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Abstract

The global restoration movement is gaining momentum. International and na-
tional leaders are demonstrating unparalleled political will for achieving ambi-
tious targets. However, the knowledge base for implementing large-scale forest
and landscape restoration (FLR) needs further development. Besides applica-
tion of scientific and local knowledge, a broad understanding of the social,
economic, and environmental context in which this knowledge is being ap-
plied is also needed. To address knowledge gaps and guide implementation
of FLR at local to global scales we propose a knowledge creation agenda that
we derive from emerging policy goals. We present a holistic approach that ad-
dresses food security, ecosystem services, and livelihoods, and that supports
implementation by a wide array of actors from farmers and municipalities to
corporations and state agencies. Our knowledge creation agenda is based on
six broad policy goals, with several associated knowledge gaps for each goal.
We recognize that this agenda is simply a starting point and will surely evolve
and become more locally focused as the concept of FLR gains ground and as
multiple groups of stakeholders engage in the long-term process of restoring
functionality and value to ecosystems and landscapes around the world.

Introduction

We face an unprecedented opportunity to transform de-
graded and unproductive lands into functional landscapes
and restored ecosystems that offer multiple benefits to
society and future generations. The Millennium Ecosys-
tem Assessment documented deterioration of 60% of
ecosystem services (ES) globally. Global land-use changes
between 1997 and 2011 resulted in an estimated loss
of $4.3 to 20.2 billion per year (Constanza et al. 2014;
Suding et al. 2015). Taking no action is more costly than
taking action. The massive scale of this opportunity cre-
ates an enormous implementation challenge that requires
engagement, mobilization, and commitment of all sectors
of society across all regions of the planet.

The global restoration movement is rapidly gain-
ing momentum. International and national leaders are
demonstrating unparalleled political will for achieving
ambitious restoration targets such as the Aichi Targets,
Bonn Challenge, and New York Declaration on Forests
(Suding et al. 2015). Multiple efforts by multilateral or-
ganizations, nongovernmental organizations, and the pri-
vate sector have been launched with the goal of achieving
large-scale restoration targets (Table 1). Over 20 countries
and regional initiatives have already committed to restore
close to 60 million ha of degraded and deforested land
to productive, functional and biodiversity-friendly land-
scapes (Bonn Challenge 2015). Many developing coun-
tries are including forest-based mitigation and adapta-
tion measures as part of their commitments to reduce
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Table 1 International organizations, multilateral conventions, and networks with active forest and landscape-scale restoration programs

Organization/network Program

Global Partnership on Forest and Landscape Restoration (GPFLR) Learning Network/Discussion Platform on Forest Landscape Restoration

International Union for the Conservation of Nature (IUCN) (Global Forest

and Climate Change Program)

Forest Landscape Restoration Initiative

World Resources Institute (WRI) Global Restoration Initiative, 20×20 initiative (Latin America), AFR100

initiative (Africa)

United Nations Food and Agriculture Organization (FAO) Forest and Landscape Restoration Mechanism

United Nations Convention on Biological Diversity (CBD) Forest Ecosystem Restoration Initiative

Collaborative Group on International Agricultural Research (CGIAR) Research Program on Forests, Trees, and Agroforestry, Research

Program on Water, Land, and Ecosystems

People and Reforestation in the Tropics, a Network for Education,

Research, and Synthesis (PARTNERS)

Synthetic research, policy outreach, educational outreach

Iberoamerican Model Forest Network Model Forest Network Forest and Landscape Restoration Initiative

contributing to 20×20 initiative and Bonn Challenge

African Union The Great Green Wall for the Sahara and the Sahel Initiative

United Nations Environment Program (UNEP) One Billion Tree Program

The Nature Conservancy (TNC) Plant a Billion Trees

World Wildlife Fund (WWF) Landscape restoration in 10 ecoregions

Ecological Restoration Alliance of Botanical Gardens 100 restoration projects on several continents over next 20 years

EcoAgriculture Partners Landscapes for Food, People, and Nature

Model Forest Network

carbon emissions. Moreover, many countries are devel-
oping national and subnational restoration plans, strate-
gies, and policies and are seeking ways to integrate
restoration strategies into sustainable development and
conservation agendas (Pinto et al. 2014, Aguilar et al.
2015, Murcia et al. 2015). But the path towards achieving
these goals remains uncharted due to the challenges of
navigating around poorly understood biophysical, socio-
economic, and governance impediments and the com-
plexity of integrating multiple benefits.

