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EDITORIAL

Over the last 20 years, forest and landscape restoration 
(FLR) has developed as an approach to increase the 
ecological integrity and functioning of degraded for-

ests and landscapes while simultaneously improving human 
well-being and livelihoods. The impetus for FLR stems from 
the vast extent of forest and land degradation and loss, which 
has resulted in declines in biodiversity and ecosystem services, 
including carbon sequestration for climate-change mitigation. 

The first truly global commitment to the recovery of degraded 
forests and landscapes was the adoption of Aichi Biodiversity 
Target 15 by the Parties to the Convention on Biological Diversity 
(CBD) in 2010. This target, which is also included in the European 
Union’s Biodiversity Strategy, sought to restore 15 percent of 
degraded ecosystems by 2020. Similarly, large commitments on 
the restoration of degraded forest landscapes underpin the Bonn 
Challenge and the New York Declaration on Forests, which aim to 
restore 350 million hectares by 2030. Regional responses include 
the African Forest Landscape Restoration Initiative (AFR100), 
Initiative 20×20 in Latin America, commitments within the Asia-
Pacific Economic Cooperation forum, and, among Mediterranean 
countries, the Agadir Commitment. All these seek to increase 
the exchange of knowledge on FLR, generate emulation across 
countries, and alleviate barriers to scaling up restoration. 

FLR interventions help towards all the Sustainable Development 
Goals. Ecosystem restoration is also crucial for achieving the 
2050 vision for biodiversity under the CBD and is likely to 
feature in the post-2020 Global Biodiversity Framework. The 
United Nations Decade on Ecosystem Restoration (2021–2030) 
will provide momentum by inspiring a global movement that 
alters societal norms and behaviours. 

Countries are working to deliver on their ambitious restoration 
pledges at the national scale by modifying policies, developing 
the capacity of government staff and communities, mobilizing 
resources and engaging the private sector. In combination, these 
components provide an enabling environment for the planning 
and implementation of restoration interventions. 

Despite considerable progress in the implementation of FLR in 
the last ten years, however, much more needs to be done. FLR can 
take considerable time, especially when technical capacity and 
resources are lacking. Continuous work is required to maintain 
the long-term engagement of stakeholders. And, although public 
participation in restoration can achieve great results for com-
munities, ongoing messaging and education is required to ensure 
that (for example) appropriate trees are planted and nurtured. 

FLR is a complex endeavour that works across sectors and 
involves many stakeholders. One of its challenges, therefore, 
is ensuring that all those involved in it understand what it is; 

another challenge is to measure its implementation. To address 
these challenges and to expand on and clarify previous work, 
the Global Partnership on Forest and Landscape Restoration 
has advanced the following principles of FLR: it 1) focuses on 
landscapes with 2) the active engagement of stakeholders and 
support for participatory governance that 3) restores multiple 
functions for multiple benefits while 4) maintaining and enhanc-
ing natural ecosystems and 5) is tailored to the local context 
using a variety of approaches with 6) adaptive management for 
long-term resilience. 

No widely recognized monitoring framework yet addresses 
all six principles, and no standards are available for assessing 
FLR implementation. The absence of a monitoring framework 
limits our ability to determine whether FLR is being conducted 
and if social and environmental landscape objectives are being 
achieved. This is in marked contrast to the assessment of progress 
towards certain goals, such as the area under restoration in Aichi 
Biodiversity Target 15 and the Bonn Challenge. Nevertheless, as 
the world navigates the COVID-19 pandemic, FLR approaches 

– with their inclusivity, adaptability and integrated management 
– point a way forward for many communities.

This edition of Unasylva presents a wide range of lessons 
learned and opportunities for scaling up FLR to achieve national 
and international commitments and provides a comprehensive 
view of the status of and prospects for FLR. The first four articles  
describe new initiatives and flagship restoration programmes 
to increase funding, empower local stakeholders and enhance 
technical assistance for FLR. The following five articles pres-
ent innovative technical approaches to increase FLR adoption. 
These have enormous potential to be mainstreamed because 
of their cost-effectiveness, adaptability, applicability to many 
ecosystems and contexts, and ease of implementation. The final 
five articles focus on factors that underpin the implementation of 
FLR and provides details on the coordination, policy environ-
ment, resources, knowledge and capacities needed to enable a 
global movement. 

All these articles demonstrate that progress is being made. 
Importantly, they also outline the work now needed to scale up 
efforts – nationally, regionally and globally – to greatly increase 
the restoration of degraded forests and landscapes by 2030. u

J.G. Hallett and M. Mumba

This edition of Unasylva was coordinated by FAO’s Forest and Landscape Restoration Mechanism under the leader-
ship of Faustine Zoveda and Valentina Garavaglia, supported by Caterina Marchetta and Yesenia Achlim under the 
overall supervision of Christophe Besacier.

James G. Hallett is Chair of the Society for Ecological Restoration and Vice 
Chair of the Global Partnership on Forest and Landscape Restoration.
Musonda Mumba is the United Nations Environment Programme’s 
Terrestrial Ecosystems team leader and lead for the United Nations Decade 
on Ecosystem Restoration (2021–2030) for Terrestrial Ecosystems. She is 
Chair of the Global Partnership on Forest and Landscape Restoration.
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The initiative is generating 
information on best restoration 
practices and creating champions 
among partner governments and 
other stakeholders.

The Restoration Initiative (TRI) of 
the Global Environment Facility 
(GEF) is at the forefront of efforts 

to bridge the gap between restoration ambi-
tion and tangible progress on the ground. 
The largest GEF investment in restoration 
to date, TRI brings together the collective 
strengths and resources of three institu-
tions – the International Union for Con-
servation of Nature (IUCN), FAO and the 
United Nations Environment Programme 
(UNEP) – and ten Asian and African coun-
tries to overcome barriers to restoration.

Key to this transformative programme’s 
approach is a flexible yet comprehensive 
framework, around which national projects 

have been tailored to the particular con-
texts, needs and objectives of countries, 
while addressing four principal barriers 
to restoration: 1) insufficient enabling 
policies and incentives for restoration; 
2) the limited implementation of resto-
ration and complementary sustainable 
land management initiatives at scale; 3) 
underdeveloped capacity for mobilizing 

The Restoration Initiative: a new model for 
partnerships on restoration
J. Schneck, V. Luque Panadero and B. De Ridder

Joshua Schneck is Programme Manager, 
Multilateral Environmental Funds Programmes 
and Projects, at the International Union for 
Conservation of Nature, Gland, Switzerland.
Victoria Luque Panadero is Programme 
Management Officer in the Biodiversity and 
Land Degradation Unit, Ecosystem Division, at 
the United Nations Environment Programme, 
Nairobi, Kenya.
Benjamin De Ridder is a landscape restoration 
consultant in the Forest and Landscape 
Restoration Mechanism at FAO, Rome, Italy.
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Elema Godana herds cattle in the fragile 
Dide Daride community in the Tana 

Delta, Kenya. The TRI Kenya Tana project 
is working to protect and restore this 

landscape through participatory land-
use planning and the development of 

governance frameworks for sustainable 
resource management 
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investment in restoration; and 4) the need for 
greater learning and stronger partnerships 
on restoration (Box 1).

Another key innovation is in the delivery of 
programmatic support for national projects, 
which is facilitated through a global support 
project implemented jointly by IUCN, FAO 
and UNEP. The global support project lever-
ages each agency’s strengths and ongoing 
institutional programmes on forest and 
landscape restoration (FLR). This includes 
expertise and support for policy design and 
integration from IUCN, finance mobilization 
from UNEP’s Finance Initiative, and capac-
ity development and knowledge-sharing on 
the wide range of tools for, and information 
on, FLR from FAO. The global support proj-
ect is also an area in which TRI expects to 
realize cost savings in the delivery of support 
and outcomes.

The diversity of project objectives and 
geographies (Figure 1) offers significant 
opportunities for knowledge exchange, 
partnership and scaling. TRI supports and 
facilitates this exchange, including through 
annual programme-wide and regional work-
shops (depending on the demand of the 11 
country teams), an online community of 

practice, and support for harmonized 
monitoring and learning and the capture 
and sharing of experiences.

The programme is expected to generate 
significant global environmental benefits, 
including a total of 483 245 hectares (ha) of 
degraded land under restoration, 1.8 million 
ha of land under improved management 
practices, and 30.4 million tonnes of seques-
tered carbon (carbon-dioxide equivalent) 
(Table 1).

PROGRAMME AND COUNTRY 
HIGHLIGHTS
Although TRI is only just over a year into 
a five-year programme of work, there is 
already much progress to share. All proj-
ects are engaged in or have completed 
the participatory identification and land-
scape-level planning of restoration work, 

Box 1
The Restoration Initiative at a glance

Ten countries: Cameroon, the Central African Republic, China, the Democratic Republic of 
the Congo, Guinea-Bissau, Kenya (two projects), Myanmar, Pakistan, Sao Tome and Principe, 
and the United Republic of Tanzania.
Twelve projects: Eleven national projects and one jointly implemented global support project.
Funding: USD 54 million in GEF grants and USD 201 million in co-funding.
Institutional arrangements: implementation by IUCN (lead), FAO and UNEP. Execution 
by country ministries/agencies and, in some cases, non-governmental organizations.
Duration: Five-year average, with most national projects starting in late 2018.
The project component workstreams are:

•	FLR-supportive policy development and integration
•	 Implementation of restoration and complementary initiatives
•	Capacity development and finance mobilization
•	Knowledge-sharing and partnerships.

1 Country projects and implementing 
agencies participating in The 

Restoration Initiative

Source: adapted from IUCN, 2020. Available at https://www.iucn.org/restoration-initiative/about. Conforms to Map No. 4170 Rev. 19 UNITED NATIONS (October 2020)
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building on previous assessments. Efforts 
to improve the enabling in-country policy 
environment for FLR are under way with 
the establishment of FLR advisory panels, 
cross-sectoral planning and other enabling 
environment activities. An online com-
munity of practice of TRI practitioners has 
been established to support FLR knowl-
edge-sharing, learning and partnerships. 
A new tool1 that provides practitioners 
with information on threatened species and 
links to FLR is being piloted in Cameroon, 
the Central African Republic, Kenya (both 
projects) and Myanmar. And partners have 
obtained training and support on various 
priority FLR topics and tools through 
global, regional and national events.

Boxes 2–4 provide a closer look at some 
country-level projects.

TRI project
Area under 
restoration 

(ha)

Increased area 
under improved 
practices (ha)*

Greenhouse-gas 
emissions mitigated 
(tonnes of carbon-

dioxide equivalent)**

Cameroon 6 000 6 000 384 218

Central African Republic 3 221 3 221 3 185 597

China 208 919 208 919 3 793 952

Democratic Republic of the 
Congo 4 800 4 800 1 064 457

Guinea-Bissau 2 700 2 700 520 493

Kenya (ASAL project) 8 700 Not applicable 820 089
Kenya (Tana River Delta 
project) 10 000 130 000 6 686 291

Myanmar 89 005 1 295 007 861 128

Pakistan 4 400 34 400 2 782 420

Sao Tome and Principe 35 500 35 500 8 034 828

United Republic of Tanzania 110 000 87 245 2 224 846

Total 483 245 1 807 792 30 358 319

Table 1. Anticipated global environmental benefits of The Restoration 
Initiative, by project

Note: * Comprises the area of landscapes under improved management to benefit biodiversity; the area 
of landscapes that meet national or international third-party certification and that incorporate biodiversity 
considerations; the area of landscapes under sustainable land management in production systems; and the area of 
high-conservation-value forest loss avoided. ** Excludes indirect emissions mitigation.

Box 2
Enhancing ecosystem services in China through forest and landscape restoration  

and governance innovation

Institutional arrangements: Implementation by IUCN; execution by China’s National Forestry and Grassland Administration.
Summary: The TRI China project is working to restore and improve the ecological health of state-owned forest farms (SFFs) to ensure their 
long-term sustainable provision of ecosystem services, including clean water, productive and stable soils, and carbon sequestration.

There are 4 855 SFFs in China, which together employ 750 000 people and cover 77 million ha (8 percent of the country’s total land area), of 
which about 45 million ha is forest land. Historically, SFFs have been managed for a narrow set of objectives and practices (e.g. timber production 
through monocultural tree plantations). In some areas, these and other 
factors have led to soil and land degradation and forest fragmentation, 
with declines in the quality and quantity of ecosystem services.

Working with the National Forestry and Grassland Administration 
at three sites and seven SFFs, the TRI China project is piloting new 
approaches to management, including restoration. If successful, les-
sons from these experiences will be scaled up and incorporated in the 
management plans of other SFFs.
Progress to date includes:

•	baseline assessments of ecological health and ecosystem services 
completed in each pilot forest farm;

•	FLR-based forest management plans developed for seven SFFs as 
well as for Bijie City; and

•	six international and national-level training events provided for 200 
people in three provinces on FLR theory, payments for ecosystem 
services, FLR-based forest management plans, and more.

Surveying the Gong Longping State Forest Farm in Guizhou Province 
in early 2019 
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1	www.iucn.org/regions/washington-dc-office/
our-work/species-threat-abatement-and-recov-
ery-star-metric
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Box 3
Improved management and restoration of agro-sylvo-pastoral resources  

in the Democratic Republic of the Congo

Institutional arrangements: Implementation by FAO; execution by the Democratic Republic of the Congo’s Ministry of Environment, Nature 
Conservation and Sustainable Development.
Summary: South Kivu Province is one of the most densely populated and poorest provinces in the Democratic Republic of the Congo, with 
80 percent of the population living below the poverty line. Population pressures and poor land management practices (including overgrazing 
and unsustainable timber and woodfuel harvesting) have resulted in significant forest and landscape degradation.

Addressing this degradation is a priority for the province. The TRI project is supporting government and community partners in their efforts 
in several ways, including the development of a provincial-level strategy for FLR; the demonstration of FLR and the sustainable use of natural 
resources in the Kabare and Ngweshe chiefdoms; and reinforcement of the institutional and financial capacity to scale up FLR approaches 
at the provincial and national levels.

Progress to date includes the following:
•	Project stakeholders have received training in free, prior and informed consent to ensure that project implementation fully includes Indig-

enous Peoples in landscapes considered for restoration and sustainable management.
•	The capacity of provincial authorities to bring partners together and share information on a regular basis has increased.
•	A draft provincial FLR strategy has been prepared and is under review by stakeholders.
•	Local development plans in the chiefdoms of Kabara and Ngweshe are under revision, with support from Deutsche Gesellschaft für Inter-

nationale Zusammenarbeit, to take FLR and sustainable forest management into consideration.
•	A road map has been created following a capacity needs assessment for developing the capacity of stakeholders and beneficiaries.

Local people engage in focus-group discussions to identify locally important species for the restoration of degraded landscapes in 
South Kivu Province, the Democratic Republic of the Congo 
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Box 4
Enhancing integrated natural resource management in the Tana Delta, Kenya

Institutional arrangements: Implementation by UNEP; execution by Nature Kenya.
Summary: This TRI Kenya project is working to strengthen integrated natural resource management and the restoration of degraded land-
scapes in the Tana Delta and to systemically scale up best practices and lessons learned to other priority landscapes in Kenya.

Conflicts between land users in the delta have been on the rise in the past decade over access to land, resources and water, driven largely 
by population and economic growth. Moreover, the absence of a general framework to guide decision-making on development and resource 
management has limited the effectiveness of efforts to move towards more rational planning and use. The result has been the increasing 
conversion and degradation of the fragile Tana Delta ecosystem, which is home to endangered species such as the Tana River red colobus 
monkey and spotted ground thrush.

The TRI Kenya Tana Delta project is working to address these challenges, building on the success of a pilot land-use plan developed by 
villagers and local authorities in 2014. The project is supporting the development of sustainable value chains, including by facilitating private-
sector investment, promoting the adoption of participatory forest management approaches for sustainable forest management and restoration, 
and advising on policies and strategies to sustainably manage the delta.

Progress to date includes the following:
•	The 116 000-ha Tana Delta Indigenous and Community Conservation Area (ICCA) has been established, supported by a management plan 

and a participatory governance structure. The ICCA is included in the Tana River County Integrated Development Plan II (2018–2022), 
and the government has allocated USD 179 000 over the next four years to support its implementation.

•	Five community forest associations have been established in five forest reserves in the Tana Delta to promote the better management of 
these lands. In addition, socio-economic surveys and ecological assessments were completed for the Kilelengwani, Kipini and Ozi forests 
and used to inform the development of three draft participatory forest management plans.

•	Green value chains, including nine biodiversity-linked nature-based enterprises, were initiated in the delta, targeting 1 500 beneficiaries. 
These sustainable nature-based enterprises are expected to reduce pressure on natural resources.

•	The Kenya Forest Service has drafted a national FLR action plan with support from both the FAO and Nature Kenya/UNEP TRI projects. 
Tana River County has developed a draft environment bill and forest restoration strategy.

•	The project is one of five TRI projects piloting the application of species threat abatement and restoration assessments, identifying high-
priority areas and actions for biodiversity conservation through FLR.

Livestock on the 
ever-depleting grazing 
land surrounding Dide 
Daride village in Kenya’s 
Tana Delta. Home to 
thousands of species 
of birds, mammals and 
freshwater fish, the area 
has also supported 
generations of herders 
and farmers, who 
depend on its rich 
soils to nourish their 
crops and livestock. 
Population growth 
and climate change 
are putting pressure 
on the delta’s 120 000 
residents, sparking 
fierce competition 
over resources and 
degrading the fragile 
ecosystem©
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TRI GLOBAL SUPPORT PROJECT 
– PARTNERSHIP IN ACTION
The breadth of TRI – reaching across two 
continents and ten countries and involv-
ing numerous national and local partners 
– presents significant challenges in the 
coordination of workstreams. TRI agency 
partners IUCN, FAO and UNEP are turn-
ing these challenges into opportunities for 
greater learning and stronger partnerships 
on restoration, and the efficient delivery of 
technical support. A key means for this is a 
jointly implemented global support project, 
the work of which includes the following:

•	 Annual and regional workshops. 
Annual programmatic workshops 
presented by the global support proj-
ect, as well as regional workshops 
on more localized topics of interest, 
are a principle means by which the 
programme facilitates South–South 
learning and cooperation on FLR. To 
date, two programme workshops – in 
Naivasha, Kenya, and at FAO head-
quarters in Rome, Italy – have been 
convened with the combined participa-
tion of about 130 programme partners, 
supporting capacity development, the 
identification of shared areas of learn-
ing, and partnerships on FLR. More 
targeted regional workshops, such as 
one on the use of payment schemes 
for ecosystem services held in Beijing, 
China, have been organized with help 
from the global support project.

•	 Harmonized monitoring. All national 
projects use a common set of nine core 
indicators to track progress and facili-
tate apples-to-apples comparisons and 
learning. The global project supports 
this harmonized monitoring by con-
solidating information and facilitat-
ing course corrections, as required, 
including through a programme-level 
advisory committee.

•	 Online community of practice and 
learning. An online knowledge-shar-
ing community tailored to the needs of 
TRI partners has been created using a 

platform designed to work in countries 
with low-bandwidth Internet services. 
With help from the global programme, 
the platform supports learning through, 
for example, webinars, online training 
(via a partnership with Yale Univer-
sity’s Environmental Leadership and 
Training Initiative), dedicated message 
boards on topics of interest, and a pro-
gramme calendar and library.

