmes do
choose to sponsor radical change and innovation in natural resource management
institutions, building local ownership and legitimacy of the process will be key—including by
considering how to work constructively with existing institutions, and to be sensitive to the
historical, cultural and social context.

Conclusion

In this study we have used case comparisons across 39 smallholdings in two countries to
examine how selected PES design features are linked to actual land management outcomes
at the farm-level. Given the typical nature of our cases, we argue that our findings provide
new insights relevant to the wider PES field. Our cases show that the delivery of monetary
incentives and participatory mechanisms are likely equally important in supporting
successful outcomes. Additionally, our evidence shows that institutional arrangements at the
local level are likely to evolve with the local context rather than being explicitly designed or
imposed.

Our findings suggest that attempts to improve the performance of PES schemes by
enshrining ‘best practice’ or key design principles must put equal emphasis on economistic
design principles and the maintenance of local legitimacy, and should be flexible enough to
allow for local processes of institutional bricolage. Further, the introduction of new
technologies and other reforms to PES practice must maintain strong participatory
mechanisms at the local level--payments and technology will likely be insufficient substitutes
for participation and people.
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