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A B S T R A C T

Smallholder livelihoods and the restoration of tropical forests are intimately intertwined. To address the ques-
tion of how reforestation affects livelihoods and how they in turn affect reforestation, a meta-synthesis was
undertaken of 339 scientific publications identified from a systematic literature search. This study is focused on
smallholders in the humid tropics, and uses the Sustainable Livelihoods Framework, which was developed by the
UK Department for International Development as the framework for analysis. The links between reforestation
and livelihoods are found to be diverse and highly interconnected. Reforestation is only one of a smallholder’s
activities and typically forms part of a mosaic of land uses across a landscape. Therefore, reforestation should be
designed, managed and evaluated under the perspective of a diverse livelihood portfolio, and not as a single
activity isolated from other portfolio components, especially under current landscape approaches. It is important
for reforestation to be a complementary rather than a competitive livelihood activity. Reforestation has great
potential to address poverty, and to increase smallholder socio-ecological resilience and local social equity.
However, reforestation outcomes are often suboptimal. Assessing smallholder capacity and the surrounding
environment prior to reforestation, and addressing limiting local capacities and conditions in a timely manner,
may enhance the likelihood of optimal benefits.

1. Introduction

There are current ambitious global goals for forest restoration. For
example, the Bonn Challenge, recently endorsed by the UN Decade on
Ecosystem Restoration (UN Environment, 2019), is a global aspiration
to undertake forest restoration on 350 million hectares by 2030 using
the Forest and Landscape Restoration (FLR) approach. These restora-
tion initiatives are based on landscape land-use approaches. They also
acknowledge that addressing livelihoods of the rural poor is integral to
successful restoration of tropical forests, and put people in the centre of
the processes to reconcile human uses and conservation (Sayer et al.,
2013; Locatelli et al., 2015; Aumeeruddy and Sansonnens, 1994).

There are about 500 million small farms in developing countries,
which comprises the majority of world’s poor (Wiggins et al., 2010).
The degradation of ecosystems affects the wellbeing of about 3.2 billion
people and the resulting loss of species and ecosystem services costs
about 10% of annual global gross product (UN Environment, 2019).
Through the Bonn Challenge, 1.5 billion hectares with the potential for
mosaic restoration have been identified (Bonn Challenge, 2017). And
there are overlaps of forests needing restoration and smallholder
managed plots. In this context, smallholder reforestation will be an
important land use for the provision of both environmental and human

benefits in the tropics.
Evidence of the ways in which smallholder livelihoods influence and

are influenced by reforestation has been increasingly recognised in the
literature since the 1980s (Ota et al., 2017). While scientific evidence is
appreciated as a valuable input in decision-making for policy and
practice, decisions on conservation management are often based on
anecdotal knowledge (e.g. Sutherland et al., 2004). Local ecological
knowledge should also be considered in natural resources management
through a knowledge integration process (Raymond et al., 2010). The
lack of scientific or local knowledge in decision-making processes in
natural resources management can lead to poor decision making. Evi-
dence in a particular field of knowledge can be used to assess patterns
and provide guidance to practitioners (Sutherland et al., 2004). A rig-
orous means of compiling and analysing scientific evidence of the im-
pacts and effectiveness of a particular intervention is by undertaking a
systematic review (Pullin and Knight, 2009). Meta-synthesis, also re-
ferred to as qualitative meta-analysis, provides a secondary qualitative
analysis of findings across a general research topic (Timulak, 2009).

A meta-synthesis was conducted to answer the questions: How does
reforestation affect livelihoods? And how do livelihood characteristics
related to each of the components of the sustainable livelihoods fra-
mework affect reforestation? The paper is focused on smallholders in
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the humid tropics, and uses the Sustainable Livelihoods Framework
(SLF) proposed by the UK Department for International Development,
1999 as the structural basis. The research aimed to provide a con-
ceptual foundation for stakeholders involved in reforestation. This can
be used to anticipate smallholders’ strengths and challenges when en-
gaging in reforestation and the potential impacts of it on local liveli-
hoods, and thereby attain improved outcomes. The paper commences
with a description of the SLF proposed by DFID. Next, the methods used
for the systematic literature search, data extraction and analysis are
described. Then, the results are organised in sections for each compo-
nent of the SLF. The following section presents the policy implications
of the study and the main conclusions.

2. The DFID sustainable livelihoods framework

The assessment of livelihood impacts, also referred to as sustainable
livelihood approaches, is often embedded in assistance programs related
to poverty alleviation, and is the basis of monitoring and evaluation
(Friend and Funge-Smith, 2002). The use of the concept of sustainable
livelihoods in the context of development and poverty alleviation was
introduced by Chambers and Conway (1992), and has been used
broadly since. Sustainable livelihood approaches are people-centered
methodological tools to analyse people’s dynamic opportunities, risks,
choices and livelihoods. They are used to assess the population which
was reached by the intervention, the livelihood benefits achieved and
the impacts on the various groups within a community (Friend and
Funge-Smith, 2002). These approaches are especially useful for local-
level assessments of assistance programs (Thulstrup, 2015). Among the
frequently applied sustainable livelihood approaches are those devel-
oped by the UK Department for International Development (DFID),
Oxfam, CARE and the United Nations Development Programme (UNDP)
(Carney et al., 2001).

While CARE’s sustainable livelihood approach focuses on household
livelihood security and local-level interventions, the UNDP approach is
centred on assets and shocks (i.e. livelihood disruptions) for adaptive
policy interventions (Carney et al., 2001). The DFID SLF approach pays
special attention to asset support and access for the poor (DFID, 1999;
Rakodi, 2014). The Oxfam sustainable livelihood approach is similar to
the SLF, but prioritises the right to sustainable livelihoods (Rakodi,
2014). The SLF provides a straightforward means to simplify and ana-
lyse complex livelihood systems. It is well suited to research on natural
resource management, it is easy to understand and use, and it has been
consequently widely used in this field (e.g. Suich, 2010; Wang et al.,
2017; Pandey et al., 2017; Pokharel and Nurse, 2004). Besides sus-
tainable livelihoods approaches, several other frameworks can be ap-
plied for the same end, such as the Human Ecosystem Framework
(Machlis et al., 1997), and the Capitals and Capabilities Framework
(Bebbington, 1999). Other frameworks were considered for this work,
but the SLF remained the most suitable for the research.

The SLF was first presented in 1998 by Carney (1998) as a modified
version of the Sustainable Rural Livelihoods Framework proposed by
Scoones (1998). In 1999, DFID published the Sustainable Livelihoods
Guidance Sheets online. Among the criticisms of the SLF are that other
capital assets, such as political capital, should have equal status as the
five ones already present in the framework. Also, there are criticisms
that the capital categories used are oversimplified and that the frame-
work misrepresents the trade-offs between the capital assets (Toner,
2003). Increasing the level of endowment in relation to these five ca-
pital assets may not be enough to address poverty. Acknowledging this
issue, the framework also includes the institutional arrangements, po-
litical organisations and power relations that surround the lives of the
poor, as well as the vulnerabilities to which they are exposed. Despite
criticisms, the DFID SLF has global acceptance and provides a useful
framework for the local-scale assessment of reforestation and liveli-
hoods.

The SLF includes the vulnerability context, capital assets, policies,

institutions and processes (formerly referred to as transforming structures
and processes), strategies and outcomes, and the relationships between
them. The vulnerability context includes vulnerabilities to shocks, trends
and seasonality that are out of people’s control (Adato and Meinzen-
Dick, 2002). Examples of shocks are natural disasters including severe
storms and floods, disease outbreaks and social conflicts (e.g. civil un-
rest). Population and governance changes, along with changes in
technology and markets are included in trends. Seasonal patterns that
can affect the livelihood strategies and outcomes include seasonal en-
vironmental conditions, market prices, and employment opportunities
in the particular region. Shocks, trends and seasonality usually have
negative impacts on livelihoods, but they can also positively affect
people’s lives. For example, new technologies can increase the local
wellbeing of individuals and families.

The assortment of assets held by a household includes human, fi-
nancial, social, natural and physical capital (Scoones, 1998; DFID,
1999). Financial capital includes savings, income and credit. Group
membership and social networks are examples of social capital. Ex-
amples of assets classified as natural capital are land, water, forest and
marine resources, high quality air and plant genetic diversity. Physical
capital includes infrastructure, tools and technologies. The policies, in-
stitutions, and processes component includes organisations, services,
policy environment, incentives, culture, power relations and rules
governing peoples’ lives (Hobley, 2001; Hamilton-Peach and Townsley,
2004). Livelihood strategies are the arrangement of activities chosen by
people to achieve the desired livelihood outcomes.

3. Research method

A systematic search was performed in the Thomson Reuters ISI Web
of Science database. Keywords were derived from papers previously
selected by the authors for the definition of the search string.
Publications in English, Spanish, French and Portuguese, that dealt with
reforestation and livelihoods of smallholders in the tropics, excluding
the dry tropics, were searched. The search initially yielded 1244 journal
articles published from January 1989 to June 2016.

Two members of the review team applied the inclusion criteria
judging whether to include or exclude papers (explained in full in Ota
et al., 2017) to a sample of the 1244 documents. Using the Kappa sta-
tistic (a measures of agreement, in a range from 0 to 1, of two or more
observers in regard to a categorical variable), the degree of agreement
between the judgements of the reviewers was calculated. There was
substantial agreement in the classification of the documents by the two
team members (Kappa= 0.71) and the remaining publications were
assessed by only one member of the team.

A total of 185 papers met the inclusion criteria, and further three
papers were excluded because the full text could not be accessed.
Another 141 papers were included through a complementary search of
the reference lists of the 182 papers initially included. From an initial
list of articles that were expected to be reached by the search but were
not, additional 16 papers were included. In total, 339 peer-reviewed
scientific publications were assessed. More details on the search and
inclusion criteria can be found in Ota et al. (2017).

The selected publications comprise research articles from 44 coun-
tries, published in 92 academic journals (listed in the appendix).
Agroforestry systems, including homegardens, cocoa and coffee agro-
forestry systems and improved fallows, were the focus of most papers.
Research on non-agroforestry reforestation systems, including timber
monocultures, mixed-species timber plantations, and ecological re-
storation, were also found. The most frequent field of study was
‘Anthropology and Social Sciences’. ‘Technical Forestry and
Silviculture’ studies were more frequent in Latin America than Africa
and Asia (Ota et al., 2017).

Data on the way in which reforestation and livelihood components
affect each other were extracted from the 339 retrieved documents.
Data extraction was carried out with the use of a Microsoft Access form.
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Data extraction involved collecting information on the links between
the SLF components and the reforestation activities. Data were then
coded as being a motivation or result of reforestation. The codes were
categorised as being a factor affecting or being affected by reforesta-
tion, positively or negatively. Each factor was also categorised ac-
cording to the component of the SLF to which they were related. Coded
data were used to generate analytical themes. In Fig. 1 there is an ex-
ample of an extract from a publication, how it has been coded and the
analytical theme generated from it.

4. Relationships between tropical reforestation and smallholder
livelihoods based on components of the Sustainable Livelihoods
Framework

Numerous and highly interconnected factors link reforestation and
smallholder livelihoods. In general, authors argued that reforestation
was an ecologically sound smallholder land use. Negative outcomes of
reforestation were less frequently discussed. The constraints for small-
holder reforestation were focused on both socioeconomic and biophy-
sical factors. The impacts of reforestation on livelihoods, and the con-
verse, are highly context-specific, depending on the particular
circumstances of the reforestation activity and the socioeconomic en-
vironment. In the subsections below the relationships between refor-
estation and each of the SLF components are discussed separately. The
examples given in the boxes were selected to display a range of positive
and negative ways the components of the SLF affect and are affected by
reforestation.

