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Abstract
Restoring degraded lands is high on the international agenda and the number of restoration projects
in LatinAmerica and theCaribbean (LAC)has increased considerably over the past decades. However,
the variety of approaches used have not been systematically documented and analyzed.We aimed to
develop a restoration typology as a function of the geographical and socio-economical setting,
planning, timeframe, finances, implementation,monitoring and potential impact, whichwill help to
discern broad patterns and identify gaps in project implementation in LAC.We categorized 97
restoration projects usingMultiple Correspondence Analysis and aHierarchical Clustering on
Principal Components. Threemain restoration types emerged from the clustering, with themain
defining variables being: (1) project area under restoration, (2) amount of funding received, (3) source
of funding and (4)monitoring efforts. Thefirst type are large-scale projects, which receive high
amounts of funding provided by international donors, andwith awell-establishedmonitoring plan;
the second type are projects financedwith privatemoney, typically lacking a soundmonitoring
program; and the third type represents small projects with low amounts of funding, financedwith
public funds fromnational governments, oftenwith a rudimentarymonitoring plan. The typology
enables a comparative analysis of the status and trends of restoration activities across LatinAmerica.
We conclude that, despite growing awareness and recognition that integrated approaches are needed
to revert complex and interconnected socio-economic and environmental issues like land degrada-
tion, the socio-economic dimension remains underexposed in themajority of restoration projects,
whereasmonitoring is still regarded as an extra cost instead of a necessary investment.

1. Introduction

Land degradation is a growing global problem resulting in annual losses between 6.2 and 10.3 trillionUSdollars
(ELD2015) and affecting at least 1.6 billion people worldwide (Bai et al 2008). Restoring degraded lands is
urgently needed to protect biodiversity and ecosystem services, and to halt and reverse land degradation
(IPBES 2018), and is high on the international agenda, e.g. Aichi Biodiversity Target 15 (CBD2011), Bonn
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Challenge (IUCN2011), theNewYorkDeclaration on Forests (UN2014) and SustainableDevelopment Goal 15
(UN2015).

At the ecosystem level the Society of Ecological Restoration (SER)distinguishes three groups of restorative
activities (McDonald et al 2016):Ecological restoration aims at the complete recovery of the ecological functions
and processes, and the biotic community structure of the original ecosystem.Rehabilitation strives to repair key
ecosystem functions, processes and services not necessarily leading to a complete recovery of the original
ecosystem and reclamation is limited to repairing onlyminimal functions of the land.When restoration is
applied at the landscape scale it is referred to as forest landscape restoration (FLR)which is a holistic approach
that aims to regain ecological functionality and enhance humanwell-being across deforested or degraded
landscapes (Sabogal et al 2015, GPFLR 2018). FLRmay include all three types of restorative activities
abovementioned as they are applied to different ecosystemswithin a landscape. Even though the focus of FLR is
humanwellbeing, a sustainable FLR project requires a balance between natural and productive systems, because
productive systems and humans depend on the natural ecosystems as well. Therefore, in a FLRproject, one
could be restoring natural ecosystems in some areas, and ensuring they have a full complement of native species,
rehabilitating land for agricultural productivity in other areas, and reclaiming areas where e.g. onlymineral soil
remains. In essence, FLR is a deliberate interventionwhere a suite of different land uses, varying fromnatural
forest cover to commercial plantations, natural and assisted regeneration, and agroforestry and silvo-pastoral
systems, coexist within a ‘multifunctional landscape’ (Laestadius et al 2015, Aronson et al 2017). In this paper, we
will use the term restoration in a broad sense, referring to both ecological restoration and FLR.

The stiff competition between land used for agriculture and demands for conservation of biodiversity and
provision of ecosystem services is evident in Latin American and theCaribbean (LAC) (Harvey et al 2008,
Estrada-Carmona et al 2014). The LAC region not only contains seven of the 25 biodiversity hotspots worldwide
(Myers et al 2000) but also one of the fourmain global AFOLU (Agriculture, Forestry andOther LandUses)
emission hotspots (de Sy et al 2015, Roman-Cuesta et al 2016). Restoration is likely to increase biodiversity (Rey
Benayas et al 2009) and has great potential for carbon sequestration (Chazdon et al 2016). Furthermore,
restoring degraded agricultural lands to increase agricultural production can contribute tomeeting growing
global food demands, diminishing pressure on undisturbed ecosystems by agricultural expansion, and
improving rural livelihoods (Lamb et al 2005, Sayer et al 2013).

Themultiple benefits of restoration and the growing awareness that sectoral approaches are not suitable for
complex and interconnected socio-economic and environmental issues (Reed et al 2016) have led to a significant
increase in both the design and implementation of projects and initiatives worldwide. As a response to the Bonn
Challenge, seventeen national governments, three subnational government and three non-governmental
organizations in LAChave committed, to date, to restore about 53million hectares of land under Initiative
20×20while other programs that target climate changemitigation such as the Forest Investment Program
(FIP) or theGlobal Environmental Facility (GEF) have similarly adopted restoration as an entry point to
sustainablymanage natural resources (GEF 2018).

Given themultiple objectives of restoration to satisfy environmental and socioeconomic goals and the
millions of hectares of land committed to undergo restoration so far, a typology of restoration projectsmay help
to discern broad patterns and identify gaps in project implementation in LAC. Although others have carried out
assessments of ecological restoration projects at the national level (Murcia andGuariguata 2014, Cerrón et al
2017,Méndez-Toribio et al 2018) and of integrated landscape initiatives at the regional level (Estrada-Carmona
et al 2014), amultidimensional assessment is lacking. That said, we developed a typology of restoration projects
in LAC as a function of socio-environmental settings, planning, timeframe, finances, implementation,
monitoring and potential impact, usingmultivariate techniques. The typology enables a comparative analysis to
provide insights onwhat is happening on the ground.

Restoration projects are complex. Their successful implementation requires careful project planning to
minimize conflicts of interests and strike a balance among themultiple functions of a landscape and all relevant
stakeholders (Sayer et al 2013,Meli et al 2016,Murcia et al 2016). Also, clarity about land tenure and rights
(Duchelle et al 2014, Ceccon et al 2015), and understanding and addressing the drivers of degradation are
essential for the long-term sustainability of interventions (Crouzeilles et al 2016, Brancalion et al 2016). Finally,
an objective-basedmonitoring plan grounded on a baseline assessment is required to provide evidence on the
socio-economic and environmental benefits (Hobbs andNorton 1996, Chazdon 2008, Evans et al 2018).
Monitoring also allows for improving best practices (Holl andAide 2011, Suding 2011), adaptivemanagement
(IUCN andWRI 2014), long-term evaluation of different approaches (Chazdon andGuariguata 2016,Meli et al
2017) andmeasuring the socio-economic and environmental impact of the project (Adams et al 2016, Aronson
et al 2010).

