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Forest restoration has been proposed as a scalable nature-based solution
to achieve global environmental and socio-economic outcomes and is central
to many policy initiatives, such as the Bonn Challenge. Restored forests
contain appreciable biodiversity, improve habitat connectivity and sequester
carbon. Incentive mechanisms (e.g. payments for ecosystem services and allo-
cation of management rights) have been a focus of forest restoration efforts for
decades. Yet, there is still little understanding of their role in promoting restor-
ation success. We conducted a systematic literature review to investigate how
incentive mechanisms are used to promote forest restoration, outcomes, and
the biophysical and socio-economic factors that influence implementation
and program success. We found that socio-economic factors, such as govern-
ance, monitoring systems and the experience and beliefs of participants,
dominate whether or not an incentive mechanism is successful. We found
that approximately half of the studies report both positive ecological and
socio-economic outcomes. However, reported adverse outcomes were more
commonly socio-economic than ecological. Our results reveal that achieving
forest restoration at a sufficient scale to meet international commitments will
require stronger assessment and management of socio-economic factors that
enable or constrain the success of incentive mechanisms.

This article is part of the theme issue ‘Understanding forest landscape
restoration: reinforcing scientific foundations for the UN Decade on
Ecosystem Restoration’.
1. Introduction
Forest restoration is a promising nature-based solution for addressing the critical
challenges of the Anthropocene [1]. To help move restoration efforts to scale and
accelerate political action against ecosystem degradation, the United Nations
declared 2021 to 2030 the ‘Decade on Ecosystem Restoration’ [2]. This declaration
builds upon years of progress in stimulating forest restoration through a diversity
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of incentivemechanisms targeting landholders and land users.
These mechanisms include financial incentives, such as pay-
ment for ecosystem services (PES) or non-financial forms of
institutional support, such as technical assistance, and are
defined as ‘instruments used by the public and private sectors
to encourage farmers to protect or enhance ecosystem services
beneficial to them and others’ [3]. These mechanisms have
promoted sustainable practices in natural resource manage-
ment and conservation in private land [4,5]; yet knowledge
about their role in achieving successful restoration remains lim-
ited. Restoration interventions include a broad range of
strategies such as natural forest regrowth (passive restoration),
agroforestry and mixed plantations of native species (active
restoration), each with specific enabling or constraining
conditions that influence specific restoration outcomes. These
interventions have varying scales and timelines, ranging
from short-term interventions on small parcels of land to
large-scale, holistic approaches of forest landscape restoration
(FLR). A better understanding of the enablers and constraints
of restoration incentives is critical for scaling up efforts to
meet global and regional restoration commitments.

To drive restoration at scale, a plethora of multilateral
environment agreements have spawned over the past decade.
These started with the Aichi target 15 of the Convention on
Biological Diversity (CBD), setting, in 2010, a goal to restore
15% of degraded ecosystems [6], followed by the launch of
the Bonn Challenge in 2011. Aiming to restore 350 million
hectares of deforested and degraded landscapes by 2030 [7],
this challenge inspired regional efforts such as the African
Forest Landscape Restoration Initiative (AFR100) and the
20 × 20 Initiative in Latin America [8]. Additionally, the
Sustainable Development Goals included reversing land
degradation through restoration as a fundamental activity
(United Nations 2015 [9]). In 2015, these and other commit-
ments culminated with the Paris Climate Change Agreement
[10], further recognizing restoration as an important nature-
based solution to the climate crisis. As of 2020, 130 out of 168
Nationally Determined Contributions (77%) have quantitative
and/or qualitative FLR-aligned targets [11].

Despite the globally recognized benefits of achieving restor-
ation at scale, doing so cost-effectively remains a challenge [12].
Governments, theprivate sectorandnot-for-profit organizations
face further barriers, which include financial constraints, limited
understanding of the social motivations for restoration and
unsuitable governance structures [13–15]. Under these circum-
stances, the slow progress reported by countries towards
meeting ambitious restoration targets raises serious questions
about the feasibility of achieving global commitments [16,17].
Even where initial constraints are overcome, ensuring the long-
term success of restoration remains challenging [18]. For
example, although recent studies in the Brazilian Atlantic
Forest demonstrate that it is possible to achieve conservation tar-
gets by combining forest restoration and compensation [19], a
forest cover change analysis in the same region found that 27%
of regenerating forests were recut between 1990 and 2017, par-
ticularly in landscapes with high opportunity costs for shifting
from agriculture to restoration (e.g. flat fertile terrain preferred
for agriculture) [20]. This highlights the critical role that socio-
economic factors play in forest restoration success and the
influence of incentive mechanisms on this success [21–23].