4.1. Links between tropical reforestation and smallholder livelihood
vulnerabilities

Smallholder vulnerability to shocks, trends and seasonality can ei-
ther motivate or constrain smallholders engaging in reforestation (see
examples in Box 1). For instance, natural shocks such as adverse
weather conditions can discourage tree growing due to risk of damage
to the plantation or financial loss (Nibbering, 1999; e.g. Ali, 2005;
Mercer et al., 2005; Molua, 2005; Baynes et al., 2009; Rahman et al.,
2015). Recently, reforestation has been seen as an appropriate strategy
for mitigation and adaptation to climate change and severe natural
events (Lin, 2007; Guariguata et al., 2008; Schroth et al., 2009; e.g.
Locatelli et al., 2011; Lasco et al., 2014; Mbow et al., 2014; Rahn et al.,

2014; Jadan et al., 2015; Locatelli et al., 2015; Townsend and Masters,
2015). Similarly, price fluctuations can either constraint or encourage
tree growing. Price fluctuations for farming products can make small-
scale forestry an uncertain enterprise (Tremblay et al., 2015). But it can
also encourage smallholders who have crop monocultures to add tree
components to their farming system as a means of diversification of
products for financial buffering (e.g. Herzog, 1994; Tchoundjeu et al.,
2010; Lehébel-Péron et al., 2011; Toledo and Moguel, 2012; Castro
et al., 2013).

Market and technology trends can favour reforestation. Because of
the potential for reforestation to provide marketable products and
services while promoting biodiversity conservation and social equity,
new market niches focused on these values have grown in importance
in recent years. For example, green consumerism, an emerging move-
ment for environmental enhancement (Andrews and DeVault, 2009),
favours shaded systems over sun-grown monocultures of crops such as
coffee and cocoa.

Changes in technologies used by smallholders in developing coun-
tries can mean a transition from environmentally-damaging forms of
slash-and-burn practices to more ecologically sound farming systems,
such as low-intensity slash-and-burn or agroforestry systems. Species
domestication and value-adding technologies can enhance the positive
impacts of tropical reforestation (Ayuk et al., 1999; Herve and Vidal,
2008; Baynes et al., 2015a; Townsend and Masters, 2015). Never-
theless, the advent of new technologies can also mean the conversion of
traditional low-impact slash-and-burn and other diverse systems into
more intensified ones with fewer livelihood components, increased li-
velihood vulnerabilities and higher market dependence (Romero-
Alvarado et al., 2002; Steffan-Dewenter et al., 2007; Rice, 2008;
Guillerme et al., 2011; Mukul and Herbohn, 2016).

Cultural changes caused by population trends often result in more
intense farming systems and demand for cash due to the increased
dominance of a consumer culture. Increasing upland population density
is another population trend that can lead to land-use intensification.
Upland population growth leads to reduced fallow periods and depleted
soil fertility (Franzel, 1999; Grist et al., 1999; Thangata et al., 2002;
David and Raussen, 2003; Nath et al., 2005; Kiptot et al., 2007). Soil
fertility depletion is a risk for household energy and food security, and
improved tree fallows are often used to promote soil conservation (e.g.
Grist et al., 1999; Kwesiga et al., 1999; Niang et al., 2002; David and
Raussen, 2003; Basamba et al., 2007; Joslin et al., 2011; Thangata and

Fig. 1. Steps involved to generate analytical themes from the litrate related to smallholder livelihoods and reforestation in the humid tropics.
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Hildebrand, 2012; Mafongoya and Jiri, 2016).

4.2. Links between tropical reforestation and smallholder livelihood assets

All five categories of assets (financial, human, natural, physical and
social capital) are related to reforestation, examples in Box 2. Each asset
category is discussed below.

4.2.1. Interactions between financial capital and tropical reforestation
Limited access to financial resources, including credit, is a major

constraint to reforestation (e.g. Smith et al., 1996; Levasseur and
Olivier, 2000; Reyes et al., 2005; Soini, 2005; Kiptot et al., 2007;
Pagiola et al., 2007; Clement and Amezaga, 2009; McElwee, 2009;
Rahman et al., 2015; Tremblay et al., 2015), especially due to its high
initial cost (Pagiola et al., 2007; Hoch et al., 2012), long maturity
period and high risk (Montagnini et al., 2003; Hoch et al., 2012). Fi-
nancial or economic incentives, such as payments for environmental
services and advanced payments for timber, are potential means to
overcome this constraint (Snapp et al., 1998; Montagnini et al., 2003;
Pagiola et al., 2007; Pollini, 2009; Montagnini and Finney, 2011).
Making microfinance for land uses with long payback periods available
for smallholders enables small-scale reforestation. Financially-con-
strained smallholders favour systems and technologies with low op-
portunity cost that require low financial inputs, especially during the
early years of plantation growth when cash flows are negative.

Reforestation is expected to increase the financial capital of a
household. It can increase land value, and provide products for
household consumption and sale (e.g. Levasseur and Olivier, 2000;
Simons and Leakey, 2004; Ite, 2005; Molua, 2005; Magcale-Macandog
et al., 2006; Kirby and Potvin, 2007; Sonwa et al., 2007; Soto-Pinto
et al., 2007; Hoch et al., 2009; Pfund et al., 2011; Toledo and Moguel,
2012; Cosyns et al., 2014; Jagoret et al., 2014b; Nyaga et al., 2015;
Oduro et al., 2015; Tremblay et al., 2015). Trees on farms are

frequently seen as savings accounts for the household, which can be
harvested to meet casual expenses or one-off substantial expenses such
as for a wedding or education, thus acting as a financial buffer
(Saintpierre and Bingrong, 1994; Magcale-Macandog et al., 1999;
Nissen et al., 2001; Ramírez et al., 2001; Schreckenberg et al., 2002;
Rice, 2008; Cole, 2010a; Nath et al., 2011; Ofori et al., 2014). Financial
outcomes of diversified reforestation systems are expected to be ob-
tained in a more distributed way throughout the life of a project than in
simpler systems (e.g. Padoch et al., 1985; Staver et al., 1994; Ite, 2005;
Nath et al., 2005; Montagnini and Finney, 2011; Hoch et al., 2012;
Berget et al., 2015; Mbosso et al., 2015). Trees are also used as col-
lateral for loans (Dury et al., 1996; Magcale-Macandog et al., 1999; den
Hertog and Wiersum, 2000), increasing capacity of landholders to in-
vest in new livelihood activities.

Despite their great potential to increase financial capital of poor
households, expected profits from reforestation are not often realised,
due to managerial, marketing, technological and biophysical con-
straints (e.g. see Magcale-Macandog et al., 1999; Fischer and Vasseur,
2002; Browder et al., 2005; Nath et al., 2005; Hoch et al., 2009;
McElwee, 2009; Hoch et al., 2012). Incentives and compensation pay-
ments can decrease households’ risks of having to rely on reforestation
for their livelihoods.

4.2.2. Interactions between human capital and tropical reforestation
Low labour availability most frequently hinders smallholder in-

volvement in reforestation or appropriate site management (e.g. Mercer
et al., 2005; Walters et al., 2005; Osborne, 2011; Marquardt et al.,
2013). However, it can also favour reforestation when the alternative
land use is more labour demanding (e.g. Thacher et al., 1996;
Bertomeu, 2006; Bensel, 2008; Irawanti et al., 2014; Knoke et al.,
2014). Limited knowledge and technical capability constrain not only
the tree planting activity itself, but also diversification of agricultural
systems, appropriate management for improved tree growth

Box 1
Examples of the ways in which smallholder livelihood vulnerabilities and tropical reforestation are linked to each other from literature assessed

- Shocks due to conflicts (displacement and destruction due to war) leading to the temporary abandonment of homegardens
The north and central sites (Nho Quan and Nghia Dan) contain home gardens of an average age of 25 and 21.5, respectively. This was

explained by the fact that the home gardens in the Mekong area, especially those at Thuan An, were less affected by the war with the United
States than some areas in the north. Displacement and destruction due to war meant that many home gardens were re-established after the
American war ended in 1975 (hence an approximate age of 25). (Trinh et al., 2003, p. 323)

- Natural seasonality discouraging tree planting
A substantial risk of losing plantations to dry season fires or other abiotic or biotic threats apparently discouraged small farmers from

investing in grafted clones for planting (Schroth et al., 2003, p. 164)

Box 2
Examples of linkages between livelihood assets and smallholder reforestation

- Reforestation increasing the household financial capital
Interviews revealed that the financial contributions from the sale of products from trees planted in homestead farms were greater than

household income derived from other sources including timber extraction, wage labour, labour migration, artisanal production, civil service
and remittances. The proceeds from the sale of trees (and associated tree products) significantly supplemented household income, normally
derived from various sources including both farm and off-farm activities (Ite, 2005, p. 216).

- Reforestation increasing soil fertility (a natural capital)
Soil fertility improvement was the second most frequently mentioned benefit of incorporating trees in cocoa fields, expressed by more than

50% of farmers. (Dumont et al., p. 1060)
- Development and infrastructure (representing physical capital) leading to the conversion of agroforestry systems to more intensified land

uses
In traditional villages where agroforests are the only sources of income and represent the dominant cropping system, people seem more

concerned and are still willing to keep their agroforests. In contrast, in developed villages, preserving agroforests would be a hindrance to
development because they represent the only available land. (Therville et al., 2011, p. 31)

- Social capital leading to wider dissemination of new practices such as reforestation
Technical training and provision of information is less effective than social networks for the diffusion and dissemination of knowledge and

the adoption of new practices such as new seeds (Kiptot et al., 2006). Kinship, communities of practice and social networks thus serve to
disseminate information from farmer to farmer on complex principles of practice (Kiptot et al., 2006). (Jerneck and Olsson, 2013, p. 121)
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performance and the realisation of the potential financial returns
(Reyes et al., 2005; Walters et al., 2005; Piotto et al., 2010; Hoch et al.,
2012; Marquardt et al., 2013; Irawanti et al., 2014; Tremblay et al.,
2015). Limited understanding of markets and prices makes small-
holders more vulnerable to opportunistic middlemen. Similarly, lack of
knowledge on forest policies and regulations results in smallholders
selling illegal timber for lower prices than could be achieved with a
legal product.

Reforestation can increase human capital. It can improve small-
holders’ knowledge and capabilities (Tchoundjeu et al., 2010; Baynes
and Herbohn, 2011), and generate employment opportunities (Simons
and Leakey, 2004; Nath et al., 2005; Mendez et al., 2007; Tchoundjeu
et al., 2010; Rahman et al., 2015), directly or indirectly. Due to the low
labour requirements once the implementation phase is over, refor-
estation has the potential to make more labour available to other
household activities when compared to alternative land uses that are
more continuously labour-demanding. As well, landholders’ confidence
and entrepreneurial skills are often enhanced from participation in re-
forestation programs.

4.2.3. Interactions between natural capital and tropical reforestation
Availability of land unsuitable for agriculture (e.g. degraded soil,

steep areas or land far from the homestead) motivates reforestation
(e.g. Thacher et al., 1996; Gladwin et al., 2002; Piotto et al., 2003; Iqbal
et al., 2006; Cole, 2010b; Farley, 2010). Most frequently, land un-
availability and inaccessibility limit reforestation (e.g. Aumeeruddy and
Sansonnens, 1994; Murniati Garrity and Gintings, 2001; Baynes et al.,
2009; McElwee, 2009; Tchoundjeu et al., 2010). When there is a land
shortage, smallholders may prioritise growing food over forestry.
However, in some cases, land shortage has the potential to motivate
reforestation as a means of obtaining a larger variety of products from
small plots of land (Aumeeruddy, 1994). The availability of natural
capital to invest, including high quality seeds or wildlings from nearby
forest fragments can reduce initial costs and dependence on external
resources, and enable reforestation, as argued by de Sousa et al., 2016.

Often reforestation is used to address soil fertility depletion and
erosion (e.g. Adesina et al., 2000; Adesina and Chianu, 2002;
Chowdhury, 2007; Garen et al., 2009; Joslin et al., 2011; Plath et al.,
2011), and forest product shortages for farmers (e.g. Leuschner and
Khaleque, 1987; Pasicolan et al., 1997; Adesina et al., 2000; Bensel,
2008; Blay et al., 2008). Reforestation sites are frequently seen as a
legacy for the following generations (e.g. Simmons et al., 2002; Ahmed
and Rahman, 2004; Mercer et al., 2005; Baynes and Herbohn, 2011;
Scriven and Malhi, 2012). These sites are also important areas for farm
experimentation (including domestication of species), repository of
local knowledge (Smith et al., 1996; Coomes and Natalie, 2004;
Heckler, 2004; Aguilar-Støen et al., 2009; Toledo and Moguel, 2012),
and recreation and social activities (Boissiere et al., 2009; Neulinger
et al., 2013).

