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Beyond hectares: four principles to guide reforestation
in the context of tropical forest and landscape
restoration
Pedro H. S. Brancalion1,2 , Robin L. Chazdon3,4
New climate change agreements emerging from the 21st Conference of the Parties and ambitious international commitments to
implement forest and landscape restoration (FLR) are generating unprecedented political awareness and financial mobilization
to restore forests at large scales on deforested or degraded land. Restoration interventions aim to increase functionality and
resilience of landscapes, conserve biodiversity, store carbon, and mitigate effects of global climate change. We propose four
principles to guide tree planting schemes focused on carbon storage and commercial forestry in the tropics in the context
of FLR. These principles support activities and land uses that increase tree cover in human-modified landscapes, while also
achieving positive socioecological outcomes at local scales, in an appropriate contextualization: (1) restoration interventions
should enhance and diversify local livelihoods; (2) afforestation should not replace native tropical grasslands or savanna
ecosystems; (3) reforestation approaches should promote landscape heterogeneity and biological diversity; and (4) residual
carbon stocks should be quantitatively and qualitatively distinguished from newly established carbon stocks. The emerging
global restoration movement and its growing international support provide strong momentum for increasing tree and forest
cover in mosaic landscapes. The proposed principles help to establish a platform for FLR implementation and monitoring
based on a broad set of socioenvironmental benefits including, but not solely restricted, to carbon mitigation and wood
production.
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tropical reforestation

Implications for Practice
• Tropical forest and landscape restoration (FLR) initiatives
require guiding principles for meaningful and accurate
assessments of outcomes.
• Reforestation in tropical regions can inadvertently result
in ecological and social setbacks, which can be prevented
if guiding principles are followed.
• Guiding principles for reforestation are based on a comprehensive view of FLR, integrating carbon stocking, biodiversity conservation, and local livelihoods.
• Guiding principles for tropical FLR can also serve as a
baseline for designing accountability programs, and will
support higher transparency in program management and
reliability for attracting investments of the private sector.

Introduction
The global forest and landscape restoration (FLR) movement is
embedded within a broad international agenda to end poverty,
enhance environmental protection, and improve human wellbeing, embodied by the United Nations Sustainable Development Goals. The central objective of FLR is to restore
functionality and productivity of vast areas of degraded land
across the globe (Laestadius et al. 2015; Chazdon et al. 2017).
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This objective is operationalized through the promotion of land
uses and restoration interventions that result in a win–win–win
scenario in terms of biodiversity conservation, ecosystem
services provisioning, and improvement of local livelihoods
within multipurpose, heterogeneous landscapes (Rizvi et al.
2015; Sabogal et al. 2015). A wide range of different types and
configurations of “reforests” can thus be established along with
managed forest remnants in different zones of the landscape,
according to environmental suitability, stakeholder needs,
management goals, and available funding (Chazdon 2008).
National and regional FLR initiatives are anticipated to be
integral components of the intended nationally determined
contributions (INDCs) of the UNFCCC parties for reducing
emissions and increasing carbon storage. In particular, the
remarkable potential of biomass recovery of tropical forests
highlights the relevance of FLR initiatives in the tropics to
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contribute to climate change mitigation (Chazdon et al. 2016a;
Poorter et al. 2016). Forests that differ in their composition,
origins, ownership, and governance can have similar carbon
stocks, but do not contribute equally to achieving FLR objectives, which are based on a broader set of criteria that goes
beyond carbon storage (Grabowski & Chazdon 2012; Locatelli
et al. 2015). In many cases, restoration interventions focus on
commercial forestry plantations dominated by single species.
FLR is not solely a carbon sequestration strategy, nor is it solely
about planting trees (Mansourian et al. 2005). Spontaneous and
assisted natural regeneration can be important components of
FLR under appropriate socioecological conditions (Chazdon
& Guariguata 2016). A core principle of FLR is improvement
of local livelihoods and engagement of local stakeholders in
restoration planning and implementation (Sayer et al. 2013), as
well as supporting biodiversity conservation in human-modified
landscapes (Janishevski et al. 2015).
Three main issues challenge attainment of this ideal
win–win–win outcome in the context of climate change
mitigation and adaptation in developing, biodiversity-rich tropical countries. First, trade-offs among FLR outcomes, rather
than synergies, may prevail in some circumstances (McShane
et al. 2011; Hall et al. 2012; Lazos-Chavero et al. 2016). Second, in the face of evident trade-offs among FLR outcomes,
power imbalances among stakeholders may compromise the
delivery and distribution of benefits to local and marginalized
communities (Andersson et al. 2016). Third, the lack of conceptual clarity and methodological rigor limit the effectiveness of
monitoring, reporting, and verification of forest carbon stocks
in the context of FLR. Although the so-called “landscape

approach” is a valuable contribution to improve management
of large territories (Sayer et al. 2013), it also presents inherent
challenges for monitoring carbon stocks because of the large
spatial scales, heterogeneity of land uses, forest definitions, and
complex dynamics of human-modified landscapes (Chazdon
et al. 2016b).
To overcome these gaps, we propose four principles to
guide the planning, implementation, and monitoring of FLR
initiatives focused on tree planting. Guiding principles can help
multiple stakeholders to achieve broad objectives of FLR in
different ways, such as selecting locally appropriate species
and restoration approaches, implementing interventions that
provide multiple benefits within landscapes, using funds for
restoration effectively, and improving transparency of reporting
to regional and international restoration initiatives.
Proposed Guiding Principles
Principle 1: Restoration Strategies Should Enhance
and Diversify Local Livelihoods