In this paperwe focus on recently finished, ongoing and pledged restoration projects in LAC andwe aim to
provide a coherent overview of how these projects are, in practice, contributing to satisfyingmultiple goals. This
knowledge is urgently needed to guide and improve efforts to up- and outscale restoration practices (Estrada-
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Carmona et al 2014,Murcia et al 2016). Accordingly, ourfirst objective is to define a typology of restoration
activities based on the variables related to socio-environmental settings, planning, timeframe, finances,
implementation,monitoring and potential impact. The second objective is to evaluate gaps in each restoration
type through comparative analysis.

2.Materials andmethods

2.1. Selection of projects and variables
We selected 97 restoration projects that started in 2000 or later, with themajority starting after 2008, and
covered areas of at least 10 ha from a previously assembled database of projects carried out across LACby
multilateral donors, national and sub-national governments, andNGOs (Romijn andCoppus 2019, Open
Access). Formore information about the compilation of the database, see Supporting Information. The
multilateral projects were financed by theGlobal Environment Facility (GEF), that supports countries to develop
and implement biodiversity, and climate change adaptation andmitigation strategies (GEF 2018), or the
Forestry Investment Program (FIP), which addresses the drivers of deforestation and forest degradation to
achieve REDD+objectives. For private sector/NGOprojects associatedwith Initiative 20×20, theWorld
Resources Institute (WRI) provided descriptions of projects.We selected projects from two restoration
databases for Colombia (Murcia andGuariguata 2014) andMexico (Méndez-Toribio et al 2018) compiled by the
Centre for International Forestry Research (CIFOR).We also used projects from a database compiled by
Bioversity International, theWorld Agroforestry Centre (ICRAF) and Servicio Forestal Nacional y de Fauna
Silvestre (SERFOR) for Peru (Cerrón et al 2017).

The list of variables and categories used for this studywas adopted from the national inventories in
Colombia, Peru andMexico (Murcia andGuariguata 2014, Cerrón et al 2017,Méndez-Toribio et al 2018) and
adjusted tofit the regional scope of this study (table 1). The variables were grouped into classes that reflect the
socio-economic, biophysical, organizational, technical andfinancial aspects of restoration projects. The
variables were divided into categories. In general, the categories were notmutually exclusive, whichmeans that a
combination of categories can represent a variable. All categories were represented by two ormore levels. The
levels of the nonmutually exclusive categories were 0 if absent, 1 if present orNAwhenmissing, whereas the
levels of themutually exclusive categories correspondedwith ordinal integer values. For example, the variable
land use prior to restoration could consist of the categories agriculture, grazing and forestry whereas the category
levels of the variable project area varied from1 (<50 ha) to 8 (>100,000 ha) (table 1).

Tominimize the amount ofmissing data affecting themultivariate analyses, we combined categories to the
extent possible. Both projects withmissing values formore than four categories, and categories withmore than
50%missing values were excluded from themultivariate analyses. Formore information on the variables and
categories included, see Supporting Information.

2.2.Multivariate analysis
Todefine a typology of restoration activities, we usedMultiple Correspondence Analysis (MCA) followed by a
Hierarchical Clustering on Principal Components (HCPC).MCA is an exploratory technique to analyze
correspondence in amulti-way frequency table (Bartholomew et al 2008) and illustrates themost important
relationships among the variable´s response categories in a graphical way (Sourial et al 2010). TheMCAwas run
with the FactoMineR package (Lê et al 2008) using R software (RCore Team2016). In the resulting biplot
inferences can bemade of the relative associations between projects and levels. Only levels with a contribution to
the definition of the particular dimension higher than 1%and a cos2 (its quality of representation)higher than
0.2were used to define restoration types (see supporting informationMultivariate analyses and table S1 is
available online at stacks.iop.org/ERC/1/041004/mmedia).

Thefirst 20 dimensions of theMCA,which together explained 61%of the variance in the dataset, were used
in aHierarchical Clustering on Principal Components (HCPC) to create groups of restoration projects that
share similar characteristics, i.e. restoration types. TheHCPCwas runwith the FactoMineR package (Lê et al
2008)which uses theWard criterion as it is based on themultidimensional variance calculated in theMCA. The
final partitioningwas obtainedwithK-means clustering (Lê et al 2008). In the output of theHCPC the values of
Mod/Cla andCla/Modprovide information about the content of the clusters, whereMod refers tomodality or
category level andCla is the class or cluster (Husson et al 2010). The columnMod/Cla shows the percentage of
restoration projects in the cluster thatmeet the category level and can be interpreted as ameasure of robustness
of a cluster for the specific category level. The columnCla/Mod shows the percentage of all projects thatmeet
the category level and belong to the specific cluster and can be interpreted as ameasure of uniqueness of a
specific category level for the cluster. For example, when the category improving livelihoods has a value of 100%
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Table 1.Variables and categories used for the typology.

Class Variable Categories (levels)

Socio -environmental

setting

Project area Project area (1:<50 ha; 2: 51–100 ha; 3: 101–500 ha; 4: 501–1000 ha;

5: 1001–5000 ha; 6: 5001–20,000 ha; 7: 20,001–100,000 ha; 8:

100,001–100,000 ha; 9:NA)
Biome (Olson et al 2001) (sub)Tropicalmoist broadleaf forests; (sub)Tropical dry broadleaf for-

ests; (sub)Tropical coniferous forests; Temperate broadleaf and

mixed forests; (sub)Tropical grasslands, savannas, and shrublands;
Temperate grasslands, savannas, and shrublands; Flooded grass-

lands and savannas;Montane grasslands and shrublands;Medi-

terranean forests, woodlands, and scrubs; Deserts and xeric

shrublands;Mangroves;Wetlands

Land tenure Smallholders; Large properties; Public; Community

Land use prior to restoration Mining; Agriculture; Grazing; Forestry; Agro-silvo-pastoral system;

Secondary or slightly intervened forest; Abandoned;Original eco-

systemnot subject to extraction

Drivers of land use change Opencastmining or extraction ofmaterials; Erosion/landslides, not

associatedwith extraction; Contamination of the substrate or

environment; Extensive and recurrent burning; Large-scale dis-

turbance due to extreme events; Overgrazing; Unsustainable agri-

cultural practices; Recent logging forwood, grazing land or

agriculture; Urban or sub-urban use; Fuel wood collection/charcoal

production

Planning Objectives Improve vegetation cover; Biodiversity recovery; Habitat recovery for

endangered species; Promote ecological connectivity in fragmented

habitats; Recovery of ecological processes - restore the structure,

function, and ecosystem services; Elimination of exotic/invasive or

unwanted species; Erosion control; Reducing risks (e.g., bioengi-
neering in gullies or slopes,mitigation of coastal erosion, deconta-

mination); Reclamation, repair of an ecosystem after extraction of

minerals; Restoration of cultural and spiritual values; Generation of

local employment and enhance livelihoods; Capture and storage of

carbon; Promote silvo-pastoral productivity; Promote agro-forestry

productivity; Recreation/eco-tourism; Complywith government

mandate (decree, law)
Degradation Causes of degradation determined; Causes of degradation addressed;