Ideally, incentive mechanisms should compensate land-
holders and land users for the foregone opportunities
associated with active restoration and natural regrowth in
agricultural landscapes. Incentives, such as PES and technical
assistance, are alsowidely used to promote the adoption of sus-
tainable agricultural practices [3] and can be classified as direct
or indirect incentives. Direct incentives are designed to have a
direct impact on resource users (e.g. PES), whereas indirect
incentiveshavean indirect effect bysettingorchanging theover-
all conditions in which land is managed (e.g. technical support
or management rights) [24]. If used to combine restoration and
income generation (e.g. through timber production and the
adoption of agroforestry systems), incentive mechanisms can
contribute to both ecological outcomes and socio-economic
change, playing an important role for local livelihoods [25].
Due to the prospect of socio-economic benefits, these strategies
seek to motivate engagement of landholders in restoration [26],
compared to approaches that solely stimulate restoration
through legal or governance mechanisms. Yet, enhancing
motivation is not sufficient to guarantee engagement and suc-
cess; the social–ecological context of these incentive programs
is likely to be an important factor that facilitates the capacity
and opportunity to engage in restoration, and supports positive
ecological and socio-economic outcomes [27,28].

Here, we conduct a systematic literature review to address
three main research gaps: (i) What types of incentive mechan-
isms are used for forest restoration and how are these
financed? (ii) What biophysical and socio-economic factors
affect the success of incentive mechanisms to promote forest
restoration? (iii) What have been the ecological and social
outcomes of incentive mechanisms for promoting forest res-
toration? On the basis of our findings, we discuss the
challenges and potential of using incentive mechanisms as
pathways to promote large-scale, long-term restoration,
while maximizing ecological and social benefits.
2. Methods
(a) Literature search
We conducted a literature review of peer-reviewed articles
published between January 2010 and October 2020. This time
frame was selected to understand the current trends in incentive
mechanisms for forest restoration, as preliminary literature
searches showed that few papers on incentives for restoration
were published before 2010, compared to more recent years,
with a strong focus on the Reducing Emissions from Deforesta-
tion and Forest Degradation (REDD+) incentives. We also
identified that few studies have examined the role of disincentive
mechanisms, such as penalties, fines and quotas. For this reason,
we decided to focus on incentives for this literature review. The
literature search was conducted via: (i) database search using key
terms; (ii) screening of studies resulting from the initial search;
and (iii) selection of papers for final analysis based on eligibility
criteria. Key words searched include incentive mechanism terms
(first filter) and forest restoration and regrowth terms (second
filter), such as ‘payment* for ecosystem services’ and ‘ecological
restoration’, respectively. Electronic supplementary material,
figure S1 details the selection of studies for the analysis in a
PRISMA diagram. A detailed description of the literature
search, search terms and paper selection is also provided in the
electronic supplementary material (electronic supplementary
material, methods). Searches returned 1421 papers that were
imported to the software Covidence [29]. After the exclusion of
312 duplicates, four of the authors (A.M.T., M.L.H.H., K.W.
and N.N.; henceforth ‘coders’) screened the 1109 remaining
studies based on title and abstract. Each study abstract was
screened by two authors independently to select those that (i)
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consisted of an assessment or application of an incentive mech-
anism; (ii) indicated that the intervention aimed to promote
forest restoration; and (iii) included information about on-
ground interventions (i.e. modelling of hypothetical incentives
were not considered). The interventions considered encompass a
broad range of approaches defined as forest landscape restoration
(FLR) strategies [30], as follows: (i) active forest restoration (native
tree planting or direct sowing); (ii) afforestation (establishment of
tree cover on lands that, historically, have not contained forests
[31]; (iii) sustainable practices (agroforest plantation or silvopas-
toral system adoption); (iv) natural forest regrowth (the regrowth
of native forests through natural regeneration); and (v) sustainable
forest management or forest conservation (only considered here
when incentivized in combination with one of the previous inter-
ventions aimed at promoting forest restoration). Finally, when
Covidence indicated discrepancies between coders, the study in
question was further reviewed until authors reached consensus
on the papers that met the eligibility criteria. In a second round
of screening, the 217 papers that fulfilled the criteria were assessed
in full to confirm eligibility, reducing the final number of articles
included in the analysis to 73.
378:20210088
(b) Data analysis
To answer the first research question, through full-text reading of
each paper and using 15 structured questions (electronic sup-
plementary material, table S1), we gathered descriptive data on
three main aspects of the evaluated incentive mechanism: (i) gen-
eral characteristics: country, time frame of intervention at the
time of evaluation, spatial scale of implementation, land-tenure
regimes in the area of implementation and primary land use;
(ii) governance characteristics: type of proponent organizations,
type of incentive, type of financing mechanism, source of fund-
ing, type of governance and targeted recipients; and (iii) the
restoration approaches incentivized (e.g. active forest restoration
and agroforest plantation).