•	 Enhancing tools for FLR. In addi-
tion to providing countries with direct 
technical support as needed, the global 
support project is assisting the develop
ment and enhancement of innovative 
tools, including through piloting in 
TRI countries. Tools under develop-
ment are addressing, for example, the 
evaluation of in-country environments 
and readiness for investment in FLR; 
the mapping and assessment of land 
cover (e.g. using Collect Earth); and 
the identification of high-priority areas 
and actions for biodiversity conser
vation through FLR.

LOOKING AHEAD: SCALING 
UP RESTORATION EFFORTS TO 
MEET GLOBAL CHALLENGES
For practitioners and partners, the grow-
ing political support for restoration, as 
shown by country commitments to the 
Bonn Challenge and international policy 
developments such as the United Nations 
Decade on Ecosystem Restoration, is 
welcome and challenging. It promises 
additional resources and support for 
restoration and increases the imperative 
that investments in FLR meet expectations 
by addressing global environmental and 
development challenges.

TRI can help in this effort. Already, the 
shared implementation approach adopted 
by the three partnering TRI agencies has 
been referenced and adopted in recent 
GEF-7 programming, including the GEF-7 
impact programmes “Food systems, land 
use and restoration” and “Sustainable 
forest management”. TRI investments 
to enhance partnering-country enabling 
policy environments and capacities for 

FLR planning, implementation and moni-
toring can be further scaled up and serve 
as road maps for other high-need, high-
opportunity countries. TRI investments 
in tools and innovative approaches, such 
as those on finance mobilization, biodiver-
sity conservation and online learning, are 
already available to the wider restoration 
community through partner knowledge 
platforms.

As set out by Mills et al. in this edition 
(page 119), the United Nations Decade on 
Ecosystem Restoration will pursue three 
major pathways for achieving its goals: 1) 
building a global movement; 2) generating 
political support; and 3) building technical 
capacity. The ongoing restoration interven-
tions under TRI will provide important 
information on best practices across a 
wide range of ecosystems. TRI partner 
governments (both local and national) will 
be welcomed as restoration champions 
who can share their valuable knowledge 
with FLR stakeholders and help foster 
political will.

The global COVID-19 health crisis has 
put greater emphasis on the need to “build 
back better” – to ensure that investments 
made in response to the effects of the 
coronavirus disease reduce the likelihood 
of future shocks and increase society’s 
resilience to them when they occur. 
Initiatives like TRI have an important 
role to play in both supporting and help-
ing guide future investment and work in 
restoration to consolidate existing habitats 
and rebuild connectivity to prevent further 
virus spillover events. The partners look 
forward to the work ahead.
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The country’s success in 
reversing centuries of forest 
degradation and loss shows that 
large-scale restoration is possible 
given political leadership, 
multistakeholder involvement 
and an adaptive management 
approach.

Large-scale forest and landscape restora-
tion has emerged as an important global 
priority. Both the Bonn Challenge and the 
New York Declaration on Forests call for 
the restoration of 350 million hectares 
(ha) of degraded forest land globally by 
2030. More recently, FAO has proposed the 
restoration of 900 million ha of degraded 
rural lands as a key measure to address 
land degradation and combat climate 
change. In March 2019, the United Nations 
General Assembly declared 2021–2030 as 
the United Nations Decade on Ecosystem 
Restoration.

Although the ambition for forest resto-
ration is high, implementation has been 
slow, with only 26.7 million ha of new 
forests established since 2000 (NYDF 
Assessment Partners, 2019). In addition, 
scientists have warned that forest resto-
ration must be viewed as an additional 

measure rather than a substitute for action 
to cut emissions, and also that restoration 
efforts need to be targeted carefully to 
produce desired effects (Betts, 2011; Arora 
and Montenegro, 2011). Scientists have 
also noted the potential for adverse envi-
ronmental outcomes when forest planting 
is extended to areas with low capability to 
support sustainable tree establishment or to 
non-forest areas with significant environ-
mental values such as natural grasslands 
and wetlands (Cao, 2008; Farley and 
Jackson, 2005; Jiang, 2016).

China is one of only a few countries 
to have reversed centuries of forest loss 
and degradation in recent decades and to 

Taking forest and landscape restoration to scale: 
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have dramatically increased its forest area: 
forest cover in the country has increased 
from 8.6 percent of the national land area 
at the time of the formation of the People’s 
Republic of China in 1949 to 23 percent 
today (Figure 1). Much of this expansion 
has been driven by large-scale “eco
forestry” projects designed to restore or 
enhance ecosystem services, ranging from 
erosion control and watershed protection to 
cropland protection, desertification control, 
landscape amenity and carbon sequestra-
tion. This article explores the achievements 
of China’s ecoforestry programmes, which 
started in 1978, and the challenges they 
have faced, and it discusses the key lessons 
learned that may help others in achieving 
large-scale forest restoration.

CHINA’S HISTORY OF FOREST LOSS 
AND DEGRADATION
Many of today’s global challenges related 
to environmental degradation, forests and 
forestry have long been concerns in China. 
Throughout China’s vast history, its forests 
have suffered as societies have prospered. 
Elvin (2001) characterized Chinese history 
as 3 000 years of unsustainable growth; 
Lamb (2010) described China as an 
archetypal example of a society that had 

been unable to prevent almost complete 
deforestation.

Lamb (2010) also noted that deforestation 
occurred in China despite a philosophical 
tradition involving a reverential attitude to 
nature, rich silvicultural knowledge, an 
understanding of the functional and protec-
tive roles of forests, and a strong political 
apparatus that had built a unified state. 
Forest degradation and loss continued 
for reasons common to many developing 
countries today: the limited ability of 
successive governments to use existing 
knowledge to implement their policies, 
and the fact that enlightened philosophi-
cal views about nature were confined to a 
small proportion of the population. Most 
people lived in rural areas and used nature 
and its resources in a continuous struggle 
to feed themselves and survive. With an 
increasing population, peasant farmers 
needed new lands, fuel, and building mate-
rials, and forests were the natural source of 
these. Over several thousand years, farmers 
continued to expand into and clear new 
forest lands until, eventually, the limits 
were reached. The loss and degradation 
of forests, wetlands, grasslands and shrub-
lands through landclearing, overgrazing 
and other agents led to the degradation 

and loss of ecosystem services and conse-
quently to serious problems with erosion, 
stream sedimentation, flooding, declining 
agricultural productivity, desertification, 
sand storms and biodiversity loss.

EARLY EXPERIENCES WITH 
FOREST RESTORATION
Although the overall trajectory of net forest 
degradation and loss continued into the 
modern era, China also has a long history 
of people responding to local problems 
by instigating forest restoration and pro-
tection measures. Afforestation in arid 
and semiarid China can be traced back 
at least 2 300 years (Wang et al., 2010). 
Miller (2020) charted the rise of timber 
plantations in China between about 1 000 
and 1 700 CE, when natural forests were 
increasingly replaced by planted forests.

When the People’s Republic of China 
was created in 1949, it inherited both a 
legacy of forest degradation and loss and 
historical experience with reforestation. 
Forest cover was low, with many provinces 
virtually treeless. The perilous state of the 
country’s forests seems to have been well 
recognized by the incoming political lead-
ership, with the First Plenary of the Chinese 
People’s Political Consultative Conference 

8.6%
8.9%

12.7% 12.0%
13.0%

13.9%

16.6%
18.2%

20.4%
21.6% 23.0%

0

50

100

150

200

250

0

5

10

15

20

25

19
49

19
50

–1
96

2

19
73

–1
97

6

19
77

–1
98

1

19
84

–1
98

8

19
89

–1
99

3

19
94

–1
99

8

19
99

–2
00

3

20
04

–2
00

8

20
09

–2
01

3

20
14

–2
01

8

Fo
re

st
 a

re
a 

(m
ill

io
n 

ha
)

Fo
re

st
 c

ov
er

 (%
)

Forest area

Forest cover

1 
Forest area and 
percent cover, China, 
1949�2018

Sources: National Forestry and Grassland Administration (2016, undated); Song and Zhang (2009).



11

Unasylva 252, Vol. 71, 2021/1

in September 1949 adopting a common 
programme that contained provisions to 
protect forests and develop forestry in a 
planned way (Richardson, 1966; Zhou, 
2006).

Similarly to previous administrations, 
however, China’s new leadership was 
constrained economically and unable to 
implement its well-intentioned policies or 
to turn an understanding of the functional 
and protective roles of forests into practice. 
Forests were mobilized to meet the imme-
diate needs of economic development and 
reconstruction following the long years 
of war.

Early afforestation efforts were also 
hampered by inappropriate incentives, 
underdeveloped silvicultural techniques 
and low rates of survival. Nevertheless, by 
the 1970s, China had amassed considerable 
experience and success in both afforesta-
tion and the use of forest management to 
support agriculture. Although, overall, 
forest policy still favoured the unsustain-
able exploitation of natural forests and 
some conversion of forests to farmland, 

afforestation programmes were encour-
aged along roads, rivers and canals and 
around houses and villages. By the late 
1970s, institutional arrangements were well 
established that linked political decision-
makers, technicians and forest and farm 
workers. By world standards, the country 
had already achieved large-scale afforesta-
tion, with overall forest cover reaching 10 
percent of the total land area (FAO, 1978) 
(up from 8.6 percent in 1949).

CHINA’S LARGE-SCALE 
ECOFORESTRY PROGRAMMES
China launched the first of its large-scale 
ecoforestry programmes in November 
1978 following huge dust storms and in 
light of growing recognition of the costs 
of environmental degradation. The first 
programme – the Three-North Shelterbelt 
Development Programme (hereafter the 
Three-North Programme) – was vast in 
both scale and duration (Zhou, 2006; 
Box  1). The programme made early 
progress; by its fortieth anniversary in 
2018 it had facilitated the planting of 46.1 

million ha in challenging environments. 
Overcoming initial challenges, includ-
ing low rates of survival, the programme 
achieved a net expansion of forest cover 
of 30.1 million ha (CAS, 2018). Carbon 
sequestration from these forests has been 
estimated at 5 percent of China’s total 
industrial emissions over the same period. 

With the early success of the Three-
North Programme, a national tree-planting 
programme and other shelterbelt develop-
ment programmes were initiated in the 
1980s (Box 2). A series of catastrophic 
events, including flood disasters in the 
Yangtze and Sonhuajiang river basins in 
1998 and unprecedented dust storms in 
Beijing and other areas in 2000, prompted 
a dramatic expansion of China’s ecofor-
estry and associated land sustainability 
programmes (Bryan et al., 2018; Zhou, 
2006). Overall, the investment in 16 major 
sustainability programmes between 1978 
and 2015 totalled USD 378.5 billion (in 
2015 dollars), with annual programme sup-
port growing steadily (as China’s economy 
grew) to more than USD 40 billion per year 

Integrated forest and agricultural land use in a restored catchment in Baijun County, Heilongjiang Province 

©
 D

. C
A

SSELLS



Unasylva 252, Vol. 71, 2020/1

12

Box 1
The Three-North Shelterbelt Development Programme

The Three-North Programme was established by the Central Committee of the Chinese Communist Party and the State Council of China in 
November 1978 to improve natural and economic conditions in the country’s north, northeast and northwest (hence “Three-North”) regions for 
sustainable development. The programme covered about 4 million km2, from Bin County in Heilongjiang Province in the east to the Wuzibile 
Mountains in Xinjiang in the west – some 42 percent of China’s land area; it was 4 480 km in length and 560–1 440 km wide and extended 
over 551 counties in 13 provinces. The planning horizon was 73 years, and the programme was implemented in eight phases. Its achievements, 
which had three components (farmland shelterbelt, erosion control, and combating desertification), have matched the scale of its ambition.

Farmland and infrastructure shelterbelts
More than 2.8 million ha of farmland shelterbelts had 
been established under the programme by 2015. This 
green infrastructure offered protection to 30 million ha 
of existing farmland and led to the reclamation of an 
additional 15 million ha of farmland and pasture. It has 
been estimated that this has accounted for as much as 
20 percent of the increase in the national grain harvest 
over the last 40 years.

Erosion control on the Loess Plateau
Under this project, which ran from 1994 to 2002, about 
9.6 million ha of watershed protection forests were estab-
lished on the Loess Plateau (see photo on page 9); sedi-
ment levels in the Yellow River fell by up to 90 percent; 
and livelihoods were improved by the incorporation of 
economic crops such as walnuts and apples in restoration plantings. 
By 2015, for example, over 6.6 million ha of fruit plantations had been 
established, producing 48 million tonnes of dry and fresh fruits annually with an output value of CNY 120 billion (USD 17 billion). According 
to Chen, Wang and Wang (2004), the proportion of people in the area living in poverty dropped from 59 percent in 1993 to 27 percent in 2001.

Sand ecosystem management to 
combat desertification
Under this project, 3.4 million ha of sand 
ecosystems have been brought under man-
agement and converted to fertile farmland, 
and China’s sand ecosystem is now reducing 
by 150 000 ha per year. Sand stabiliza-
tion has enabled the protection of villages 
and key infrastructure such as roads and 
railway lines.
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Farmland shelterbelts have increased agricultural yields substantially 

Villagers plant grasses in 
2018 as part of efforts to 

combat desertification 
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600 million ha or 62 percent of China’s 
land area (see Figure 2 for the coverage 
of the main forest-oriented programmes). 
This has dramatically expanded forest and 
other vegetative cover, reduced sediment 
loads in major rivers, enhanced habitat 
restoration and biodiversity and assisted 
in obtaining increases in crop production 
and food security. Given that most of the 
heavily degraded lands also had higher 
incidences of poverty and slower economic 
growth, China’s forest restoration and land 

sustainability programmes have generally 
increased incomes and reduced poverty 
in programme areas, although the local 
economic effects have varied greatly (Liu, 
Yin and Zhao, 2018). To date, no assess-
ment has been made of the national-level 
economic impacts of the programmes, 
which were established primarily for 
environmental and local and regional 
poverty-alleviation purposes.

Box 2
China’s other key ecoforestry projects

National Tree-planting Campaign. The National People’s Congress launched this programme in 1981 to facilitate wide participation in 
tree-planting. It was designed to raise public awareness of afforestation, accelerate the reforestation of barren hillsides, improve ecological 
conditions in rural and urban areas, and promote ground-level greening in all sectors.

The shelterbelt development programmes in the Yangtze River basin and other regions. These programmes, which began in 1987, 
extended shelterbelt development to five additional regions covering the Yangtze and Pearl rivers and their coastal areas and plains, and the 
Taihang Mountains.

Natural Forest Conservation Programme. This programme, initiated in 1998, sought to halt logging and deforestation to protect natural 
forests for ecological and carbon benefits. It created new business opportunities for traditional forest enterprises as well as jobs in forest 
management, and it assisted redundant forestry workers with relocation.

Grain-for-Green Programme. This programme started in 1999 to prevent soil erosion, mitigate flooding, store carbon and improve liveli-
hoods by increasing forest and grassland cover on steep hills and by converting croplands, barren hills and wastelands to forests. The pro-
gramme provided grain and cash as incentives and compensation for not cultivating some types of land and, rather, converting it to forests, 
woodlands or grasslands.

Fast-Growing and High-Yielding Timber Programme. This programme, which was implemented between 2001 and 2015, was designed 
to remedy the decline in timber supply due to the withdrawal of natural forests from production. It focused on regions with potential for 
plantation development.

Sandstorm Source Control Programme around the Beijing-Tainjin Region. The aim of this programme, initiated in 2001, was to reduce 
desertification and dust storms and improve the environment in the Beijing-Tianjin area through reforestation, grassland management and 
watershed management.

Wetland Conservation Programme. This programme supported projects designed to enhance the conservation and restoration of important 
natural wetlands. The integration of the programme with other key programmes, such as the Natural Forest Protection Programme and the 
various shelterbelt programmes, helped significantly reduce sedimentation in key wetland areas.

Rocky Desertification Control Programme. This programme, which began in 2008, was designed to curb land degradation in karst areas in 
China by improving environmental conditions and increasing local incomes in those areas. The programme focused on protecting and establish-
ing vegetation, encouraging sustainable land use and water conservation, and supporting the relocation of poor people from degraded areas.

Sources: APFNet (2012); Bryan et al. (2018).

in 2015 (which was 0.37 percent of gross 
domestic product) (Bryan et al., 2018).

Together, these programmes, combined 
with other sustainability programmes 
to address, for example, soil and water 
conservation, wildlife conservation, 
grassland protection and the quality of 
cultivated land, have led to the substan-
tial recovery of land cover and ecological 
function (Bryan et al., 2018). In total, 
the programmes (including non-forestry 
programmes) have covered more than 
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DRIVERS OF SUCCESS
China’s success with large-scale eco-
forestry, land restoration and resource 
sustainability is due to many factors. The 
most important are described below.

Sustained political and budgetary 
support
All of China’s large-scale ecoforestry 
and land sustainability programmes have 
operated under multidecadal timeframes 
and with sustained high-level political and 
budgetary support. Once the implications of 
continued forest degradation and loss (and 

associated land and resource sustainability 
problems) were fully recognized, national-
level programmes were initiated with full 
policy and legislative support. Sustainable 
forest conservation, management and resto-
ration, and ensuring resource sustainability, 
became high-level public-policy concerns 
similar to health, defence and education, 
and they were backed with ongoing policy 
and budgetary support.

Mass mobilization and participation
In the early days of the programmes, 
the bulk of China’s population still lived 

in rural areas on farms and communes. 
Planning and management followed norms 
for the agriculture sector as a whole; and 
local demonstrations of best practice 
served as models to enable surrounding 
farms and farmers to improve management 
through a process of learning by doing. 
Planning at the local level was made by 
“three-in-one formations” comprising 
technicians, commune members and party 
cadres. These formations considered the 
following three criteria for the selection of 
crops and activities: 1) site conditions and 
the suitability of the land for agriculture, 
forestry or animal production; 2) national 
targets; and 3) local people’s needs. Before 
a plan was adopted and implemented, 
it was reviewed and refined through a 
participatory process linking provincial 
and district planning teams with forest 
production brigades at the commune or 
village level.

Broadscale communication and extension 
efforts convinced a large portion of the 
national population to support tree-plant-
ing because it would, over time, contribute 
to collective and individual well-being 
(FAO, 1978). This high level of “tree 
consciousness” was further developed by 
later programmes such as the National 
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Tree-planting Campaign. Incentives 
were paid to those people and bodies 
implementing activities – usually farmers 
and forest-farm units. It was recognized, 
however, that these incentives would need 
to increase with the gradual development 
of the market system and higher levels of 
labour mobility (Zhou, 2006). For example, 
tree-planting payments under the Three-
North Programme were initially CNY 150 
(USD 60 at the time) per hectare. Payments 
had risen to CNY 7 500 (USD 1 071) per 
hectare by 2017 (Zhu and Zheng, 2019).

Later programmes such as the Natural 
Forest Protection Programme and the 
Grain-for-Green Programme involved 
retiring land use and the voluntary or 
involuntary resettlement of farmers away 
from vulnerable and degraded sites. These 
programmes had a socio-economic focus 
on reducing poverty as well as enabling 
environmental outcomes, which overcame 
these challenges. A wide range of incentives 
was paid to affected farmers, and consider-
able efforts were made to diversify their 
off-farm incomes through the establishment 
of orchards and village enterprises such 
as fish ponds and pig raising (Cao et al., 
2017). The efforts were greatly assisted 
by China’s rapid economic development; 
nevertheless, it is recognized that, in some 
areas, there is a need for ongoing payments 
for the provision of ecosystem services to 
secure long-term sustainability (Bryan et 
al., 2018).