Degradation of forest landscapes is driven by unsustainable
management practices adopted by individuals, communities,
governments, or companies. Reversing this trend requires
replacing existing land uses with alternative land uses that support the recovery of landscape functionality and also provide
economic benefits. For instance, in some cases, landscapes
occupied by degraded pastures can be recovered by adopting
best practices for cattle management, including rotational grazing, silvopastoral systems, and reduced stocking rates (Calle
et al. 2012) (Fig. 1). However, in others, landscapes can be so

Figure 1. On the left side, a typical farm from the central Andes of Colombia is shown, in which native forests were almost totally replaced by pastures for
dairy production. The farm of the right side has been managed according to an adequate FLR approach, in which marginal lands on steep slopes were
abandoned for forest regeneration, woodlots were established to supply timber to the farm and for trading in the market, living fences protect the pastures
against dry winds, provide fodder to animals, and increase landscape connectivity, and pasture production has been sustainably intensified on flatter, richer
soil lands to obtain higher productivity.
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degraded that tree plantings need to enhance recovery of soil
fertility, landscape connectivity, and hydrological services, and
cattle ranching needs to be displaced or sustainably intensified
in order to create space for restoration interventions (Latawiec
et al. 2015).
In this context, some forest management policies restrict land
use to permit recovery of forest ecosystems (Roman-Danobeytia
et al. 2014). Consequently, local communities may be displaced
in favor of implementing protected areas and large-scale tree
plantations or natural regeneration (Fairhead et al. 2012). Power
imbalances and conflicting interests among stakeholders may
further aggravate the problem. For instance, international funders may prefer to invest in FLR to mitigate climate change, a
global problem with high relevance and more appeal to them,
while the local farmers in charge of implementing FLR may be
more concerned about water provision or availability of fodder
and firewood. The same imbalance of interests can be observed
between developed countries, from where most FLR financing
will originate, and developing tropical countries, where most
FLR will be implemented. Restoration interventions thus need
to be planned to maximize multiple outcomes while not preventing or diminishing the delivery of other inherent benefits.

Figure 2. Afforestation with Eucalyptus in Campo Rupestre
grassland/savanna ecosystem in Brazil.

Principle 2: Afforestation Should Not Replace Native Tropical
Grasslands and Savanna Ecosystems

Ancient grasslands and savannas are ecosystems formed by
species adapted to open habitat with full sunlight exposure
and periodical disturbances mediated by fires, droughts, and
herbivory that prevent tree regeneration (Bond 2016). However, the selection of appropriate tree species—normally exotic
species with high potential for biological invasion (Richardson 1998)—associated with traditional forestry techniques of
soil fertilization and fire prevention, may indeed allow the
establishment and growth of tree plantations in environmental conditions where native trees did not historically regenerate (Ghosh 1977). The artificial establishment of tree cover in
these ecosystems leads to an abrupt and deleterious shift in
light regimes, excluding shade-intolerant native species of animals and plants (Veldman et al. 2015a; Bond 2016). Thus, rather
than restoration, afforestation in native grasslands and savannas
should be considered habitat loss or degradation that exacerbates effects of climate change on native biodiversity (Fig. 2;
Veldman et al. 2015b; Bond 2016; DeWitt et al. 2016). Based
on these concerns, we recommend the establishment of no-go
zones for large-scale tree planting in ancient grassland and
savanna ecosystems.
Principle 3: Reforestation Approaches Should Promote
Landscape Heterogeneity and Biological Diversity

FLR is based on the establishment of mosaics of different,
but interactive, land uses with different ecological, economic,
and social outcomes to shape landscape structure and dynamics
(Fig. 3; Lamb 2014). In areas close to forest fragments where
soils have not been degraded and seed-dispersing fauna are
present, spontaneous or assisted natural regeneration can be a
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Figure 3. Example of a forest landscape in Honduras composed of a
mosaic of different land uses, including old-growth forests at the top of
mountains and second-growth forests of varying regeneration ages across
the landscape, young woodlot plantations, and fallow lands.