To answer the second and third research questions, we con-
ducted a thematic analysis using NVivo software [32]. We used a
combined deductive/inductive approach [33] to code information
related to outcomes of the incentive being applied, as well as to
factors affecting implementation success of the initiatives. Both
outcomes and factors affecting implementation success were con-
sidered as they were defined in the studies, which varied across
diverse timescales, depending on the interest of the study or on
the different objectives of the incentives implemented (e.g. poverty
alleviation or carbon sequestration). Methods used by the studies
also varied between qualitative, quantitative or mixed methods
approaches. To conduct the thematic analysis, we inductively
coded outcomes and factors affecting implementation success
within predefined categories. These children codes emerged
from the results presented in each study. We then revised and
grouped the children codes into themes for interpretation pur-
poses, maintaining the original predefined categories. For factors
affecting implementation success—defined here as the attainment
of the incentive’s objectives (e.g. forest cover increased or biodiver-
sity enhanced), as described in the reviewed papers—the main
predefined categories were ‘Enablers’ and ‘Constraints’. Within
these, we classified factors as ‘Biophysical’, ‘Social’ (governance
structures, cultural norms and individual characteristics) or ‘Econ-
omic’ (financial conditions). Similarly, we coded outcomes of
incentive mechanisms under ‘Beneficial outcomes’ (positive
impacts reported as results of an incentive mechanism), ‘Unmet
objectives’ (unattained desired outcomes of an incentive mechan-
ism) and ‘Perverse outcomes’ (unintended negative impacts
reported as results of an incentive mechanism). Within those
categories, outcomes were organized into ‘Ecological’ and ‘Socio-
economic’. Each outcome was determined based on the original
study included in the review. ‘Ecological outcomes’ reflected
biophysical changes resulting from the incentive mechanism
implementation (e.g. forest cover increase and water quality
improvement), whereas ‘Socio-economic outcomes’ reflected
social and economic changes resulting from the incentives
(e.g. livelihood improvement and income generation). For
example, perverse ecological outcomes were classified into
‘Reduced ecosystem services or natural capital’ (e.g. reduction of
species diversity and decrease in forest cover) and ‘Spillover and
non-permanence’ (e.g. reconversion to farming), whereas perverse
socio-economic outcomes, for instance, were coded into ‘Govern-
ance’ (e.g. the reduction of engagement), ‘Inequity’ and
‘Livelihood assets reduced’ categories. The complete set of codes
is available in the electronic supplementary material.
3. Results
(a) Incentive mechanisms for forest restoration
In total, 73 papers met the eligibility criteria (electronic
supplementary material, table S2), with 25 (34%) of these
published since 2019 (electronic supplementary material,
figure S2c). This increasing publication rate reflects the grow-
ing interest in incentive mechanisms and forest restoration.
The publications covered 10 different types of incentives,
offered alone or in combination (figure 1; electronic
supplementary material, figure S2a), across 24 countries
(figure 2). Electronic supplementary material, table S2 details
the countries covered by each paper, as well as the focus of
each study (i.e. factors affecting implementation or outcomes
of incentives offered). Apart from four studies focused on
incentives applied in Australia, Ireland and the United
States, all papers covered incentives offered in countries in
the Global South. Among those, China and Brazil were the
most referenced regions, with 18 and 12 papers related to
incentives in these countries, respectively. There was a clear
predominance of studies focusing on direct payments as an
incentive for forest restoration (59 studies, 81%), with other
incentive types covered by five (7%) or fewer studies each.
Tax breaks and institutional or in-kind support were only
offered in combination with other mechanisms. Active
forest restoration (i.e. based on native tree planting or direct
sowing) was the most common implementation approach
(47 studies, 64%; electronic supplementary material, figures
S2e and S3), followed by forest conservation or sustainable
forest management (always combined with a restoration
approach, in projects incentivising multiple strategies; 32
studies, 44%) and adoption of sustainable land use practices
(27 studies, 37%). Natural forest regrowth and afforestation
(establishment of tree cover on lands that historically have
not contained forests; [31]) were the least incentivized restor-
ation approaches (20 studies, 27%; and 18, 25% respectively).
Most of the studies (57%) evaluated initiatives that had been
in operation for more than 6 years by the time of the assess-
ment (electronic supplementary material, figure S1b) and
were implemented at a spatial scale of 1000 km2 or greater
(58%; electronic supplementary material, figure S1d ).