Degree of degradation determined

Community participation Community participation (1:None; 2: Active; 3: Passive; 4:NA)
Government involvement Government involvement

Responsible implementing

institute

Responsible implementing institute (1: Public institution; 2:NGO; 3:
University; 4: Company; 5: Community; 6:Other; 7: Various

institutes)
Timeframe Project duration Project duration (1:<1 yr; 2: 1–5 yr; 3: 6–10 yr; 4: 11–50 yr)

State/current phase of the

project

Phase (1: Planning; 2: In progress (field preparation, planting/imple-

mentation); 3: Actionsfinishedwithout follow-up; 4: Actionsfin-
ished and furthermonitoring; 5: NA)

Financial Source of funding National governments; National donors; International donors; Com-

pany/Owner of property; Community; Investor

Amount of funding received Amount in kUS$ (1:<500; 2: 501–1000; 3: 1001–2000 kS$; 4:

2001–5000 kUS$; 5: 5001–10,000 kUS$; 6:>10,000 kUS$; 7:NA)
Economic Incentives Payment ecosystem services; Carbon sequestration; Timber products;

Non-timber products; Other

Intervention Civil works Stabilization of the land, restoration of soil profiles, or recovery of the

river bed

Control of barriers Erosion control; Exclusion of grazers; Control of fire regime;Herbi-

cide application or grazing; Fertilization; Contaminant control

Restoration approach for terres-

trial vegetation

Natural regeneration; Assisted regeneration; Regeneration unspeci-

fied;Mono plantation;Mixed plantationwith only trees; Plantation

withmixture of trees, shrubs and grasses; Plantation unspecified

Restoration approach for aqua-

tic vegetation

Natural succession in aquatic systems; Sowing of emerging plant spe-

cies; Transfer of sludge in aquatic systems

Restoration approach for fauna Establishment of structures to facilitate colonization; Translocation of

individuals fromother places

Origin of biologicalmaterial Exotic species; Native species

Monitoring Monitoring planning
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forMod/Cla itmeans that 100%of the projects in the cluster complywith improving livelihoods. A value of
70% forCla/Modmeans that 70%of all projects that improve livelihoods, are in the cluster.

3. Results

3.1. Characterization of restoration projects
The projects included in the analysis were distributed over 15 countries in LAC and 11 biomes according to
Olson et al (2001; figure 1). Half of the restoration projects covered areas smaller than 1,000 ha and 20%were
larger than 100,000 ha (figure 2(a)). Pasture (67%) and agriculture (79%)were themost frequent types of land
use reported at the onset of the restoration intervention. Secondary forest appeared in 47%of the projects and in
29%patches of the original ecosystemwere still present (figure 2(b)). Objectives related to nature conservation
guided nearly all projects (97%). Economic objectives (improvement of local employment and eco-tourism) and
objectives related to alternative agricultural production systems (agro-forestry and silvo-pastoral systems)were
mentioned for 60% and 63%of projects, respectively (figure 2(c)). Half of the projects were financed by national
governments (52%) followed by international donors (46%) and impact investors (27%;figure 2(d)). In 31%of

Table 1. (Continued.)

Class Variable Categories (levels)

Monitoring plan included; Baseline assessment; Relationwith

objectives

Monitoring participation Public institute; NGO;University; Company; Community; Other

Potential impact Environmental Impact Improving biodiversity;Management of hydrology; Addressing cli-

mate change

Socio-Economic Impact Improving food security; Capacity building of community; Improving

livelihoods

Figure 1.The geographical distribution of the 97 projects across the biomes (Olson et al 2001).
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the cases the amount of funding receivedwere less than 500,000US$while 30%of the projects received funding
ofmore than 10,000,000US$ (figure 2(e)). In 16%of the projects the funding amounts were notmentioned.
Natural regeneration of vegetation (53%) and assisted regeneration (36%)were the twomost commonly used
approaches (figure 2(f)). Twenty seven percent of the projects usedmixed tree plantations.

3.2. Typology of restoration projects
On the basis of theMCA (figure 3), three clusters representing the restoration types, emerged from theHCPC.
Type 1 (33 projects, 34%) is defined by funding by international donors, large project areas (>100,000 ha) and
large amount of funding (>10,000,000US$;figure 3 and table S1). The objectives of these projects included
recovery of biodiversity, improvement of ecological processes, generation of local employment and the capture
and storage of carbon. Areaswith secondary forest and patches of the original ecosystem occurredwithin the
project boundaries, and natural and assisted regeneration of vegetationwere part of the implementation
approaches (tables S1 and 2). All projects determined the causes and the degree of degradation, and undertook
actions to address these drivers. Themonitoring plans included a base line study and the variablesmonitored
related to the objectives. Implementation andmonitoringwasmainly carried out by public institutions
(figure 3). Projects were largely aimed at improving livelihoods, capacitation of local communities, regulating
hydrologic processes and ensuringwater availability, and addressing climate change by increasingC stocks in
biomass and/or soils.

Financing by impact investors and timber products as economic revenuewere themain determinants of type
2 (22 projects, 23%,figure 3 and table S1) and 78%of all projects financed by companies or private land owners
were grouped in this cluster (table 2). The degree of degradation in the project areas was often not determined
andmany projects did not have amonitoring plan and did not carry out a baseline assessment. In general, the
restoration approaches did not explicitly consider natural forest regeneration. Fifty-five percent of type 2
projects focused onmixed tree plantations (table 2).