Coordinated governance and 
management
The central government led programme 
governance and also provided most of 
the funding. It was supported by part-
nerships with, and co-investment from, 
provincial and local governments as well 
as enterprises and individuals (Bryan et 
al., 2018). With the help of research agen-
cies, the central government designed the 
programmes, set high-level objectives 
and delegated responsibilities to relevant 
agencies such as the National Forestry 
and Grassland Administration (and its 
predecessors). These agencies planned 

the detailed scope and priorities of pro-
grammes and coordinated implementation, 
allocating tasks to provincial government 
departments. Provincial and local gov-
ernment departments refined and adapted 
the programmes based on local needs, 
conditions and priorities and developed 
and implemented projects and managed 
funding. Monitoring and quality assurance 
involved self-appraisal, inspection at the 
local, provincial and national levels, and 
verification against accepted performance 
standards. Underperformance resulted in 
penalties, including withheld payments.

Development partnerships and 
learning by doing
China’s implementation of its major 
ecoforestry and land sustainability pro-
grammes was supported by bilateral and 
multilateral assistance programmes offered 
by the World Bank, FAO and the Sino–
German Forestry Programme. This helped 
accelerate capacity building in forest sci-
ence and restoration management and, as 
the programmes developed, to facilitate the 
documentation and dissemination of les-
sons learned. Adaptive management based 
on learning by doing has been a feature 
of the programmes, with pilots, trials and 
staged rollouts employed to enhance learn-
ing and project success.

A focus on livelihoods as well as 
ecosystem services
Although most forest plantings and resto-
ration efforts focused on environmental 
objectives, economic tree crops such as fruit 
and nut trees were used widely to increase 
the incomes of participating villages and 
communes. Pilot sites demonstrating that 
the establishment of shelterbelts increased 
crop production inspired their replication 
across large areas of farmland. Where a 
programme involved retiring marginal 
lands from production, compensation pay-
ments were made for up to eight years, with 
an extension of an additional eight years 
to further reduce poverty and generate 
alternative employment and income (Liu, 
Yin and Zhao, 2018).

CHALLENGES
Although the programmes have been 
impressive in both scale and impact, their 
implementation has not been without sig-
nificant challenges, and additional issues 
are emerging that ultimately will need to 
be addressed. Some of these are described 
below.

Low survival rates and inappropriate 
species selection
In the early days, many of the areas tar-
geted for restoration were barren, with long 
histories of land degradation. Many sites, 
particularly in the Three-North Region, 
were harsh, windy and cold, with short 
growing seasons; this presented a signifi-
cant challenge for restoration. The limited 
availability of planting materials often led 
to an overreliance on single species and 
consequent problems with pests and dis-
ease. As noted earlier, the Three-North 
Programme increased forest cover by 30.1 
million ha over 40 years, but the equivalent 
of 46.1 million ha was planted, an effective 
success rate of just 65 percent.

Tree-seedling survival rates were very 
low in many areas. Farmers informally 
told two of the authors in 2019 that today’s 
trees have been “built on the shoulders” 
of previous dead trees; some cynically 
described plantings as “green in year 1, 
yellow in year 2 and brown in year 3”. In 
drier areas, there were instances where 
reforestation was overused as the prime 
restoration tool, even in environments that 
may not have previously supported forest 
vegetation (Cao, 2008; Jiang, 2016). Over 
time, there has been greater use of land 
enclosures to reduce grazing pressure and 
thereby assist the natural regeneration of 
grasslands and shrublands in areas where 
these are more appropriate land cover.

An initial inadequate science base
China’s large-scale ecoforestry efforts 
began just as the country was emerg-
ing from the Cultural Revolution, which 
considerably disrupted many science and 
resource management systems. The initial 
science base of the programmes, therefore, 
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was not well developed, leading to problems 
such as an overreliance on a relatively small 
number of species and the use of species 
that were inappropriate for particular sites.

With the opening of China’s economy 
since the late 1970s, China’s capacity in 
forest sustainability science has developed 
greatly, and there is growing emphasis on 
planning and more targeted restoration 
interventions. Efforts are being made 
to develop and apply close-to-nature 
approaches in new plantings and in the 
ongoing restoration of already-estab-
lished monoculture plantations (APFNet, 
2015, 2019).

Looking beyond the trees to ecosystem 
function
The need to focus restoration interventions 
on the right species for a given environment 
has been alluded to above. Awareness of 
possible trade-offs is also important, and 
many authors have shown that successful 
plantings to arrest erosion on the Loess 
Plateau and elsewhere caused reductions in 
streamflow (e.g. Wang et al., 2011; Feng et 
al., 2017). China is considering these stud-
ies to understand how to integrate lessons 
learned into future projects.

Developing appropriate monitoring 
and evaluation systems
The development of China’s ecoforestry 
programmes has occurred at a time of 
rapid economic, social and environmen-
tal change, and it is difficult to ascribe the 
extent to which changes experienced in 
the programme areas – both positive and 
negative – are the result of programme 
interventions or the confounding effects 
of broader changes. Programme designs 
that better enable the monitoring and 
evaluation of results and address trade-offs 
will become increasingly important, par-
ticularly in arid and semiarid areas where 
the selection of low-cost, water-efficient 
interventions is crucial.

Sustainable financing of ecosystem 
services
China’s consistent political and budget-
ary support has been a key element of 
programme success, but concerns have 
been raised that reversals could occur when 
payment periods for key programmes cease 
or if a significant economic reversal leads 
to fewer off-farm labour opportunities or 
population movements back to rural areas 
(Liu, Yin and Zhao, 2018). Strategies such 
as the innovative development of payment 
schemes for ecosystem services and the 
realization of the economic potential of the 
forest and agricultural products produced in 
restored areas will be important for ensur-
ing ongoing public support for restoration 
and sustainable forest management.

CONCLUSION
Over the last four decades, China’s eco-
forestry programmes have extended early 
successes to dramatically expand forest 
cover and are now focusing on consoli-
dating the ecological services that the 
plantings were designed to provide. China’s 
experience gives rise to key lessons about 
what has enabled the implementation of 
restoration at such an impressive scale. 
Consistent and strong political leader-
ship was pivotal for supporting long-term 
governmental and societal commitment 
to environmental sustainability. This may 
not easily be replicable in other places, but 
China’s experience shows that consistent 
policy support can bring about significant 
progress in the management, conserva-
tion, development and restoration of forest 
landscapes. Multistakeholder, whole-of-
society approaches have also enabled the 
mobilization of efforts across China and 
helped secure sustainability. Also crucial 
has been the integration of economic, social 
and environmental concerns into restora-
tion strategies. Thus, a holistic approach 
to restoration can support its sustainability 
and provide diverse benefits.

Learning by doing has been key through-
out China’s history of forest policy and 
restoration. It has been backed by ongo-
ing research and development to enable 

adaptive management that incorporates 
new knowledge and responds to challenges. 
Due to the long timeframe needed for res-
toration, continuous adaptive learning and 
implementation is crucial for ensuring the 
implementation of restoration practices 
and benefits across landscapes. These key 
lessons should be taken into account to 
support the development of sustainable 
restoration at scale elsewhere.
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A trend towards decentralization 
can assist efforts to restore 
landscapes – provided that 
local governments and 
communities work hand in hand 
to plan, implement and maintain 
interventions.
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Africa faces multiple environmental 
challenges – such as widespread 
land degradation, climatic fluc-

tuations and change, water scarcity and 
biodiversity loss – that exacerbate existing 
food and energy crises. The continent lost 
a net average of 3.9 million hectares (ha) of 
forest per year in the previous decade (FAO 
and UNEP, 2020). Sixty-five percent of its 
lands are degraded, with soil and nutrient 
depletion in croplands causing an estimated 
loss of African gross domestic product of 3 
percent per year due to reduced agricultural 
production potential (DeWitt, Weber and 
Diakhite, 2015). The African population 
is forecast to grow to 1.7 billion people by 
2030 and to 2.5 billion by 2050 (UN DESA, 
2017). To harness this demographic trend 
and its potential for sustainable develop-
ment, significant investments are needed to 
build a “transformed Africa”, as envisioned 
in the African Union’s Agenda 2063 (Afri-
can Union, 2015).

The full array of challenges and oppor-
tunities facing Africa exist in the Sahel, a 
strip of land of several hundred kilome-
tres located south of the Sahara bordered 
by the Atlantic Ocean and the Red Sea. 
Sahelian drylands are characterized by high 
annual temperatures and low but highly 
variable rainfall (OSS, 2018); the Sahel is 
expected to be among the planet’s most 
severely climate-change-affected regions 
(IPBES, 2018). Sahelian countries also 
face an unprecedented demographic chal-
lenge – with population growth among 
the highest in the world (World Bank, 
2018), rural communities that are highly 
dependent on increasingly scarce natural 
resources, and considerable insecurity, con-
flict and intense migrations. Recognizing 
the depth of the challenges, countries in 
the Sahel have gathered forces through 
initiatives to increase food security and 
people’s resilience. For example, the Great 
Green Wall for the Sahara and the Sahel 
Initiative (GGWSSI)1 and the African Forest 
Landscape Restoration Initiative (AFR100)2 

were launched in 2007 and 2015, respec-
tively, with the aims of helping reverse 
desertification, land degradation and bio-
diversity loss and optimizing adaptation 
and resilience to climate-change hazards 
and impacts.

Despite multiple pressures on the environ
ment, the Sahel became greener overall 
between 1980 and 2010 (as evidenced by 
Normalized Difference Vegetation Index 
trends captured through remote sensing) 
(IPBES, 2018). At least partly, this increase 
was due to the establishment of new veg-
etation enabled by:

•	 the use of water- and soil-conservation 
technologies and mechanical tools (e.g. 
stone lines, zaïs, half-moons, Delfino 
ploughs and organic fertilization, some 
of which are described below); and

•	 the use of biological approaches (e.g. 
the control of grazing; site restoration 
through assisted natural regeneration; 
the planting of local tree and other 
plant species; promoting a grass layer; 
and agroforestry).

Such successful approaches must be 
scaled up urgently by building on and 
encouraging local initiatives. This article 
looks at the instrumental role that national 
decentralization policies, adopted by most 
Sahelian countries, can play in enabling 
local investments in restoration and how 
targeted capacity development and techni-
cal support provided to communities can 
help ensure success.

DECENTRALIZATION: ENABLING 
ACTIONS TO ADDRESS THE 
CHALLENGE OF DEGRADED LANDS
Globally, environmental conservation and 
restoration policies have been changing 
recently towards the increased devolution 
of responsibilities to local governments 
(IPBES, 2018; Hesse and Trench, 2000). 
In the Sahel, governments started decen-
tralizing natural resource management to 
local governments (collectivités territo-
riales) about a decade ago. In particular, 
responsibility has been transferred to 
municipalities, which are now in charge of 
leading environmental-management-related 

operations, including the planning, financ-
ing and management of investments (i.e. 
maîtrise d’ouvrage) for natural resource 
management.

Municipal authorities therefore play a 
crucial role as unifiers and facilitators in 
the implementation of land restoration 
across municipal lands. This is particu-
larly true for lands placed directly under 
municipality authority, such as grazing 
lands, rangelands, fallows, riverbanks and 
community forests. Some countries have 
developed separate approaches for restora-
tion on private and community lands. In 
Burkina Faso, for example, Coordination 
Nationale de la Grande Muraille Verte 
– the country’s national entity in charge 
of coordinating the GGWSSI – has 
tested two restoration approaches with 
the technical support of FAO and local 
partner non-governmental organizations. 
Degraded land assigned to family farm-
ing is restored through a household-level 
approach involving the construction, by 
hand, of half-moons and zaïs.3 For larger-
scale restoration, Delfino ploughs (ploughs 
equipped to dig microbasins mimicking 
the traditional half-moons) are used in 
place of manual digging. The deployment 
of these two approaches has helped reverse 
degradation over a short period. Using the 
two approaches in combination provides 
flexibility in dealing with a wide variety 
of situations and the needs of local people.

Successful restoration requires adequate 
incentives, effective governance, suffi-
cient technical, operational and financial 
capacities, the sustainability of actions, 
and continuous monitoring and adaptive 
management and learning (FAO, 2015; 
Sacande, Parfondry and Cicatiello, 2020). 
Local governments, particularly munici-
palities, play key roles by mobilizing 
municipal funds for restoration invest-
ments; building capacities and promoting 

1	www.greatgreenwall.org/about-great-green-wall
2 www.afr100.org

3	Half-moons (also known as eyebrow terraces) 
are semicircular microbasins designed to sup-
ply plants with water runoff. Zaïs, also known 
as tassas, are planting pits filled with organic 
fertilizers or compost and surrounded by small 
ridges to capture water.
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community ownership; and establishing 
fair partnerships with the private sector 
and other stakeholders in delegating the 
various restoration actions.

MOBILIZING MUNICIPAL 
FUNDS FOR RESTORATION 
INVESTMENTS
The use of integrated land-use plans is key 
to restoration success (Sabogal, Besacier 
and McGuire, 2015). In the Sahel, local 
governments are responsible for including 
natural resource management activities and 
related investments in their planning tools. 
One key tool is local development plans 
(LDPs),4 which provide strategic guidance 
on local development at the municipal level. 
LDPs are designed in a participatory way 
by local stakeholders, and they encompass 
the local government’s economic, social 
and environmental development priori-
ties for the next several years. Municipal 
councils can also develop and implement 
annual investment plans based on their 
LDPs. Municipal budgets complement 
these tools in planning a municipality’s 
annual revenue and expenditures.

The transfer of responsibilities from 
the central to the local level is a complex 
process because, often, municipalities lack 
the human and financial resources they 
need to invest significantly in restoration 
and other activities. Their share of tax 
revenue is low, they are usually assigned 
only a small proportion of the budgets 
of central governments, and they are sel-
dom able to borrow funds (Husson, 2013). 
Nevertheless, the following three tools – 
which can be deployed simultaneously or 
sequentially – are available to help increase 
municipal functional capacity and invest-
ment resources (IRAM, 2019).
1.	 Targeted budget support. Bud-

get support involves direct funding 
from the central government to local 

governments for targeted sectors. 
Although such support is essential, 
it could hamper the empowerment of 
subnational authorities by maintain-
ing their dependence on central gov-
ernments. Nevertheless, it is a major 
source of funds, which can be made 
available specifically for restoration.

2.	 National funds and agencies that 
support the financing of local gov-
ernments. In many countries, political 
decentralization has resulted in the 
development of national funds to sup-
port facilities for local governments, 
such as Agence Nationale de Finance-
ment des Collectivités Territoriales 
(ANFICT) in the Niger, Fonds Per-
manent du Développement des Col-
lectivités Territoriales (FPDCT) in 
Burkina Faso, and Agence Nationale 
d’Investissement des Collectivités 
Territoriales in Mali. These national 
funds are sustainable public institu-
tions financed directly by the central 
government. They can also receive 
endowments from external partners 
(Husson, 2013), and they are usually 
directed at local-government develop-
ment programmes as capital grants and 
to build operational capacity.

3.	 Local development funds. The 
United Nations Capital Development 
Fund (UNCDF)5 has supported the 
design and implementation of local 
development funds (LDFs) in many 
least-developed countries, including 
in normal and post-crisis situations. 
Often, LDF operations are initiated 
in three steps: 1) the development of a 
local strategic plan (e.g. an LDP) and 
a related expenditure framework in a 
three-year plan addressed in annual 
investment plans; 2) the design and 
implementation of funding windows 
and the transfer and use of funds; and 
3) a performance assessment of the 
local government. LDFs generally 
have two windows – one for financing 

4	LDPs are known as plans de développement 
communal in Burkina Faso, Chad, Mauritania 
and the Niger and plans de développement 
social, économique et culturel in Mali (Tieplolo, 
2011).

5	The UNCDF makes public and private finance 
work for the poor in the world’s 47 least-
developed countries. The UNCDF offers “last 
mile” finance models that unlock public and 
private financial resources, especially at the 
domestic level, to reduce poverty and support 
local economic development. See www.uncdf.
org for more information.

A woman draws half-moons as part of 
a training exercise in the Niger. Local 

governments can play a key role in building 
capacities and promoting community 

ownership 
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basic socio-economic infrastructure 
with capital grants and the other for 
financing the functioning of local gov-
ernment through recurrent grants. To 
support local government in imple-
menting activities related to natural 
resource management (including for-
est and landscape restoration), a third 
window involving earmarked grants 
can be opened to finance interventions 

that target specific topics. Ownership 
of this window by the local govern-
ment is particularly important given 
its key role in the planning process for 
meeting local needs. Box 1 and Box 2 
illustrate the use of these instruments 
by projects.

MOBILIZING LOCAL COMMUNITIES 
FOR RESTORATION
The engagement, involvement and empow-
erment of rural communities, including 
through capacity development, are essen-
tial for successful, sustainable restoration. 
Participatory restoration processes are 
already under way in the Sahel, but 
national pledges on the area to be restored 
will not be met unless all stakeholders 

Box 1
A forest and landscape restoration project in Burkina Faso and the Niger receives funding  

from a national fund and a local development fund

The FAO project, “Forest and landscape restoration and sustainable land management in the Sahel”, began in 2018 with financial support from 
the French Global Environmental Facility (FFEM). Its aim is to strengthen technical and financial capacities in three municipalities in each 
of Burkina Faso and the Niger with a view to empowering them in “greening” their LDPs.

Agreements were signed with the national funds in charge of supporting local governments (FPDCT in Burkina Faso and ANFICT in the 
Niger) to transfer investment funds to the municipalities. With support from FPDCT, ANFICT and UNCDF, investment windows were opened 
specifically to fund forest and landscape restoration, sustainable land management and green income-generating activities, and the investments 
were integrated into municipal annual investment plans (Figure 1). Municipalities liaise with local service providers to execute the relevant 
activities. The ministries in charge of the environment, and their decentralized agents, provide technical support.

Note: FLR = forest and landscape restoration; IGA= income-generating activities; SLM = sustainable land management. Other acronyms are given in the text.

For more information, visit www.fao.org/in-action/forest-landscape-restoration-mechanism/our-work/countries/burkina-faso/fr and www.fao.org/in-action/forest-
landscape-restoration-mechanism/our-work/countries/niger/fr

Source: D. Poda, I. Wata, F. Zoveda and C. Besacier, FAO, personal communication, 2020.
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are engaged. Participation must be main-
streamed at every stage of the restoration 
process – from planning to implementa-
tion, monitoring and evaluation. It should 
be iterative, it should take place before, 
during and after restoration activities, 
and it should involve information-shar-
ing, awareness-raising and organizational 
and operational capacity development in 
communities. Communities must be at the 
core of the process. They are crucial for 
identifying and prioritizing the lands and 
spaces to be restored, setting restoration 
goals and contributing to implementation 
such as by collecting seeds, planting, and 
maintaining and managing sites. Municipal 
authorities can contribute to the process 
by ensuring that rural communities are 
involved and the impacts are sustainable.
Maximizing the impacts of restoration 
actions requires an assessment of the 
technical and organizational capacities 
of stakeholders. Based on this, capacity-
development actions can be planned and 
implemented with communities and 
other actors. For example, restoration 
actions may require the improvement of 
technical and managerial capacities to 
ensure the timely availability of planting 
materials and to increase knowledge of 

plant-propagation and restoration tech-
niques. The successes achieved by the 
Action Against Desertification programme 
(AAD) arise from intense efforts to deploy 
participatory processes, apply science 
and innovative technologies, and develop 
capacity (Box 3).