Reforestation also has the potential to protect water resources
(Thacher et al., 1996; Long and Zhou, 2001; Dumont et al., 2014),
regulate microclimate (Albertin and Nair, 2004; Lin, 2007; Herve and
Vidal, 2008; Márquez and Schwartz, 2008; de Souza et al., 2012;
Jaramillo et al., 2013; Dumont et al., 2014), sequester carbon (Dejong
et al., 1995; Sanchez, 2000; Montagnini, 2001; Kirby and Potvin, 2007;
Thangata and Hildebrand, 2012), conserve biodiversity and genetic
resources (Gajaseni and Gajaseni, 1999; Coomes and Natalie, 2004;
Walters et al., 2005; Dawson et al., 2008; Waldron et al., 2012), and
provide amenity and scenic values (Simmons et al., 2002; Heckler,
2004; Gasco, 2008; Márquez and Schwartz, 2008; Irawanti et al., 2014).

Some authors have argued that land-sparing systems can provide
more environmental services than land-sharing ones. Roughly defined,
land-sharing systems rely on interactions between land-use components
(e.g. crops and trees) as a means to meet both productive and con-
servation objectives from a single system. Land-sparing systems, on the
other hand, are based on intensifying productive land uses as a means

to spare land for conservation. Reforestation can either increase or re-
duce crop yields. Cash crop production can be enhanced as a result of
the ecosystem services provided by trees and other system components
(Nissen et al., 2001; Briggs and Twomlow, 2002; Niang et al., 2002;
Thorlakson and Neufeldt, 2012; Jaramillo et al., 2013), a positive ar-
gument for land-sharing systems. However, crop yields can be reduced
due to competition and shade from trees (e.g. Levasseur and Olivier,
2000; Lyngbæk et al., 2001; Bertomeu, 2006; Seeberg-Elverfeldt et al.,
2009; Hegde and Bull, 2011). Therefore, often land-sparing and in-
tensified systems are favoured (e.g. Ruf, 2011; Nyaga et al., 2015).

4.2.4. Interactions between physical capital and tropical reforestation
Access to information and technology gives smallholders the choice

of reforesting and to use more advantageous land-use practices.
Availability of infrastructure is an important physical capital factor
necessary for successful reforestation. It enables the action of extension
agents, farmer-to-farmer technology diffusion, value-adding of pro-
ducts, access to input materials and access to markets for reforestation
outputs. No negative impacts of reforestation on physical capital were
identified. Reforestation can lead to higher physical protection of
homesteads and farms against extreme weather conditions such as in
homestead forests in Africa (as noted by Ofori et al., 2014). Timber and
income from reforestation are often used for household infrastructure
improvements as observed in agroforestry systems in Bangladesh (Nath
and Inoue, 2014). Support programs also frequently provide enhanced
infrastructure and technologies to the local communities, including
forest nurseries, farming equipment, systems for clean water and agri-
cultural inputs (e.g. Staver et al., 1994; Walters et al., 2005; Asaah
et al., 2011).

4.2.5. Interactions between social capital and tropical reforestation
Most frequently, social capital outcomes from reforestation are po-

sitive. Enhanced collective action, social networks and trust among
stakeholders (Kwesiga et al., 1999; Nkamleu and Manyong, 2005;
Vieira et al., 2007; Rice, 2011; Cosyns et al., 2014), social skills
(Tchoundjeu et al., 2010), exchange of knowledge and products
(Kwesiga et al., 1999; Tchoundjeu et al., 2010; Neulinger et al., 2013;
Jagoret et al., 2014a, b), and social esteem and prestige (Das and Das,
2005; Wollenberg and Nawir, 2005; Kiptot et al., 2007; Tchoundjeu
et al., 2010; Neulinger et al., 2013) are often related to reforestation.

Negative social capital outcomes from reforestation include the
exclusion of social groups, which can increase the gap between the
wealthy and the poor. Marginalised members of the society are subject
to unfavourable social institutions, especially when it comes to acces-
sing market organisations and extension. For instance, in Nepal, poor
people were negatively affected by community forestry (Pokharel and
Nurse, 2004). The poor were excluded from assistance, social leader-
ship positions and social groups; their access to resources was reduced
and livelihoods harmed as a consequence. To mitigate social inequal-
ities, reforestation extension and support programs have recently been
targeting disadvantaged groups, especially women (e.g. Asaah et al.,
2011; Lennette et al., 2011; Toledo and Moguel, 2012; Johansson et al.,
2013).

Creation and strengthening of, and participation in, community
organisations has a positive influence on reforestation (e.g. Adesina
et al., 2000; Emtage and Suh, 2004; Ogunlana, 2004; Nkamleu and
Manyong, 2005; Sills and Caviglia-Harris, 2015). Social groups are
catalysts of ecological restoration (Walters, 1997). Community orga-
nisations can enhance extension contact, capacity building, training
opportunities, exercise of choice and social links of landholders. Inter-
action among smallholders enables the exchange of knowledge and
experiences. Frequently, landholders are influenced by choices and
successes achieved by neighbours and friends. For instance, in Aus-
tralia, important sources of natural resources management information
were trusted friends and relatives and experiences related by respected
neighbours and nearby landowners (Meadows et al., 2014). However,
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conflicts within social groups are frequent. Leadership dissatisfaction
and the difficulty to organise labour and share benefits in communities
can impact negatively on reforestation (e.g. Estoria et al., 2004; Schroth
and da Mota, 2013; Epule et al., 2014). Problems related to communal
work can lead farmers to opt for individual investments (e.g. Dejong
et al., 1995; Schroth and da Mota, 2013).

4.3. The links between tropical reforestation and policies, institutions and
processes surrounding smallholder livelihoods

The main organisations involved in smallholder reforestation are
social groups (e.g. cooperatives and community groups), industry and
market organisations, governmental and non-governmental agencies,
and research, extension and development organisations. Corruption
within governmental agencies and community organisations dis-
courages reforestation. Nevertheless, these groups are extremely im-
portant in the promotion of natural resources management practices.
Governments have the ability to provide information, financial in-
centives and political support. Community groups play an important
facilitating role for smallholders to access resources and assistance that
may not be available to individuals.

Smallholders in community organisations typically have better ac-
cess to extension and markets than individual farmers. Further, there
has been a recent shift of institutional arrangements governing natural
resources management towards decentralisation in various countries
(Meynen and Doornbos, 2004), and community organisations typically
play a central role in these initiatives. Community organisations can
benefit from decentralisation by attaining tenure rights on public lands
through schemes such as Community-based Forest Management in the
Philippines (Cagalanan, 2015). Community forestry projects can also
improve forest governance (Charnley and Poe, 2007).

Despite the benefits of community forestry groups, their success is
affected by a complex set of factors. It is not a simple matter of ag-
gregating smallholders into a group for the potential benefits to flow
automatically. It is a common flaw in the implementation of commu-
nity-based forestry programs to assume that community groups will be
functional units that result automatically in the improvements in the
livelihoods of members. Baynes et al. (2015b) found that increasing
bonding social capital (i.e. the ability of a community to work together
for a common aim) is required to mitigate conflicts within the com-
munity groups and increase cohesion and independence of external
assistance. These authors also found that one way to increase commu-
nity forestry group-bridging capital (i.e. the ability of a community to
interact with the outside world) is through capacity building that will
enable them to deal with legal requirements for harvesting and manage
commercial enterprises.

Some elements of the Baynes et al. (2015) model are worth em-
phasising in context of the links between reforestation and livelihoods
of smallholders. The model highlights the importance of communities
(and smallholders as members of those communities) receiving benefits
from reforestation, including from marketable products. Markets can
play an important role in facilitating reforestation (Brancalion et al.,
2017). However, market institutions are frequently disadvantageous to
smallholders, who lack bargaining power due to limited selling op-
portunities and limited knowledge on current market practices (e.g.
Herzog, 1994; Thorlakson and Neufeldt, 2012; Rahman et al., 2015).
Smallholders are often unable to directly reach the final buyer; long and
complex supply chains result in loss of profits to middlemen. Becoming
organised into producer groups is a way of overcoming the difficulties
and disadvantages of the markets to which smallholders are exposed.
Producer groups are more able to achieve higher quality, standardised
products (Reyes et al., 2005) and better selling arrangements (Dahlquist
et al., 2007) than individual small-scale farmers.

Laws and regulations can favour reforestation. For example, in
Sumatra, a governmental decree recognising the sustainable local
management of agroforests within state forest zones resulted in farmers

feeling secure to make long-term investments in complex agroforestry
systems (Kusters et al., 2007). Nevertheless, laws and regulations are
often overly complicated or unclear. Poor coordination between gov-
ernment agencies also generates uncertainties (e.g. Primavera, 2000).
Further, availability of information on existing policies is limited, and
fees charged to obtain timber harvesting and selling permits are beyond
the reach of smallholders with limited access to support and credit. In
Tanzania, for instance, complex forest laws and procedures added to the
limited knowledge of regulations and lack of trust between forest offi-
cers and local communities hinders tree growing (Pfund et al., 2011).
Further discouragement for smallholder compliance with laws and
regulations is the fear that illegal fees will be sought by officers. In the
Philippines, for instance, logging checkpoints are cynically referred to
as ‘cashpoints’ (Herbohn et al., 2005). The fear of future policy changes
affecting the legality of harvesting planted trees adds another level of
uncertainty to reforestation.

Informal or uncertain land tenure is frequently found within
smallholder systems in the tropics. Tenure is potentially the most
complex factor influencing community forestry success (Baynes et al.,
2015b). Lack of secure tenure often limits tree planting, access to credit
and participation in incentive programs (Kusters et al., 2007). For ex-
ample, farmers' motivation to plant trees is adversely influenced by
uncertainties inherent in PNG's system of customary land tenure
(Baynes et al., 2017). Because strengthened tenure claims can be
achieved through tree planting, tenure insecurity can in some cases
motivate reforestation (Walters et al., 2005; Kusters et al., 2007;
Osborne, 2011).

Gender and tenure issues often coincide. Women have limited ac-
cess to land (e.g. Ogunlana, 2004; Tchoundjeu et al., 2010), especially
under patrilineal land inheritance patterns (e.g. Adesina and Chianu,
2002; Mukadasi et al., 2007). Besides land, women often lack access to
cash, infrastructure, information and assistance (e.g. Ogunlana, 2004;
Tchoundjeu et al., 2010). Policy makers and extension officers fre-
quently overlook women’s role in reforestation, since they have tradi-
tionally focused on male farmers (Fouladbash and Currie, 2015). In
smallholder land use in the tropics, women were frequently included in
groups of marginalised members of the social structure along with the
youth and the poor, and the above limitations are pronounced for all of
them.

4.4. Smallholder livelihood strategies and tropical reforestation

Smallholders manage diverse livelihood portfolios, combining a
variety of land-use strategies to meet the households’ subsistence and
cash needs, either through the use of land-sparing or land–sharing
systems. For instance, some farmers hold a swidden-fallow agroforestry
portfolio with fields in different stages of the fallow cycle (e.g. Coomes
and Burt, 1997), whereas others complement tree cropping with
shifting cultivation for shorter-term returns (e.g. Fouladbash and
Currie, 2015).

Land-sharing and land-sparing both have their pros and cons (Koen
Kusters, 2014). However, the sharing-sparing discussion is a dichot-
omous simplification of complex land-use systems and dynamics (Koen
Kusters, 2014). The landscape approach considers an integration of a
range of land uses (McGuire, 2014) in a dynamic socio-ecological
system. In terms of the landscape approach, the sharing-sparing per-
spective seems to lose its importance. Reforestation is only part of the
landscape use, along with other systems that complement each other.
Both production and conservation objectives can be pursued in the
landscape, regardless whether within a single plot or in diverse systems,
using a landscape land-use approach. Reforestation is only one com-
ponent of the livelihood portfolios of smallholders, who pursue multiple
and multi-faceted goals to meet their financial, social, human, physical
and natural capital needs. In concordance with Suich (2010), it is ar-
gued that activities are often evaluated individually and few studies
address the outcomes of a range of activities that in combination shape
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the livelihood portfolios.
Smallholders often seek both income generation and subsistence

benefits from reforestation (Levasseur and Olivier, 2000; Blay et al.,
2008; Thorlakson and Neufeldt, 2012). Diversified systems have mul-
tiple functions that include cultural uses, food and energy security,
social value, market oscillation buffering, and protection against nat-
ural hazard. Farmers living close to markets tend to have more market-
oriented land-use systems (Gillespie et al., 1993), which defines the
systems’ species composition. Commercial farmers tend to use more
inputs than subsistence-oriented farmers (Alayón-Gamboa and Gurri-
García, 2008). Financial returns from commercial forestry can be
higher, but subsistence farmers trade income maximisation for the di-
versification of benefits and decreased vulnerabilities. For subsistence
smallholders, uncertainties and risks are more pronounced issues, be-
cause a disturbance in their reforestation systems can directly affect
household well-being, nutrition and health. Smallholders and commu-
nities tend to harvest forest products in a rather opportunistic way, as
distinct from silvicultural and market maximisation. Products are often
sold to meet immediate household needs including food and education,
or casual expenses such as weddings or religious celebrations.