Restoration of ecosystems and
landscapes

Ecological restoration assists the recovery of an ecosystem
that has been damaged or destroyed (SER 2004). At the
landscape level, the goal of forest and landscape restora-
tion is to regain ecological functionality and enhance
human well-being across degraded landscapes (Lamb
2014). Successful FLR reverses environmental degrada-
tion, strengthens the resilience of landscapes, secures
forest-based livelihoods, and optimizes ecosystem goods
and services to meet the changing needs of society (IUCN
and WRI 2014). A key feature of FLR is that a com-
bination of forest and nonforest ecosystems, land uses,
and restoration approaches can be accommodated within
a landscape to achieve sustainable food production, ES
provisioning, and biodiversity conservation. These ap-
proaches include ecological restoration of environmen-

tally important areas, increasing agricultural productivity
to create space for natural regeneration in marginal areas,
and increasing tree cover through the implementation of
farm forestry and agroforestry systems (Lü et al. 2012;
Latawiec et al. 2015). In regions where forests are not
components of the natural vegetation, FLR approaches
can be applied to landscape-scale restoration of nonforest
ecosystems.

Research focused on ecological restoration approaches,
natural regeneration processes, landscape ecology, and
recovery of ecosystem services has grown dramati-
cally over the past 10 years (Chazdon 2014, Perring et al.

2015). Yet, we still lack much of the knowledge needed to
operationalize and implement restoration successfully at
different scales while also addressing the needs and aspi-
rations of landholders. Restoration ecologists have called
for more effective information transfer from scientists to
policy makers (Menz et al. 2013; Jørgensen et al. 2014).
They emphasize the need to identify knowledge gaps and
prioritize research that will help build capacity and the
business case for restoration. Yet they do not specify what
these gaps are or what research is most urgently needed.

We focus here on addressing key knowledge gaps.
Apart from the development and implementation of ap-
propriate scientific techniques, implementation of FLR
also requires a broad understanding of the social, eco-
nomic, political, and environmental context of restora-
tion activities and their trade-offs and synergies. In
contrast to the call by Suding et al. (2015) for policy
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makers to adopt science-based restoration principles,
here we propose a knowledge creation agenda driven
by emerging policy goals. This agenda recognizes major
knowledge gaps that hinder the wide and successful im-
plementation of forest and landscape restoration initia-
tives and includes ideas and concerns of colleagues who
are not authors.

The road to restoration needs to be built on solid
ground with access for all travelers. Multiple actors—
farmers, villagers, communities, municipality leaders,
forestry agencies, business leaders, environment minis-
ters, and heads of state—are becoming motivated to work
towards landscape-scale restoration. They need knowl-
edge, tools, financial support, access to robust and locally
relevant information, and answers to questions that will
help them to set appropriate restoration goals for specific
areas and to build institutional arrangements to prioritize
areas for restoration, develop and implement restoration
plans that maximize multiple societal and environmental
benefits, minimize costs, track and evaluate implementa-
tion efforts, and procure stable, long-term financial and
logistical support (Figure 1).

Whose degraded land is it?