In addition to developing capacity in 
communities, it is crucial to raise aware-
ness about income-generating activities 
based on restoration, such as the sustain-
able harvesting, production and processing 
of non-wood forest products like fodder, 
honey, wax, and balanite oil and soap (from 
Balanites aegyptiaca). Communities must 
see, as early as possible, that the restoration 
of degraded land offers opportunities to 
add value to their cropping and pasturing 
activities and as sources of income. In 
Burkina Faso, for example, fields being 
restored using Delfino ploughs were 
simultaneously planted with seedlings of 
usable woody species and with species 
cultivated for woodfuel and fodder, with 
sites rapidly achieving a dense grass layer 
(see Box 3). Communities harvested the 
grass for fodder and sold a portion of it for 
income. Thus, municipal authorities can 
help strengthen local involvement in res-
toration by understanding the preferences 

of communities and meeting their expecta-
tions for short- and long-term benefits.

ESTABLISHING FAIR PARTNERSHIPS 
IN DELEGATING RESTORATION 
AND LAND MANAGEMENT
As the authority responsible for natural 
resource management by virtue of decen-
tralization, a municipality can decide to 
delegate such management to user associa-
tions or private entities. This delegation can 
enhance restoration efforts.

Delegating to user associations
In addition to ensuring, in their planning, 
the necessary investments for the restoration 
and maintenance of sites, local authori-
ties play an important enabling role in 
structuring the bodies responsible for the 
management of restored sites. Those com-
munities that benefit from restoration do not 
always pay due attention to the maintenance 
of restored sites because of a lack of aware-
ness, training or ownership of the restoration 
actions (CTB, 2018), or because the incen-
tives are insufficient. It is vital, therefore, to 
raise awareness among communities about 
the benefits of long-term site maintenance 
and their responsibility in the process. The 
involvement of local communities is key to 

Box 2
Project focusing on local communities for land restoration and green jobs

The Local Environmental Coalition for a Green Union (known as FLEUVE for its acronym in French) project was implemented by the Global 
Mechanism of the United Nations Convention to Combat Desertification (UNCCD) in the context of the GGWSSI with support from the Euro-
pean Commission. It was built on the idea that local communities are the foundational unit of sustainable development and that, therefore, local 
stakeholders should be part of the design and implementation of solutions.

The project’s activities targeted multiple communities in five Sahelian countries – Burkina Faso, Chad, Mali, the Niger and Senegal – with the 
aim of building the capacities of local authorities, civil-society organizations, small and medium-sized enterprises and the private sector to raise 
funds for land restoration and to create “green” job opportunities (the latter involving, for example, the valuation and optimization of non-wood 
forest product value chains for species such as Moringa and baobabs and identifying new niche markets). This decentralized approach was 
complemented by regional activities focused on increasing capacity in restoration practices and innovative financing mechanisms. To secure 
the purchase of products, connections were made between local producers and regional markets through sustainable value-chain development, 
in collaboration with the private sector. This led to the creation of green jobs for thousands of women living in rural areas in the five countries.

Source: H. Khiari and S. Jauffret, Global Mechanism of the UNCCD, personal communication, 2020.
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Box 3
Participatory science and capacity development: key success factors

The AAD, which began in 2014, is being implemented by FAO and partners in six countries (Burkina Faso, Ethiopia, the Niger, Nigeria, 
Senegal and the Gambia); it is financed by the European Union and the African, Caribbean and Pacific Group of States. The project 
acknowledges the central role of communities, men, women and youth in achieving success and having an impact on the ground, and that 
restoration interventions must benefit both people and the environment.

Communities have led the process for selecting the species to be used in restoration. Consultations and group discussions were organized 
with communities and municipal authorities to understand their interests, motivations, contributions and needs. The project conducted surveys 
to better understand community needs in terms of the most suitable species to be planted and to document traditional knowledge, species 
uses and practices. The results were validated scientifically to ensure that the selected species are adapted to the environment and suitable 
for addressing socio-economic needs (Sacande and Berrahmouni, 2016; Sacande, Parfondry and Cicatiello, 2020). Local communities chose 
more than 200 plant species (trees, shrubs and grasses) for their medicinal or animal-husbandry uses, their capacity to provide energy, food 
or fodder, and their cultural, social or environmental benefits (Sacande and Parfondry, 2018; Sacande, Parfondry and Martucci, 2020).

Consequently, the restoration carried out by communities with the support of AAD has achieved substantial success in grass fodder production 
(Sacande, Parfondry and Cicatiello, 2020), showing that effective community engagement and participation can deliver early benefits. Within 
five years, more than 50 000 ha of land had been restored 
or was under restoration, benefiting 325 communities and 
nearly 1 million people in the targeted GGWSSI countries.

With the ambition to restore 200 million ha of degraded 
land in Africa by 2030 through AFR100 and GGWSSI, 
these AAD outcomes might be considered a mere drop in 
the desert. Nevertheless, the restoration model is already 
being replicated in other areas and is ready to be scaled 
up, bringing additional socio-economic benefits through 
the development of sustainable value chains for other 
non-wood forest products such as gum arabic, fodder, 
honey and seeds (Sacande and Parfondry, 2018).

For more information, visit www.fao.org/in-action/action-against-desertification

Source: N. Berrahmouni and M. Sacande, FAO, personal communication, 2020.
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sustainable restoration interventions (FAO 
and World Resources Institute, 2019). The 
role of management committees at restored 
sites in the Niger shows a possible long-term 
management option that includes local com-
munities (Box 4).

Delegating to the private sector
Given the huge area that needs restoring, all 
stakeholders, including the private sector, 
must be involved. Some private partners 
(such as impact funds) have the resources 
to cover certain transaction costs arising in 
the development of restoration initiatives 
(FAO and Global Mechanism of UNCCD, 

2015), and they may be open to engagement 
in equitable and productive partnerships 
with communities (FAO, 2015). Decisions 
to delegate natural resource management 
(including restoration) to the private sec-
tor requires the full participation of local 
communities to ensure that their rights are 
acknowledged, respected and protected. 
Land-tenure security is indispensable in 
any agreement of this kind; among other 
things, it will reassure stakeholders that 
they will benefit from resources derived 
from private-sector investments as the 
areas become productive. For example, 
the business plan of Société Hommes et 

Terre (which is active in Burkina Faso – 
Box 5 – and other countries) focuses on 
the restoration of degraded lands shared by 
villagers and is built on multistakeholder 
agreements established with subnational 
authorities and local communities.
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Box 4
Experience in the Niger on the community management of restored sites

In the Niger, management committees for restored sites (COGES) comprise community-owned and self-managed mechanisms for managing 
restored common property. A COGES represents an entire village or landscape and has decision-making power in fulfilling the community’s 
needs for natural resources. Typically, a COGES’s mission is to:

•	ensure the maintenance and repair of anti-erosion facilities and the monitoring of construction works;
•	enforce bylaws for sustainable use;
•	 link the community and municipality on all site-related matters; and
•	manage resources and equitably share benefits stemming from the collaborative work among communities in the vicinity of the restored site.
A COGES is established through the following steps:
•	Community information and awareness sessions are organized before restoration is initiated to raise awareness among the community 

about the need to put in place a mechanism to guide the work and manage the investment made in restoration.
•	An executive office and an audit commissary are established upon decision by the village assembly. Local communities decide how the 

COGES should be set up. Selection criteria are defined beforehand to ensure that the committee is functional and sustainable.
•	Capacity-development activities are offered to COGES members (and to anyone else in the village who is interested), focusing on work 

in associations and on land restoration techniques.
•	The COGES becomes functional. It develops an action plan (for approval by a general assembly of its members) for monitoring restoration 

works and ensuring the management and guarding of the restored sites.
COGES are financed mainly from the fodder harvested at restored sites, which is sold to the beneficiary community at preferential prices. 

The method of profit distribution from sales is not subject to a general regulation but to guidelines established by the villagers. The funds are 
used to cover COGES expenses, provide inputs into village budgets, and pay guards. In addition to fodder, some confederated groupings in 
the Tillabéry region in west Niger have started selling grass seeds in subnational and national markets.

Source: I. Wata, FAO, personal communication, 2020.
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LOOKING AHEAD
Local authorities foster and coordinate 
local responses to global challenges (FAO 
and Global Mechanism of UNCCD, 2015). 
Together with communities, they play 
key roles in initiating and supporting the 
implementation of restoration actions at 
the municipal scale. But barriers exist to 
the wide-scale replication of successful 
initiatives, including weak institutional coor-
dination; regulations that hinder or prevent 
local initiatives; issues in transferring man-
agement responsibility to local users; a lack 
of acknowledgement of traditional tenure 
systems; and inadequate economic incentives 
for investment in sustainable value chains.

Public-sector investment is essential to 
cover the high costs associated with restoring 
degraded lands. The shift towards decen-
tralization gives hope that municipalities 
will ultimately be able to generate fiscal 
revenue from the sustainable use of local 
public resources (Hughes, 2014), but this will 
not suffice as the sole funding mechanism 
for restoration. Land degradation cannot 
be addressed without unleashing the socio-
economic potential of African drylands. 
Restoration needs to be understood and 
actions planned and implemented along 
entire value chains to maximize the eco-
nomic, social and environmental impacts 
and benefits while addressing the drivers 

of degradation (Berrahmouni, Regato and 
Parfondry, 2015).

Decentralization may benefit the fight 
against forest and landscape degradation, 
but considerable challenges loom for soci-
eties in which traditional natural resource 
management systems persist without offi-
cial recognition. Innovative institutional 
arrangements are needed that enable local 
communities to exercise their rights over 
natural resources and to restore and sus-
tainably manage them while recognizing 
pre-existing land-tenure systems (Winter, 
1999).

The United Nations Decade on Ecosystem 
Restoration, the Bonn Challenge and other 

Box 5
The restoration of degraded lands in Burkina Faso

Société Hommes et Terre is a private-sector company with a social purpose, whose business model is based on the development and manage-
ment of forests and agroforestry in collaboration with local communities. It developed an approach to the restoration of degraded land in 
Burkina Faso through the Forêts Villages Project (PFV). The PFV restores and helps add value to degraded land based on equitable, long-
lasting collaboration with villager partners.

The basis of the partnership is the right of access to 250 ha of degraded lands (125 ha for Hommes et Terre and 125 ha for the village) for a 
25-year period granted by the village. Collaboration is formalized in an agreement that is binding to the village, local authorities and Société 
Hommes et Terre. Each agreement has nine subscribers acting on behalf of the village, the municipality and the technical services involved. 
These agreements comply with Burkina Faso laws on land tenure and secures the right of use.

The positive impacts of the scheme are exemplified in the community of Komtaiguia, in the Bourzanga municipality, where, in 2018, half-moons 
were built (both mechanically and manually) and zaïs and stone lines were prepared. According to Société Hommes et Terre, success can be 
attributed to the long lifespan of the partnership, the community ownership of the programme, site monitoring, site restoration, and the correct 
choice of implementation actions. On the site, restoration provides multiple ecological benefits, including the maintenance of biodiversity, 
habitats and forest cover and the control of wind and water erosion. Local communities receive economic benefits from the sale of commodities 
(forest seeds and goat dung) and direct payments for carrying out seeding, re-seeding and the manual digging of half-moons and zaïs.

.

Source: Y. Savadogo, K. Leue and S. Kalaga, Société Hommes et Terre, personal communication, 2020.

The first planting of a degraded site in Gaigou, Burkina Faso The site at Gaigou, Burkina Faso, restored under the Forêts 
Villages Project, after two rainy seasons 
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global, regional and national initiatives such 
as the GGWSSI and AFR100 provide oppor-
tunities to scale up the restoration of Sahelian 
landscapes and improve living conditions 
in rural areas – where the need is urgent. 
Such a scaling up also requires long-term 
support for local players and recognition of 
the importance of decentralization processes 
and capacity development in communi-
ties. Much more still needs to be done to 
restore degraded lands in the Sahel – and 
countries will only achieve their restoration 
goals if communities are fully involved and 
supported.
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Greater understanding of social 
network dynamics is providing 
a road map for spurring 
collaboration, commitment and 
action.

The strategy for the United Nations 
Decade on Ecosystem Restoration 
identifies building a global move-

ment to catalyse ecosystem restoration as 
the first pathway for increasing the area 
of healthy ecosystems and halting loss 
and degradation. This article provides an 
overview of the challenges in building such 
a movement; explains how an understand-
ing of online and offline social network 
dynamics has illuminated some necessary 
foundations for movement-building; and 
explores initiatives and instruments that 

are well poised to catalyse interest, com-
mitment and action.

SOCIAL MOVEMENTS AND 
RESTORATION
Social movement scholarship describes 
how such movements seek to reframe 
issues in the public eye, mobilize material 
resources and set new policy agendas. Each 
of these is aimed at creating societal align-
ment and generating and maintaining the 
support needed to realize and change poli-
cies and behaviour in favour of particular 
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goals (Ghimire, 2005; Snow and Benford, 
1988; McCarthy and Zald, 2006).

Movements are collective networks of 
actors, campaigns and institutions organ
ized to find a shared understanding of 
a particular problem, communicate and 
act to solve the problem, and seek to 
expand their networks. Building a global 
restoration movement, therefore, requires 
collective processes to identify a common 
vision, make decisions, and take actions 
that are responsive to global agendas and 
the unique contexts of local landscapes.

Most drivers of global ecosystem 
degradation cannot be halted with one-
off or “band aid” decisions or actions. 
Instead, drivers emerge from networks of 
institutions and actors whose behaviour 
– whether intentionally or unintention-
ally – has resulted in net global ecosystem 
degradation. Such causal networks are 
characteristic of complex adaptive sys-
tems (such as ecosystems and economies) 
that transcend neat temporal and spatial 
boundaries. Complex adaptive systems 
present cause-and-effect relationships that 
elude prediction and control, and they are 
constantly changing and being affected 
by other nested and interlinked systems 
(Westhorp, 2012). This complexity, in addi-
tion to practical limitations of knowledge, 
time and resources, has historically led 
decision-makers and land managers to 
tackle drivers of degradation from within 
sectoral and geographic boundaries.

Pursuing restoration pathways that simul-
taneously respond to local and global needs 
and social and ecological conditions is no 
simple matter. Inclusive and sustainable 
solutions require high-quality, widely 
accessible information about the drivers 
of ecosystem degradation and stakeholder 
needs and, emerging from this, synchro-
nized collective action. Only in this way is 
it possible to transform a sufficient number 
of global components of a complex adap-
tive system to alter its course – that is, 
achieve transformational systems change 
(Moore et al., 2014; Griswold, 2017). In the 
context of global ecosystem degradation, 
the longer the delay in transformational 

change, the more severe and pervasive will 
be the difficulties in reversing degradation 
and its consequences. Now is the time to 
rise to the challenge of restoring the Earth.

It is difficult, however, to convey complex 
information efficiently and accurately to 
mass audiences, especially in an age with 
unprecedented access to a huge diversity 
of sources and knowledge (Centola, 2018). 
This communication challenge has histori-
cally impeded the proliferation of a new 
narrative and the mainstream adoption 
of mindsets1 that will foster the kind of 
long-term and transboundary thinking that 
creates and sustains restoration systems 
(UNEP and FAO, 2020).

THE STAGE HAS BEEN SET 
FOR A GLOBAL RESTORATION 
MOVEMENT
It is clear that actors at many levels value 
and are prioritizing restoration, and the 
United Nations Decade on Ecosystem 
Restoration builds on a number of exist-
ing frameworks and initiatives. At the 
global scale, the Sustainable Development 
Goals (SDGs) offer a holistic framework 
that encompasses ecosystem restoration. 
Frameworks such as the Bonn Challenge 
specifically track national commitments 
on restoration, and networks and platforms 
such as the Global Partnership on Forest 
and Landscape Restoration support the 
implementation and scaling up of restora-
tion initiatives to make progress towards 
framework goals. Mechanisms such as 
the African Forest Landscape Restoration 
Initiative, Initiative 20×20 in Latin 
America and the Caribbean, the forest res-
toration goals of the Asia-Pacific Forestry 
Commission, and the Agadir Commitment 
in the Mediterranean consolidate regional 
activities and provide opportunities for 
regional knowledge-sharing, capacity 
development and ownership regarding 

specific opportunities and challenges.
Progress in achieving restoration goals 

is predicated on the work and ambition of 
a vast existing network of practitioners, 
activists, knowledge-holders and decision-
makers working at various levels. For 
example, restorative ecology is – and has 
long been – a way of life for Indigenous 
Peoples and local communities, which 
maintain traditional knowledge systems 
that reflect and transmit information for 
their survival and for sustainable resource 
use in landscapes.

INSIGHTS FROM NETWORK 
SCIENCE
To better understand how to create a new 
mindset to foster restoration, it is useful 
to examine network science, a field that 
describes how networks experience and 
create change (Box 1). Computational sim-
ulations of how information spreads across 
networks, digital social media analysis, 
and participatory social mapping can all 
shed light on how existing networks might 
be transformed to bring about a universal 
restoration movement that is sustained at 
multiple levels.

Information diffusion studies are used 
to understand how information moves 
under what conditions, and the effects 
of this movement. This can help identify 
the barriers and necessary conditions for 
communicating information in ways that 
foster the acceptance and proliferation of 
new narratives – a crucial step in changing 
mindsets and behaviour.

A key recent development in sociology 
is the widespread adoption of agent-based 
modelling, which uses principles akin to 
those of game theory to explore contagions 
(among other phenomena). By controlling 
the initial conditions and network struc-
ture, these computational experiments can 
shed light on which factors are significant 
for transformational systems change in 
ways that are not limited by existing data.

Figure 1, for example, portrays the results 
of simulations carried out to illustrate how 
complex ideas spread. The circular lattice 
structure approximates a neighbourhood 

1	“Mindset” is defined in the United Nations 
Decade on Ecosystem Restoration Strategy as 
“a set of assumptions, views and philosophies 
that influence how societies organise themselves, 
take decisions and set long-term goals” (UNEP 
and FAO, 2020).
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in which individuals are connected to a 
limited number of adjacent others (such 
as a house and the surrounding houses 
on the same road). In Figure 1, parts (a) 
and (b) represent two models – one in 
which information is diffused only from 
neighbour to neighbour (a); and the other 
in which information can also be sent 
between distantly located nodes (b).

In (a), T1 and T2 can be thought of as 
looking specifically at how information 
travels with and without the quintessential 
components of globalization, such as mass 
communication platforms and migration. 
The blue lines represent connections 
between people who share no neighbours 
– akin to people who meet on the Internet 
among whom there are likely no mutual 

connections. Crucially, the long-distance 
ties (in blue) are assumed to replace the 
local ties (in black) – perhaps similarly to 
someone leaving their hometown to go to a 
university, making new friends there with 
whom they share no mutual friends and 
losing touch with those back home. The 
model with no long-distance ties (b) can be 
thought of as people who have never left 
their hometown and who live in a close-
knit community in which many of their 
friends and family know each other.