Funding by national governments and relatively low costs (less than 500,000US$) defined type 3 (42
projects, 43%, figure 3 and table S1).Most projects covering areas smaller than 100 ha belonged to this cluster
(table 2). Sixty-two percent of the projects excluded grazers and 55% tried to improve ecological processes.
Agroforestry production systemswere not promoted and exotic species were generally not preferred in this type
of restoration (table 2). Capture and storage of carbonwas not an objective, carbon sequestrationwas not used as
an economic incentive and neither addressing climate change nor improvement of livelihoods of communities

Figure 2.Relative frequency distribution of (a) project area, (b) land use prior to intervention, (c)main objectives (see supporting
information), (d) sources offinancing, (e) amount of funding received and (f) restoration approach for terrestrial vegetation, across all
analyzed restoration projects. Project area (ha) 1:<50; 2:<100; 3<500; 4:<1000; 5:<5000; 6:<20,000; 7:<100,000; 8:>100,000;
NA. Land use 1:Mining; 2: Agriculture; 3: Pasture; 4: Forestry; 5: Agro-silvo-pastoral system; 6: Secondary or slightly intervened
forest; 7: Abandoned; 8: Original ecosystemnot subject to extraction.Main objectives 1:Nature conservation; 2: Erosion; 3:
Economic; 4: Carbon sequestration; 5: Sustainable agricultural production systems; 6: Spiritual and cultural values. Financing type 1:
National governments; 2:National donors; 3: International donors; 4: Company/Owner of property; 5: Community; 6: Investor.
Amount of funding (in kUSD) 1:<500; 2:<1,000; 3:<2,000; 4:<5,000; 5:<10,000; 6:>10,000;NA. Restoration approach 1:
Natural regeneration; 2: Assisted regeneration; 3: Regeneration unspecified; 4:Mono plantation; 5:Mixed plantationwith only trees;
6: Plantationwithmixture of trees, shrubs and grasses; 7: Plantation unspecified.
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Figure 3.Biplot displaying the correlation between clusters (Groups) of restoration projects and selected categories (to improve
readability, not all categories of table S1 are included). (0=absence, 1=presence, Area_8=>100,000 ha; AddCC=Address
climate change; AssReg=Assisted regeneration; CauDeAdd=Causes of degradation addressed; CauDegr=Causes of degradation
determined; ComInv_1=Active participation by communities; Amount_1=<500,000US$; Amount_6=>10,000,000US$;
DegrDe=Degree of degradation determined; FundInv=Funding by investor; FunPub=Funding by public institute; Inter-
Don=Funding by international donors; ImpLive=Improve livelihoods; LocEmpl=Generation of local employment;
MoCom=Monitoring by community;MoPlan=Monitoring plan;MoPub=Monitoring by pubIic institute;
ObjCO2=Objective capture and storage of carbon; TiPro=Timber products.

Table 2.Categories that characterize the restoration type, categories in italics also appear in table S1.Mod/Cla is the%of projects per
restoration type, Cla/Mod is the%of projects in the restoration type per overall occurrence of the category level (see section 2.2.).

Cluster Category Level Mod/Cla (%) Cla/Mod (%)

1 Address climate change Yes 100 75

Improve livelihood community Yes 100 70

Degree of degradation determined Yes 100 54

Causes of degradation addressed Yes 100 45

Capacity building of community Yes 100 42

Causes degradation determined Yes 100 39

Funding by International donors Yes 97 71

Monitoring plan Yes 97 46

Natural regeneration Yes 94 61

Objective recovery biodiversity Yes 94 46

Objective capture and storage of carbon Yes 91 70

Baseline included Yes 91 57

Objective recovery of ecological processes Yes 88 45

Amount of funding_6 >10,000,000USD 85 93

Generation of local employment Yes 85 52

Relationmonitoring-objectives Yes 85 47

Management of hydrology Yes 82 43

2 Natural regeneration No 86 41

Timber products Yes 77 53

Funding by investor Yes 73 62

Monitoring plan No 73 57

Degree of degradation determined No 73 44

Plantationwithmixed trees Yes 55 46

Funding by company or private owner Yes 32 78

3 Funding by investor No 100 59

Incentive Carbon Sequestration No 95 49

Objective carbon sequestration No 93 72

Assisted regeneration No 90 61

Promote agro forestry No 81 64

Exotic species No 81 51

Funding by pubic institute Yes 69 58

Intervention exclusion of grazers Yes 62 55

Objective recovery of ecological processes Yes 55 36

Project area 50–99 (ha) 29 86

Project area <50 (ha) 26 85

7

Environ. Res. Commun. 1 (2019) 041004



had priority (tables S1 and 2). Also active community involvement defined type 3 projects to a certain degree,
although this associationwas less clear than for the other variables (figure 3).

Communitymonitoring, and the omission of determining and addressing the causes of degradationwere
not related to any specific type (figure 3 and table S1).

3.3. Comparative analysis of restoration types
Table 3 shows the relative frequency distribution of projects per restoration type for a selected set of categories
(see SI Variables and categories). Althoughmany projects were implemented on lands partially owned by
smallholders (47%) and communities (54%), active community involvementwas generally low (table 3). Passive
involvementwas between 38%and 64%but often in the formof hired local labor.

Addressingmultiple objectives was a common feature in all restoration types and reflects themulti-
functional aspect of restoration (table 3). The projects of type 1 had sound planning that addressed the causes of
degradation. In contrast, projects grouped as type 2, despite having identified themain causes of degradation,
often did not take actions against these causes and the degree of degradationwas poorly understood.

Natural and assisted regenerationwas the preferred implementation approach in projects funded by
international donors (type 1)whereas impact investor projects (type 2) typically promotedmixed tree
plantations (table 3). All types preferred the use of native species although exotic species were used in 41%of the
projects financedwith privatemoney, which aremostly found in type 2.

The projects of type 1 had a coherentmonitoring plan, which included a baseline study and inwhich
variables to bemonitoredwere related to the objectives of the restoration effort, contrary to the projects of type
2, wheremonitoringwas often lacking (table 3).

The economic incentives and revenues of projects with funding from impact investors focused on timber
and non-timber products, and to some extent carbon sequestration (41%). Payment for ecosystem services
(PES) schemeswere to a certain degree associatedwith funding from international donors (30%of the projects
of type 3) but almost absent in the other types.

Apart from improving food security (58%), the environmental and socio-economic impact was of great
importance to the international donor projects. Type 3 prioritized environmental benefits such as improving
biodiversity and ensuringwater availability, though to a lesser extent than type 1

Table 3.Comparative analysis of the restoration types. The relative frequency distribution of categories per restoration
type is shownwith low referring to<50%, intermediate to 50%–75%and high to>75%.

Restoration type

Variable Category 1 2 3

Community Involvement Active low low low

Passive interm. interm. low

Objectives Multiple objectives high high interm.

Degradation Causes of degradation determined high high high

Causes of degradation addressed high Interm. interm.

Degree of degradation determined high low interm.

Restoration approach for vegetation Natural regeneration high low low

Assisted regeneration interm. low low

Monoplantation low low low

Mixed tree plantation low interm. low

Species origin Exotic species low low low

Native species high high high

Monitoring planning Monitoring plan high low interm.

Baseline study high low low

Relationwith objectives high low interm.

Economic incentives/revenues Payment for ecosystem services low low low

Carbon sequestration low low low

Timber products low high low

Non timber products interm. interm. low

Other low low low

Environmental Impact Improving biodiversity high low interm.

Management of hydrology high low interm.