We found that the types of incentive mechanisms
implemented varied according to some governance character-
istics at the plot and landscape scale, such as the target area’s
primary land use and the incentive’s institutional governance
type (electronic supplementary material, figure S4). At the plot
scale,more than 65%of the direct payments incentivized restor-
ation where agricultural production was the primary land use
(electronic supplementary material, figure S4a). By contrast,
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access to trading markets (n =4 , 5%)

adoption of species with market potential (n = 1, 1%)

direct payments (n = 59, 81%)

funding for community development (n = 3, 4%)

funding for plantations (n = 1, 1%)

management rights (n = 3, 4%)

subsidies (n = 1, 1%)

subsidies and tax break (n = 1, 1%)

clean development mechanism (n = 3, 4%)

funds and grants (n = 12, 16%)

government budget (n = 24, 33%)
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not stated (n = 11, 15%)

REDD+ (n = 9, 12%)

user fees (n = 3, 4%)

voluntary carbon markets (n = 2, 3%)

landholders (n = 51, 70%)

associations (n = 3, 4%)

associations and land users
/ landholders (n = 3, 4%)

land users (n = 6, 8%)

land users and landholders
(n = 4, 5%)

multiple (n = 2, 3%)

not stated (n = 3, 4%)

businesses (n = 1, 1%)

Figure 1. Links between (a) financing mechanisms, (b) incentive types and (c) incentive recipients. This shows the proportion of studies mentioning each source of
funding or financing mechanisms (left side) supporting the primary incentive assessed in the studies (centre); and the proportion of each incentive mechanism
targeting each type of recipient (right side). Links are colour-coded by source and the figure is read left to right. The financing mechanism class labelled ‘multiple
carbon offset schemes’ combines REDD+, clean development mechanism and voluntary carbon markets. Institutional or in-kind support and tax breaks were offered
only in combination with incentives and were not included in this figure. (Online version in colour.)

royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

378:20210088

4

for other types of incentive mechanism, only 29% of the studies
involved agricultural production as the primary use. At the
landscape scale, overall, public-led governance was the most
common mechanism among the reviewed studies (65%). The
public sector was the proponent (the organization responsible
for the implementation) for 64%of initiativesofferingdirect pay-
ments (electronic supplementarymaterial, figure S4c). Similarly,
therewas a dominance of public-led initiatives among the other
incentive types (71%). For non-public-led initiatives, such as
third-sector (e.g. charities, philanthropic organizations) andpri-
vate-led initiatives, the incentiveswere almost exclusively direct
payments, except for one third-sector initiative using access to
trading markets as an incentive for forest restoration. On the
other hand, land-tenure arrangements did not influence the
type of incentive mechanisms applied. Private land-tenure
regimes were the most frequent among the studies, for both
direct payments (38% of studies) and all other incentives con-
sidered together (36%), while other tenure arrangements were
broadly distributed among all incentive types (electronic sup-
plementary material, figure S4b).