5. Policy implications and conclusions

Even though the SLF diagram may suggest a linear sequential order
of facts and consequences, the relationships among the components are
highly dynamic and intertwined. Smallholder assets interact with each
other and the level of access to (and availability of) resources is affected
by processes beyond the control of smallholders. Enabling conditions
for reforestation depend on the local context and an infinite combina-
tions of capacities and institutional environment may exist. In some
cases the lack of a given resource may be compensated by the high
availability of another capital asset. In other cases, a lacking resource
may be irreplaceable and addressing this limitation may be the essential
first step towards reforestation, if reforestation is to provide optimal
outcomes.

Reforestation has the potential to substantially reduce poverty in
rural areas, especially in situations where there is degraded and un-
derutilised land. Through reforestation, smallholders can diversify their
livelihood portfolios and increase household income as well as the
availability of products for subsistence. Such products often include
food and firewood. Improved food and energy security leads to greater
well-being of people. The provision of products and services from re-
forested areas can act as buffers to climatic and market conditions ad-
verse to smallholders (e.g. droughts and low market prices for a specific
farming product). Hence, the availability of natural resources can in-
crease socio-ecological resilience to the vulnerabilities to which
smallholders are frequently exposed.

Increased social equity in respect to access to resources, including
gender equality, resulting from socially sound extension activities of
reforestation projects, enhances the community’s welfare and cohesion.
Through reforestation farmers can gain control over resources, and
through participation in extension and support programs they enhance
their decision-making capability, leading to more effective governance.
This higher self-sufficiency, or community empowerment, favours fu-
ture practices by extension agents and reforestation activities. Adding
to all the potential benefits mentioned above, in comparison to ecolo-
gically degrading agricultural practices frequently used in densely po-
pulated uplands, a more sustainable land use can be achieved with
reforestation, enhancing the quality of water, soil, air and climate.

Despite the great range of benefits that reforestation can bring, they
are often not achieved. Barriers for full realisation of benefits from
reforestation often derive from limited availability and access to re-
sources. Limiting resources include knowledge, social networks, cash,
propagules, and water, among many others. Limited understanding of
regulations and opportunities, along with environmental and market
risks also hinder realisation of the potential benefits of reforestation.

Often, benefits are accrued by a small group of people within a com-
munity as a result of a deficient governance system and lack of trans-
parency of resources utilisation. Undesirable impacts can also result
from reforestation if the approach is not tailored to the local context.
Increased tension over land and resources tenure can be an effect of
poor coordination of pre-definition of rights and duties among stake-
holders. Adding to that, reforestation can be excluding if there is a re-
quirement for minimum levels of resources for smallholder engagement
in the activity. The exclusion of vulnerable groups can increase the gap
between the wealthy and the poor.

It is important for reforestation to be a complementary rather than
competitive activity within the portfolio of livelihood activities avail-
able to smallholders. If labour demand is flexible or can be met by
household members that are less involved in other household activities
(e.g. women and youth), and land allocated for reforestation would not
otherwise be cropped, the opportunity cost of reforestation is low.
Despite the fact that multi-use multi-function agricultural systems have
commonly been promoted for smallholders, simpler systems in separate
blocks per activity might be more favourable in some situations. For
instance, small woodlots could be one of these systems combined with
mono-culture cropping, rather than complex agroforestry systems
which are difficult to manage and design. Separate woodlots and crop
areas can be synergic with conservation in a landscape context, and
more easily adopted by smallholders.

Reforestation is only one of the livelihood portfolio activities and
should not be dealt with in isolation. This is particularly relevant under
the FLR approach. The approach seeks to combine land uses across a
landscape for a more sustainable management of natural resources and
better governance. Reforestation can be used in FLR for environmental
benefits, direct human benefits or a combination of both. When using
reforestation in FLR for purely environmental benefits might require a
complementary land use that will provide livelihoods. When refor-
estation is focused on direct human benefits, attention is needed on the
timeframe of benefits and the suitability of the timeframe to small-
holders. For smallholders with the need for more immediate benefits,
reforestation focused on livelihoods may comprise crops or other short-
term products, or be associated with other land uses that will provide
livelihoods to smallholder until the reforestation site itself is able to
provide enough returns.

If ambitious forest restoration goals, including desired impacts on
human wellbeing, are to be met, it is crucial to be able to foresee po-
tential barriers and negative impacts from reforestation. Different
contexts have different opportunities for reforestation, and also dif-
ferent limitations. Interventions will need to be tailored to the local
context and different levels and types of support may be needed de-
pending on the local capacities and intended outcomes. An assessment
of smallholders’ capacity, including their livelihood assets, strategies
adopted and vulnerabilities, as well as the institutions surrounding
them prior to the beginning of the reforestation activity can assist in the
identification of improvements in capacity needed for an optimal out-
come of an initiative. Such an assessment would also assist identifying
features of the institutional and natural environment that may constrain
optimal outcomes, so they can be addressed in a timely manner.

Facilitating resource access for smallholders, and particularly to
marginalised groups, has been identified as a means for better refor-
estation outcomes and as an important objective for intervention from
external agents. Often this can be done through indirect measures ra-
ther than direct action. For instance, consolidating enabling policies,
institutions and processes – as changing the rules of the game by pro-
moting the inclusion of women in reforestation and providing them
access to resources including land – might have a stronger and longer-
lasting impact in smallholders’ livelihoods than the direct one-off pro-
vision of limited benefits – as providing free seedlings or cash for
women to plant trees. Hence, the entry points for interventions might
be an indirect driver of the outcome desired. However, doing this re-
quires a deep understanding of the socioeconomic landscape in order to
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identify the underlying causes for the limited availability or accessi-
bility of a particular asset.

This paper presents a comprehensive analysis of the literature
connecting tropical reforestation and smallholder livelihoods. Results
and discussions from this study can be useful in efforts under the cur-
rent FLR movement. Reforestation can be an important land-use in a
landscape under restoration, and large areas to be restored are under
smallholder management. Reforestation has great potential to provide
both goods and services, and other livelihood benefits, for smallholders
while providing a range of environmental benefits.
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Interciencia 3
International Journal of Agricultural Sustainability 3
Plos One 3
Conservation Biology 3
Ecological Applications 3
Land Use Policy 3
Bois et Forets des Tropiques 3
Journal of Sustainable Forestry 3
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World Ecology
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(continued on next page)

L. Ota, et al. Land Use Policy 92 (2020) 104455

8



References

Adato, M., Meinzen-Dick, R., 2002. Assessing the Impact of Agricultural Research on
Poverty Using the Sustainable Livelihoods Framework. FCND Discussion Paper 128,
EPTD Discussion Paper 89, Washington, D.C.

Adesina, A.A., Chianu, J., 2002. Determinants of farmers’ adoption and adaptation of
alley farming technology in Nigeria. Agrofor. Syst. 55, 99–112.

Adesina, A.A., Mbila, D., Nkamleu, G.B., Endamana, D., 2000. Econometric analysis of the
determinants of adoption of alley farming by farmers in the forest zone of southwest
Cameroon. Agric. Ecosyst. Environ. 80, 255–265.

Aguilar-Støen, M., Moe, S.R., Camargo-Ricalde, S.L., 2009. Home gardens sustain crop
diversity and improve farm resilience in Candelaria loxicha, Oaxaca, Mexico. Hum.
Ecol. 37, 55–77.

Ahmed, M.F.U., Rahman, S.M.L., 2004. Profile and use of multi-species tree crops in the
homesteads of Gazipur District, central Bangladesh. J. Sustain. Agric. 24, 81–93.

Alayón-Gamboa, J.A., Gurri-García, F.D., 2008. Home garden production and energetic
sustainability in Calakmul, Campeche. Mexico. Hum. Ecol. 36, 395–407.

Albertin, A., Nair, P.K.R., 2004. Farmers’ perspectives on the role of shade trees in coffee
production systems: an assessment from the Nicoya Peninsula, Costa rica. Hum. Ecol.
32, 443–463.

Ali, A.M.S., 2005. Homegardens in smallholder farming systems: examples from
Bangladesh. Hum. Ecol. 33, 245–270.

Andrews, C., DeVault, D., 2009. Green niche market development. J. Ind. Ecol. 13,
326–345.

Asaah, E.K., Tchoundjeu, Z., Leakey, R.R.B., Takousting, B., Njong, J., Edang, I., 2011.

Trees, agroforestry and multifunctional agriculture in Cameroon. Int. J. Agric.
Sustain. 9, 110–119.

Aumeeruddy, Y., Sansonnens, B., 1994. Shifting from simple to complex agroforestry
systems: an example for buffer zone management from Kerinci (Sumatra, Indonesia).
Agrofor. Syst. 28, 113–141.

Ayuk, E.T., Duguma, B., Franzel, S., Kengue, J., Mollet, M., Tiki-Manga, T., Zekeng, P.,
1999. Uses, management, and economic potential of Dacryodes edulis (Burseraceae)
in the Humid Lowlands of Cameroon. Econ. Bot. 53, 292–301.

Basamba, T.A., Barrios, E., Singh, B.R., Rao, I.M., 2007. Impact of planted fallows and a
crop rotation on nitrogen mineralization and phosphorus and organic matter frac-
tions on a Colombian volcanic-ash soil. Nutr. Cycl. Agroecosystems 77, 127–141.

Baynes, J., Herbohn, J., 2011. Self-directed learners or not? Delivering agroforestry
technology to farmers in the Philippines. Open J. For. 1, 1.

Baynes, J., Herbohn, J., Gregorio, N., Fernandez, J., 2015a. How useful are small stands of
low quality timber? Small-Scale For. 14, 193–204.

Baynes, J., Herbohn, J., Russell, I., 2009. Bringing agroforestry technology to farmers in
Leyte, the Philippines: a comparison of two extension assistance regimes. Small-Scale
For. 8, 381–398.

Baynes, J., Herbohn, J., Smith, C., Fisher, R., Bray, D., 2015b. Key factors which influence
the success of community forestry in developing countries. Glob. Environ. Chang. 35,
226–238.

Baynes, J., Herbohn, J., Unsworth, W., 2017. Reforesting the grasslands of Papua New
Guinea: the importance of a family-based approach. J. Rural Stud. 56, 124–131.

Bebbington, A.J.Wd., 1999. Capitals and capabilities: a framework for analyzing peasant
viability. rural livelihoods and poverty. 27, 2021–2044.