Mitigation climate change high low low

Socio-Economic Impact Improve food security interm. low low

Capacity building community high high interm.

Improve livelihood community high low low
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4.Discussion and conclusions

The 97 projects analyzed for LACfit into three general restoration types, which can be discerned based on four
main variables: (1) project area under restoration, (2) amount of funding received, (3) source of funding and (4)
monitoring efforts (table 4).

Our results show that projects of restoration type 1 follow country-level agendas and are alignedwith
international agreements such as theConvention onBiodiversity (CBD) and the SustainableDevelopment
Goals. Projects allocated in type 2 operate at the local level and focus on the primary interests of impact investors
and companies, i.e.making profit, with nature conservation as secondary objective. Restoration activities of type
3 focus on improving local environmental conditions and do not appear to be strongly linkedwith national
policies tomeet international commitments.

The results suggest thatmany restoration projects take a top—down approach, not necessarily considering
the interests of communities. Apart from the international donors funded projects, few aimed at generating local
employment and improving livelihoods. In addition, communities were often not consulted in the planning
phase and their participationwasmostly limited to the implementation phase. Rarely were local communities
involved inmonitoring or acting asmain responsible. This is in linewith the national restoration inventories of
Colombia (Murcia andGuariguata 2014), Peru (Cerrón et al 2017) andMexico (Méndez-Toribio et al 2018), and
a regional assessment of integrated landscape initiatives in LAC (Estrada-Carmona et al 2014), which reported
low active community involvement and showed that poverty alleviation efforts are not a priority inmany
projects.

Many projects financed by project investors were associatedwith Initiative 20×20 but the relation between
national restoration projects and the initiative was less clear. Although the 20×20 projects seem to be
disconnected from the national restoration agendas, it is very likely theywill be used to demonstrate the
countries efforts tomeet their national restoration pledges. Projects that are dominantly financedwith either
private (type 2) or public funds (type 3) are complementary in the sense that they focus on economic and
environmental benefits, respectively, and both operate at the local level. Combining both types of projects could
create synergies if they are embedded in public-private-civic partnerships that adopt a landscape approach. Such
partnerships are increasingly being promoted tomeet commitments like the BonnChallenge, the Aichi
biodiversity targets, theNewYorkDeclaration on Forests, Initiative 20×20 and the SustainableDevelopment
Goals (Pistorius and Freiberg 2014, Scherr et al 2017).

National and local governments should play amore active role in conveningmulti-stakeholder partnerships
needed for out- and upscaling.However, large scale restoration programs cannot solely rely on top—down
approaches as they often focus on short-time results and do not stimulate better practices, resulting in low
involvement of the participating stakeholders, especially in regionswith poor governance andweak legal
enforcement (McConnachie et al 2013, Pinto et al 2014). Hence, appropriate legal instruments that encourage
and foster bottom-up grassroots initiativesmust be developed at the same time (Pinto et al 2014,Murcia et al
2016).

Despite repeated calls that decisionmakers and landmanagers need evidence-based assessments to evaluate
the success of restoration efforts (e.g. Palmer and Filoso 2009,Menz et al 2013), inmany projectsmonitoring is
still being regarded as an extra cost rather than a necessary investment.Monitoring as an integral part of the
restoration activity was only common in projects funded by international donors.Monitoring in projects
financedwith public funds often only included a limited number of biological indicators related to plant
survival, growth and health (Murcia andGuariguata 2014, Cerrón et al 2017,Méndez-Toribio et al 2018). To
improvemonitoring, capacity strengthening of communities, whichwas a recurring component ofmost
restoration projects, should be used for organizing participatory workshops to discuss with local stakeholders
which indicators tomonitor in a cost-effective way. Participatorymonitoringwould greatly increase active
community involvement and strengthen collective ownership of the restoration activity (Danielsen et al 2011,
Evens et al 2018).

Monospecific plantationsmake up only a small proportion of the applied restoration approaches in all types.
Barlow et al (2007) and Lamb (2014) pointed out thatmonospecific plantations are not very likely to deliver
multiple benefits such as sustainable livelihoods and improvement of ecosystem services, and it seems that this
message has been internalized by international donors, impact investors and national governments.Moreover,
in all restoration types preferencewas given to native species although in privately financed projects exotic
species were used as well.

PES schemeswere not frequently incorporated in restoration activities in LAC. This is probably due to
uncertainties in the long-term sustainability of projects (Bullock et al 2011) and the limited effectiveness of PES
in promoting forest restoration (Pirard et al 2014). Also, PES schemes tend to bemore efficient when a single,
clearly defined ecosystem service is targeted (Wunder et al 2008)which is often not the case, given themulti-
functional character ofmost projects.
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Table 4. Summary of restoration types.

Type Project area Financing Amount of funding Key aspects Environmental benefits Socio-economic benefits

1 Large,mostlymore than

100,000 ha

International donorswith occasional support

fromnational governments and/or

investors

High,mostly higher

than 10,000 kUS$

1.Monitoring plan related to the

objectives, baseline assessment

included

1. Improvement of biodiversity 1. Improvement of rural

livelihoods

2. Addressing the causes of

degradation

2. Providing ecosystems services

(water andC sequestration)
2. Capacity building of

community

2 Intermediate,mostly

between 500 and 5000 ha

Private funds,mainly impact investors but

also private companies and owners of

properties

Varying Monitoring often neglected 1. Revenues from timber

products

2. Capacity building of

community

3 Small, mostly less than

500 ha

Public funds,mainly national governments

and occasionally national and international

donors

Low,mostly less than

500 kUS$

Monitoring plan often included, base-

line only occasionally

1. Improvement of biodiversity 1. Capacity building of

community

2. Regulation of hydrological

processes
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Many projects claimed to have identified the drivers of degradation and actions to address themwere
proposed in their designs. However,most focused on the biophysical aspects of unsustainable land use only,
whereas the socio-economic aspect remained underexposed in themajority of restoration projects. If the
underlying causes like inequitable access to resources and political economy factors are to be understood,
economic and institutional conditionsmust be studied (Pacheco and Poccard-Chapuis 2012). To tackle the
underlying drivers, national governments should start developing intersectoral legal frameworks, including
economic development, forestry and environmental policies, and remove perverse incentives that encourage
degradation of forests and deforestation. These contextual factors need to be addressed as wemove from large-
scale restoration commitments to successful large-scale implementation.

This typology does not pretend to be complete. Although our database covered projects from twelve biomes
across LACusing awide range of restoration approaches, the level of detail captured in the databasewas a
compromise between completeness of project data and the easiness of access to information sources. The
typology could probably be further improved through the inclusion of additional variables. For example,
variables related to economic and financial factors such as return on investment could serve as a useful indicator
forfinancial gains, particularly for impact investors, butwas onlymentioned in a few project descriptions. Cost-
benefit analyses are also needed to allocate the availablefinancial resources efficiently and to facilitate
prioritization (Rey Benayas et al 2009,Menz et al 2013) but the economic assessment of natural capital is still in
its infancy (Bullock et al 2011).