A variety of financing mechanisms operationalized incen-
tives for forest restoration (figure 1). Almost one-third of the
papers (33%) cited government budgets as the main source
of funding. Carbon offset schemes (e.g. Clean Development
Mechanism, REDD+, and voluntary carbon markets, alone or
in combination) accounted for 26% of the financing of forest
restoration incentives. Other financial sources included funds
and grants (16%), fees applied to ecosystem services users
(4%; e.g. water user fees imposed to companies) andmarketing
labels (3%).Whilemany types of beneficiarieswere targeted by
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the incentives, we found that most recipients were individual
or communal landholders (70%), receiving the largest share
of direct payments. Only 17% of incentive recipients fell
under categories that included land users.
(b) Factors affecting implementation success
Our review revealed that social factors—including incentive
governance and target beneficiary characteristics—were the
most commonly reported influences on program success.
A broad range of socio-economic factors were associated
with the success or failure of incentive mechanisms for
forest restoration (figure 3, table 1). The majority of the
studies (61%) indicated social factors as constraints for imple-
menting incentives. Economic factors (28% of studies) and
biophysical aspects (13%) were less frequently mentioned as
constraints. When assessing factors leading to the success of
initiatives, the studies also identified social factors (48% of
papers) more often than economic (26%) and biophysical
aspects (13%).

Constraints at the institutional scale included com-
munication issues (11 studies, 15%), lack of beneficiary
engagement (7, 9%), legal uncertainty (7, 9%), weak participa-
tory component in the decision-making (9, 12%) and lack of
transparency (5, 7%). Late payments and short duration
of incentives were also mentioned in some cases (3 studies,
4%). At the individual scale, constraints consisted of, among
other aspects, lack of access to land or to markets (18 studies,
25%), socio-cultural values or norms related to the traditional
use of land (9, 12%) and scepticism or lackof trust in institutions
involved in the project governance (6, 8%). The most frequent
constraints related to the economic context and incentive charac-
teristics were competing economic activities (5 studies, 7%) and
small payments offered (6, 8%), respectively. Biophysical
constraints were less frequently identified and included
property characteristics such as small area size available and
susceptibility to climate hazards (2 studies, 3%, each).

We found that enablers at the institutional scale included
partnerships among stakeholders (12 studies, 16%), appro-
priate legal frameworks (8, 10%) and non-bureaucratic
agreements (6, 8%). Enabling factors at the individual scale
included motivational aspects such as the perceived benefit
of planting trees (3 studies, 4%), social norms and values
influencing decisions (5, 7%) and access to information and
level of education (7, 9%). Commonly, the same factors
were mentioned as enablers and constraints in different
studies, depending on the implementation context (e.g. ade-
quate legal frameworks versus legal uncertainty, effective
communication versus inadequate communication, sufficient
payments versus small payments).

(c) Outcomes of incentive mechanisms for forest
restoration

Out of the three analysed outcomes resulting from incentive
mechanisms (beneficial, perverse and unmet outcomes), ben-
eficial outcomes dominated reporting for both ecological
(reported in 49% of studies) and socio-economic aspects
(50%) (figure 4a). A similar proportion of unmet objectives
were identified for ecological (in 26% of studies) and socio-
economic aspects (27%). Finally, perverse outcomes were
more commonly reported for socio-economic aspects (38%
of studies) than ecological (15%). These ecological and
socio-economic outcomes were summarized within five and
six main classes, respectively (figure 4b).

The most mentioned beneficial ecological outcomes
were increased ecosystem services and natural capital, cited
in 41% of studies. Within those, increased forest cover
(29%), carbon sequestration (7%) and improved water quality
and availability (7%) are among the most frequent outcomes
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reported. Studies reporting low or no additionality of incen-
tives (i.e. no differential benefit) to ecological aspects (26%)
include low additionality to the provision of ecosystem ser-
vices or natural capital (11%), and lack of evidence of
effectiveness of restoration incentives to ecological impacts
(11%). Perverse ecological outcomes were linked to spillover
(negative effects outside of the area of intervention; 5%)
and reduced ecosystem services (11%).