How do these different structures influ-
ence the spread of information, beliefs and 
behaviours? The answer is that it depends 
on the type of information being conveyed. 
For simple contagions, in which the only 
condition for the information to move 
from one person to another is adjacency, 
the globalized model is far more effec-
tive. However, the picture is different for 
complex contagions, in which a person 
adopts the behaviour (i.e. the node turns 
red) if – and only if – two or more of its 
connections have adopted it first. As the 
simulation demonstrates, the complex 
contagion can stall when it reaches the 
blue ties. Why? The absence of mutual 
friends means that individuals are much 

Box 1
Network science

Networks can be thought of as individuals and their relationships, which can be represented by nodes (dots in Figure 1) connected by edges 
(lines in Figure 1). The lattice structure approximates a neighbourhood in which individuals are connected. A contagion is the movement of 
information along a lattice. If new information is communicated successfully, actors can be considered to have been influenced by a contagion. 
Contagions, like problems, can be simple and need only be communicated from a single source to influence an actor, or they can be complex, 
needing multiple sources (Centola, 2018).
Much of the theory on which network science is based originated in the study of disease, and it is still common (albeit problematic) to compare 
the transmission of ideas, messages and images across a network to the spread of a virus. Here, “contagion” is used as shorthand for the “viral” 
spread of information between individuals. The analogy with disease is limited because, although some pieces of simple information can be 
passed from one individual to the next as easily as, say, influenza, more complex ideas and beliefs require that more conditions are met before 
they spread, such as validation from different sources (Centola, 2018). The ideas that the restoration movement is concerned with – restoration, 
climate change and ecosystem degradation – fall into the complex contagion category. It is essential, therefore, that the movement grasps the 
particular patterns of complex contagions to optimize the spread and uptake of its concepts and knowledge.

1	 Comparison of the diffusion of complex ideas across different network structures

(a) In this “globalized” model, information can be sent between both neighbouring 
and distantly located nodes

(b) In this model structure, information is diffused only from neighbour to neighbour

Note: Lines in blue represent long-distance ties; lines 
in black represent local ties. Nodes in red indicate 
instances where a person adopts a certain behaviour. T1 
and T2 represent a progression over time.
Source: Modelled by G. McGann using Netlogo.
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less likely to be exposed to more than one 
source. This can be envisaged as the differ-
ence between the peer pressure exerted in a 
small community and the pressure applied 
on an individual with connections from 
around the world.

These examples reveal that lasting changes 
in networks requires a combination of 
diverse actors to engage different com-
munities and mindsets and communities 
whose members exert pressure on others 
to change. Connecting distant clusters is 
crucial for the acceptance of new ideas, and 
connecting actors who have not historically 
been connected is important for spreading 
them. Actor connection needs to be thought-
ful, however, to avoid doing more harm 
than good: creating connections arbitrarily 
can risk the shutting down – rather than 
acceptance – of new ideas if the informa-
tion is too incompatible with local contexts. 
This insight is consistent with þndings from 
social and environmental psychology litera-
ture, which suggest a similar relationship 
between social exposure, group norms and 
cognitive dissonance in changing attitudes 
(e.g. Ajzen, 2002; Crandall, Eshleman and 
O’Brien, 2002; Lee 2010; Hjerm, Eger and 
Danell, 2018), especially with the theory of 
transformational change conveyed through 
the concept of “landscapes of practice”, 
discussed below (and see Omidvar and 
Kislov, 2014).

SOCIAL MEDIA ANALYSIS: 
VISUALIZING ONLINE COMMUNITY 
CONNECTION
Although looking at how information ÿows 
in imagined networks is worthwhile, social 
media platforms offer real data for the 
restoration context. Hashtags on Twitter are 
useful for tracking topics of conversation 
over time and the relative popularity of, 
and audiences for, these topics.

A series of analyses of Twitter use 
during the þrst few Global Landscapes 
Forum (GLF) events held during confer-
ences of the parties to the United Nations 
Framework Convention on Climate 
Change help reveal how an evolution of 
narratives can be visualized.

2 Visualization 
of Twitter 

cloud, Global 
Landscapes 

Forum, Warsaw, 
Poland, 2013

3 Visualization 
of Twitter 

cloud, Global 
Landscapes 
Forum, Lima, 

Peru, 2014

4 Visualization 
of Twitter 

cloud, Global 
Landscapes 

Forum, Paris, 
France, 2015

Source: Global Landscapes Forum (2015).

Source: Global Landscapes Forum (2015).

Source: Global Landscapes Forum (2015).
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Gephi software was used to create an 
algorithm to help find the “conversa-
tion network” of tweets containing the 
#GLFCOP21 hashtag over the two days of 
the 2013 GLF conference held in Warsaw, 
Poland (Figure 2). Similar exercises were 
conducted at GLF events in Lima, Peru, 
in 2014 (Figure 3) and Paris, France, in 
2015 (Figure 4). Nodes in the three figures 
represent Twitter users and the lattices 
represent the transmission of a tweet to 
another node. Node size reflects the vol-
ume of conversation originating from or 
directed towards that account – that is, 
it indicates which users are most active 
in the conversation. The lattice length 
represents the degree to which accounts 
connect, and the lattice colour represents 
the account that sent the tweet.

The conversation in 2015 involved sub-
stantially more users (who communicated 
more closely) than those in 2013 and 2014. 
Notably, both the tightness of the conver-
sation and the number and diversity of 
users increased between 2013 and 2014 
and from 2014 to 2015. Central to this 
convergence appears to be the connection 
of key change agents – influential people 
within distinct communities – whose 
involvement gives the GLF more credibil-
ity and shareability. This is due to strategic 
considerations by GLF organizers, which 
caused them to take deliberate steps to 
engage new audiences and networks with 
each GLF event. While the first GLF in 
Warsaw 2013 served to connect the forest 
and agriculture sectors, the organizing 
team and scientific committee increas-
ingly identified new networks to target due 
to their impact on the health of landscapes 
worldwide. In 2014, the Lima GLF brought 
in the consumer goods sector, as reflected 
by increasing network ties to influencers 
like Unilever and Paul Polman. From 2015, 
the finance sector was deliberately brought 
into the discussion. Figure 4 contains other 
examples of such gateway connections 
between the broader network and other 
communities (e.g. former California 
Governor Jerry Brown and the BirdLife 
News account, both of which are on the 

edge of the map but with many external 
connections).

This analysis helped the GLF assess the 
success of its efforts to connect diverse 
landscapes and consolidate communities 
by bringing together key change agents. 
Groups of people with a common topic 
of interest and who meet regularly to 
collaborate, improve skills and advance 
knowledge are referred to as “communities 
of practice”. The results of the analysis 
support the possibility of creating a con-
glomeration of digital communities of 
practice (what Etienne Wenger-Trayner 
has referred to as a “landscape of prac-
tice”) at a global scale involving holistic 
approaches to achieving the SDGs and 
climate goals (Omidvar and Kislov, 2014).

This social media network analysis yields 
further insights for building a restoration 
movement. To create transformational 
change in networks, information cannot 
simply be broadcast in an untargeted way. 
Existing communities become connected 
to movements more easily if a key change 
agent among them becomes engaged. 
Platforms to connect key change agents 
representing diverse communities there-
fore hold tremendous potential. Building, 
aligning and coordinating communities 
of practice around restoration with newly 
connected actors is crucial for facilitating 
sustained knowledge-sharing and calls to 
action. Transformational systems change 
is possible if the emergent landscape of 
practice achieves a critical mass and reach 
and remains grounded in local realities.

PARTICIPATORY SOCIAL NETWORK 
MAPPING: VISUALIZING ON-THE-
GROUND CONNECTIONS
Although global dynamics like consumer 
behaviour are major drivers of global deg-
radation, restoration must ultimately be 
implemented through action on the ground 
in local – often rural – communities. It is 
crucial, therefore, to map and understand 
offline actor networks. Developing maps 
of social networks offers insight into local 
governance that digital tools alone can-
not do by identifying the needs, values, 

resource access and communication 
channels of actors. Participatory map-
ping conducted in various locations across 
regions helps reveal important differences 
in local realities.

Participatory social mapping conducted 
by the World Resources Institute in 
Rwanda’s hilly Gatsibo district provided 
insights into why farmers were unable 
to procure the seedlings they needed to 
support their livelihood aspirations and 
mitigate erosion. Using a participatory 
mapping approach whereby farmers and 
stakeholders sketched their seed-exchange 
channels, key flows of resources and 
organizations were captured in a map 
(Figure 5). The study revealed that the 
inability of non-governmental organiza-
tions (NGOs) – the primary seed providers 
in the area for decades – to ensure access 
to formal seed channels and seed choices 
meant that farmers’ seed needs were 
not being met and the use of indigenous 
trees was discouraged. The analysis 
also revealed that the inability of seed-
supplying NGOs to provide a long-term 
presence meant that farmers needed to 
engage with many such NGOs, with the 
result that they could not always get the 
seeds they needed or wanted.

The findings of this study suggest that, 
to be sustainable, a restoration movement 
must ensure that resources, communication 
channels and decision-making structures 
are all accessible, given differing local 
realities. The alignment of aspirations 
and objectives at the various scales of 
governance, and determining which plat-
forms and intermediary bodies – such as 
district-level decision-makers – can facili-
tate such alignment, are vital next steps in 
creating resilient and equitable networks 
(Buckingham et al., 2018).

BUILDING A SUCCESSFUL GLOBAL 
RESTORATION MOVEMENT
A new narrative to enable pro-restoration 
mindsets needs to accompany conscientious 
connection among new and diverse actors 
and their networks. Restoration is a com-
plex global issue that disproportionately 
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affects local communities and it therefore 
requires new communities and a com-
mitment to inclusivity across sectors and 
scales – particularly local, rural and young 
voices and especially those of women. 
Translating connections and common 
understandings into behavioural change 
will require support for existing online and 
offline communities of practice, which can 
connect local needs and solutions to global 
change processes. Where these communi-
ties do not exist, their emergence needs to 
be facilitated. Below, we explore initiatives 
and platforms that can provide a template 
for this kind of movement-building.

The Global Landscapes Forum
In the early 2000s, the international 
community increasingly recognized the 
absence of cross-sectoral and multistake-
holder approaches. Institutions such as the 
United Nations Environment Programme, 
the World Bank and the Center for 
International Forestry Research saw the 
importance of designating space alongside 
major climate negotiations where advocates 
could discuss the mainstreaming of land-
scape approaches.2 The two major existing 
global land-use conferences at that time, 
Forest Day and Agricultural and Rural 
Development Day, merged to create the 

GLF, which is now the largest knowledge-
led platform for sustainable and integrated 
land use, with a designated secretariat and 
29 charter member organizations.

The GLF network seeks a paradigm 
shift around development that promotes 
greater cross-sectoral collaboration, 
transboundary thinking and inclusiv-
ity. The GLF community, including the 

2	Landscape approaches can be described 
as collaborative approaches that facilitate 
the essential balancing of often-competing 
demands on ecosystems in ways that 
work for both human well-being and the 
environment (Sayer et al., 2013).
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5 Map of the local seed procurement network in the Gatsibo district, Rwanda

Source: Buckingham et al. (2018).
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charter members and other partners and 
stakeholders and their communities, con-
nects through physical and digital means 
such as conferences, national dialogues 
and summits. These provide space for 
dialogue and knowledge-sharing around 
five main themes that together represent a 
holistic approach to development topics: 1) 
rights; 2) finance; 3) food and livelihoods; 
4) measuring progress; and 5) restoration. 
A knowledge hub, with scientific and tradi-
tional knowledge at its core, underpins the 
GLF by curating and sharing knowledge 
products. Learning activities strengthen 
the capacities of young, current and future 
restoration professionals for forest and 
landscape restoration (FLR) and gover-
nance through offline training events, open 
online courses, and curriculum design that 
integrates landscape approaches.

The platform for the new GLFx initia-
tive – which represents self-organized, 
local chapters of the GLF – serves as a 
means for decentralizing learning, con-
necting to local landscapes, scaling local 
initiatives and their best practices, and 
creating a supra community-of-practice 
structure for restoration. GLFx seeks to 
help scale landscape restoration initiatives 
at the local level by sustaining partnerships 
for restoration and facilitate knowledge-
sharing that is decentralized and among 
diverse stakeholders.

To help direct and focus the narrative, 
the GLF offers media workshops to engage 
journalists with significant landscape 
issues and provide knowledgeable sources, 
contacts and story ideas. For example, 
the “Reporting on Rights in Landscapes” 
media workshop that ran alongside the 
GLF Bonn conference in 2019 provided an 
opportunity for journalists and communi-
cation specialists to improve and expand 
their understanding and coverage of rights 
issues, which are often highly complex and 
sensitive. Workshop participants engaged 
with experts and their peers in practical 
exercises and discussions and later had the 
opportunity to liaise with and interview 
change-makers among youth, Indigenous 
Peoples and local communities, as well as 

with leading figures in environmental fields 
who were part of the global conference.

Communities of practice
Online communities of practice can sup-
port ecosystem restoration by creating 
awareness, promoting capacity building 
and developing partnerships and innova-
tion to facilitate implementation on the 
ground. The World Wide Fund for Nature 
(WWF) Landscape Finance Lab and 
FAO’s Forest and Landscape Restoration 
Mechanism (FLRM) have been working 
together to build a community of practice 
on finance for FLR with the aim of support-
ing members in the use of diverse finance 
mechanisms to implement FLR. Both 
WWF and FAO have built on their exist-
ing experience in supporting communities 
of practice. The WWF Landscape Finance 
Lab contributes to several communities of 
practice, such as by holding “sustainable 
landscapes” events, and FLRM coordinates 
the Online Community of Practice for FLR 
as well as The Restoration Initiative Online 
Community.

Each community of practice aims to build 
a network of practitioners to showcase 
examples of restoration implementa-
tion and financing mechanisms; connect 
members; and build capacity through 
e-learnings, webinars, forum discussions, 
publications and the sharing of innovative 
experiences and good practices. Such net-
works bring together decades of experience 
and learning in a virtual space through 
online exchanges. This gives practitioners a 
head start, and landscape-level programme 
design can build on lessons learned to 
accelerate the process.

When opportunities for face-to-face 
meetings are limited, online communi-
ties can open up access to diverse groups 
of practitioners, making it more cost-
effective for capacity-building activities. 
Cross-organizational collaboration is 
crucial for opening up communication 
channels among diverse networks, promot-
ing innovation and technological support, 
and facilitating space for the sharing of 
experiences and inspiring examples on 

the ground. Such collaboration has the 
potential to contribute considerably to the 
global restoration movement, especially 
during the United Nations Decade on 
Ecosystem Restoration.

The development and provision of plat-
forms such as communities of practice 
on FLR finance and inclusive community 
engagement can be challenging. The res-
toration and sustainable management of 
landscapes requires a deep level of trust-
building that cannot readily be replicated 
in the digital world. By making knowledge 
accessible, communities of practice work 
towards building this kind of trust. But 
simply creating a community of practice 
does not necessarily mean that people will 
participate. For example, the community 
of practice on FLR finance is now placing 
more emphasis on marketing to increase 
awareness of its work. Internet bandwidth 
and connectivity also need to be taken into 
account because not all practitioners and 
community members have equal online 
access in all regions. The community of 
practice for finance has experimented with 
various platform trials to ensure it provides 
equal accessibility in the face of connectiv-
ity limitations and challenges.

Dimitra Clubs Initiative: including 
rural women and men
Despite the crucial role that rural women 
play in agriculture, food security and 
natural resource management, they are 
often excluded from technical knowledge 
and innovations in ecosystem restora-
tion. Even when programmes do focus 
on rural women, they tend not to address 
the gender-discriminatory social norms 
that perpetuate inequalities in access to 
knowledge, information, resources and 
decision-making processes related to 
ecosystem recovery. Increased stake-
holder engagement requires tailored 
approaches that empower rural women 
and men to realize their potential as agents 
of change. Approaches that focus solely 
on the symptoms of gender inequalities, 
such as unequal access to resources, are 
insufficient to trigger sustainable change. 
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Instead, approaches are needed that seek 
to transform unequal gender roles and rela-
tions and to facilitate pathways in which 
rural communities take ownership of their 
own development.

Dimitra clubs, which FAO has been pio-
neering for more than a decade, constitute 
a gender-transformative approach that uses 
community mobilization and collective 
action to promote community-led local 
development. They are informal groups 
of rural women and men of all ages that 
meet in person on a voluntary basis to 
discuss the problems they face in their 
daily lives and to implement local solutions 
using their own resources and collective 
efforts.3 Because Dimitra club members 
decide on the themes they tackle and act 
on, impacts have been achieved in various 

domains, both technical (e.g. related to 
climate-change adaptation and mitiga-
tion, sustainable agriculture, and health 
and sanitation) and behavioural (e.g. on 

women’s leadership and empowerment, 
gender equality, social cohesion and peace). 
More than 5 000 Dimitra clubs exist in sub-
Saharan Africa, with actions arising from 
them estimated to have benefited the lives 
of more than 6 million rural people. The 
Dimitra clubs approach is embedded as 
a key component in more than 30 United 
Nations joint initiatives and programmes, 
including initiatives funded by the Global 
Environment Facility.

In the Sahel region, where climate change 
has disrupted livelihoods and increased 
the risk of poverty, hunger and conflict, 
Dimitra clubs have been instrumental in 
implementing climate-resilience measures 
to conserve arable land and water reserves 
while also empowering rural women and 

3	There are usually five Dimitra clubs per 
village (two of women, one of men, one of 
young women and one of young men). This 
distribution is decided by the communities 
themselves and for cultural reasons (in 
particular in the Sahel region) because 
people (especially women and youth) feel 
more comfortable in discussing issues when 
they are with their gender–age peers. After 
discussing in their own gender–age group, 
the community meets in a village assembly, 
and the floor (and a voice) is given to each 
club in turn (the young women first), whose 
leader explains the club’s analysis of the 
problem and its proposals for solving it. 
Finally, the village traditional leader and 
the community decide on the best solutions, 
with the support of the community 
members.

Dimitra club participants in the Democratic Republic of the Congo 
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men and promoting social cohesion. In 
the fight against erosion in Senegal, for 
example, Dimitra clubs mobilized the com-
munity of Saré Boubou (in the region of 
Tambacounda) to build stone lines, a mitiga-
tion practice to reduce land degradation. 
Dimitra clubs in Ofienso, a village in Mali’s 
region of Ségou, explored the same solution 
to conserve water reserves. Afterwards, the 
women’s Dimitra clubs planted a paddy field 
to experiment with an improved variety 
of rice seed, increasing food security for 
their families.

In the village of Tinkirana in the Tahoua 
region of the Niger, women have gradually 
gained access to reclaimed land through 
Dimitra clubs. They decided to rehabili-
tate degraded land in the area, thus raising 
awareness in the community of the impor-
tance of land rehabilitation and the need to 
act together. The clubs mobilized commu-
nity members to create half-moons4 over an 
8-hectare area on the village outskirts. As 
a result, landowner farmer Idrissa Moussa 
harvested 800 bales of millet in one year 
without using fertilizers, compared with 
150 bales the year before. The village chief 
recognized the positive results and subse-
quently granted vacant degraded land to 
the women.

The examples demonstrate the Dimitra 
clubs’ effective facilitation of community 
engagement and highlight the important 
contributions of rural women and youth to 
ecosystem restoration. Thanks to the clubs, 
and to rural radio stations that broadcast 
their discussions and good practices, more 
people have been reached and the results 
of climate-resilience projects have been 
amplified.

CONCLUSION
Global ecosystem degradation has emerged 
from vast networks of causes; addressing 
it requires comprehensive networks of 
engaged restoration actors sharing a new 
mindset that informs behaviour and policy 
change. To cultivate such restoration net-
works, a global movement is needed that:

•	 works to normalize radical but consci-
entious transformational collaboration 
among actors across sectors, gover-
nance levels and places;

•	 creates and strengthens communities 
of practice and partnerships that create 
positive peer influence and motivate 
sustained knowledge exchange, align-
ment, commitment and action; and

•	 transfers ownership over restoration 
decision-making processes to those 
most directly affected by, and yet tradi-
tionally excluded from, such processes 
– Indigenous Peoples, local communi-
ties and rural people, and especially 
youth and women among these groups.