Restoration activities are commonly focused on land that
has been deforested or degraded. Degraded land can be
owned or managed by households, communities/villages,
companies/industries, or the state; a landscape can en-
compass multiple types of landholders, which differ in
their perception of degradation, their relationship with
the land, their expectations of benefits from restora-
tion, and their motives for restoration (Figure 1). The
type of restoration undertaken at particular locations
within a landscape will therefore depend on the bio-
physical environment at that place as well as on the
socio-economic circumstances of the landholder. For
households and communities with land tenure, restora-
tion may be an attractive option if it ensures food, wa-
ter, and energy security, improves their economic and
social circumstances, and provides locally needed ecosys-
tem goods and services. For companies, restoration may
help offset or compensate environmental impact caused
by their activities or comply with legal and certifica-
tion requirements. Much state-held land is degraded be-
cause it has been seen as an open-access resource and
because scientific knowledge is lacking or has not been
disseminated through extension agents and technicians
to guide decision-making regarding sustainable land use.
But restoration is now becoming attractive to state ac-
tors because expanding degraded areas are negatively af-
fecting publicly valued ecosystem services, agricultural
production, and economic development. Increasing the
functionality and productivity of degraded lands has now

become a global priority (Aronson and Alexander 2013).
At the same time, lack of secure land tenure creates dis-
incentives for restoration, as farmers have no assurance
of reaping future benefits. Policies need to be developed
to encourage each of these groups of landholders to im-
plement restoration on some or all of their land and
to coordinate these various activities within landscapes
in ways that maximize overall benefits to the broader
community.

Policy and knowledge gaps for forest
and landscape restoration

The Aichi Target 15 calls for ”restoration of at least
15 per cent of degraded ecosystems by 2020” (Jørgensen
2013). The target, however, does not specify what is
meant by “restoration” nor which approaches and cri-
teria are most appropriate (Lamb 2014, Stanturf et al.
2014, Rappaport et al. 2015). It is likely that some flex-
ibility will be needed to accommodate the circumstances
of various landholders within a landscape. It is also likely
that these approaches may need to evolve over time. For
example, the Republic of Korea’s National Reforestation
Programme, when originally implemented in the 1960s,
used approaches that generated new forest cover but did
not fulfill today’s more holistic objectives of FLR. But re-
forestation methodologies and approaches evolved over
time from being mainly concerned with producing fuel-
wood and building timbers to largely one of generating
ecosystem services (Bae et al. 2012).

General policies to facilitate forest restoration on pri-
vate lands include removing barriers to farmers wishing
to undertake restoration as well as providing incentives
to landholders to embark on what—for many—is a new,
long-term land use. Incentives can also include access to
technical advice and extension services, providing finan-
cial and nonfinancial support and facilitating access to
markets for ecosystem services and other value chains.
In some cases, policies may be needed that legally oblige
landholders to initiate and track restoration on private
lands (Aronson et al. 2011, Calmon et al. 2011, Chaves
et al. 2015, Hanson et al. 2015).

But FLR is more than simply scaling-up these
ecosystem- or farm-based activities. It also involves plan-
ning and coordinating of restoration across the landscape
to ensure that the large-scale ecological processes needed
to generate ecosystem services are indeed able to develop
while, at the same time, the livelihoods of people living
in the landscape improve. FLR provides a framework for
integrating agricultural and environmental policies, be-
yond the conservation/production dualistic perspective
that has predominated in the past. The know-how for
implementing FLR at scale is developing, but is far from
mature.
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Figure 1 Stakeholders and knowledge clients living and working within a landscape mosaic need different knowledge to support implementation of

Forest and Landscape Restoration (FLR). We illustrate here one policy goal with research questions that address knowledge gaps from the perspective

of multiple knowledge clients. To achieve broad policy goals, such as those listed in Table 2, knowledge generation requires multidisciplinary research

teams working in collaboration with landowners, local research institutions, and agriculture/forestry extension services familiar with the social and

environmental context in focal landscapes. Landscape graphic courtesy of Cora van Oosten, the Wageningen UR Centre for Development Innovation.

