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Forest and Landscape Restoration (FLR) is considered worldwide as a powerful approach to recover ecological

functionality and to improve human well-being in degraded and deforested landscapes.
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1. Introduction

Forest and Landscape Restoration (FLR) emerged in 2000 as a novel approach to regain ecological functionality and

strengthen human well-being in deforested and degraded areas . The FLR approach expanded from ecological

restoration and from reflection upon failures in conservation and forest management approaches, and addresses

interventions to recover or conserve native ecosystems. These interventions include farming and other initiatives to

improve outcomes for local livelihoods, ecosystem services (ES), and biodiversity conservation at the landscape scale .

More recently, FLR has been included within the umbrella of “Nature-based Solutions”, and is aligned with other

approaches to solve complex socio-environmental problems .

Forest and Landscape Restoration aims to better address the often-neglected human dimensions of restoration

. Although the human spectrum of restoration is important for stakeholder engagement, and thus for long-term

restoration success , a systematic review of restoration monitoring found that 94% of the articles addressed the

ecological aspects of restoration, while only 3.5% considered socio-economic ones . The relatively few studies worldwide

on the socio-economic aspects of restoration—when compared to those based on ecological aspects—focused on

specific issues such as local community engagement, resource investments, job and income generation , or

psychological outcomes (e.g., life satisfaction or the psychological benefits of restoration activities ).

Ideally, a broad set of human dimensions and socio-economic outcomes should be evaluated and integrated into

restoration projects to ensure and assess achievements . Such holistic overview is especially necessary for FLR

because this approach recognizes the need to address the drivers of deforestation and land degradation. Moreover, FLR

often depends on improving the long-term sustainability of production systems that may have negative short-term impacts

on local livelihoods , especially where land tenure is insecure . Without the active involvement of local people and

other stakeholders, restoration may fail to fulfill the expected goals or lead to unintended negative consequences

.

Evaluation of restoration initiatives focuses primarily on the ecological and biophysical outcomes of restoration . More

recently, a growing body of literature indicates the importance of human dimensions, such as socio-economic aspects and

stakeholder engagement aspects for long-term restoration success . The lack of appropriate consideration of key

factors underlying restoration success may result, among other things, from the absence of a shared set of guiding

principles and lack of interdisciplinary approaches. Despite several documents conceptualizing FLR and its principles

, few systematic efforts have identified evidence-based principles of FLR activities that have been implemented on the

ground . A review of both the scientific and the practitioners’ literature (“grey literature”, such as case studies,

reports and policy briefs) could assist the identification of existing concepts and practices associated with the ecological

and human aspects of FLR, and ultimately offer critical guidance to the implementation of the >200 Mha of restoration

commitments made to the Bonn Challenge and of the upcoming United Nations Decade on Ecosystem Restoration

(2021–2030).

Since FLR is a relatively recent restoration approach encompassing multiple human, ecological and economic

dimensions, its principles and strategies are being constantly reviewed and refined , similarly to key underlying

attributes of FLR such as gender equality , land tenure , funding , and definitions  There is a vast and still-

growing literature of case studies of FLR projects that assess the implementation of principles, identify common

challenges and make recommendations . However, the holistic and complex principles of FLR
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defined in the literature are challenging to implement in practice . Here, we assess the FLR principles and criteria in the

literature published by practitioners and researchers. We conducted a systematic qualitative review to identify the main

FLR concepts and definitions adopted in the academic and “practitioners” literature, and the underlying strategies

commonly suggested to enable FLR implementation in different socio-ecological contexts. More specifically, we identified

the main FLR principles in the literature, identified gaps, and provided recommendations based on existing established

principles.

2. Overview of Recent Related Studies

2.1. Literature Characteristics

Except for a notable number of publications in 2005, the number of FLR publications steadily increased from 4 in 2010 to

21 in 2017, and more substantially since 2014 (Supplementary Material 5; summary of the WWF program in Mansourian

and Vallauri ). While FLR implementation is widespread among countries in all continents (being the obvious exceptions

Antarctica and Artic), most of the publications came from developed countries in North America, Oceania and Europe

(Figure 1).

Figure 1. Forest and Landscape Restoration (FLR) sources surveyed by continent. “Implementation” refers to where FLR

initiatives were established, while “Publication” refers to the country of the organization or of the first author of the source.