The initiatives described in this article 
provide compelling examples of how these 
aspects can be addressed. Despite this 
promise, however, several cross-cutting 
challenges are expected to persist as 
we enter the United Nations Decade on 
Ecosystem Restoration.

The methods used to monitor progress 
on the ground will determine the ability 
to observe cause-and-effect relationships 
among restoration strategies, policies and 
interventions – and to change course as 
required. Investing in upscaling participa-
tory monitoring approaches that focus on 
community empowerment and solidar-
ity networks in rural communities will 
help advance local solutions and promote 
the ownership and full engagement of 
rural actors in ecosystem restoration and 
conservation.

Although Internet accessibility is 
improving, the divide between those with 
strong and those with weak information 
technology infrastructure will continue 
to grow, as will disparities in people’s 
access to information and their capacity 
to engage in global conversations. Building 
a strong offline movement remains crucial 
for involving those with the most at stake 
in restoration. In addition to focusing 
on technical knowledge, developing the 
organizational capacities of local stake-
holders – particularly those who are often 
left behind, such as women and youth – is 

4	See article on page 18 for a description of 
these.

essential for increasing their critical aware-
ness, analytical skills, agency, leadership 
and participation in decision-making. 
Focusing on civil-society and citizen ini-
tiatives can also strengthen actions built 
from the grassroots up.

Finally, sustaining a continuously grow-
ing movement over the coming decade 
will require a marathon – rather than 
sprint – mentality. Communication and 
capacity-development strategies must 
speak to local contexts, even as these 
change. Involving the custodians of 
social norms – such as local authorities 
and village chiefs – can help promote and 
support changes in behaviours and prac-
tices, such as discriminatory gender roles 
and relations, and in local accountability 
in land restoration. Understanding the 
flow of resources is key. Networks allow 
for the flow of finance, information and 
seeds. Creating a movement requires the 
elimination of bottlenecks in the flow of 
resources. Regularly showcasing options 
that work and ways to overcome obstacles 
in different contexts can inspire initiatives 
that maximize appropriate and culturally 
respectful socio-ecological benefits and 
minimize trade-offs. The private sector 
and governments globally must commit to 
supporting sustainable livelihood options 
based on a restoration economy.

Pathways that emphasize long-term plan-
ning and participatory decision-making 
might appear too slow to confront the 
urgency of mitigating the acute and dev-
astating impacts of current environmental, 
social and health crises. But collaborating 
to restore ecosystems at scale is an unparal-
leled opportunity to build back landscapes 
that are more resilient, more equitable and 
safer, in both the short and long term. This 
opportunity must be seized to ensure last-
ing and equitable systems change.
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Northern Kenya’s community 
conservation movement is 
showing that land degradation 
will be most successful when 
peace, governance, enterprise 
and wildlife conservation are 
also addressed.

In the harsh, semiarid environment of 
northern Kenya, pastoralist communi-
ties have long struggled with ethnic 

conflict, marginalization, sparse govern-
ment services and landscape-level insecu-
rity – particularly elephant poaching and 
livestock theft. This has not only disrupted 
and destroyed lives, it has also hindered 
development. Moreover, increased pres-
sure on the grasslands and forests that 
underpin local pastoralist economies has 
led to widespread landscape degradation, 
threatening biodiversity and livelihoods.

Kenya’s northern rangelands are home to 
more than ten seminomadic ethnic groups, 
almost all of which have cultures, traditions 

and livelihoods deeply rooted in rearing, 
herding and marketing livestock. They 
share their rangelands with a diverse array 
of wildlife, including lion, giraffe, buffalo 
and elephant.

Climate change, growing human 
populations and unplanned settlements 
are exacerbating grassland degradation, 
deforestation and resource-based conflict 
between wildlife and people and among 
ethnic groups. At the same time, the tra-
ditional tribal governance structures best 
placed to navigate these issues have often 
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spreading restoration

S. Harrison and B. De Ridder

Sophie Harrison is a communications 
consultant with the Northern Rangelands Trust, 
Isiolo, Kenya.
Benjamin De Ridder is a landscape restoration 
consultant in the Forest and Landscape 
Restoration Mechanism, FAO, Rome, Italy.

©
 J

EF
F 

W
AW

ER
U

Above: A member of the Westgate 
Community Conservancy spreads grass 

seeds as part of a community-led restoration 
exercise 



Unasylva 252, Vol. 71, 2020/1

38

struggled to adapt to a rapidly changing 
social and political climate.

But a grassroots movement based on 
community-led conservation is starting 
to drive real and significant transformation 
in Kenya’s north, united by an umbrella 
organization, the Northern Rangelands 
Trust (NRT).1 In the past ten years, the 
number of NRT-member community con-
servancy institutions has grown from 18 to 
39. Collectively, these now manage more 
than 4.4 million hectares (ha) of primarily 
arid and semiarid grasslands and equato-
rial, montane and coastal forests (Figure 
1). Across these landscapes, community 
conservancies are leading restoration 
and conservation programmes, building 
peace and security, promoting sustainable 
businesses and implementing development 
projects.

CREATING THE ENABLING 
CONDITIONS FOR COMMUNITY-
BASED LAND RESTORATION
Community conservancies are community-
based organizations created to support 
the management of community-owned 
lands for the purpose of improving liveli-
hoods. They are legally registered entities, 
governed by locally elected boards of 
directors and run by local management 
teams, which include various subcom-
mittees such as on grazing, peace, finance 
and tourism. Community conservancies 
do not fence land to exclude grazing or 
other migrating pastoralists, and the con-
servancy institutions work in support of 
the landowners – either in “group ranches” 
or under “trust land” tenure agreed with 
county governments. In some cases, sev-
eral group ranches have come together to 
form single large conservancies. Where 
multiple ethnic groups live in a conser-
vancy area, the board must be ethnically 
representative.
As indigenous-owned and -run institu-
tions, community conservancies provide 

an inclusive and participatory framework 
for community-led decision-making. NRT-
member conservancies focus on four key, 
mutually beneficial pillars:

1.	 s t reng then ing conser vancy 
governance;

2.	 building peace and security;
3.	 suppor t ing l ivel ihoods and 

businesses; and
4.	 conserving wildlife and natural 

resources – including rangelands, 
forests and marine ecosystems.

Each conservancy has developed, or is in 
the process of developing, a conservancy 
management and community development 
plan. This is a fully participatory process 
(designed through traditional governance 
structures and community meetings) to 
define the conservancy’s challenges, five-
year priorities and communally agreed 
actions – many of which focus on land 
restoration, given the close interdepend-
ence of livelihoods and natural resources. 
Innovative outreach methods are helping 
keep stakeholders informed and involved 
(Box 1).

1 
The 39 NRT-

member 
community 

conservancy 
institutions in 

Kenya covering 
an area of 4.4 

million ha

1	NRT receives core funding for community 
conservancies from USAID, The Nature 
Conservancy, Danida, the European Union, 
and many others.

Source: Northern Rangelands Trust.
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Increasingly, conservancies are providing 
the institutional entry point for donor and 
county-government support for livelihoods 
and development. It is a game changer: for 
the first time, communities are democrati-
cally identifying and steering conservation 
and development projects to where they are 
needed most – rather than projects being 
led by donor agendas.

Recognizing that good institutional 
governance underpins successful 
programmes, NRT has invested in a 
bespoke leadership and management 
programme for conservancy leaders. It 
provides access to scientific tools and 
expertise from a network of partners so that 
traditional knowledge can be integrated 
with research and best practice for a more 
empowered, resilient and holistic approach 
to conservation, land management, peace 
and sustainable enterprise.

Guided and funded by their democratic 
institutions, communities are becoming 
coordinated and empowered in their 
approach to land restoration. In 2019, 

3 000 community members took part in 
rangelands rehabilitation activities across 
7 000 ha of degraded areas in conservan-
cies that were once productive grazing 
lands but are now degraded (NRT, 2019). 
Coastal conservancies planted 30 000 
mangrove seedlings in degraded coastline 
forests in 2019.

STABILIZING GRASSLANDS
Stabilizing and improving the productivity 
of community grasslands is crucial for 
livestock and for the health and diversity 
of the wildlife and natural resources that 
underpin the economy of northern Kenya.

In pastoralist societies, culture, business 
and the location of settlements are deeply 
rooted in livestock. Seminomadic lifestyles 
that follow seasonal rainfall mean that 
thousands of young men (typically referred 
to as warriors or morans) traverse the vast 
northern Kenyan rangelands throughout 
the year. But, with an increasingly 
unpredictable climate and a growing human 
– and therefore livestock – population, the 

threat of conflict over grass and water is 
constant, both between pastoralist groups 
and between pastoralists and wildlife. 
Despite the huge progress made by the 
peace, wildlife, security and rangelands 
teams of the conservancies, grassland 
stabilization and restoration remains 
perhaps the toughest and most complex 
challenge in the landscape.

In 2017, Soils for the Future carried out 
rangeland-health monitoring using remote 
sensing in collaboration with NRT as part 
of a soil-carbon project covering 14 NRT-
member conservancies in the Ewaso 
Nyiro River landscape. This enabled the 
classification of the vegetation and the 
identification of degraded areas, areas 
vulnerable to further degradation, and 
areas that have improved in condition over 
15–20 years. The remote sensing data were 
verified by field data from 168 sampling 
sites across the 14 conservancies and by 
data from 121 sites at which conservancy 
rangeland coordinators carry out twice-
yearly vegetation monitoring.
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Among the findings were:
•	 A decline in the Normalized Differ-

ence Vegetation Index (a measure of 
greenness and land productivity) of 
more than 30 percent in 40 percent of 
the landscape between 2002 and 2016. 
This is thought to have been a conse-
quence of more frequent droughts and 
escalating grazing pressure.

•	 Evidence that 53 percent of the land 
is either experiencing ongoing erosion 
or is at high risk of erosion. This 
increased to 78 percent in the southern 
and southeastern conservancies and 
approached 85 percent in a band 30 km 

either side of the Isiolo-Marsabit 
highway (see Figure 1).

These findings came after a particularly 
dry few years, in which conservancies 
st ruggled to manage large-scale 
livestock movements and grazing plans 
on an individual basis. NRT and the 
conservancies are now moving away from 
supporting individual conservancy grazing 
plans towards regional and county-level 
land-use planning. A large part of this 
process will depend on strategic county-
government engagement, and solutions will 
require massive support from communities, 
county governments and other partners.

For many conservancies that try to 
enforce the grazing plans they develop, 
there is a constant risk of violent conflict 
from incursions by heavily armed herders 
(from outside the conservancy community). 
Months of hard work building up commu-
nal grass reserves for the dry season can be 
wiped out in a few days. This shows that 
successful landscape restoration can only 
be achieved when effective peacebuilding 
and alternative enterprise are also sup-
ported and achieved. In supporting young 
warriors to diversify their incomes and rely 
less on livestock, conservancies are start-
ing to help communities build economic 

Box 1
Changing attitudes with cartoons

The NRT rangelands team has developed a three-part cartoon animation series with the support of the United States Agency for International 
Development (USAID) Kenya and the technical assistance of the US Forest Service. Developed in English, Swahili and Samburu, the series 
looks at how the northern Kenya landscape has changed in recent years and examines (through the memories of a wise elephant) the causes and 
potential solutions. The series is designed to trigger discussions among largely illiterate audiences; they are shown to groups of pastoralists, 
elders and young warriors as rangelands teams go about their duties in the field. Each episode is about five minutes long.

The cartoons have received an unprecedented response from communities and other organizations in the region, who have praised and 
requested to share the videos. The episodes have indeed been shared widely on social media and among community WhatsApp groups 
(making the total number of viewers hard to quantify). The next series – focusing on the specifics of rangeland management (soils, plants, 
water, livestock, wildlife, people and the climate) – is under development, and there are plans to translate the first series into more languages.

A screenshot 
from the cartoon 
animation series 

depicting the 
causes of, and 

solutions to, land 
degradation in 

northern Kenya 
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Blended-finance approaches and 
robust business plans will help 
ensure the financial well-being of 
forest and landscape restoration 
projects.

Mobilizing restoration finance at the local level
J. Gheyssens, L. Garrett and M. Iweins

Jonathan Gheyssens is Programme Manager 
at the United Nations Environment Programme 
Finance Initiative, Geneva, Switzerland.
Lucy Garrett and Mathilde Iweins are experts 
on forest and landscape restoration finance in the 
Forest and Landscape Restoration Mechanism, 
FAO, Rome, Italy.
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A view of Kusad Mountain from Saddle 
Mountain ranch, Savanah, South 

Central Rupunini, Guyana. Obtaining 
finance for FLR at the local level is a 

pressing challenge 

Significant investment is required to 
reach ambitious international forest 
and landscape restoration (FLR) 

targets; for example, it is estimated that 
more than USD 35 billion and USD 300 
billion are needed per year to achieve (by 
2030) the Bonn Challenge (IUCN, 2011) 
and land degradation neutrality (UNCCD, 
2016), respectively. Restored landscapes 
can themselves offer substantial inter-
nal rates of return (e.g. 11–79 percent; 
TEEB, 2009) (Figure 1), which indicates 
the potential for sustainable financing for 
FLR. Recent momentum in the implemen-
tation of FLR has seen an increase in the 
number of funds and donor-financed pro-
grammes targeted explicitly at integrated 
restoration objectives.

FLR is a relatively new investment arena, 
and potential investors are still navigat-
ing their engagement in it. Bottlenecks for 
the adoption of FLR-specific investments 
often arise because of a perceived lack of 
viable business plans and a shortage of 
projects that are sufficiently well-prepared 
to meet the due-diligence criteria of poten-
tial investors. At the same time, there is 
a lack of knowledge among FLR project 
developers on how to engage with funders 
and how to access financial mechanisms 
to meet project needs.
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This article provides guidance and recom-
mendations to FLR developers planning to 
mobilize local private finance to support 
their activities. It  addresses the importance 
of understanding and capitalizing on the 
enabling environment; expands on the need 
to overcome capacity problems related to 
funding discovery and business models; 
examines how public–private collabora-
tions can reduce private-sector risk and 
create blended-finance mechanisms; and 
presents case studies of projects that suc-
cessfully unlocked finance at scale.

THE ENABLING ENVIRONMENT
To ensure that FLR projects are “ready 
for investment” with viable and credible 
business cases, it is crucial to have an appro-
priate enabling environment that lays the 
institutional and policy foundations for 
investment and provides supportive land-
scape-scale coordination. Governments, 
non-governmental organizations (NGOs) 
and bilateral and multilateral organizations 
have important roles to play, in collabo-
ration with the private sector, in building 
this enabling environment by developing 
the capacity of landscape stakeholders, 
clarifying the costs and benefits of FLR 
investments, establishing marketplaces 
and developing risk-mitigation strategies. 
Optimal economic, social and environ-
mental outcomes are most likely to be 
achieved when investment is applied in 
a coordinated approach throughout the 
restoration process. Innovative “blended 
finance” mechanisms that combine diverse 

investments can enable projects to address 
multiple restoration issues and meet the 
needs of local stakeholders. The develop-
ment of business cases for FLR projects, 
support for the creation of adapted mar-
ketplaces, and building blended-finance 
mechanisms of public–private financing 
can enable a snowball effect of investor 
interest in restoration.

Investing in forest and landscape 
restoration
Multiple forms of investment from vari-
ous investors will be required at different 
stages of the restoration process (FAO, 
2020). The nature of the investments needed 
to achieve FLR in a given landscape will 
vary depending on the landscape’s agro-
ecological, economic, social, legal and 
political characteristics and the needs of 
those implementing FLR. Investments 
can be categorized broadly as either asset 
investments, which directly finance physical 
components of the landscape or activities 
that contribute to landscape restoration; 
or enabling investments, which create and 
support the institutional and policy condi-
tions required to facilitate and attract asset 
investments and landscape coordination.

In the early stages of restoration, funds are 
needed to develop goals, gather informa-
tion, determine investment priorities and 
address the enabling environment through 
(for example) stakeholder coordination, 
policy reforms (e.g. on policy coordination, 
tenure security and land zoning), oppor-
tunity assessment and planning, capacity 

development and incentives. Given the 
high-risk, low-return nature of investments 
at this stage, such enabling investments are 
most likely to come from public sources or 
as soft loans to provide initial support for 
high-risk commercial investments. In later 
stages, the sources of finance may diversify 
and include market mechanisms designed to 
increase asset investment, such as payments 
for ecosystem services (PES), catalytic 
loan facilities, and domestic bank loans. 
As landscapes increase in function through 
FLR, the investment risks decline and a 
wider range of incentives and investments is 
likely to emerge for smallholders, coopera-
tives and companies that are implementing 
restoration activities at the local level.

ADDRESSING FUNDING DISCOVERY
The development of economically viable 
and financially attractive FLR project and 
business proposals is essential for identify-
ing and accessing appropriate and sufficient 
funds. The crafting of such proposals only 
addresses half the challenge in generating 
growth, however, and an equally impor-
tant consideration for project developers is 
locating and accessing funds appropriate 
for each restoration stage. Here lies a dual 
challenge: how to meet the requirements 
of funding instruments related to finan-
cial returns while also ensuring that the 
project achieves its intended social and 
environmental objectives and addresses 
project management costs associated with 
(for example) monitoring, reporting and 
evaluation.

Source: FAO and Global Mechanism of the UNCCD (2015).
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In general, based on the desired scope 
and intended level of ambition of an FLR 
initiative, project developers should deter-
mine whether accessing external finance 
is likely to be an important condition of 
success. Not every FLR initiative needs to 
unlock additional external capital. Doing 
so has pros and cons, which should be 
weighed carefully and with a clear sense 
of the benefits and challenges that come 
with having external investors. By virtue 
of relying solely on their own funds, self-
financing FLR initiatives will likely have 
more control and resilience than those that 
count on financial support to get going, to 
the extent that they have identified a clear 
path towards scalability.

For those project developers who have 
determined that an FLR initiative cannot 
achieve its objectives without external 
funding, the following steps may be taken:

•	 Develop a realistic, data-driven busi-
ness model (further explored below) 

that describes the restoration goals 
of the project, which of the four FLR 
returns it intends to produce (i.e. 
financial, environmental, social and 
inspirational – after Brasser and Ferw-
erda, 2015) and its intended long-term 
impacts.

•	 Clarify at which investment stage of the 
development process the project is situ-
ated. This may be the readiness/upfront 
investment stage; the implementation 
investment stage; or the long-term 
sustained-financing stage. Each stage 
may have different goals and involve 
different investment requirements, 
which may require working with dif-
ferent types of investors, donors and 
financing instruments.

•	 Proactively map and rank funding 
opportunities by ease of access and 
proximity in terms of scope, needs and 
targets. Become familiar with the fund-
ing mechanisms most likely to support 

FLR, such as donor-funded climate 
finance structures (e.g. the Global 
Environment Facility and the Green 
Climate Fund); NGOs with a focus on 
sustainable land management; public 
programmes with FLR outputs; impact 
investors; and private-sector companies 
whose supply chains may benefit from 
or contribute to FLR.

•	 Gather information on available fund-
ing opportunities. This is increasingly 
easy to do, thanks to the work of lead-
ing research institutes and NGOs. The 
Climate Policy Initiative annually pub-
lishes a report, Global Landscape of 
Climate Finance, which tracks and 
analyses climate finance flows, includ-
ing for FLR (Climate Policy Initiative, 
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Moringa seedlings in a tree nursery in the 
highlands of Kiroka, United Republic of 

Tanzania. In the early stages of restoration, 
funds are needed to develop goals, gather 

information, determine investment priorities 
and address the enabling environment 



45

Unasylva 252, Vol. 71, 2020/1

2019). Another valuable resource is the 
Ecosystem Marketplace, maintained 
by Forest Trends, which provides a 
comprehensive overview of available 
market mechanisms for FLR. FAO pub-
lished a review of sustainable financ-
ing for FLR in 2015 (FAO and Global 
Mechanism of the UNCCD, 2015).