Moreover, it is well known that uncertain or insecure land tenure negatively affectmotivation and capacities
to invest capital or labor to improve land, and thus are amajor limitation to the sustainability of restoration
projects (Lamb et al 2005,Duchelle et al 2014). Unfortunately, explicit information on land tenure issues was not
provided inmany projects. However, and in spite of the information limitations, our analysis outlines a general
picture of how restoration projects are being implemented in LAC.

Acknowledgments

The authors gratefully acknowledge the support of USAID -Global Climate Change Program and theCGIAR
Research Programon Forests, Trees andAgroforestry. Thanks also due toHugoAndresDoradoBetancourt for
helpingwith the statistical analyses.

ORCID iDs

RCoppus https://orcid.org/0000-0002-6536-6391
EThomas https://orcid.org/0000-0002-7838-6228

References

AdamsC, Rodrigues S T, CalmonMandKumarC 2016 Impacts of large-scale forest restoration on socioeconomic status and local
livelihoods: what we know and donot knowBiotropica 48 731–44

Aronson J, Blignaut JN andAronsonTB2017Conceptual frameworks and references for landscape-scale restoration: reflecting back and
looking forwardAnn.Missouri Bot. Gard. 102 188–200

Aronson J et al 2010Are socioeconomic benefits of restoration adequately quantified? ameta-analysis of recent papers (2000–2008) in
restoration ecology and 12 other scientific journalsRestor. Ecol. 18 143–54

Bai ZG,DentDL,Olsson L and SchaepmanME2008 Proxy global assessment of land degradation Soil UseManag. 24 223–34
Barlow J et al 2007Quantifying the biodiversity value of tropical primary, secondary, and plantation forests Proc. Natl Acad. Sci. 104

18555–60
BartholomewD J, Steele F, Galbraith J andMoustaki I 2008Analysis ofMultivariate Social ScienceData (Boca Raton,USA: Taylor& Francis

Group) (https://doi.org/10.1201/b15114)
Brancalion PHS, SchweizerD, GaudareU,Mangueira J R, Lamonato F, Farah FT,NaveAG andRodrigues RR 2016 Balancing economic

costs and ecological outcomes of passive and active restoration in agricultural landscapes: the case of BrazilBiotropica 48 856–67
Bullock JM, Aronson J,NewtonAC, Pywell R F andRey-Benayas JM2011Restoration of ecosystem services and biodiversity: conflicts and

opportunitiesTrends Ecol. Evol. 26 541–9
Ceccon E, Barrera-Cataño J I, Aronson J andMartínez-Garza C 2015The socioecological complexity of ecological restoration inMexico

Restor. Ecol. 23 331–6
Cerrón J, del Castillo J,Mathez-Stiefel S-L andThomas E 2017 Lecciones Aprendidas de Experiencias de Restauración en el Perú (Lima, Peru:

Bioversity, ICRAF, SERFOR)
ChazdonRL 2008 Beyond deforestation: restoring forest and ecosystem services on degraded lands Science 320 1458–60
ChazdonRL et al 2016Carbon sequestration potential of second-growth forest regeneration in the Latin American tropics Sci. Adv. 2

e1501639
ChazdonRL andGuariguataMR2016Natural regeneration as a tool for large-scale forest restoration in the tropics: prospects and

challengesBiotropica 48 716–30
Convention onBiological Diversity (CBD) 2011 Strategic Plan for Biodiversity 2011-2020, including Aichi Biodiversity TargetsOnline:

https://cbd.int/sp/targets/default.shtml

11

Environ. Res. Commun. 1 (2019) 041004

https://orcid.org/0000-0002-6536-6391
https://orcid.org/0000-0002-6536-6391
https://orcid.org/0000-0002-6536-6391
https://orcid.org/0000-0002-6536-6391
https://orcid.org/0000-0002-7838-6228
https://orcid.org/0000-0002-7838-6228
https://orcid.org/0000-0002-7838-6228
https://orcid.org/0000-0002-7838-6228
https://doi.org/10.1111/btp.12385
https://doi.org/10.1111/btp.12385
https://doi.org/10.1111/btp.12385
https://doi.org/10.3417/2017003
https://doi.org/10.3417/2017003
https://doi.org/10.3417/2017003
https://doi.org/10.1111/j.1526-100X.2009.00638.x
https://doi.org/10.1111/j.1526-100X.2009.00638.x
https://doi.org/10.1111/j.1526-100X.2009.00638.x
https://doi.org/10.1111/j.1475-2743.2008.00169.x
https://doi.org/10.1111/j.1475-2743.2008.00169.x
https://doi.org/10.1111/j.1475-2743.2008.00169.x
https://doi.org/10.1073/pnas.0703333104
https://doi.org/10.1073/pnas.0703333104
https://doi.org/10.1073/pnas.0703333104
https://doi.org/10.1073/pnas.0703333104
https://doi.org/10.1201/b15114
https://doi.org/10.1111/btp.12383
https://doi.org/10.1111/btp.12383
https://doi.org/10.1111/btp.12383
https://doi.org/10.1016/j.tree.2011.06.011
https://doi.org/10.1016/j.tree.2011.06.011
https://doi.org/10.1016/j.tree.2011.06.011
https://doi.org/10.1111/rec.12228
https://doi.org/10.1111/rec.12228
https://doi.org/10.1111/rec.12228
https://doi.org/10.1126/science.1155365
https://doi.org/10.1126/science.1155365
https://doi.org/10.1126/science.1155365
https://doi.org/10.1126/sciadv.1501639
https://doi.org/10.1126/sciadv.1501639
https://doi.org/10.1111/btp.12381
https://doi.org/10.1111/btp.12381
https://doi.org/10.1111/btp.12381


Crouzeilles R, CurranM, FerreiraMS, Lindenmayer DB, Grelle C EV andRey Benayas JM2016A globalmeta-Analysis on the ecological
drivers of forest restoration successNat. Commun. 7 1–8

Danielsen F et al 2011At the heart of REDD+: a role for local people inmonitoring forests?Conserv. Lett. 4 158–67
De SyV,HeroldM, Achard F, Beuchle R, Clevers JG PW, Lindquist E andVerchot L 2015 Land use patterns and related carbon losses

following deforestation in SouthAmerica Environ. Res. Lett. 10 124004
Duchelle AE et al 2014 Linking forest tenure reform, environmental compliance and incentives: lessons fromREDD+initiatives in the