Bensel, T., 2008. Fuelwood, deforestation, and land degradation: 10 years of evidence

Table A1 (continued)

Journal Title Number of articles
included

Environment: Science and Policy for Sustainable
Development

1

Journal of Rural Studies 1
Professional Geographer 1
Land Economics 1
Landscape and Urban Planning 1
Carbon management 1
Journal of Latin American Geography 1
Biological Conservation 1
African Journal of Ecology 1
Regional Environmental Change 1
Agriculture & Food Security 1
Environment, Development and Sustainability 1
Society & Natural Resources 1
Ecosphere 1
World Development 1
Procedia - Social and Behavioral Sciences 1
Plant and Soil 1
Renewable Agriculture and Food Systems 1
Journal of Forestry Research 1
Current Science 1
Applied Geography 1
Land Degradation & Development 1
American Journal of Alternative Agriculture 1
Journal of Tropical Forest Science 1
Journal of Forestry 1
Biotechnologie, Agronomie, Société et Environnement 1
Nature Communications 1
Journal of Development Studies 1
Journal of Forest Research 1
Annals of Forest Science 1
Forest Policy and Economics 1
American Journal of Agricultural Economics 1
The Journal of Peasant Studies 1
Agronomy Journal 1
Experimental Agriculture 1
Ethnobotany Research and Applications 1
Agriculture and Human Values 1
Revue d'Ecologie 1
Forests 1
NJAS 1
Agricultural and Forest Meteorology 1
Frontiers in Ecology and the Environment 1
Tropical Ecology 1
Acta Amazonica 1
Global Environmental Change 1
Global Change Biology 1
Geographical Journal 1

L. Ota, et al. Land Use Policy 92 (2020) 104455

9

http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0005
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0005
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0005
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0010
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0010
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0015
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0015
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0015
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0020
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0020
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0020
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0025
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0025
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0030
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0030
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0035
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0035
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0035
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0040
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0040
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0045
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0045
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0050
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0050
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0050
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0055
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0055
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0055
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0060
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0060
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0060
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0065
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0065
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0065
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0070
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0070
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0075
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0075
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0080
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0080
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0080
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0085
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0085
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0085
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0090
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0090
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0095
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0095
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0100


from Cebu Province, the Philippines. Land Degrad. Dev. 19, 587–605.
Berget, C., Duran, E., Bray, D.B., 2015. Participatory restoration of degraded agricultural

areas invaded by bracken fern (Pteridium aquilinum) and conservation in the
Chinantla Region, Oaxaca, Mexico. Hum. Ecol. 43, 547–558.

Bertomeu, M., 2006. Financial evaluation of smallholder timber-based agroforestry sys-
tems in Claveria, Northern Mindanao, the Philippines. Small-scale For. Econ, Manag.
Policy 5, 57–81.

Blay, D., Appiah, M., Damnyag, L., Dwomoh, F.K., Luukkanen, O., Pappinen, A., 2008.
Involving local farmers in rehabilitation of degraded tropical forests: some lessons
from Ghana. Environ. Dev. Sustain. 10, 503–518.

Boissiere, M., Sheil, D., Basuki, I., Wan, M., Le, H., 2009. Can engaging local people’s
interests reduce forest degradation in Central Vietnam? Biodivers. Conserv. 18,
2743–2757.

Bonn Challenge, 2017. What Is Our Global Restoration Opportunity?.
Brancalion, P.H.S., Lamb, D., Ceccon, E., Boucher, D., Herbohn, J., Strassburg, B.,

Edwards, D.P., 2017. Using markets to leverage investment in forest and landscape
restoration in the tropics. For. Policy Econ. 85, 103–113.

Briggs, L., Twomlow, S., 2002. Organic material flows within a smallholder highland
farming system of South West Uganda. Agric. Ecosyst. Environ. 89, 191–212.

Browder, J.O., Wynne, R.H., Pedlowski, M.A., 2005. Agroforestry diffusion and secondary
forest regeneration in the Brazilian Amazon: further findings from the Rondonia
agroforestry Pilot Project (1992-2002). Agrofor. Syst. 65, 99–111.

Cagalanan, D., 2015. Governance challenges in community-based forest management in
the Philippines. Soc. Nat. Resour. 28, 609–624.

Carney, D., 1998. Sustainable Rural Livelihoods: What Contribution Can We Make?
Department for International Development, London.

Carney, D., Drinkwater, M., Rusinow, T., Nneefjes, K., Zwanmali, S., Singh, N., 2001.
Livelihood approaches compared. Forum on Operationalizing Participatory Ways of
Applying Sustainable Livelihoods Approaches. FAO, Rome, Italy, pp. 47–62.

Castro, L.M., Calvas, B., Hildebrandt, P., Knoke, T., 2013. Avoiding the loss of shade
coffee plantations: how to derive conservation payments for risk-averse land-users.
Agrofor. Syst. 87, 331–347.

Chambers, R., Conway, G., 1992. Sustainable Rural Livelihoods: Practical Concepts for
the 21st Century. Institute of Development Studies (UK).

Charnley, S., Poe, M.R., 2007. Community forestry in theory and practice: where are we
now? Ann. Rev. Anthropol. 36.

Chowdhury, R.R., 2007. Household land management and biodiversity: secondary suc-
cession in a forest-agriculture mosaic in southern Mexico. Ecol. Soc. 12 (2), 31.

Clement, F., Amezaga, J.M., 2009. Afforestation and forestry land allocation in northern
Vietnam: analysing the gap between policy intentions and outcomes. Land Use Policy
26, 458–470.

Cole, R.J., 2010a. Social and environmental impacts of payments for environmental
services for agroforestry on small-scale farms in southern Costa rica. Int. J. Sustain.
Dev. World Ecol. 17, 208–216.

Cole, R.J., 2010b. Social and environmental impacts of payments for environmental
services for agroforestry on small-scale farms in southern Costa rica. Int. J. Sustain.
Dev. World Ecol. 17, 208–216.

Coomes, O.T., Burt, G.J., 1997. Indigenous market-oriented agroforestry: dissecting local
diversity in western Amazonia. Agrofor. Syst. 37, 27–44.

Coomes, O.T., Natalie, B., 2004. Cultivated plant species diversity in home gardens of an
Amazonian peasant village in Northeastern Peru. Econ. Bot. 58, 420–434.

Cosyns, H., Van Damme, P., De Wulf, R., Degrande, A., 2014. Can rural development
projects generate social capital? A case study of Ricinodendron heudelotii kernel
marketing in Cameroon. Small-Scale For. 13, 163–182.

Dahlquist, R.M., Whelan, M.P., Winowiecki, L., Polidoro, B., Candela, S., Harvey, C.A.,
Wulfhorst, J.D., McDaniel, P.A., Bosque-Pérez, N.A., 2007. Incorporating livelihoods
in biodiversity conservation: a case study of cacao agroforestry systems in Talamanca,
Costa rica. Biodivers. Conserv. 16, 2311–2333.

Das, T., Das, A.K., 2005. Inventorying plant biodiversity in homegardens: a case study in
Barak Valley, Assam, North East India. Curr. Sci. 89, 155–163.

David, S., Raussen, T., 2003. The agronomic and economic potential of tree fallows on
scoured terrace benches in the humid highlands of Southwestern Uganda. Agric.
Ecosyst. Environ. 95, 359–369.

Dawson, I.K., Lengkeek, A., Weber, J.C., Jamnadass, R., 2008. Managing genetic variation
in tropical trees: linking knowledge with action in agroforestry ecosystems for im-
proved conservation and enhanced livelihoods. Biodivers. Conserv. 18, 969–986.

de Sousa, K.F.D., Detlefsen, G., Virginio Filho, Ed.M., Tobar, D., Casanoves, F., 2016.
Timber yield from smallholder agroforestry systems in Nicaragua and Honduras.
Agrofor. Syst. 90, 207–218.

de Souza, H.N., de Goede, R.G.M., Brussaard, L., Cardoso, I.M., Duarte, E.M.G.,
Fernandes, R.B.A., Gomes, L.C., Pulleman, M.M., 2012. Protective shade, tree di-
versity and soil properties in coffee agroforestry systems in the Atlantic Rainforest
biome. Agric. Ecosyst. Environ. 146, 179–196.

Dejong, B.H.J., Montoyagomez, G., Nelson, K., Sotopinto, L., 1995. Community forest
management and carbon sequestration - a feasibility study from Chiapas. Mexico.
Interciencia 20 409-&.

den Hertog, W.H., Wiersum, K.F., 2000. Timur (Zanthoxylum armatum) production in
Nepal - dynamics in nontimber forest resource management. Res. Dev. 20, 136–145.

Department for International Development, 1999. Sustainable Livelihoods Guidance
Sheets. Section 1. DFID, London.

DFID, 1999. Sustainable Livelihoods Guidance Sheets. Development, D.o.I., London.
Dumont, E.S., Gnahoua, G.M., Ohouo, L., Sinclair, F.L., Vaast, P., 2014. Farmers in Côte

d’Ivoire value integrating tree diversity in cocoa for the provision of ecosystem ser-
vices. Agrofor. Syst. 88, 1047–1066.

Dury, S., Vilcosqui, L., Mary, F., 1996. Durian trees (Durio zibethinus Murr.) in Javanese
home gardens: their importance in informal financial systems. Agrofor. Syst. 33,

215–230.
Emtage, N., Suh, J., 2004. Socio-economic factors affecting smallholder tree planting and

management intentions in Leyte Province. Philippines. Small-scale For. Econ, Manag.
Policy 3, 257–270.

Epule, E.T., Peng, C., Lepage, L., Chen, Z., 2014. Enabling conditions for successful
greening of public spaces: the case of Touroua, Cameroon based on perceptions.
Small-Scale For. 13, 143–161.

Estoria, E., Herbohn, J., Harrison, S., 2004. The performance of community organisers in
promotion of community forestry in Leyte Province. Philippines. Small-scale For.
Econ, Manag. Policy 3, 363–384.

Farley, K.A., 2010. Pathways to forest transition: local case studies from the Ecuadorian
Andes. J. Lat. Am. Geogr. 9, 7–26.

Fischer, A., Vasseur, L., 2002. Smallholder perceptions of agroforestry projects in
Panama. Agrofor. Syst. 54, 103–113.

Fouladbash, L., Currie, W.S., 2015. Agroforestry in Liberia: household practices, per-
ceptions and livelihood benefits. Agrofor. Syst. 89, 247–266.

Franzel, S., 1999. Socioeconomic factors affecting the adoption potential of improved tree
fallows in Africa. Agrofor. Syst. 47, 305–321.

Friend, R.F., Funge-Smith, S.J., 2002. Focusing Small-scale Aquaculture and Aquatic
Resource Management on Poverty Alleviation. FAO Regional Office Asia and the
Pacific, Bangkok Thailand, pp. 24.

Gajaseni, J., Gajaseni, N., 1999. Ecological rationalities of the traditional homegarden
system in the Chao Phraya Basin. Thailand. Agrofor. Syst. 46, 3–23.

Garen, E.J., Saltonstall, K., Slusser, J.L., Mathias, S., Ashton, M.S., Hall, J.S., 2009. An
evaluation of farmers’ experiences planting native trees in rural Panama: implications
for reforestation with native species in agricultural landscapes. Agrofor. Syst. 76,
219–236.

Gasco, J., 2008. Le Da Alegría Tener Flores Homegardens in the Soconusco Region of
Chiapas. Mexico. J. Ethnobiol. 28, 259–277.

Gillespie, A.R., Knudson, D.M., Geilfus, F., 1993. The structure of 4 homegardens in the
Peten. Guatemala. Agrofor. Syst. 24, 157–170.

Gladwin, C.H., Peterson, J.S., Uttaro, R., 2002. Agroforestry innovations in Africa: can
they improve soil fertility on women farmers’ fields? Afr. Stud. Q. 6.

Grist, P., Menz, K.E.N., Nelson, R., 1999. Multipurpose trees as improved fallow: an
economic assessment. Int. Tree Crop. J. 10, 19–36.

Guariguata, M.R., Cornelius, J.P., Locatelli, B., Forner, C., Sanchez-Azofeifa, G.A., 2008.
Mitigation needs adaptation: tropical forestry and climate change. Mitig. Adapt.
Strat. Glob. Chang. 13, 793–808.

Guillerme, S., Kumar, B.M., Menon, A., Hinnewinkel, C., Maire, E., Santhoshkumar, A.V.,
2011. Impacts of public policies and farmer preferences on agroforestry practices in
Kerala. India. Environ. Manag. 48, 351–364.

Hamilton-Peach, J., Townsley, P., 2004. An IFAD Sustainable Livelihoods Framework.
Citeseer.

Heckler, S.L., 2004. Cultivating sociality: aesthetic factors in the composition and func-
tion of Piaroa homegardens. J. Ethnobiol. 24, 203–232.

Hegde, R., Bull, G.Q., 2011. Performance of an agro-forestry based Payments-for-
Environmental-Services project in Mozambique: a household level analysis. Ecol.
Econ. 71, 122–130.