•	 Establish a good rapport with gov-
ernment authorities and agencies and, 
early on, evaluate whether a redirection 
of existing public expenditure towards 
FLR is possible in the context of your 
project. The land-use finance tool co-
developed by the Climate Policy Initia-
tive and the European Forest Institute 

(Box 1) provides a framework for cost-
efficiently identifying and visualizing 
which domestic finance flows could be 
directed towards enabling FLR.

•	 The heightened risks of FLR (whether 
real or perceived) make it especially 
important to offer a balanced approach 
to risk-sharing. The investment burden 

Box 1
Mapping public and private resources to finance restoration efforts

To mobilize adequate financial resources for forest restoration, a thorough understanding is required of existing public and private spending 
patterns in land-use activities. By mapping and tracking financial flows that affect forests, countries can identify funding gaps and opportuni-
ties, reflect on the effectiveness of existing instruments and increase accountability and trust with partners. They can also assess the alignment 
of broader land-use investments with restoration objectives with a view to redirecting resources to support sustainable landscapes.
The Land Use Finance Tool was developed by the European Union’s REDD Facility and Climate Policy Initiative to help countries, subnational 
jurisdictions and partners better understand investments affecting forests at the national and subnational levels. The tool is helping policy-
makers understand who finances what and the extent to which finance is aligned with policy objectives.
Côte d’Ivoire, for example, used the tool to assess the potential to redirect part of existing agricultural investments towards forest restoration 
objectives and initiated a strategic dialogue with donors on that basis. In Papua New Guinea and Viet Nam, the tool was used to analyse the 
effectiveness of existing financial instruments in supporting forest protection and to identify reforms that could help scale up finance for 
sustainable land-use objectives.

Source: https://landusefinance.org.

Researchers measure tree diameter at Back Kan, Viet Nam, for the national forest assessment. The Land Use Finance Tool was used in Viet 
Nam to analyse the effectiveness of existing financial instruments in supporting forest protection and to identify reforms to help scale up 
financing 
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must be fairly and equitably shared 
among investors and FLR beneficia-
ries (OroVerde, 2019). This implies 
early engagement with all those stake-
holders who will be affected by the 
project to determine their ability to 
contribute funds or assets towards 
implementation. Commercial ben-
eficiaries of FLR products and ser-
vices should be targeted as a priority 
because they have an economic incen-
tive to see the project succeed and 
are likely to have a relatively strong 
financial standing.

FLR activities are highly sensitive to 
their local context and are therefore likely 
to require bespoke solutions. They are also 
often investment-intensive. It is crucial, 
therefore, that project developers embrace 
the unique features of their plans and do 
their best to match the various benefits 
arising from FLR with corresponding 
financing sources. For example, the 
restoration of a watershed that improves 
the quality of water for clearly identified 
downstream users could lend itself to a 
PES scheme. Conversely, improvements 
in agricultural supply chains, which are 
inherently risky, are often better matched 
with risky capital structures (e.g. equity or 
shareholder participation in a cooperative 
or an agribusiness). Thus, it is important 
for FLR project developers to have a clear 
understanding of the benefits, costs, risks, 
scope and scale of their initiatives.

ADDRESSING BUSINESS-MODEL 
CAPACITY
A significant element in the successful 
mobilization of finance for FLR lies in the 
capacity of project developers to develop 
attractive and credible investment pro-
posals. The aim is to convince investors 
that investments in FLR are worth their 
time and money and an effective means 
for achieving economic, social and envi-
ronmental goals.

Investors – both public and private – 
are risk-averse and selective. They tend 
to prioritize initiatives that offer credible 
assurance that the capital they manage 

(or own) will be well used by trustwor-
thy people who understand their needs, 
requirements and concerns, with the lowest 
possible risk.

Capital holders with an interest in FLR 
are a relatively small group courted by 
many others vying for the same capital. 
This competition compounds the difficulty 
of unlocking finance for FLR projects. 
Capital is rarely the only bottleneck; 
donors and financiers often have limited 
ability to meaningfully engage in prospec-
tive projects, especially when these are at 
an early stage of development.

The consequences for the FLR sector are 
twofold. First, project developers should 
make their projects easy for investors to 
discover, understand and evaluate. They 
should prepare concept notes, business 
cases and term sheets summarizing the 
key economic and finance parameters of 
their projects. Ideally, these documents 
should be supported by actual data sub-
stantiating a proposal’s main assumptions, 
especially around its intended economic, 
social and environmental impacts. Where 
assumptions cannot be grounded in even 
anecdotal evidence, they should at least 
strive to be realistic, sound and reflective 
of the operational context.

Second, project developers should ensure 
the credibility and trustworthiness of their 
proposals. This can be achieved in various 
ways, such as by adopting a robust gov-
ernance system, a sound monitoring and 
evaluation architecture, and best practices 
in participation and consultation (such as 
application of the principle of free, prior 
and informed consent for Indigenous 
Peoples). In general, ensuring that the 
individuals and organizations involved in a 
project have good reputations increases the 
likelihood that potential investors will give 
it serious consideration. This is especially 
true for private financiers, who are likely 
to demand the involvement of corporate 
actors with good financial standing as a 
means to reduce perceived commercial 
risks.

Crucial questions that project develop-
ers should address to inform and guide 

proposal formulation include the following:
•	 Is the project designed and intended 

to generate income?
•	 Is the income expected to result from 

the commercialization of new prod-
ucts or services for which no market 
currently exists or from goods or ser-
vices that are already marketed and 
for which competition exists?

•	 In the case of traded goods, what is the 
estimated market size? Are sufficient 
data available to support the estimate? 
What is the quality and availability of 
logistical chains for transport, storage 
and distribution? In situations where 
FLR products must be transformed 
before they can be sold, is the transfor-
mation chain fully functional? Does it 
require additional investment?

•	 Is the project intending to derive 
income from a PES scheme? Is the 
PES scheme intended to be an integral 
part of the profitability model?

•	 Is there an expectation that the proj-
ect will be financially self-sufficient 
(capable of reaching break-even on 
its own), or will it be partly or fully 
reliant on public support in the form 
of grants, subsidies or tax exemptions?

•	 Have the project developers been in 
contact with financial institutions, 
either public or private, in the con-
text of the project? What is the proj-
ect team’s degree of familiarity with 
financial concepts?

Project developers able to convincingly 
answer these questions and put together 
well-conceived, credible and data-tested 
business proposals will be in a strong posi-
tion to attract funds, not just from public 
sources but also increasingly from private 
ones (Box 2).

PAVING THE WAY TO BRING THE 
BEST PROJECTS TO SCALE

Given that governments face increas-
ing funding shortages and therefore have 
limited potential to increase development 
cooperation, long-term financing solutions 
must involve engagement with the private 
sector. Despite the rapid increase in the 
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number of impact funds interested in the 
social and environmental co-benefits of 
investment in FLR, mainstream finance 
has been slow to respond.

Significantly, in addition to uncertain-
ties over future cash flows, traditional 
barriers such as mismatch risk1 still act 
as major constraints to scaling up finance 
for FLR. Additionally, local banks may 
face a time-gap problem caused by the 
short-term nature of deposits versus the 
longer-term credit needs of borrowers. 
For international sources of finance, 
country risks and political risks may be 
perceived as too high or the legal system 
inadequate, particularly regarding land 
tenure. Moreover, capital markets have 
limited ability to assess risks in land-use 
restoration and to mobilize funds due to an 

insufficiency of information at the neces-
sary scale (United Nations Environment 
Programme, 2019).

Overcoming these traditional barriers 
is perhaps a long-term endeavour. It may 
require a reappraisal of how value is 
ascribed and involve the establishment of 
regulatory regimes or guidelines aligned 
with appropriate incentives that reward 
stewardship and therefore support the adop-
tion of sustainable practices. For example, 
investment standards or guidelines can 
incentivize FLR investments by reducing 
investment risks while also providing the 
public with assurances that the social and 

environmental impacts will be minimized 
and the benefits optimized.

In the medium term, public–private col-
laborations can reduce private-sector risk 
and create blended-finance mechanisms 
and investment partnerships (Box 3). 
De-risking or risk-sharing facilities can 
support initial transactions using public 
sources of concessional capital or through 
credit guarantees and reduce the cost of 
capital in upfront financing, thereby miti-
gating the costs and risks of FLR. A new 
example in sustainable agriculture and for-
estry is the AGRI3 Sustainable Agriculture 
and Forestry Fund, a blended-finance fund 
hosted by Rabobank that will be seeded 
with USD 150 million. The fund has three 
sections: junior equity, senior equity and 
senior debt. Half the USD 150 million 

Box 2
The Seed Capital Assistance Facility

The United Nations Environment Programme is launching the Seed Capital Assistance Facility (SCAF) in 2020 for FLR projects. The aim 
of the facility is to increase the number of projects receiving investment and the amount of private investment dedicated to activities aligned 
with the objectives of FLR. It will do this by supporting fund managers (i.e. those people responsible for implementing a fund’s investment 
strategy and managing investment trading activities) and investment advisers (i.e. finance professionals who make investment recommenda-
tions or conduct security analyses) to raise new funds and develop their pipelines of investment projects dedicated to FLR.

Generating new funds to target FLR-aligned activities is challenging. This is because of a lack of familiarity among investors with this 
type of investment, the long timeframes until FLR projects generate returns, and the need to demonstrate strong pipelines to attract investors.

The biggest challenge identified by many fund managers in this area is, however, the screening and vetting of projects for investment. The 
pipeline and project development process is highly time- and resource-consuming for fund managers, mainly because most of the proposals 
they receive lack the quality and level of detail necessary to easily ascertain a project’s underlying potential. Project proposals, therefore, need 
to be screened carefully. They also often require the significant involvement of fund managers to bring them from the early development stage 
to the point when they can be turned into potentially investable propositions. The need for this intensive involvement by fund managers creates 
a bottleneck in deploying investments to FLR-aligned activities because fund managers typically only have limited resources to draw on for 
financing this pre-investment stage. As a result, fund managers can only consider a small number of project opportunities at any given time.

The aim of the SCAF is to help overcome these barriers by providing co-financing through three support lines:
1.	 Fund development – co-financing for fund managers and investment advisers raising new funds focused on FLR-aligned investments. 

Support will be provided on a co-funding basis (up to a maximum of 50 percent of eligible costs) and will be repayable to the SCAF 
following the successful financial close of the fund (i.e. the fund’s full capitalization by investors).

2.	 Pipeline development – co-financing for fund managers and investment advisers to identify project opportunities and determine 
whether these have the potential to become investable propositions. Support will be provided on a co-funding basis (up to a maximum 
of 50 percent of eligible costs) and will be delivered as outright grants.

3.	 Project development – co-financing for fund managers and investment advisers to help them bring promising individual projects to 
financial close (i.e. approval for investment). For specific projects assessed to have genuine investment potential, fund managers will 
still need to carry out extensive due diligence and ensure that stringent social and environmental standards are met. Support will 
be provided on a co-funding basis (up to a maximum of 50 percent of eligible costs) and will be repayable to the fund following the 
successful financial close of the project.

5	Mismatch risk for an investor can be generated 
by a longer investment period, a smaller invest-
ment size, or a higher investment risk compared 
with the needs of the investor.
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Box 3
Blended-finance instrument for sustainable agroforestry and carbon sequestration

Projects that combine a robust and diversified business model with measures to effectively address the main challenges of implementation have 
the best chance of attracting investments.

A good example of this is Althelia’s Tambopata and Bahuaja-Sonene project in the Madre de Dios region of Peru. The aim of the project, using a 
protection–production approach, is to improve the management of two protected areas and simultaneously promote agroforestry in cocoa cultivation 
through the rehabilitation of degraded land on the periphery of the protected areas. This combination required multisectoral and jurisdictional 
engagement, presenting an arena for diverse financial instruments and institutional support.

The project – a collaboration between the Althelia Climate Fund (ACF),  Asociacion para la Investigacion y el Desarrollo Integral (AIDER) 
and Servicio Nacional de Áreas Naturales Protegidas por el Estado (SERNANP) – developed over time, combining several features and financial 
instruments to meet diverse challenges on the ground. It drew on the presence of complementary partners with a long history of working in the 
region, including:

•	AIDER, an NGO responsible for the co-management of the nation’s protected areas under an administrative contract with the Government of Peru;
•	Ecotierra, a sustainable agroforestry project developer active in Peru with expertise in climate-smart agriculture and sustainable forestry;
•	SERNANP, Peru’s protected-areas government authority, which has authorized AIDER, under the above-mentioned administrative contract, 

to use voluntary carbon finance as an innovative financial mechanism to ensure funding for the participatory management of protected areas. 
SERNANP is involved in project activities related to biodiversity monitoring, research management and control and surveillance; and

•	Coopaser, which was established during project development as an organized, well-functioning smallholder-farmer cooperative able to guarantee 
the participation of local farmers and their commitment to the conservation of protected areas.

The investment developed a new cocoa agroforestry plantation and supply chain to provide alternative and sustainable local livelihoods. Smallholders 
in the buffer zone of the protected areas received planting material and technical assistance worth USD 1 500 per hectare (ha), half of which (USD 
750 per ha) is to be repaid through a discount mechanism to farmers at cocoa collection.

Each participant has a clear role and mandate: AIDER received Althelia’s investment and oversaw the implementation of Ecotierra’s strengthening 
of Coopaser’s organizational capacity. Among other things, they ensured that the loans were distributed and managed efficiently and repayments 
were made on time.

The cocoa project was developed as part of a holistic landscape approach that built on an existing REDD+ project that will be fully integrated 
into the national REDD+ programme. As the project evolved, an innovative financing model was developed to attract private investors to meet 
implementation needs. Financing was made possible by a loan of USD 7 million from ACF to AIDER. ACF was able to offer an interest rate of 6.5 
percent per year, well below the market interest rate at local banks of up to 18 percent per year, as a result of the collateralized carbon loan, which 
also includes profit-sharing on the sale of the carbon credits. AIDER also obtained a three-year grace period regarding the cocoa revenues, which 
provided greater flexibility in implementing the measures.

Two guarantee mechanisms enabled this level of concessionality: the collateralization of the rights to the project’s REDD+ carbon-dioxide 
certificates (up to 4.5 million tonnes of carbon-dioxide-equivalent by 2020), and a shared-loss portfolio guarantee mechanism offered by the United 
States Agency for International Development that covered 50 percent of the investors’ capital.

At the local level, AIDER established an agreement with Coopaser for the loan repayment for 50 percent of the equivalent value of the in-kind 
support received. A deduction of 50 percent from the cocoa premiums (expected to be USD 500 per tonne from FairTrade™ and organic certifica-
tions) enables Coopaser and farmers to repay their loans. AIDER was able to repay the investment through the sale of voluntary carbon offsets 
to private companies ahead of the cocoa revenues flowing at scale, which in turn have the potential to provide long-term revenue streams for the 
project and local communities.

The project’s evolution to meet the changing needs of the landscape and local communities has built on key enabling factors coordinated through 
Althelia and AIDER to combine diverse sources of finance at different stages of the restoration process. The project is now aiming to integrate 
fully into the jurisdictional/national REDD+ scheme and, over time, to reduce reliance on carbon finance as cocoa production reaches long-term 
sustainability and profitability on the ground for local communities.

Together, these investments enabled the financing of diverse activities and stakeholders to restore the buffer zones of the protected areas, reduce the 
threat of deforestation, support biological monitoring, promote research and enhance control and surveillance. As of March 2020, 339 smallholder 
families were involved and 1 250 ha of improved cocoa agroforestry systems had been established. A second phase is now under way (2019–2023) 
with the aim of expanding the project to 4 000 ha and reaching out to at least 500 more farmers with additional funds.

2	Althelia Funds is an asset manager with an impact-driven approach to investment, aligning strong financial returns with measurable social 
and environmental impacts. It delivers financial returns aligned with the conservation of nature and sustainable social development.
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required to seed the fund will come from 
government and equity investors and the 
other half will be made up of commercial 
bank debt. This leverage ratio will enable 
the issuance of USD 300 million in partial 
credit guarantees to commercial banks and 
development-finance institutions. This will 
potentially unlock up to USD 1 billion in 
commercial loans by absorbing a portion 
of the lender’s losses in case of default and 
thereby de-risking the loans.

The Tropical Landscape Finance Facility 
plays a similar role, leveraging public 
capital to crowd-in private finance for 
sustainable land use, including in agri-
culture and ecosystem restoration, and 
for investments in renewable energy. The 

facility securitizes project loans into bonds, 
which are sold to investors as medium-term 
notes (MTNs). MTNs offer investors an 
option between traditionally short-term 
and long-term investments, which can be 
ideal when there is a mismatch between 
an investor’s timeframe and typical project 
needs in FLR. Projects can benefit from 
MTNs based on their ability to provide 
consistent cash flows from investors.

A recent survey of FLR-focused 
funds conducted by the United Nations 
Environment Programme’s Land Use 
Finance Unit found that, for nearly all the 
funds surveyed, pre-investment project 
development costs presented a significant 
financial risk for investors. Typically, 
these are investments involved with 
pre-feasibility assessment and business-
case development that occur before the 
counterparty (i.e. the opposite party in a 
contract or financial transaction) is a legal 
client of the investor and is therefore not 

secure. Financial support can be provided 
to FLR-mandated funds through seed capi-
tal and catalytic funding. These low-cost 
instruments can help provide the resources 
and incentives for FLR actors to initiate 
engagement with counterparties and begin 
to apply standards for investment.

On the demand side, the recent reference 
to market-based approaches to climate-
change mitigation in the Paris Agreement 
signifies a potentially viable funding 
stream for nature-based solutions such as 
those offered through FLR. A precursor 
of this new trend, the Carbon Offsetting 
and Reduction Scheme for International 
Aviation, seeks to offset all emissions from 
the aviation sector above 2020 levels. The 
International Air Transport Association 
forecasts that this alone could generate 
more than USD 40 billion in climate 
finance between 2021 and 2035 (Adam, 
2019). If this estimate is accurate, it 
would go a significant way to achieving 

A woman carries a bowl with water on her 
head in front of an old baobab tree near 
Bolgatanga, Upper East Region, Ghana. Not 
all FLR initiatives will require additional 
external funding but, where they do, project 
developers should pursue financial pathways 
that reflect the local context 
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the investment needed to reach global 
restoration goals. Such estimates will 
likely be re-evaluated given the COVID-
19 crisis and its significant impact on the 
international air-travel sector.

CONCLUSION
The diversity of financial mechanisms 
available to support FLR processes can 
be an advantage given the diversity of FLR-
specific finance requirements. It represents 
an opportunity, therefore, for project man-
agers to develop business plans capable of 
accessing several financial mechanisms 
and thereby increase the impact of FLR 
initiatives at the local level and help ensure 
their sustainability. The early identification 
of potential pathways for scaling up the 
financing of FLR activities is key to the 
development of viable bankable projects 
that can be investment-ready to attract 
greater investment. Not all FLR initiatives 
will require additional external funding 
but, where it is needed, project developers 
should pursue appropriate financial path-
ways that reflect the local context. In the 
short term, much can be done to facilitate 
investments that themselves enable asset 
investments in promising FLR projects.