Among the socio-economic factors, governance beneficial
outcomes were reported in 18% of the studies, with increased
stakeholder engagement (8%) being the most mentioned
outcome. Insufficient benefits for income generation (12%
of studies) and unfulfilled participants’ expectations (15%)
were the primary unmet socio-economic objectives. Perverse
governance outcomes and inequity outcomes included
reduction of engagement (one study) and unequal distri-
bution of benefits (8 studies, 11%), respectively. The
beneficial and perverse outcomes of incentives for livelihoods
assets (cited in 45% and 26% of the studies, respectively) are
detailed in figure 4c. Figure 5 details the distribution of posi-
tive and negative outcomes across the countries covered by
the studies assessed.
4. Discussion
Understanding how incentive mechanisms are used for pro-
moting forest restoration and what constrains and enables
their success is critical both for upscaling restoration to
meet international commitments and achieving multiple tar-
geted benefits. We found that direct payments (e.g. PES),
financed mainly through government budgets, carbon offset
mechanisms and funds and grants, were the most commonly
described incentive mechanisms for forest restoration. In
addition, we found that constraints for implementation and
long-term success of incentives for restoration are predomi-
nantly socio-economic and governance-related, rather than
ecological or biophysical. Although ecological factors have
been mostly used to assess restoration success [34,35], we
found them to be the least frequently mentioned constraints
or enablers for forest restoration incentives. This is consistent
with findings for incentives for biodiversity conservation and
natural resource management practices [36–38]. Our review
indicates that the major challenges to improve incentive
mechanisms that promote long-term forest restoration, are
(i) adequately accounting for the integration of ecological
and socio-economic aspects, (ii) using incentives to create a
restoration value chain that does not rely on financial incen-
tives in the long term and (iii) considering the variety of
incentive mechanisms that can be used in different contexts
to achieve the greatest long-term social and ecological benefits.

(a) Integrating ecological and socio-economic research
and practice

We found that ecological aspects were rarely mentioned as
constraints or enablers for the implementation of restoration
incentives. This is surprising, since ecological constraints of



Table 1. Themes and examples (non-exhaustive list) of categories mentioned in the studies as factors affecting implementation and long-term success of
incentive mechanisms for forest restoration. The complete set of codes is available in the electronic supplementary material.

constraints

social

institutional scale inadequate governance legal uncertainty

lack of financial support

lack of capacity-building and extension services

process failure bureaucratic participation process

late payments

short duration of incentives

individual scale experience and beliefs lack of interest

social participation

low labour availability

demographic factors gender

level of education

economic

economic context change in carbon prices

competing economic activities

incentive characteristics evidence-based payments (after restoration)

small payments

biophysical

property characteristics challenging topography

remoteness

small size of area available

susceptibility to climate hazards

project execution high-seedling mortality rate

enablers

social

institutional scale governance structures in place adequate legal framework

political will

partnership among stakeholders

process effectiveness non-bureaucratic agreements

effective monitoring

conflict management

individual scale experience and beliefs existing social networks

legislation compliance

existing diversified livelihoods

perceived benefits access to training

previous positive experiences

perceived ancillary benefits

demographic factors place of residency and land use

level of education

(Continued.)
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Table 1. (Continued.)

economic

economic context profitability of alternative land use offered

adequate access to markets

incentive characteristics offer of alternative livelihoods

sufficient financial incentive

participant’s characteristics access to capital

diversified income source

economic vulnerability

biophysical

property characteristics marginal land availability
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restoration are extensively documented in the literature [39].
They often reflect the degradation of project sites and can
range from unsuitable substrates to low propagule
availability, including factors such as invasive species and
poor survival of seedlings due to drought and herbivory
[39,40]. These biophysical aspects have been addressed in
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the planning, implementation and monitoring of restoration
for several decades, and could reflect the maturity of restor-
ation projects. Further, the academic literature on ecosystem
restoration, largely dominated by ecological studies, poorly
covers the socio-economic aspects of restoration [35,41], con-
trasting with the findings of our review. Thus, there is a
mismatch between restoration research and incentives
research. This is a critical barrier for scaling up restoration
to achieve global commitments and ensuring that incentives
mechanisms can deliver on outcomes.