Herbohn, J.L., Emtage, N.F., Harrison, S.R., Gregorio, N.O., Peque, D.P., 2005. The in-
fluence of land and tree tenure on participation of smallholder and community for-
estry in the Philippines. In: Harrison, S.R., Herbohn, J.L., Suh, J., Mangaoang, E.,
Vanclay, J. (Eds.), ACIAR Smallholder Forestry Project ASEM/2000/088
Redevelopment of a Timber Industry Following Extensive Land Clearing Proceedings
from the End-of-Project Workshop Held in Ormoc City. The Philippines (205-214).
19-21 August, 2004.

Herve, B.D.B., Vidal, S., 2008. Plant biodiversity and vegetation structure in traditional
cocoa forest gardens in southern Cameroon under different management. Biodivers.
Conserv. 17, 1821–1835.

Herzog, F., 1994. Multipurpose shade trees in coffee and cocoa plantations in Côte
d’Ivoire. Agrofor. Syst. 27, 259–267.

Hobley, M., 2001. Unpacking the PIP Box. Eldis, Somerset, UK.
Hoch, L., Pokorny, B., De Jong, W., 2009. How successful is tree growing for smallholders

in the Amazon? Rev. Int. Serv. Sante Forces Armees 11, 299–310.
Hoch, L., Pokorny, B., de Jong, W., 2012. Financial attractiveness of smallholder tree

plantations in the Amazon: bridging external expectations and local realities. Agrofor.
Syst. 84, 361–375.

Iqbal, S.M.M., Ireland, C.R., Rodrigo, V.H.L., 2006. A logistic analysis of the factors de-
termining the decision of smallholder farmers to intercrop: a case study involving
rubber–tea intercropping in Sri Lanka. Agric. Syst. 87, 296–312.

Irawanti, S., Ginoga, K.L., Prawestisuka, A., Race, D., 2014. Commercialising community
Ffrestry in Indonesia: lessons about the barriers and opportunities in Central Java.
Small-Scale For. 13, 515–526.

Ite, U.E., 2005. Tree integration in homestead farms in southeast Nigeria: propositions
and evidence. Geogr. J. 171, 209–222.

Jadan, O., Cifuentes, M., Torres, B., Selesi, D., Veintimilla, D., Guenter, S., 2015. Influence
of tree cover on diversity, carbon sequestration and productivity of cocoa systems in
the Ecuadorian Amazon. Bois Forets Trop. 35–47.

Jagoret, P., Kwesseu, J., Messie, C., Michel-Dounias, I., Malezieux, E., 2014a. Farmers’
assessment of the use value of agrobiodiversity in complex cocoa agroforestry sys-
tems in central Cameroon. Agrofor. Syst. 88, 983–1000.

Jagoret, P., Kwesseu, J., Messie, C.A., Michel, I., Malezieux, E., 2014b. Use values of
woody species used in agroforestry: cocoa agroforests in Central Cameroon. Bois
Forets Trop. 45–54.

Jaramillo, J., Setamou, M., Muchugu, E., Chabi-Olaye, A., Jaramillo, A., Mukabana, J.,
Maina, J., Gathara, S., Borgemeister, C., 2013. Climate change or urbanization?
Impacts on a traditional coffee production Ssystem in East Africa over the Last 80

L. Ota, et al. Land Use Policy 92 (2020) 104455

10

http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0100
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0105
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0105
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0105
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0110
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0110
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0110
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0115
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0115
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0115
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0120
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0120
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0120
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0125
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0130
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0130
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0130
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0135
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0135
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0140
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0140
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0140
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0145
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0145
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0150
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0150
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0155
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0155
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0155
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0160
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0160
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0160
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0165
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0165
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0170
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0170
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0175
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0175
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0180
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0180
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0180
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0185
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0185
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0185
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0190
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0190
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0190
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0195
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0195
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0200
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0200
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0205
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0205
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0205
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0210
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0210
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0210
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0210
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0215
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0215
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0220
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0220
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0220
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0225
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0225
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0225
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0230
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0230
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0230
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0235
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0235
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0235
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0235
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0240
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0240
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0240
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0245
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0245
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0250
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0250
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0255
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0260
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0260
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0260
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0265
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0265
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0265
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0270
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0270
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0270
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0275
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0275
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0275
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0280
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0280
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0280
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0285
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0285
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0290
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0290
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0295
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0295
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0300
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0300
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0305
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0305
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0305
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0310
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0310
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0315
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0315
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0315
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0315
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0320
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0320
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0325
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0325
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0330
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0330
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0335
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0335
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0340
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0340
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0340
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0345
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0345
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0345
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0350
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0350
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0355
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0355
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0360
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0360
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0360
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0365
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0365
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0365
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0365
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0365
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0365
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0365
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0370
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0370
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0370
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0375
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0375
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0380
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0385
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0385
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0390
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0390
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0390
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0395
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0395
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0395
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0400
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0400
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0400
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0405
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0405
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0410
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0410
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0410
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0415
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0415
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0415
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0420
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0420
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0420
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0425
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0425
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0425


Years. PLoS One 8.
Jerneck, A., Olsson, L., 2013. More than trees! Understanding the agroforestry adoption

gap in subsistence agriculture: insights from narrative walks in Kenya. J. Rural Stud.
32, 114–125.

Johansson, K.-E., Axelsson, R., Kimanzu, N., Sassi, S.O., Bwana, E., Otsyina, R., 2013. The
pattern and process of adoption and scaling up: variation in project outcome reveals
the importance of multilevel collaboration in agroforestry development. Sustain. 5,
5195–5224.

Joslin, A.H., Markewitz, D., Morris, L.A., Oliveira, F.D., Figueiredo, R.O., Kato, O.R.,
2011. Five native tree species and manioc under slash-and-mulch agroforestry in the
eastern Amazon of Brazil: plant growth and soil responses. Agrofor. Syst. 81, 1–14.

Kiptot, E., Hebinck, P., Franzel, S., Richards, P., 2007. Adopters, testers or pseudo-
adopters? Dynamics of the use of improved tree fallows by farmers in western Kenya.
Agric. Syst. 94, 509–519.

Kirby, K.R., Potvin, C., 2007. Variation in carbon storage among tree species: implications
for the management of a small-scale carbon sink project. For. Ecol. Manag. 246,
208–221.

Knoke, T., Bendix, J., Pohle, P., Hamer, U., Hildebrandt, P., Roos, K., Gerique, A.,
Sandoval, M.L., Breuer, L., Tischer, A., Silva, B., Calvas, B., Aguirre, N., Castro, L.M.,
Windhorst, D., Weber, M., Stimm, B., Guenter, S., Palomeque, X., Mora, J., Mosandl,
R., Beck, E., 2014. Afforestation or intense pasturing improve the ecological and
economic value of abandoned tropical farmlands. Nat. Commun. 5.

Kusters, Koen, 2014. Sharing or sparing? In: Chavez-Tafur, Jorge, Zagt, R.J. (Eds.),
Towards Productive Landscapes. Tropenbos International, Wageningen, Netherlands,
pp. 3–8.

Kusters, K., de Foresta, H., Ekadinata, A., van Noordwijk, M., 2007. Towards solutions for
state vs. Local community conflicts over forestland: the impact of formal recognition
of user rights in Krui, Sumatra. Indonesia. Hum. Ecol. 35, 427–438.

Kwesiga, F.R., Franzel, S., Place, F., Phiri, D., Simwanza, C.P., 1999. Sesbania sesban
improved fallows in eastern Zambia: their inception, development and farmer en-
thusiasm. Agrofor. Syst. 47, 49–66.

Lasco, R.D., Delfino, R.J.P., Catacutan, D.C., Simelton, E.S., Wilson, D.M., 2014. Climate
risk adaptation by smallholder farmers: the roles of trees and agroforestry. Curr.
Opin. Environ. Sustain. 6, 83–88.

Lehébel-Péron, A., Feintrenie, L., Levang, P., 2011. Rubber agroforests’ profitability, the
importance of secondary products. For. Tree Livelihoods 20, 69–84.

Lennette, E.T., Villa, L.V., Chaves, R.V., Villalobos, M.E., Viquez, A.U., 2011. Forest
conservation and restoration using eco-loan financing (ELF) in Costa rica: report on a
working model. Conserv. Lett. 4, 402–407.

Leuschner, W.A., Khaleque, K., 1987. Homestead agroforestry in Bangladesh. Agrofor.
Syst. 5, 139–151.

Levasseur, V., Olivier, A., 2000. The farming system and traditional agroforestry systems
in the Maya community of San Jose. Belize. Agrofor. Syst. 49, 275–288.

Lin, B.B., 2007. Agroforestry management as an adaptive strategy against potential mi-
croclimate extremes in coffee agriculture. Agric. For. Meteorol. 144, 85–94.

Locatelli, B., Catterall, C.P., Imbach, P., Kumar, C., Lasco, R., Marín‐Spiotta, E., Mercer,
B., Powers, J.S., Schwartz, N., Uriarte, M., 2015. Tropical reforestation and climate
change: beyond carbon. Restor. Ecol. 23, 337–343.

Locatelli, B., Evans, V., Wardell, A., Andrade, A., Vignola, R., 2011. Forests and climate
change in Latin America: linking adaptation and mitigation. Forest 2, 431.

Long, C.L., Zhou, Y.L., 2001. Indigenous community forest management of Jinuo people’s
swidden agroecosystems in southwest China. Biodivers. Conserv. 10, 753–767.

Lyngbæk, A.E., Muschler, R.G., sinclair, F.L., 2001. Productivity and profitability of
multistrata organic versus conventional coffee farms in Costa rica. Agrofor. Syst. 53,
205–213.

Machlis, G.E., Force, J.E., Burch Jr., W.R.J.S., Resources, N., 1997. The human ecosystem
part I: the human ecosystem as an organizing concept in ecosystem management. Soc.
Nat. Resour. 10, 347–367.

Mafongoya, P.L., Jiri, O., 2016. Soil nitrogen and physical properties and maize yields
after mixed planted fallows of tree and herbaceous legumes. Nutr. Cycl.
Agroecosystems 105, 75–84.

Magcale-Macandog, D.B., Menz, K., Rocamora, P.M., Predo, C.D., 1999. Smallholder
timber production and marketing: the case of Gmelina arborea in Claveria, Northern
Mindanao. Philippines. Int. Tree Crop. J. 10, 61–78.

Magcale-Macandog, D.B., Visco, R.G., Delgado, M.E.M., 2006. Agroforestry adoption,
innovations and smallholder farmers’ motivations in tropical uplands of Southern
Philippines. J. Sustain. Agric. 28, 131–143.

Marquardt, K., Milestad, R., Salomonsson, L., 2013. Improved fallows: a case study of an
adaptive response in Amazonian swidden farming systems. Agric. Hum. Values 30,
417–428.

Márquez, A.R.C., Schwartz, N.B., 2008. Traditional home gardens of Petén, Guatemala:
resource management, food security, and conservation. J. Ethnobiol. 28, 305–317.

Mbosso, C., Degrande, A., Villamor, G.B., Van Damme, P., Tchoundjeu, Z., Tsafack, S.,
2015. Factors affecting the adoption of agricultural innovation: the case of a
Ricinodendron heudelotii kernel extraction machine in southern Cameroon. Agrofor.
Syst. 89, 799–811.

Mbow, C., Smith, P., Skole, D., Duguma, L., Bustamante, M., 2014. Achieving mitigation
and adaptation to climate change through sustainable agroforestry practices in
Africa. Curr. Opin. Environ. Sustain. 6, 8–14.

McElwee, P., 2009. Reforesting Bare Hills in Vietnam: Social and environmental con-
sequences of the 5 Million Hectare Reforestation Program. Ambio 38, 325–333.

McGuire, D., 2014. FAO’s Forest and landscape restoration mechanism. In: Chavez-Tafur,
J., Zagt, J.R. (Eds.), Towards Productive Landscapes. Tropenbos International,
Wageningen, Netherlands, pp. 19–25.

Meadows, J., Emtage, N., Herbohn, J., 2014. Engaging Australian small-scale lifestyle
landowners in natural resource management programmes – perceptions, past

experiences and policy implications. Land Use Policy 36, 618–627.
Mendez, V.E., Gliessman, S.R., Gilbert, G.S., 2007. Tree biodiversity in farmer co-

operatives of a shade coffee landscape in western El Salvador. Agric. Ecosyst.
Environ. 119, 145–159.