2.2. FLR Definitions and Aims

The terminology used in the published literature to describe FLR is diverse and has changed over time. Most sources

(76.2%) refer to it as “Forest Landscape Restoration” although others adopt “Forest and Landscape Restoration” (16.6%)

and “Forest Restoration in Landscapes” (1.4%). Sources adopting Forest and Landscape Restoration are more recent

(2013–2017), denoting a change not only in terms of adoption, but also in concept, as the sector has broadened in scope

beyond forestry and forest ecosystems. The most widely adopted FLR definition (38%), in both papers and documents,

was proposed in 2000 by the WWF and IUCN (Table 1). It refers to FLR as “a process that aims to regain ecological

integrity and enhance human well-being in deforested or degraded forest landscapes,”  or minor variations in terms that

do not generally affect its meaning, with a few exceptions, such as whether FLR is a planned process or not .

The concepts associated with the practical translations of FLR definitions during implementation vary in certain aspects,

such as how the landscape is defined, how scale is incorporated (temporal and geographical), and how ecological

dimensions are considered. Landscape definition varied across sources depending on disciplinary viewpoints .

However, authors agree the landscape is a heterogeneous mosaic of land uses, which may include old-growth and early

successional forests, managed forests and non-forest lands, including agricultural and degraded lands . Some

authors emphasize the dynamism inherent to the landscape, classifying it as a human–environment interaction system 

.

Sources tended to agree on the importance of addressing geographical and temporal scales of FLR. At the geographical

scale, the landscape was often generically defined as a continuous area, smaller than an ecoregion, but larger than a

single site , which differs from its neighboring lands based on ecological and human aspects . As for the temporal

scale, authors concur that FLR is a long-term process ，  which aims to achieve a range of improvements in the

ecological and human aspects of the landscape, through restoring forest functions, generating ES, and managing trade-

offs between competing objectives .
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While this information was not included in our codebook, we observed that sources usually do not specify who defines the

landscape spatial and temporal scale. Boedhihartono and Sayer  describe FLR programs as a program of “seeking”

solutions among stakeholders, rather than planning it top down. Including all stakeholders in the decision-making process

from the early stages of FLR implementation contributes to project success and longevity, as indicated by recently

published literature .

2.3. FLR and Associated Concepts

Here we list the main concepts associated to FLR found in the literature.

2.3.1. FLR Benefits and Contributions

Although often based on a priori aspirations instead of demonstrated empirical outcomes, the sources mentioned the

following expected positive outcomes: (i) ecological, (ii) economic, and (iii) social. FLR was also mentioned as contributing

to achieve several harmonized international restoration goals  [61,62] (Table 1).

2.3.2. FLR Planning and Implementation

Several sources reinforced the need to clarify FLR objectives in projects  [63], and to understand the ecological, socio-

economic and political contexts and available technical options [63] to achieve the desired outcomes [25]. Planning

FLR must encompass short-, medium- and long-term activities  [52]. Because restoration is a dynamic process,

schedules need periodic revision [58]. The main FLR planning and implementation phases identified are listed below.

Defining a Landscape

Sources suggest that FLR implementation should begin by identifying the landscape unit, and a few published guidelines

were provided on this. The systematic approach entitled “Restoration Opportunities Assessment Methodology” (ROAM),

developed jointly by the International Union for Conservation of Nature (IUCN) and the World Resources Institute (WRI),

may contribute to assess the degradation types, and to identify priority areas and approaches for restoration in the

landscape, but it does not provide specific guidelines to define the landscape unit [64,65]. Less systematized

suggestions include the consideration of geographical and land-use characteristics through the use of maps, GIS,

mathematical models, remote sensing inputs (e.g., aerial photos), and field data collection (e.g., ground-based

observations)  [58,66,67].

Although systematic protocols may help, the reviewed studies emphasize the impracticality of defining a single landscape

scale applicable to all FLR projects . As the biological and human aspects need to be addressed case-by-case, the

landscape scale will likely vary across FLR initiatives in different socio-ecological contexts  [63]. Yet, the lack of a clear

technical approach to defining a landscape will result in a wide variation of landscape size and increases the challenges

involved in comparing different initiatives and applying a single monitoring framework.

Choice of FLR Interventions

A suite of FLR interventions was described in the sources, including a wide range of options varying from assisting natural

regeneration to commercial tree plantations and other interventions to reduce degradation (e.g.,  and Table 1). The

choice of FLR intervention, its spatial extent and location are derived from project goals and context-dependent ecological

and human features of the landscape, such as previous land uses, proximity to forest remnants, human population

density, and distribution of settlements . Natural regeneration was considered by certain authors as the most

desirable solution because of its benefits, scalability, and lower cost when compared with tree planting . Among tree-

planting practices, agroforestry was highlighted as the approach with the highest potential to generate human benefits. It

allows expansion of tree cover while producing food [70] and generating other livelihood benefits, acting as a restoration

“wild card”.