BrazilianAmazonWorldDev. 55 53–67
Economics of LandDegradation (ELD) 2015TheValue of Land: prosperous lands and positive rewards through sustainable land

management. http://eld-initiative.org/
Estrada-CarmonaN,Hart AK,DeClerck FA J,Harvey CA andMilder J C 2014 Integrated landscapemanagement for agriculture, rural

livelihoods, and ecosystem conservation: an assessment of experience fromLatin America and theCaribbean Landsc. Urban Plan 129
1–11

EvansK,GuariguataMRandBrancalion PHS 2018 Participatorymonitoring to connect local and global priorities for forest restoration
Conserv. Biol. 32 525–34

Global Environmental Facility (GEF) 2018 ForestsOnline: https://thegef.org/topics/forests
Global Partnership on Forest and Landscape Restoration (GPFLR) 2018Online: http://forestlandscaperestoration.org/what-forest-and-

landscape-restoration-flr
HarveyCA et al 2008 Integrating agricultural landscapes with biodiversity conservation in theMesoamerican hotspotConserv. Biol. 22 8–15
Hobbs R J andNortonDA1996Towards a conceptual framework for restoration ecologyRestor. Ecol. 4 93–110
Holl KD andAide TM2011When andwhere to actively restore ecosystems? For. Ecol.Manage. 261 1558–63
Husson F, Josse J and Pagès J 2010 Principal componentmethods - hierarchical clustering - partitional clustering: whywouldwe need to

choose for visualizing data? (Technical Report - Agrocampus)
International Union for Conservation ofNature (IUCN) 2011 BonnChallengeOnline: https://iucn.org/theme/forests/our-work/forest-

landscape-restoration/bonn-challenge
IPBES 2018 Summary for Policymakers of the Thematic Assessment Report on LandDegradation andRestoration of the Intergovernmental

Science-Policy Platform on Biodiversity and Ecosystem Services edR Scholes et al (Bonn: IPBES secretariat)) pp 1–32
IUCNandWRI 2014A guide to the RestorationOpportunities AssessmentMethodology (ROAM): Assessing Forest Landscape Restoration

Opportunities at theNational or Sub-National Level (GLAND, Switzerland: IUCN)
Laestadius L, BuckinghamK,Maginnis S and Saint-Laurent C 2015 Back to Bonn and beyond: a history of forest landscape restoration and

an outlook for the futureUnasylva 66 11–8
LambD2014 Large-Scale Forest Restoration (London: Routledge) (https://doi.org/10.4324/9780203071649)
LambD, Erskine PD and Parotta J A 2005Restoration of degraded tropical forest landscapes Science 310 1628–32
Lê S, Josse J andHusson F 2008 FactoMineRAnRpackage formultivariate analysis J. Stat. Softw. 25 1–18
McConnachieMM,CowlingRM, ShackletonCMandKnight AT 2013The challenges of alleviating poverty through ecological

restoration: insights fromSouthAfrica’s ‘working for water’ programRestor. Ecol. 21 544–50
McDonald T,GannGD, Jonson J andDixonKW2016 International Standards for the Practice of Ecological Restoration—Including Principles

andKeyConcepts (WashingtonDC,USA: Society for Ecological Restoration)
Meli P,Herrera F F,Melo F, Pinto S, AguirreN,MusálemK,Minaverry C, RamírezW andBrancalion PHS 2016 Four approaches to guide

ecological restoration in Latin AmericaRestor. Ecol. 25 156–63
Meli P,Holl KD, Benayas JMR, JonesHP, Jones PC,MontoyaD andMateosDM2017A global review of past land use, climate, and active

vs. passive restoration effects on forest recovery PLoSOne 12 1–17
MenzMHM,DixonKWandHobbs R J 2013Hurdles and opportunities for landscape-scale restoration Science 339 526–7
Murcia C andGuariguataM2014 LaRestauraciónEcológica en Colombia. Tendencias, Necesidades yOportunidades. Documentos Ocasionales

107 (Bogor, Indonesia: CIFOR)
Murcia C,GuariguataMR,Andrade Á, AndradeG I, Aronson J, Escobar EM, Etter A,Moreno FH, ramírezW andMontes E 2016

challenges and prospects for scaling-up ecological restoration tomeet international commitments: colombia as a case studyConserv.
Lett. 9 213–20

MyersN,Mittermeier RA,Mittermeier CG, da FonsecaGAP andKent J 2000 Biodiversity hotspots for conservation prioritiesNature 403
853–8

Méndez-ToribioM,Martínez-Garza C, Ceccon E andGuariguataMR2018 LaRestauración de Ecosistemas Terrestres enMéxico. Estado
Actual, Necesidades yOportunidades. Documentos Ocasionales 185 (Bogor, Indonesia: CIFOR)

OlsonDM et al 2001Terrestrial ecoregions of theworld: a newmap of life on earthBioscience 51 933
Pacheco P and Poccard-Chapuis R 2012The complex evolution of cattle ranching development amidmarket integration and policy shifts in

the BrazilianAmazonAnn. Assoc. Am.Geogr. 102 1366–90
PalmerMAand Filoso S 2009Restoration of ecosystem services for environmentalmarkets Science 325 575–6
Pinto SR et al 2014Governing and delivering a biome-wide restoration initiative: the case of Atlantic forest restoration pact in Brazil Forests 5

2212–29
PirardR, BurenGDand Lapeyre R 2014DoPES improve the governance of forest restoration? Forests 5 404–24
Pistorius T and FreibergH 2014 From target to implementation: perspectives for the international governance of forest landscape

restoration Forests 5 482–97
R-Core-Team2016R: a language and environment for statistical computingOnline: http://r-project.org/
Reed J, VanVianen J, Deakin E L, Barlow J and Sunderland T 2016 Integrated landscape approaches tomanaging social and environmental

issues in the tropics: learning from the past to guide the futureGlob. Chang. Biol. 22 2540–54
Rey Benayas JM,NewtonAC,Diaz A andBullock JM2009 Enhancement of biodiversity and ecosystem services by ecological restoration: a

meta-analysis Science 325 1121–4
Roman-Cuesta RM et al 2016Hotspots of gross emissions from the land use sector: patterns, uncertainties, and leading emission sources for

the period 2000–2005 in the tropicsBiogeosciences 13 4253–69
Romijn J E andCoppus R 2019Replication data for: restoration database for latin america and the caribbean. comparative research project

on landscape restoration for emissions reductions, CIAT/WURproject forUSAIDHarvardDataverseOnline: (https://doi.org/
10.7910/DVN/B9OUOZ)

Sayer J et al 2013Ten principles for a landscape approach to reconciling agriculture, conservation, and other competing land usesProc. Natl
Acad. Sci. 110 8349–56