Mercer, D.E., Haggar, J., Snook, A., Sosa, M., 2005. Agroforestry adoption in the calakmul
biosphere reserve, Campeche. Mexico. Small-scale For. Econ, Manag. Policy 4,
163–183.

Meynen, W., Doornbos, M., 2004. Decentralising natural resource management: a recipe
for sustainability and equity? Eur. J. Dev. Res. 16, 235–254.

Molua, E.L., 2005. The economics of tropical agroforestry systems: the case of agrofor-
estry farms in Cameroon. For. Policy Econ. 7, 199–211.

Montagnini, F., 2001. Strategies for the recovery of degraded ecosystems: experiences
from Latin America. Interciencia 26, 498–503.

Montagnini, F., Finney, C., 2011. Payments for environmental services in Latin America
as a tool for restoration and rural development. Ambio 40, 285–297.

Montagnini, F., Ugalde, L., Navarro, C., 2003. Growth characteristics of some native tree
species used in silvopastoral systems in the humid lowlands of Costa rica. Agrofor.
Syst. 59, 163–170.

Mukadasi, B., Kaboggoza, J.R., Nabalegwa, M., 2007. Agroforestry practices in the buffer
zone area of Mt Elgon National Park, eastern Uganda. Afr. J. Ecol. 45, 48–53.

Mukul, S.A., Herbohn, J., 2016. The impacts of shifting cultivation on secondary forests
dynamics in tropics: a synthesis of the key findings and spatio temporal distribution
of research. Environ. Sci. Policy 55, 167–177.

Murniati Garrity, D.P., Gintings, A.N., 2001. The contribution of agroforestry systems to
reducing farmers’ dependence on the resources of adjacent national parks: a case
study from Sumatra. Indonesia. Agrofor. Syst. 52, 171–184.

Nath, C.D., Pelissier, R., Ramesh, B.R., Garcia, C., 2011. Promoting native trees in shade
coffee plantations of southern India: comparison of growth rates with the exotic
Grevillea robusta. Agrofor. Syst. 83, 107–119.

Nath, K.T., Inoue, M., Myant, H., 2005. Small-scale agroforestry for upland community
development: a case study from Chittagong Hill Tracts. Bangladesh. J. For. Res. 10,
443–452.

Nath, T.K., Inoue, M., 2014. Forest villagers in northeastern hill forests of Bangladesh:
examining their livelihoods, livelihood strategies and forest conservation linkages.
Small-Scale For. 13, 201–217.

Neulinger, K., Vogl, C.R., Alayon-Gamboa, J.A., 2013. Plant species and their uses in
homegardens of migrant maya and mestizo smallholder farmers in Calakmul,
Campeche. Mexico. J. Ethnobiol. 33, 105–124.

Niang, A.I., Amadalo, B.A., de Wolf, J., Gathumbi, S.M., 2002. Species screening for short-
term planted fallows in the highlands of western Kenya. Agrofor. Syst. 56, 145–154.

Nibbering, J.W., 1999. Tree planting on deforested farmlands, Sewu Hills, Java,
Indonesia: impact of economic and institutional changes. Agrofor. Syst. 46, 65–82.

Nissen, T.M., Midmore, D.J., Keeler, A.G., 2001. Biophysical and economic tradeoffs of
intercropping timber with food crops in the Philippine uplands. Agric. Syst. 67,
49–69.

Nkamleu, G.B., Manyong, V.M., 2005. Factors affecting the adoption of agroforestry
practices by farmers in Cameroon. Small-scale For. Econ, Manag. Policy 4, 135–148.

Nyaga, J., Barrios, E., Muthuri, C.W., Oeborn, I., Matiru, V., Sinclair, F.L., 2015.
Evaluating factors influencing heterogeneity in agroforestry adoption and practices
within smallholder farms in Rift Valley. Kenya. Agric. Ecosyst. Environ. 212,
106–118.

Oduro, K.A., Mohren, G.M.J., Pena-Claros, M., Kyereh, B., Arts, B., 2015. Tracing forest
resource development in Ghana through forest transition pathways. Land Use Policy
48, 63–72.

Ofori, D.A., Gyau, A., Dawson, I.K., Asaah, E., Tchoundjeu, Z., Jamnadass, R., 2014.
Developing more productive African agroforestry systems and improving food and
nutritional security through tree domestication. Curr. Opin. Environ. Sustain. 6,
123–127.

Ogunlana, E.A., 2004. The technology adoption behavior of women farmers: the case of
alley farming in Nigeria. Renew. Agric. Food Syst. 19, 57–65.

Osborne, T.M., 2011. Carbon forestry and agrarian change: access and land control in a
Mexican rainforest. J. Peasant Stud. 38, 859–883.

Ota, L., Herbohn, J., Harrison, S., Gregorio, N., Engel, V.L., 2017. Smallholder refor-
estation and livelihoods in the humid tropics: a systematic mapping study. Agrofor.
Syst.

Padoch, C., Inuma, J.C., De Jong, W., Unruh, J., 1985. Amazonian agroforestry: a market-
oriented system in Peru. Agrofor. Syst. 3, 47–58.

Pagiola, S., Ramírez, E., Gobbi, J., de Haan, C., Ibrahim, M., Murgueitio, E., Ruíz, J.P.,
2007. Paying for the environmental services of silvopastoral practices in Nicaragua.
Ecol. Econ. 64, 374–385.

Pandey, R., Jha, S.K., Alatalo, J.M., Archie, K.M., Gupta, A.K., 2017. Sustainable liveli-
hood framework-based indicators for assessing climate change vulnerability and
adaptation for Himalayan communities. Ecol. Indic. 79, 338–346.

Pasicolan, P.N., Udo de Haes, H.A., Sajise, P.E., 1997. Farm forestry: an alternative to
government-driven reforestation in the Philippines. For. Ecol. Manag. 99, 261–274.

Pfund, J.-L., Watts, J.D., Boissiere, M., Boucard, A., Bullock, R.M., Ekadinata, A., Dewi, S.,
Feintrenie, L., Levang, P., Rantala, S., Sheil, D., Sunderland, T.C.H., Urech, Z.L., 2011.
Understanding and integrating local perceptions of trees and forests into incentives
for sustainable landscape management. Environ. Manag. 48, 334–349.

Piotto, D., Craven, D., Montagnini, F., Alice, F., 2010. Silvicultural and economic aspects
of pure and mixed native tree species plantations on degraded pasturelands in humid
Costa rica. New For. 39, 369–385.

Piotto, D., Montagnini, F., Ugalde, L., Kanninen, M., 2003. Performance of forest plan-
tations in small and medium-sized farms in the Atlantic lowlands of Costa rica. For.
Ecol. Manag. 175, 195–204.

Plath, M., Mody, K., Potvin, C., Dorn, S., 2011. Do multipurpose companion trees affect

L. Ota, et al. Land Use Policy 92 (2020) 104455

11

http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0425
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0430
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0430
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0430
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0435
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0435
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0435
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0435
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0440
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0440
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0440
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0445
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0445
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0445
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0450
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0450
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0450
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0455
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0455
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0455
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0455
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0455
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0460
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0460
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0460
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0465
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0465
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0465
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0470
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0470
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0470
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0475
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0475
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0475
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0480
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0480
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0485
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0485
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0485
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0490
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0490
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0495
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0495
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0500
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0500
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0505
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0505
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0505
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0510
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0510
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0515
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0515
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0520
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0520
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0520
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0525
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0525
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0525
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0530
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0530
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0530
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0535
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0535
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0535
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0540
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0540
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0540
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0545
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0545
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0545
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0550
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0550
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0555
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0555
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0555
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0555
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0560
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0560
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0560
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0565
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0565
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0570
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0570
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0570
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0575
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0575
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0575
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0580
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0580
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0580
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0585
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0585
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0585
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0590
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0590
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0595
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0595
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0600
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0600
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0605
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0605
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0610
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0610
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0610
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0615
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0615
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0620
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0620
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0620
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0625
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0625
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0625
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0630
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0630
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0630
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0635
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0635
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0635
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0640
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0640
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0640
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0645
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0645
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0645
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0650
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0650
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0655
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0655
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0660
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0660
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0660
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0665
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0665
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0670
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0670
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0670
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0670
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0675
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0675
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0675
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0680
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0680
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0680
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0680
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0685
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0685
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0690
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0690
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0695
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0695
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0695
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0700
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0700
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0705
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0705
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0705
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0710
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0710
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0710
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0715
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0715
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0720
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0720
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0720
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0720
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0725
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0725
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0725
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0730
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0730
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0730
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0735


high value timber trees in a silvopastoral plantation system? Agrofor. Syst. 81, 79–92.
Pokharel, B.K., Nurse, M., 2004. Forests and people’s livelihood: benefiting the poor from

community forestry. J. For. Livelihood 4, 19–29.
Pollini, J., 2009. Agroforestry and the search for alternatives to slash-and-burn cultiva-

tion: from technological optimism to a political economy of deforestation. Agric.
Ecosyst. Environ. 133, 48–60.

Primavera, J.H., 2000. Development and conservation of Philippine mangroves: institu-
tional issues. Ecol. Econ. 35, 91–106.

Pullin, A.S., Knight, T.M., 2009. Doing more good than harm – building an evidence-base
for conservation and environmental management. Biol. Conserv. 142, 931–934.

Rahman, M., Nath, N.M., Sarker, S., Adnan, M., Islam, M., 2015. Management and eco-
nomic aspects of growing Aquilaria agallocha Roxb. In Bangladesh. Small-Scale For.
14, 459–478.

Rahn, E., Laederach, P., Baca, M., Cressy, C., Schroth, G., Malin, D., van Rikxoort, H.,
Shriver, J., 2014. Climate change adaptation, mitigation and livelihood benefits in
coffee production: where are the synergies? Mitig. Adapt. Strat. Glob. Chang. 19,
1119–1137.

Rakodi, C., 2014. Urban Livelihoods: a People-centred Approach to Reducing Poverty.
Routledge.

Ramírez, O.A., Somarriba, E., Ludewigs, T., Ferreira, P., 2001. Financial returns, stability
and risk of cacao-plantain-timber agroforestry systems in Central America. Agrofor.
Syst. 51, 141–154.

Raymond, C.M., Fazey, I., Reed, M.S., Stringer, L.C., Robinson, G.M., Evely, A.C., 2010.
Integrating local and scientific knowledge for environmental management. J.
Environ. Manage. 91, 1766–1777.

Reyes, T., Quiroz, R., Msikula, S., 2005. Socio-economic comparison between traditional
and improved cultivation methods in agroforestry systems, East Usambara
Mountains. Tanzania. Environ. Manag. 36, 682–690.

Rice, R.A., 2008. Agricultural intensification within agroforestry: the case of coffee and
wood products. Agric. Ecosyst. Environ. 128, 212–218.

Rice, R.A., 2011. Fruits from shade trees in coffee: how important are they? Agrofor. Syst.
83, 41–49.

Romero-Alvarado, Y., Soto-Pinto, L., García-Barrios, L., Barrera-Gaytán, J., 2002. Coffee
yields and soil nutrients under the shades of Inga sp. Vs. multiple species in Chiapas,
Mexico. Agrofor. Syst. 54, 215–224.

Ruf, F.O., 2011. The myth of complex cocoa agroforests: the case of Ghana. Hum. Ecol.
39, 373–388.

Saintpierre, C., Bingrong, O., 1994. Lac host-tree and the balance of agroecosystems in
South Yunnan. China. Econ. Bot. 48, 21–28.

Sanchez, P.A., 2000. Linking climate change research with food security and poverty
reduction in the tropics. Agric. Ecosyst. Environ. 82, 371–383.

Sayer, J., Sunderland, T., Ghazoul, J., Pfund, J.-L., Sheil, D., Meijaard, E., Venter, M.,
Boedhihartono, A.K., Day, M., Garcia, C., van Oosten, C., Buck, L.E., 2013. Ten
principles for a landscape approach to reconciling agriculture, conservation, and
other competing land uses. PNAS 110, 8349–8356.

Schreckenberg, K., Degrande, A., Mbosso, C., Bolibaboul, Z., Boyd, C., Enyong, L.,
Kanmegne, J., Ngong, C., 2002. The social and economic importance of Dacryodes
edulis (G. Don) H.J. Lam in Southern Cameroon. For. Tree Livelihoods 12, 15–40.