The choice of the restoration strategies was directly linked to the location and conditions where those strategies were

implemented [68,69]. Dudley and Vallauri [71] emphasized the importance of identifying where forests are

needed, since FLR does not aim to restore forests across the entire landscape due to other land-use claims or ecological

constraints. Thus, interventions must prioritize usefulness regarding socio-economic, political, and ecological perspectives

[56,63,71].

Regarding prioritization, Orsi  presented guidelines for ranking sites in which forest restoration should be directed

towards areas: (i) currently deforested, which were originally forest or woodland; (ii) with nearby existing forests; (iii) with

large potential to conserve biodiversity, and (iv) sparsely human-populated. Locations with a mix of ownership and land

tenure types were described as restoration challenges, when compared with landscapes dominated by few large
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properties. For example, Samsuri et al.  advocate that large/richer landowners may be less prone to participate on FLR

initiatives in a watershed in Indonesia, while poorer people more commonly join restoration practices to increase their

income levels. In areas densely populated and with major demands for food and forest products, the most suitable

approach suggested is “mosaic restoration”, which is a land-sharing strategy that integrates trees with existing land uses,

such as smallholder cropping and grazing, resulting in multifunctional landscapes .

2.3.3. Monitoring and Adaptive Management

Monitoring must be based on FLR objectives, and its quality and cost efficiency depends on devising a minimum set of

essential indicators at site and landscape scales, and predicting—as much as possible—actions at different timescales

. Examples of socio-economic, ecological, financial and overall project aspects to monitor include those described in

the Collaborative Forest Landscape Restoration Program in the United States . Such activities can be carried out not

only by natural and social scientists, but also by local communities or locally trained personnel engaged in participatory

monitoring . Given the myriad FLR activities, their dynamic contexts and the long timeframe to achieve many restoration

outcomes, monitoring must be kept flexible to allow for adaptive management through learning by doing and improving

practices over time .

2.3.4. Socioeconomic Outcomes

Concepts referring to socioeconomic outcomes of FLR encompasses humanl well-being and human and institutional

capital.

Human Well-Being

Human well-being includes material and nonmaterial aspects, but the former is more often considered. Although seldom

highlighted (Table 1), well-being improvements also come from nonmaterial benefits associated with FLR interventions,

when landscape beauty, environmental quality, or recreational opportunities are enhanced  or when physical health,

for instance, is impacted by increasing water potability on reducing natural hazards .

Social and Human Capital

Project planning and implementation were commonly recommended to be participatory for four main reasons. First,

including certain external partners (e.g., companies, private owners, research institutions, and NGOs) may allow technical

improvement or addressing gaps in capacity or financing for implementing FLR . For instance, partnerships with the

public sector can be promoted by new legal frameworks that drive investments. Second, participation addresses the

needs of local communities and less-influential stakeholders . Thus, sources often argue for the importance of

discussing stakeholders’ objectives and needs through workshops, meetings, and other activities that enable

participation . Third, participation is important whenever conflicts arise. For instance, Mansourian et al.  highlight

that economic value shifts in the landscape under restoration might generate conflicts, such as from the misuse of natural

resources or exacerbating inequalities. The implementation of conflict-resolution strategies, such as hiring mediators or

facilitators, is therefore recommended to avoid/mitigate such problems. Fourth, the participation of communities in projects

increases human and social capital through enhancing leadership and other capabilities, and develops their potential to

influence policies and improve self-esteem .

The success of FLR projects also depends upon building local human capital, through more access to scientific

information, technical assistance, and capacity-building to restoration interventions . Inclusive processes should also

go beyond sharing scientific and technical knowledge with local people, to incorporate their traditional knowledge on

restoration strategies . Certain authors argue that, to guarantee restoration success, forest agents should focus especially

on small landowners and marginalized communities responsible for restoration implementation . In addition to

enhancing project success rates, education, training and capacity-building may increase job and income opportunities

beyond the project itself.

Institutional Capital

Institutional capital (i.e., informal and formal rules, such as laws and policies) drives land-use decisions. For effective

compliance with legal instruments, organizations leading FLR implementation should assist local processes by promoting

an adequate governance structure, strengthening the capacity of public institutions, engaging the private sector and

markets, encouraging the equitable participation of stakeholders and, consequently, decentralizing decision-making to

local groups [45].