12

Environ. Res. Commun. 1 (2019) 041004

https://doi.org/10.1038/ncomms11666
https://doi.org/10.1038/ncomms11666
https://doi.org/10.1038/ncomms11666
https://doi.org/10.1111/j.1755-263X.2010.00159.x
https://doi.org/10.1111/j.1755-263X.2010.00159.x
https://doi.org/10.1111/j.1755-263X.2010.00159.x
https://doi.org/10.1088/1748-9326/10/12/124004
https://doi.org/10.1016/j.worlddev.2013.01.014
https://doi.org/10.1016/j.worlddev.2013.01.014
https://doi.org/10.1016/j.worlddev.2013.01.014
http://eld-initiative.org/
https://doi.org/10.1016/j.landurbplan.2014.05.001
https://doi.org/10.1016/j.landurbplan.2014.05.001
https://doi.org/10.1016/j.landurbplan.2014.05.001
https://doi.org/10.1016/j.landurbplan.2014.05.001
https://doi.org/10.1111/cobi.13110
https://doi.org/10.1111/cobi.13110
https://doi.org/10.1111/cobi.13110
https://thegef.org/topics/forests
https://doi.org/10.1111/j.1523-1739.2007.00863.x
https://doi.org/10.1111/j.1523-1739.2007.00863.x
https://doi.org/10.1111/j.1523-1739.2007.00863.x
https://doi.org/10.1111/j.1526-100X.1996.tb00112.x
https://doi.org/10.1111/j.1526-100X.1996.tb00112.x
https://doi.org/10.1111/j.1526-100X.1996.tb00112.x
https://doi.org/10.1016/j.foreco.2010.07.004
https://doi.org/10.1016/j.foreco.2010.07.004
https://doi.org/10.1016/j.foreco.2010.07.004
https://doi.org/10.4324/9780203071649
https://doi.org/10.1126/science.1111773
https://doi.org/10.1126/science.1111773
https://doi.org/10.1126/science.1111773
https://doi.org/10.18637/jss.v025.i01
https://doi.org/10.18637/jss.v025.i01
https://doi.org/10.18637/jss.v025.i01
https://doi.org/10.1111/rec.12038
https://doi.org/10.1111/rec.12038
https://doi.org/10.1111/rec.12038
https://doi.org/10.1111/rec.12473
https://doi.org/10.1111/rec.12473
https://doi.org/10.1111/rec.12473
https://doi.org/10.1371/journal.pone.0171368
https://doi.org/10.1371/journal.pone.0171368
https://doi.org/10.1371/journal.pone.0171368
https://doi.org/10.1126/science.1228334
https://doi.org/10.1126/science.1228334
https://doi.org/10.1126/science.1228334
https://doi.org/10.1111/conl.12199
https://doi.org/10.1111/conl.12199
https://doi.org/10.1111/conl.12199
https://doi.org/10.1038/35002501
https://doi.org/10.1038/35002501
https://doi.org/10.1038/35002501
https://doi.org/10.1038/35002501
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.1080/00045608.2012.678040
https://doi.org/10.1080/00045608.2012.678040
https://doi.org/10.1080/00045608.2012.678040
https://doi.org/10.1126/science.1172976
https://doi.org/10.1126/science.1172976
https://doi.org/10.1126/science.1172976
https://doi.org/10.3390/f5092212
https://doi.org/10.3390/f5092212
https://doi.org/10.3390/f5092212
https://doi.org/10.3390/f5092212
https://doi.org/10.3390/f5030404
https://doi.org/10.3390/f5030404
https://doi.org/10.3390/f5030404
https://doi.org/10.3390/f5030482
https://doi.org/10.3390/f5030482
https://doi.org/10.3390/f5030482
https://doi.org/10.1111/gcb.13284
https://doi.org/10.1111/gcb.13284
https://doi.org/10.1111/gcb.13284
https://doi.org/10.1126/science.1172460
https://doi.org/10.1126/science.1172460
https://doi.org/10.1126/science.1172460
https://doi.org/10.5194/bg-13-4253-2016
https://doi.org/10.5194/bg-13-4253-2016
https://doi.org/10.5194/bg-13-4253-2016
https://doi.org/10.7910/DVN/B9OUOZ
https://doi.org/10.7910/DVN/B9OUOZ
https://doi.org/10.1073/pnas.1210595110
https://doi.org/10.1073/pnas.1210595110
https://doi.org/10.1073/pnas.1210595110


Scherr S J, Shames S, Gross L, BorgesMA, BosG andBrasse A 2017Business for Sustainable Landscapes: AnAction Agenda to Advance
Landscape Partnerships for Sustainable Development (WashingtonD.C., USA: EcoAgriculture Partners and IUCN, on behalf of the
Landscapes for People, Food andNature Initiative)

Sourial N et al 2010Correspondence analysis is a useful tool to uncover the relationships among categorical variables J. Clin. Epidemiol. 63
638–46

SudingKN2011Toward an era of restoration in ecology: successes, failures, and opportunities aheadAnnu. Rev. Ecol. Evol. Syst. 42 465–87
UnitedNations (UN) 2014 Forests. Action Statements andActions PlansNewYork,USAhttps://www.undp.org/content/dam/undp/

library/Environment%20and%20Energy/Forests/New%20York%20Declaration%20on%20Forests_DAA.pdf
UnitedNations (UN) 2015 Social Development Goals, Goal 15: sustainablymanage forests, combat desertification, halt and reverse land

degradation, halt biodiversity lossOnline: https://un.org/sustainabledevelopment/sustainable-development-goals/
Wunder S, Engel S and Pagiola S 2008Taking stock: a comparative analysis of payments for environmental services programs in developed

and developing countries Ecol. Econ. 65 834–57

13

Environ. Res. Commun. 1 (2019) 041004

https://doi.org/10.1016/j.jclinepi.2009.08.008
https://doi.org/10.1016/j.jclinepi.2009.08.008
https://doi.org/10.1016/j.jclinepi.2009.08.008
https://doi.org/10.1016/j.jclinepi.2009.08.008
https://doi.org/10.1146/annurev-ecolsys-102710-145115
https://doi.org/10.1146/annurev-ecolsys-102710-145115
https://doi.org/10.1146/annurev-ecolsys-102710-145115
https://doi.org/10.1016/j.ecolecon.2008.03.010
https://doi.org/10.1016/j.ecolecon.2008.03.010
https://doi.org/10.1016/j.ecolecon.2008.03.010

	1. Introduction
	2. Materials and methods
	2.1. Selection of projects and variables
	2.2. Multivariate analysis

	3. Results
	3.1. Characterization of restoration projects
	3.2. Typology of restoration projects
	3.3. Comparative analysis of restoration types

	4. Discussion and conclusions
	Acknowledgments
	References