Schroth, G., Coutinho, P., Moraes, V.H.F., Albernaz, A.L., 2003. Rubber agroforests at the
Tapajós river, Brazilian Amazon–environmentally benign land use systems in an old
forest frontier region. Agric. Ecosyst. Environ. 97, 151–165.

Schroth, G., da Mota, Md.S.S., 2013. Technical and institutional innovation in agrofor-
estry for protected areas management in the Brazilian Amazon: opportunities and
limitations. Environ. Manag. 52, 427–440.

Schroth, G., Laderach, P., Dempewolf, J., Philpott, S., Haggar, J., Eakin, H., Castillejos, T.,
Garcia Moreno, J., Soto Pinto, L., Hernandez, R., Eitzinger, A., Ramirez-Villegas, J.,
2009. Towards a climate change adaptation strategy for coffee communities and
ecosystems in the Sierra Madre de Chiapas. Mexico. Mitig. Adapt. Strat. Glob. Chang.
14, 605–625.

Scoones, I., 1998. Sustainable Rural Livelihoods: A Framework for Analysis. Institute of
Development Studies, IDS Working Paper, Brighton, UK.

Scriven, J.N.H., Malhi, Y., 2012. Smallholder REDD plus strategies at the forest-farm
frontier: a comparative analysis of options from the Peruvian Amazon. Carbon
Manag. 3, 265–281.

Seeberg-Elverfeldt, C., Schwarze, S., Zeller, M., 2009. Payments for environmental ser-
vices – carbon finance options for smallholders’ agroforestry in Indonesia. Int. J.
Commons 3.

Sills, E.O., Caviglia-Harris, J.L., 2015. Evaluating the long-term impacts of promoting
"green" agriculture in the Amazon. Agric. Econ. 46, 83–102.

Simmons, C.S., Walker, R.T., Wood, C.H., 2002. Tree planting by small producers in the
tropics: a comparative study of Brazil and Panama. Agrofor. Syst. 56, 89–105.

Simons, A.J., Leakey, R.R.B., 2004. Tree domestication in tropical agroforestry. Agrofor.
Syst. 61-2, 167–181.

Smith, N.J.H., Falesi, I.C., Alvim, P.D., Serrao, E.A.S., 1996. Agroforestry trajectories
among smallholders in the Brazilian Amazon: innovation and resiliency in pioneer
and older settled areas. Ecol. Econ. 18, 15–27.

Snapp, S.S., Mafongoya, P.L., Waddington, S., 1998. Organic matter technologies for
integrated nutrient management in smallholder cropping systems of southern Africa.
Agric. Ecosyst. Environ. 71, 185–200.

Soini, E., 2005. Changing livelihoods on the slopes of Mt. Kilimanjaro, Tanzania: chal-
lenges and opportunities in the Chagga homegarden system. Agrofor. Syst. 64,
157–167.

Sonwa, D.J., Nkongmeneck, B.A., Weise, S.F., Tchatat, M., Adesina, A.A., Janssens, M.J.J.,
2007. Diversity of plants in cocoa agroforests in the humid forest zone of Southern
Cameroon. Biodivers. Conserv. 16, 2385–2400.

Soto-Pinto, L., Villalvazo-Lopez, V., Jimenez-Ferrer, G., Ramirez-Marcial, N., Montoya,
G., Sinclair, F.L., 2007. The role of local knowledge in determining shade composi-
tion of multistrata coffee systems in Chiapas. Mexico. Biodivers. Conserv. 16,
419–436.

Staver, C., Simeone, R., Stocks, A., 1994. Land resource-management and forest con-
servation in central amazonian Peru - regional, community, and farm-level ap-
proaches among native peoples. Res. Dev. 14, 147–157.

Steffan-Dewenter, I., Kessler, M., Barkmann, J., Bos, M.M., Buchori, D., Erasmi, S., Faust,
H., Gerold, G., Glenk, K., Gradstein, S.R., Guhardja, E., Harteveld, M., Hertel, D.,
Hoehn, P., Kappas, M., Koehler, S., Leuschner, C., Maertens, M., Marggraf, R., Migge-
Kleian, S., Mogea, J., Pitopang, R., Schaefer, M., Schwarze, S., Sporn, S.G.,
Steingrebe, A., Tjitrosoedirdjo, S.S., Tjitrosoemito, S., Twele, A., Weber, R.,
Woltmann, L., Zeller, M., Tscharntke, T., 2007. Tradeoffs between income, biodi-
versity, and ecosystem functioning during tropical rainforest conversion and agro-
forestry intensification. PNAS 104, 4973–4978.

Suich, H., 2010. The livelihood impacts of the Namibian community based natural re-
source management programme: a meta-synthesis. Environ. Conserv. 37, 45–53.

Sutherland, W.J., Pullin, A.S., Dolman, P.M., Knight, T.M., 2004. The need for evidence-
based conservation. Trends Ecol. Evol. (Amst.) 19, 305–308.

Tchoundjeu, Z., Degrande, A., Leakey, R.R.B., Nimino, G., Kemajou, E., Asaah, E.,
Facheux, C., Mbile, P., Mbosso, C., Sado, T., Tsobeng, A., 2010. Impacts of partici-
patory tree domestication on farmer livelihoods in West and Central Africa. For. Tree
Livelihoods 19, 217–234.

Thacher, T., Lee, D.R., Schelhas, J.W., 1996. Farmer participation in reforestation in-
centive programs in Costa rica. Agrofor. Syst. 35, 269–289.

Thangata, P.H., Hildebrand, P.E., 2012. Carbon stock and sequestration potential of
agroforestry systems in smallholder agroecosystems of sub-Saharan Africa: mechan-
isms for’ reducing emissions from deforestation and forest degradation’ (REDD+).
Agric. Ecosyst. Environ. 158, 172–183.

Thangata, P.H., Hildebrand, P.E., Gladwin, C.H., 2002. Modeling agroforestry adoption
and household decision-making in Malawi. Afr. Stud. Q. 6, 271–293.

Therville, C., Feintrenie, L., Levang, P., 2011. Farmers’ Perspectives About Agroforests
Conversion to Plantations in Sumatra: Lessons Learnt Fro M Bungo District. Jambi,
Indonesia.

Thorlakson, T., Neufeldt, H., 2012. Reducing subsistence farmers’ vulnerability to climate
change: evaluating the potential contributions of agroforestry in western Kenya.
Afric. Food Secur. 1, 1.

Thulstrup, A.W.J.W.D., 2015. Livelihood resilience and adaptive capacity: tracing
changes in household access to capital in Central Vietnam. World Dev. 74, 352–362.

Timulak, L., 2009. Meta-analysis of qualitative studies: a tool for reviewing qualitative
research findings in psychotherapy. Psychother. Res. 19, 591–600.

Toledo, V.M., Moguel, P., 2012. Coffee and sustainability: the multiple values of tradi-
tional shaded coffee. J. Sustain. Agric. 36, 353–377.

Toner, A., 2003. Exploring sustainable livelihoods approaches in relation to two inter-
ventions in Tanzania. Journal of International Development: The Journal of the
Development Studies Association 15, 771–781.

Townsend, P.A., Masters, K.L., 2015. Lattice-work corridors for climate change: a con-
ceptual framework for biodiversity conservation and social-ecological resilience in a
tropical elevational gradient. Ecol. Soc. 20 (2), 1.

Tremblay, S., Lucotte, M., Reveret, J.-P., Davidson, R., Mertens, F., Sousas Passos, C.J.,
Romana, C.A., 2015. Agroforestry systems as a profitable alternative to slash and
burn practices in small-scale agriculture of the Brazilian Amazon. Agrofor. Syst. 89,
193–204.

Trinh, L.N., Watson, J.W., Hue, N.N., De, N.N., Minh, N.V., Chu, P., Sthapit, B.R.,
Eyzaguirre, P.B., 2003. Agrobiodiversity conservation and development in
Vietnamese home gardens. Agric. Ecosyst. Environ. 97, 317–344.

UN Environment, 2019. New UN Decade on Ecosystem Restoration Offers Unparalleled
Opportunity for Job Creation, Food Security and Addressing Climate Change. In,
Press release. .

Vieira, T.A., Rosa, Ld.S., Vasconcelos, P.C.S., Santos, M.Md., Modesto, Rd.S., 2007.
Agroforestry systems in areas of smallholder agriculture in Igarapé-Açu, Pará: flor-
istic characterization, implantation and management. Acta Amazon. 37, 549–557.

Waldron, A., Justicia, R., Smith, L., Sanchez, M., 2012. Conservation through chocolate: a
win-win for biodiversity and farmers in Ecuador’s lowland tropics. Conserv. Lett. 5,
213–221.

Walters, B.B., 1997. Human ecological questions for tropical restoration: experiences
from planting native upland trees and mangroves in the Philippines. For. Ecol.
Manag. 99, 275–290.

Walters, B.B., Sabogal, C., Snook, L.K., de Almeida, E., 2005. Constraints and opportu-
nities for better silvicultural practice in tropical forestry: an interdisciplinary ap-
proach. For. Ecol. Manag. 209, 3–18.

Wang, C., Pang, W., Hong, J., 2017. Impact of a regional payment for ecosystem service
program on the livelihoods of different rural households. J. Clean. Prod. 164,
1058–1067.

Wiggins, S., Kirsten, J., Llambí, L., 2010. The future of small farms. World Dev. 38,
1341–1348.

Wollenberg, E., Nawir, A.A., 2005. Turning straw into gold: specialization among damar
agroforest farmers in pesisir. Sumatra.

L. Ota, et al. Land Use Policy 92 (2020) 104455

12

http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0735
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0740
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0740
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0745
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0745
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0745
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0750
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0750
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0755
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0755
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0760
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0760
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0760
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0765
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0765
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0765
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0765
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0770
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0770
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0775
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0775
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0775
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0780
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0780
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0780
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0785
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0785
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0785
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0790
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0790
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0795
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0795
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0800
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0800
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0800
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0805
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0805
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0810
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0810
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0815
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0815
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0820
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0820
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0820
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0820
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0825
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0825
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0825
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0830
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0830
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0830
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0835
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0835
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0835
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0840
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0840
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0840
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0840
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0840
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0845
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0845
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0850
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0850
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0850
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0855
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0855
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0855
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0860
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0860
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0865
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0865
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0870
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0870
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0875
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0875
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0875
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0880
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0880
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0880
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0885
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0885
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0885
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0890
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0890
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0890
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0895
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0895
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0895
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0895
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0900
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0900
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0900
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0905
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0905
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0905
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0905
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0905
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0905
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0905
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0905
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0910
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0910
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0915
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0915
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0920
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0920
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0920
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0920
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0925
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0925
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0930
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0930
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0930
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0930
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0935
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0935
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0940
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0940
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0940
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0945
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0945
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0945
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0950
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0950
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0955
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0955
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0960
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0960
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0965
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0965
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0965
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0970
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0970
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0970
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0975
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0975
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0975
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0975
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0980
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0980
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0980
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0985
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0985
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0985
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0990
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0990
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0990
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0995
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0995
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref0995
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1000
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1000
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1000
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1005
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1005
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1005
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1010
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1010
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1010
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1015
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1015
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1020
http://refhub.elsevier.com/S0264-8377(19)30486-7/sbref1020

	Reforestation and smallholder livelihoods in the humid tropics
	Introduction
	The DFID sustainable livelihoods framework
	Research method
	Relationships between tropical reforestation and smallholder livelihoods based on components of the Sustainable Livelihoods Framework
	Links between tropical reforestation and smallholder livelihood vulnerabilities
	Links between tropical reforestation and smallholder livelihood assets
	Interactions between financial capital and tropical reforestation
	Interactions between human capital and tropical reforestation
	Interactions between natural capital and tropical reforestation
	Interactions between physical capital and tropical reforestation
	Interactions between social capital and tropical reforestation

	The links between tropical reforestation and policies, institutions and processes surrounding smallholder livelihoods
	Smallholder livelihood strategies and tropical reforestation

	Policy implications and conclusions
	Funding
	CRediT authorship contribution statement
	Acknowledgements
	Appendix 1 List of journals included in the study
	References