2.3.5. Ecological Outcomes
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Ecological outcomes encompasses the concepts directly related to biodiversity, ecological processes and ecosystem

services.

Biodiversity Conservation

In highly fragmented and degraded landscapes, FLR can address a long-term solution for improving ecological

functionality and agricultural productivity by reducing pressure on natural forest remnants, augmenting their buffer zones

and improving landscape connectivity . Planting native species (e.g., in agroforestry, enrichment or mixed-species

plantings) is recommended for ecosystem restoration and genetic diversity conservation. The presence of seed sources

(e.g., forest remnants and populations of targeted species) in the landscape ensures the availability of propagules for

seedling production and to foment spontaneous regeneration in restoration sites through seed dispersal from remnants

. Supporting a network of seed collectors and high-quality seedling producers was also highlighted as a key aspect

of restoration success.

Because not all species are able to colonize or persist in degraded or early successional forests, the protection of old-

growth remnants was mentioned as crucial to conserve threatened species. The control of superabundant and invasive

species, protection against unwanted animals (e.g., uncontrolled grazing livestock and other ruminants), and enrichment

of secondary forests are important complementary actions that preserve local ecological functions in mosaic

landscapes.

Examples such as adopting some non-native species, especially in agroforestry systems and monoculture tree

plantations, show remarkable potential to contribute to the overall goals of FLR programs, with benefits for carbon

sequestration, soil protection, commercial production, and water infiltration . However, sources argue for the crucial role

of balancing where, when and which species to use to prevent the wholesale conversion of native forests to commercial

plantations that may lead to a cryptic loss of carbon stocks, biodiversity, and ES.

Climate Change Mitigation and Adaptation

The global urgency and emerging interest to mitigate climate change, exemplified in recent ambitious global agreements,

is highlighted as an opportunity for advancing FLR initiatives  Forest and Landscape Restoration interventions may

alleviate climate change effects on biodiversity and ES provision at the landscape, such as establishing protected areas

for watershed and nature conservation, promoting forest restoration, establishing buffer zones , and controlling fires

[65]. In this context, FLR could replace degraded lands with sustainable land use based on landscape-management

practices.

Increase the Provision of Ecosystem Services

One motivation for restoring degraded lands is to improve the supply of goods and services from ecosystems other than

climate change mitigation and adaptation . At the landscape scale, balancing different ES to minimize trade-offs

amongst them is key to FLR success . Payment for Environmental Services (PES) is mentioned as a tool to foment

large-scale restoration, together with law enforcement, securing political and public will, and providing financial support

. In certain cases, PES is based on cost-benefit analyses, which may be based on estimating individuals’ willingness to

pay for restoration and its benefits, or land opportunity costs, for example. Chadourne et al.  highlight that a limitation of

“cost-benefit analysis” is that restoration returns may be underestimated by the community, since some “direct-use values”

for forests (e.g., recreational use and aesthetic value), and the “non-use values” (e.g., enhanced biodiversity, the

existence values of plant and animal species, values associated with a unique culture embodied by their natural heritage)

are difficult to identify and incorporate into PES schemes.

2.3.6. Landscape Multifunctionality

Landscape multifunctionality refers to synergies and complementarities in a landscape with multiple land uses, each one

valued differently by individual stakeholders . Applying landscape multifunctionality concepts in FLR improves the

coexistence of different land uses, accomplishing a range of stakeholders’ interests 。  Analogous to results from ES

studies, landscape multifunctionality entails different spatial patterns, trade-offs and synergies .

The integrative effort to restore multiple functions on a landscape, by creating a “mosaic” where protected areas, forest

types, management interests, and various land uses are combined and connected , is one of the major differences

between site-centered ecological restoration and the landscape approach of FLR. Any FLR project will compose a set of

site-based interventions whose combination and integration provides significant landscape-level outcomes . Because of

this landscape-scale integration, identifying degraded land cover through multi-stakeholder consultations and reviewing

relevant land use/cover maps and statistics are essential .
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3. Conclusions

FLR is a promising approach to generate multiple benefits and tackle some of the most pressing environmental

challenges of the Anthropocene. Ecological principles are well-recognized within FLR programs, and despite the under-

representation of human aspects in the scientific literature on restoration, these aspects were more often included in the

“grey literature” of FLR initiatives. FLR has evolved to achieve integration of ecological and social objectives. Our results

help to fulfill a knowledge gap in restoration science while also serving as a starting point for developing new tools,

guidelines, frameworks, standards, and accountability schemes that could greatly improve FLR effectiveness, avoid

unintended consequences, and increase transparency.
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