Here we sketch a broad and far-reaching agenda for
addressing major knowledge gaps that impede the suc-
cessful and long-term implementation of FLR (Table 2).
Realizing the holistic vision of FLR requires address-
ing economic, cultural, and political concerns in ad-
dition to the need to restore ecological functions and
ecosystem services. Moreover, planning and implemen-
tation of FLR must be adapted to work within the
unique context of individual regions and countries. We
focus on six interdependent policy goals that represent
a set of desired outcomes (Table 2). Key knowledge-
related constraints prevent these goals being realized. The
knowledge clients are diverse and include community
water boards, villages, municipalities, state, and na-
tional governments, small holders, agricultural cooper-
atives, private companies, and multi-stakeholder initia-
tives. Three major classes of knowledge clients—the state,
municipality, and farmer/land manager—share many,
but not all, knowledge needs (Table 2).

How to fill the knowledge gaps?

The knowledge gaps broadly sketched in Table 2 suggest a
multidisciplinary research agenda for teams of social and
natural scientists working in collaboration with landown-
ers, local research institutions, and agriculture/forestry
extension services familiar with the social and envi-
ronmental context in focal landscapes (Figure 1). Some
knowledge gaps can be addressed as hypothesis-testing
research projects that focus on social or ecological costs
and benefits of restoration interventions or local and
landscape factors that influence growth and survival of
native species and performance of species mixtures. The
entire range of knowledge clients will benefit from long-
term studies of the rates at which ecosystem services re-
cover following different restoration interventions. Such
studies will produce fundamental knowledge of ecosys-
tem functioning and should be strongly supported by
state research agencies that can provide financial and lo-
gistical support for long-term field research.
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Research–policy partnerships

Policy agendas are often the outcome of a political
process and develop with little input from researchers
and experienced practitioners who generate potentially
relevant knowledge. At the same time, research agen-
das are often developed without the participation of
policy makers and are therefore irrelevant to key policy
issues (Jørgensen et al. 2014; Suding et al. 2015). Knowl-
edge generation projects, regardless of their funding
sources and origins of investigators, need to ensure that
information and knowledge be transferred to multiple
stakeholders. In some cases, capacity building and lo-
cal empowerment will be needed to promote successful
long-term implementation of FLR, whereas in other cases
existing knowledge on effective restoration practices and
their multiple benefits needs to be recognized, rewarded,
and encouraged more widely (Reij and Winterbottom
2015). Local stakeholders will need to actively plan,
govern, and track the process. Finally, restoration initia-
tives at local scales need to be supported by larger-scale
state-based programs, nongovernmental organizations,
and public-private partnerships.

We reinforce the need for a tighter linkage between re-
searchers and FLR implementers, or knowledge produc-
ers and knowledge clients. Restoration financing should
include not only the costs of the implementation on the
ground but also the transfer of knowledge needed to
guide effective action and adaptive management. Stop-
ping and reversing the tide of environmental degradation
requires a novel approach to integrating knowledge cre-
ation with policy goals. In the future, such an approach
may evolve to more closely resemble the research–policy
interface that is now well developed globally within the
public health arena.

Inevitably, implementation of FLR needs to move for-
ward using the best available knowledge. Moreover,
adaptive management may not be feasible when attempt-
ing to transform landscapes at large spatial scales, where
biophysical and socio-economic uncertainties abound
and where there may not be strong local constituencies
favoring changes to the status quo that restoration would
generate. A process sometimes referred to as “mud-
dling through” may be the best pragmatic response un-
der these circumstances (Sayer et al. 2008). Instead of
more traditional planning processes that seek to opti-
mize outcomes, muddling through involves “long term
engagement in the messy processes of influencing de-
cisions and activities on the ground” (Sayer et al. 2008,
321).

Ultimately, new institutions and governance models
need to be developed to hold responsibility for imple-
menting, reporting, tracking, and adaptively managing
FLR programs at local, national, and international scales.

These institutions will need to build social capital through
facilitating cross-level environmental governance
(Brondizio et al. 2009). Such institutions will often be
the best vehicle for identifying obstacles to progress and
for linking researchers and policy makers. The proposed
research and knowledge agenda will surely evolve and
become more locally focused as multiple groups of
stakeholders adaptively guide the long-term process
of restoring functionality and value to ecosystems and
landscapes around the world.
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