While most of the studies included in our review evaluated
incentiveoutcomes, onlya fewused control groupsaspart of the
research design [42–44]. This reveals a need for better monitor-
ing and evaluation of incentive mechanisms and applying
standardized approaches over adequate time frames. Stronger
quantitative evidence documenting long-term ecological and
socio-economic outcomes and ingredients for success [45,46]
could assist organizations in selecting the most appropriate
incentive types to achieve the greatest long-term social and
ecological benefits per dollar invested, similarly to investment
decisions regarding different restoration approaches (e.g.
active versus passive restoration; [47,48]). Ideally, this knowl-
edge would be integrated into an adaptive management
framework to facilitate learning from failures and successes
over time.

(b) Integrating social aspects into restoration
planning—implications for restoration incentives

While the theoretical frameworks for integrating social
and ecological systems have been extensively discussed [49–
51], translating this integration to practice remains a challenge.
A growing body of research has recognized the importance
of considering socio-economic aspects in restoration and
conservation planning, both as objectives and constraints
[52–56]. Nevertheless, many restoration prioritization analyses
are still largely based on biophysical factors, with socio-
economic aspects—which are less mappable—often restricted
to only considering opportunity costs [57,58]. Our review
highlights how opportunity costs, alone, provide insufficient
explanation foruptakeor success of incentivemechanisms. Iden-
tifying areas with a high chance of long-lasting restoration
success may require navigating through social factors, such as
power relationships, land-tenure and stakeholder engagement
[59,60]. For example, many of the social factors contributing to
failure, such as lack of beneficiaries’ engagement andweak par-
ticipatory components [61], may be linked to conflicting goals
between stakeholders [62]. While local actors—often the main
targets of incentive mechanisms—are usually interested in
farm-scale outcomes (e.g. improved water quality and avail-
ability), organizations that lead or finance the implementation
of these instruments are often interested in regional- and
global-scale outcomes, such as landscape connectivity and cli-
mate change mitigation [63]. As such, applying incentives in
restoration priority areas selected based on ecological factors
will require ‘social ground truthing’ to explore andbetter under-
stand local social dynamics, restoration supply chains,
leadership and political will [64]. Similarly, organizations finan-
cing or leading the implementation of incentivemechanisms for
restoration may want to balance their efforts by prioritizing
actions not only across space, but also over time. Thus, they
could take advantage of existing governance structures to
begin restoration implementation while supporting the
development of adequate governance and local institutional
capacities inotherpriorityareaswhere thesedonot alreadyexist.

(c) Financing incentive mechanisms
Similarly to ecological aspects, the lack of funding is widely
recognized as a crucial constraint for restoration [65] but was
cited as a constraint for only 5% of the studies. It is possible
that this aspect may have been overlooked in the studies
included in our review, as we included only on-the-ground
studies on initiatives already implemented or under implemen-
tation; potential restoration projects that were not implemented
due to insufficient funds were likely not to be reported in the
literature and represent a bias in our study.Moreover, the scien-
tific literature on incentives still does not reflect current trends in
restoration financing. Funding mechanisms supporting the
incentives captured in our review (e.g. government budget,
carbon offset mechanisms) have been traditionally used in res-
toration funding. Globally, however, an increasing number of
innovative initiatives aim to unlock public and private financial
resources for restoration [66]. These innovative initiatives
include new finance and partnership platforms that offer
access to pipelines of investment opportunities. With the
promise of linking socio-economic development and conserva-
tion, such strategies strongly envision social impact with a
financial return. Yet, the incentive mechanisms supported by
these initiatives will need to consider underlying socio-
economic factors such as those assessed in our review to
ultimately attain their multiple objectives.