highly effective low-cost option for restoring tree cover and
storing carbon that also increases habitats for native biodiversity
and promotes landscape heterogeneity (Chazdon & Guariguata
2016; Chazdon et al. 2016a). Industrial-scale monoculture tree
plantations, where most profits flow to a few large corporations,
have limited potential to contribute to broad FLR goals (Barlow
et al. 2007; Lindenmayer et al. 2012; Andersson et al. 2016).
Given the economic importance of large-scale commercial
plantations and societal demand for wood, fiber, and biofuels, governments that have made commitments to FLR initiatives may foster their implementation in deforested landscapes.
But these activities may not be consistent with the multiple
benefits and heterogeneous cover that define FLR in support
of the emerging international commitments. Many well-known
reforestation initiatives, such as those from South Korea and
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China, relied heavily upon large-scale monoculture plantations
of exotic trees to transform degraded landscapes (Xu 2011;
Temperton et al. 2014), and have achieved remarkable results
for improving soil protection and landscape esthetics. However, at least in China, reforestation through monocultures
has led to losses in bird and bee diversity (Hua et al. 2016).
Large-scale reforestation with fast-growing, short-rotation commercial trees in dry regions can increase evapotranspiration
and result in potential negative impacts on local and downstream hydrology (Farley et al. 2005). Thus, FLR implementation should consider trade-offs and integrate multiple outcomes
to achieve win–win–win solutions. In addition, FLR practice
should promote biodiversity conservation at all levels, including tree genetic diversity, a critical issue for safeguarding the
evolutionary potential for adaptation to a changing environment
(Thomas et al. 2014; Mijangos et al. 2015).
Principle 4: Residual Carbon Stocks Should Be Quantitatively
and Qualitatively Distinguished From New Carbon Stocks

Widely used remote sensing techniques do not distinguish
among the many different states of tree canopy cover, with contrasting carbon stocks, grouping all of them into remaining tree
cover, tree cover “loss” or “gain” classes with regard to particular time intervals (Hansen et al. 2013; Chazdon et al. 2016b).
This overly simplistic approach may also mask an ongoing net
loss of carbon in landscapes, which may occur by two main
processes.
First, in some areas, old-growth tropical forest stands are
being converted to monoculture tree plantations of short rotation cycle (Otuoma et al. 2016). This process has taken place, for
instance, in large land extensions in South America and Southeast Asia, where high-carbon stock native forests have been
extensively converted to oil palm, timber, and rubber plantations
(Li et al. 2007; Puyravaud et al. 2010; Zhai et al. 2014; Ahrends
et al. 2015; Zamorano-Elgueta et al. 2015). These regions are

now showing net gains in tree cover (Chazdon et al. 2016b).
Despite net increases in tree cover, large-scale conversion of
native forests to monoculture tree plantations may lead to a cryptic loss of carbon stocks, as well as of biodiversity and ecosystem services. This phenomenon has been observed in Chile
and Ecuador, where tree cover gains of 123 and 418%, respectively, driven by expansion of exotic tree plantations, resulted in
an overall decrease in carbon stocks in landscapes (Hall et al.
2012). Thus, climate mitigation targets should carefully consider the synergy or trade-off between carbon storage in vegetation and local species diversity in the biogeographical and
socioecological contexts in which FLR is implemented (Asner
et al. 2014).
Second, actively restored or naturally regenerating forests
do not completely replace the carbon or other properties lost
through clearing of old-growth forests. Carbon stocking resulting from forest regeneration in marginal agricultural lands
following the expansion of industrial, mechanized agriculture, may not result in climate mitigation benefits if old-growth
forests in flat terrains are also cleared (Ferraz et al. 2014; Fig. 4).
Clearing and burning old-growth forest immediately releases
large amounts of carbon into the atmosphere (Zarin 2012;
Achard et al. 2014), whereas regeneration is a gradual and less
predictable process requiring decades to recover the lost carbon
stock (Poorter et al. 2016; Arroyo-Rodríguez et al. 2017).
Deforestation also increases landscape fragmentation and, consequently, mid- to long-term losses of carbon due to edge effects
in forest remnants, which are ignored by tree canopy cover
assessments (Laurance et al. 1997; Putz et al. 2014; ChaplinKramer et al. 2015). Conversely, restoring degraded forest
remnants or protecting naturally regenerating areas may substantially increase carbon stocks without detectable changes in
forest extent. For instance, cutting hyper-abundant climbers in
Panamanian tropical forests increased biomass accumulation in
trees by 180%, 8 years after intervention (Schnitzer et al. 2014).

Figure 4. Aboveground forest carbon stock loss with forest cover increase in a landscape of the Atlantic Forest in Brazil, in which land abandonment in
marginal lands adjacent to sugarcane fields have increased forest cover, but old-growth forests have been continuously lost in flat areas used for mechanized
agriculture.
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The abovementioned concerns of carbon stock loss coincident with increasing tree canopy cover highlight the need to
differentiate residual carbon stocks in remnant vegetation from
additional carbon gained as a direct outcome of FLR interventions (Brown & Zarin 2013). Following IPCC (Intergovernmental Panel on Climate Change) guidelines for MRV (Measurement Reporting and Verification) for REDD+ (Reducing Emissions from Deforestation and Forest Degradation), the average
carbon stock of each forest type should be weighted by its areal
extent to obtain more realistic assessments of carbon stocking
in landscapes and negative/positive impacts of FLR initiatives.
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