(d) Using incentives to create restoration value chains
It is crucial to use incentivemechanisms to develop a restoration
value chain that translates into long-term financial and liveli-
hood gains, increasing the value of standing forests within
agricultural landscapes. As found in our review, this is impor-
tant because agriculture is often the primary land use in areas
targeted by restoration incentives. Many restoration programs
offer short-term payment contracts for promoting long-term
land use changes. This creates a critical temporal gap between
restoration incentives and outcomes, which may undermine
landholders’ and users’ confidence in restoration’s financial
viability [67]. Socio-economic constraints related to income
could be overcome by using incentives in a locally relevant
manner (e.g. by offering alternative livelihoods or promoting
sustainable land uses already in place), yet the long-term sus-
tainability of such incentive approaches remains a critical
issue to consider. Our review demonstrated that inadequate
payments, or short duration of financial incentives, contribute
to implementation failure, andmay eventually lead to reconver-
sion of restored areas to agro-pastoral land uses [68]. However,
if the incentive targets an approach that proves to increase
farmer livelihoods (e.g. silvopastoral systems adoption), it is
possible that even short-term direct payments promoting tree
cover in agricultural landscapes can lead to persisting benefits
[69]. Another promising restoration strategy is intercropping
exotic and native timber species to create financially viable
restorative systems designed to offset implementation costs.
In these systems, the exploitation of fast-growing exotic trees
in short rotation offers long-term, continued returns from
native timber harvesting while still providing favourable con-
ditions for natural regeneration [70]. Incentive mechanisms
able to promote these strategies and function as an ignition
point to restoration value chains could be discontinued once
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these structures are in place, without risking reconversion of
restored areas to alternative land uses. This would promote
effective use of limited available funding in face of the massive
global restoration targets.

(e) Adapting incentives to local contexts
No incentive type is universally suitable for all socio-econ-
omic contexts; as such, mechanisms to promote restoration
should be selected based on local needs and context. Our
review revealed the use of diverse incentives, likely to attract
different target groups. These included, for example, direct
payments (both for ecosystem services and adoption of sus-
tainable practices), funding for community development
and allocation of management rights [71–73]. Consistent
with research about the uptake of incentive mechanisms
[74], there was a clear contextual influence on the type of
incentive applied. For example, the high percentage of
direct payments occurring in areas where agricultural pro-
duction is the primary use is likely linked to the fact that
these areas are mostly privately owned. In this context,
direct payments are probably seen as the most advantageous
incentive by landholders, as they often offer prompt compen-
sation for the income lost from reconversion of agro-pastoral
lands to forests. Alternatively, incentives can promote access
to markets or adoption of species with market potential.
Overcoming land opportunity costs may be a prerequisite
for successful restoration in contexts where other aspects,
such as legislation obliging restoration or certification
demands [19], are not in place.

Conversely, mechanisms that incentivize restoration by
offering land usemanagement rights or alternative livelihoods
could appeal more to land users or landholders with informal
land-tenure. Despite a dominance of direct payments in our
review, it remains unclear to what extent the papers selected
simply reflect prevailing research and funding interests or an
accurate proportion of types of incentive mechanisms
implemented. Additionally, there may be a bias against non-
economic incentives, such as institutional support and the
offer of extension services. Frequently, these activities are
assumed to be ubiquitous and could be underrepresented in
the literature on incentives. Nonetheless, the heterogeneity of
incentive mechanisms reinforces the need to engage with sta-
keholders early in the design and implementation process, to
ensure that incentive schemes align well with their needs,
overcome constraints and safeguard the critical enabling con-
ditions for successful restoration.
5. Conclusion
Although incentive mechanisms, especially when implemen-
ted by governments, are essentially seen as policy levers with
a strong focus on finance and payment, the original aim of
these instruments is to create system-wide change [75,76].
When applied to stimulate restoration, these mechanisms
are usually part of a complex web of mechanisms and pol-
icies that contribute to the longevity of restored ecosystems
[18]. Therefore, their implementation should consider the
complexity of the coupled socio-ecological system in which
restoration occurs. In our review, we found that socio-econ-
omic factors, such as governance, monitoring systems and
the experience and beliefs of participants, dominate whether
or not an incentive mechanism is successful. Moreover, we
found that while approximately half of the studies report
both positive ecological and socio-economic outcomes from
incentives for forest restoration, adverse outcomes were
more commonly socio-economic than ecological. Our results
reveal that achieving forest restoration at a sufficient scale
to meet international commitments will require stronger
assessment and management of socio-economic factors
that enable or constrain the success of incentive mechanisms.
Fundamentally, restoration incentive mechanisms should be
seen as a means to attain the multiple objectives of restoration
[77–79] and even initiatives primarily aimed at achieving
ecological outcomes should integrate social and economic
aspects in their design and implementation [50,80,81]. A
broader multi-disciplinary approach is crucial to overcome
social and economic constraints, to avoid perverse socio-
economic outcomes and to maximize long-term benefits for
people and nature.
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