The investment arena is likely to change 
in light of the many implications of the 
COVID-19 pandemic. Opportunities for 
FLR may arise because of its capacity 
to provide multiple economic, social and 
environmental benefits that will support 
recovery from the crisis and increase the 
resilience of communities by ensuring 
stable ecosystems, sustainable food pro-
duction systems and secure value chains 
and livelihoods. With public funding 
focused on recovery, government invest-
ment in FLR may be limited, and a more 
significant role may emerge for the private 
sector. Equally, the private sector may 
be more cautious with its investments – 
making it even more important that FLR 
projects ensure robust financial planning 
to attract the funds they need to succeed 
in meeting global restoration objectives.
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Agricultural practices and popu-
lation-induced land-use change 
are increasingly undermining the 

Earth’s capacity to sustain biodiversity and 
maintain stable climate systems and the 
equitable provision of goods and ecosys-
tem services (IPBES, 2019). Forests and 
trees play pivotal roles as important ter-
restrial carbon sinks (Ellison et al., 2017; 
Doelman et al., 2020) and supply many 
other ecosystem services. The political 
commitments articulated in the New York 
Declaration on Forests and the Bonn Chal-
lenge include unprecedented targets for 
the restoration of degraded land and the 
return of billions of trees to previously 
forested or tree-dominated landscapes 
through forest and landscape restoration 
(FLR) (Brancalion et al., 2019).

Tree-based restoration as a strategy for 
global climate-change mitigation has 
received much attention (Bastin et al., 
2019). Although its feasibility and effi-
cacy remain debated (Lewis et al., 2019), 
there is little doubt that tree-based FLR can 
deliver considerable benefits for societies 
(Chazdon and Brancalion, 2019).

FLR project success requires suitable 
high-quality and genetically diverse tree 
seed delivered through natural regeneration 
or brought in as planting material for agro-
forestry, plantations and other restoration 
interventions (Jalonen et al., 2018). Genetic 
diversity among this reproductive material 
will provide adaptive potential and help in 
resisting pest and disease outbreaks and 
coping with the effects of climate change, 
including increased drought and extreme 
weather events. The genetic diversity of 
trees is a pillar of higher-level biodiversity 
because genetically diverse tree commu-
nities support more diverse and resilient 
populations of associated organisms 
(Hughes et al., 2008). A failure to take 
genetic diversity and the quality of repro-
ductive materials into account in FLR, 
however, will have serious consequences 
because it will undermine the growth and 
survival of trees (Tito de Morais et al., 
2020) as well as the future productivity of 
tree crops and the ability of restored sites to 

support overall biodiversity. Governments 
and some organizations have committed 
to greatly increasing the area of degraded 
land subject to restoration, but this requires 
corresponding investments to ensure suf-
ficient supplies of high-quality seeds and 
seedlings. Thus, the ability of countries and 
regions to scale up the delivery of seeds 
and other reproductive material to meet 
national and international commitments 
will be essential for FLR success.

In this article we highlight the challenges 
involved in delivering seeds at a large scale 
and the policy initiatives that could be put 
in place to ensure functional, well-tracked 
tree-seed delivery. We discuss the need 
to link the conservation of tree genetic 
resources (TGR) with their sustainable 
use and livelihoods in FLR and provide 
case studies from Burkina Faso, Ethiopia 
and Tunisia. We give examples of recently 
developed support tools and innovations 
to help scale up the delivery of TGR to 
support FLR goals. Finally, we discuss the 
opportunities for equitable benefits that 
can arise from the better integration of 
TGR into FLR, and we briefly synthesize 
the current situation as a basis for propos-
ing priority areas for policy and capacity 
development.

CONSTRAINTS IN TREE-SEED 
SUPPLY SYSTEMS
Despite growing global commitments on 
FLR and the accumulation of experiences 
from the past decade in the implemen-
tation of the Bonn Challenge, there is a 
substantial mismatch between the supply 
of and demand for tree seeds, especially 
for native tree species. For example, a lack 
of attention to tree germplasm sources and 
delivery systems was evident in a review 
of larger-scale restoration programmes 
in tropical regions (considering 38 Clean 
Development Mechanism afforestation/
reforestation project design documents in 
Africa, Asia and Latin America) (Roshetko 
et al., 2018).

A global survey of 139 FLR projects 
worldwide indicated that at least part of 
the seed supply in most FLR projects is 

collected by the project itself, typically 
from nearby remnant forest patches 
(Jalonen et al., 2018). The survey found 
that FLR practitioners preferred to collect 
seed themselves partly because they felt 
that seed markets were unable to meet their 
needs for species and provenances and 
fulfil their expectations regarding seed 
quality, but also because they may have 
had only limited understanding of the 
importance of seed quality.

Although it is a common practice in 
FLR and other restoration programmes, 
sourcing germplasm locally does not 
necessarily improve the adaptive capacity 
of the resultant tree populations under cur-
rent or expected future climate conditions 
(Hancock, Leishman and Hughes, 2012; 
Prober et al., 2015; Bucharova et al., 2017), 
nor meet desirable quality standards. On 
the contrary, obtaining germplasm locally 
may negatively affect seedling survival, 
growth and resilience if the forests used as 
seed sources are fragmented or degraded 
(Kettle et al., 2007; Bacles and Jump, 2011; 
Mimura et al., 2017). Insufficient and 
ineffective seed supply systems also pose 
problems for smallholder tree-planting 
farmers, who depend (at least partially) on 
tree products for their livelihoods and who 
would benefit from wider access to and 
availability of planting material (Nyoka 
et al., 2014).

The failure to supply high-quality plant-
ing material relates both to the diversity 
of species used and to their intraspecific 
genetic diversity, which enhance resistance 
to stresses. FLR projects often use poorly 
adapted germplasm from a small number of 
tree species (Bozzano et al., 2014; Thomas 
et al., 2014), with limited information on 
or understanding of what species to plant 
or the importance of germplasm sourcing.

Cost may be one of the most impor-
tant criteria for seed procurement in 
government-led tree-planting pro-
grammes (Dedefo et al., 2017; Gregorio 
et al., 2017). In an effort to accelerate 
tree-planting schemes, governments and 
non-governmental organizations may 
(well-intentionally) try to boost planting 
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by donating seedlings that, however, may 
be of unknown quality and origin (Lillesø 
et al., 2011; Jalonen et al., 2018).

POLICY AND REGULATORY 
INITIATIVES FOR FUNCTIONAL 
TREE-SEED SYSTEMS
Atkinson et al. (2018) identified 15 indi-
cators across five key components of a 
functional seed system: 1) research to 
inform and guide species and provenance 
selection; 2) seed harvesting and produc-
tion; 3) market access and demand; 4) 
quality control; and 5) enabling environ-
ment. They then conducted a detailed 
review of tree-seed supply systems in seven 
Latin American countries. Although the 
results varied widely, most countries were 
found to struggle with similar challenges. 
Most had large networks of nurseries able 
to produce suitable species for diverse eco-
system contexts, yet the supply of native 
high-priority tree species was often limited 
and gave little consideration to the genetic 
origin or diversity of the seed used. Most 
countries already had strategies and initia-
tives in place to support seed supply, but 
often these were inadequately integrated 
for effective scaling up (Atkinson et al., 
2018). Similarly, a recent survey of signa-
tory countries to the African FLR initiative 
AFR1001 revealed that national capacity to 
produce high-quality planting stock of a 
variety of native species at scale is a serious 
constraint to meeting restoration targets.2 

Efforts to scale up the supply and use of 
appropriate seed for restoration must be 
supported by clear policies and regula-
tory frameworks, and adequate investment. 
There is a need to incentivize the private 
sector to manage and market improved 
seeds and seedlings and to empower users 
to make informed decisions on TGR by 

providing them with relevant know-how 
and information (Lillesø et al., 2018).

International seed-stand registers (which 
document the origin of specific seed 
sources) and provenance zones (which 
delineate the bioclimatic conditions of 
provenances) should be identified and 
established for priority tree species. The 
establishment of provenance zones should 
consider the potential for climate change 
to influence the natural distribution of 
tree species to ensure that seed zones are 
adaptive to future conditions. Seed-stand 
registers would be particularly useful for 
supporting collaboration among countries 
that share the natural distribution of a spe-
cies, thereby enabling access to broader 
genetic variation in planting material. 
FLR could be a useful framework for 
implementing gene-transfer techniques 
(i.e. the movement of planting material 
beyond current natural ranges) such as 
assisted gene flow (the movement of seed 
sources of specific adaptive capacity) or 
– in some extreme cases where the risk 
of extinction or rapid genetic erosion is 
evident – assisted migration (the planting 
of novel genotypes) (Ducci, 2015; Fady 
et al., 2016).

International trading regulations for TGR, 
such as the Organisation for Economic 
Co-operation and Development Scheme 
for the Control of Forest Reproductive 
Material and similar regulations for the 
European Union (e.g. its directive on the 
marketing of forest reproductive material 
and the European Union Council directive 
on external quality standards for forest 
reproductive material marketed within 
the Community), already provide rules on 
how TGR should be documented for inter-
national trade. These mechanisms enable 
monitoring of the movement of forest 
reproductive material and the harmoni-
zation of certification and identification 
systems between countries. In practice, 
however, the movement of forest repro-
ductive material across borders is poorly 
documented. Improved knowledge and 
practical advice will become increasingly 

necessary in view of the limited experience 
of the many new actors likely to emerge 
in response to major international com-
mitments on FLR and other restoration 
approaches. Collaborative and inclusive 
actions to develop supportive national 
strategies for conservation and the supply 
of high-quality TGR featuring native tree 
species for use in FLR programmes must 
be encouraged.

LINKING THE CONSERVATION OF 
TREE GENETIC RESOURCES WITH 
SUSTAINABLE USE
Globally, there are some 60 000 tree spe-
cies (Beech et al., 2017). The vast majority 
of these are native to tropical countries and 
occur in regions with high rates of defor-
estation and land-use change. These same 
countries also have high potential for FLR 
(Brancalion et al., 2019). Because seed 
must be adapted to the (current and future) 
environmental conditions found at a given 
restoration site, diverse seed sources are 
needed covering a range of environmental 
conditions. The progressive reduction in 
the availability of genetically suitable seed 
sources due to forest degradation and loss 
means there is an urgent need to conserve 
critical seed sources and to identify how 
best to deploy these in restoration.

Despite the important ecological and eco-
nomic value of thousands of tree species, 
conservation status has been documented 
for only a fraction – although efforts are 
under way to assess all known species 
(e.g. through the Global Tree Assessment 
– GTA, undated). Given the speed with 
which species and especially intraspecific 
variations are being lost (ter Steege et al., 
2015; Stévart et al., 2019), there is a need 
to identify the conservation status of all 
species and to conserve and mobilize their 
remaining intraspecific variation for future 
use in restoration and other tree-planting 
programmes (Graudal et al., 2014, 2020). 
For example, a recent study of 65 native 
tree species across 15 Asian countries 
indicated that two-thirds of the species 
are losing natural habitat in parts of their 

1	See the article on page 82 of this edition for an 
outline of this initiative.

2 The survey was presented at the Regional Work-
shop on the Conservation and Use of Forest 
Genetic Resources in Sub-Saharan Africa: 
Strengthening Tree Seed Systems, which was 
convened by the sub-Saharan African Forest 
Genetic Resources (SAFORGEN) Programme 
on 9–11 April 2019 in Kumasi, Ghana.
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ranges due to climate change, with some 
tree populations set to be completely wiped 
out in certain ecoregions as soon as 2050 
(Gaisberger et al., in prep). For some species 
and geographical locations, anthropogenic 
pressures may pose larger threats to their 
in situ conservation than climate change. 
A study of 50 tropical dry-zone forest tree 
species in Ecuador and Peru found that all 
species face considerable threats across 
half their distribution ranges and that 
habitat conversion, overexploitation and 
overgrazing pose larger and more immedi-
ate threats than climate change to most of 
the studied species (Fremout et al., 2020).

Existing protected-area networks can 
help maintain adaptive variation, but these 
often provide poor coverage of the broader 
environmental gradients of tree species 
and consequently of intraspecies variation, 
and they are not immune to the impacts 
of climate change (Gaisberger et al., in 
prep.). National laws often restrict access 
to TGR; for example, it is often illegal to 
collect seed in protected areas except for 
research purposes, thus reducing their role 
as sources of genetically diverse and site-
adapted germplasm. Seed production areas 
such as seed orchards have been estab-
lished for a few commercially important 
tree species but not for the vast majority of 
tropical and subtropical native tree species. 

Building up seed supplies to enable planned 
large-scale restoration requires both the 
urgent identification and conservation 
of remaining natural seed sources and a 
major effort to establish additional seed 
sources for a larger number of tree spe-
cies; moves towards this end are under 
way in some places (Box 1). Such efforts 
should be supported by the establishment 
of adequate nursery networks for manag-
ing and deploying the available planting 
material effectively.

APPROACHES AND TOOLS TO GUIDE 
TREE SPECIES SELECTION AND 
SEED SOURCING
The selection of the right tree species and 
planting material is crucial for the suc-
cess of FLR initiatives. Species selection 
requires that the environmental require-
ments of species match the conditions at 
the restoration site; the uses and products 
of the species match the needs and desires 
of local and other stakeholders; and the 
species are resilient to future change. 
FLR may occur on degraded soils that 
differ considerably from original forest 
soils due to factors such as erosion, com-
paction and even toxicity (e.g. caused by 
mining). This can limit the suitability of 
the original native tree species in restora-
tion efforts because restoring soil fertility 

will be a major prerequisite (Chazdon, 
2003). Therefore, it may be necessary 
to rehabilitate planting sites through the 
initial use of carefully selected non-local 
species with the capacity to improve soil 
fertility (Chazdon, 2008).

There is a need to identify suitable tree 
species for FLR programmes in different 
agroecological zones and to ensure that 
these are available to a large number of 
diverse users (Lillesø et al., 2018). New 
decision-support tools covering thousands 
of tree species are being developed – 
including suitability maps to ensure that 
the restored sites are adaptable in the face 
of future climatic conditions (Gaisberger et 
al., 2017; Kindt, 2018). Such maps can also 
guide the identification and development 
of improved seed sources.

Information on tree species biology and 
key traits is needed to support tree species 
selection. This is increasingly available 
in databases such as the Vegetation 
Map for Africa (van Breugel et al., 
2015), the Priority Food Tree and Crop 
Food Composition database (Stadlmayr, 
McMullin and Jamnadass, 2019; Stadlmayr 
et al., 2019), and the Agroforestry Tree 
Species Switchboard (Kindt et al., 2019), 
which links information on more than 
172 000 plant species and almost 4 000 
intraspecific taxa across 35 web-based 

Box 1
Provision of Adequate Tree Seed Portfolios: supporting farmer-planting  

with optimal tree genetic resources

Provision of Adequate Tree Seed Portfolios (PATSPO), an initiative under way in Ethiopia, conducts studies on tree species prioritized for 
farmer-planting to meet ambitious national forest restoration commitments. PATSPO supports biodiversity conservation in Ethiopia’s resto-
ration programmes by providing suitable (site- and purpose-matched) seed of a range of indigenous trees. PATSPO field trials help identify 
productive planting material matched to restoration sites to effectively support farmer livelihoods and enhance establishment success. After 
evaluation, the trials are converted into seed sources for use in on-farm planting. PATSPO is also designing a functional system for deliver-
ing tree-planting material in Ethiopia with the capacity to provide seeds and seedlings to smallholder growers. This requires ensuring the 
right mix of public- and private-sector involvement in the system and the assigning of appropriate responsibilities to the various stakeholders 
involved. Research to design optimal tree-planting-material delivery pathways for smallholder farmers has demonstrated the importance of 
supporting small entrepreneurial germplasm-suppliers in delivery. Existing seed- and seedling-delivery systems for restoration projects are 
often ineffective, with insufficient outreach, and projects such as PATSPO offer lessons that can be widely applied.

Source: World Agroforestry (undated).
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information sources. The Diversity for 
Restoration (D4R) tool3 developed by 
Bioversity International goes beyond 
species choice – it enables practitioners 
to choose appropriate species and seed 
sources for given project sites that meet 
desired restoration objectives based on the 
characterization of tree-species functional 
traits (Thomas et al., 2017). D4R also takes 

into account climate change in proposing 
options for plant reproductive material and 
includes information on the propagation of 
hundreds of native tree species. Originally 
developed for the dry forests of Colombia, 
D4R has been expanded recently to include 
northwestern Peru and southern Ecuador 
and is also being deployed to support FLR 
in Burkina Faso (Box 2) and Cameroon.

Other tools have been developed to 
support both the tracing and monitoring 
of TGR from seed collection through to 

planting. SeedIT, for example, is a user-
friendly smartphone application designed 
to enable the documentation and tracking 
of tree-seed sources by a wide range of 
users, from community seed collectors 
to commercial nurseries. The app is being 
piloted in community restoration projects 
in the Lao People’s Democratic Republic 
and Malaysia.

In the future, climate-dependent traits 
(such as pest and disease resistance, 
drought resistance, cyclone resistance, 

Box 2
Tree-planting choices and selection of tree-seed sources in Burkina Faso

Research in central Burkina Faso investigated the tree-planting choices and selections of tree-seed sources made by farmers engaged in 
various planting practices and FLR approaches, including the establishment of small-scale fenced tree plots (Valette et al., 2019). It showed 
that the use of fencing supports a more diverse portfolio of tree species compared with other small-scale efforts by promoting the spontane-
ous establishment of tree seedlings regenerating from the soil seed bank and by enabling enrichment planting and farmer-assisted natural 
regeneration. Farmers tend to engage directly in the collection of the planting material they need, mainly from woodlands near their villages, 
trees growing in their cultivated agricultural lands and pastures, tree plantations, and fenced plots. The majority of farmers, however, do not 
undergo specific training on best practices in tree-seed collection. Of the 15 most commonly planted tree species, ten supply edible products. 
Priority food tree species with potential for inclusion in nutrition-sensitive restoration have been identified in Burkina Faso, and threats to 
them have been documented and mapped (Gaisberger et al., 2017). Traditional water-management techniques, such as building stone contour 
bunds and digging zaï pits and half-moons to capture rainwater run-off (Nyamekye et al., 2018), and the use of compost, should be employed 
to overcome soil degradation.

3	www.diversityforrestoration.org

Compost is prepared 
before planting trees 
at a restoration site in 
Burkina Faso. Half-
moons, excavated in the 
fields to collect surface 
runoff, are visible in the 
background©
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salt tolerance, and phenotypic plasticity) 
need to be more strongly selected for in 
domestication and breeding efforts (Alfaro 
et al., 2014; Stanturf et al., 2015).

OPPORTUNITIES FOR 
OPERATIONALIZING 
EQUITABLE BENEFIT-SHARING
Although it is probable that spontaneous 
natural regeneration on abandoned agricul-
tural fields will bring about considerable 
increases in tree cover (Gilroy et al., 2014), 
meeting the ambitious restoration pledges 
of countries will require support for tree-
planting on smallholder lands. The level 
and type of engagement of rural people, 
particularly the poor, will hinge largely 
on the direct benefits that smallholders 
can reap from FLR (Galabuzi et al., 2014; 
Baynes et al., 2015; Fox and Cundill, 2018).

Tree-based restoration offers several 
income-generating opportunities for 
smallholders, including those involving 
the production, processing and marketing 

of wood and non-wood forest products 
and arising from the provision of eco
system services (e.g. through payments 
for ecosystem services, including for 
carbon sequestration) (Aronson et al., 
2010; Newton et al., 2012). Small-scale 
producers can diversify their incomes and 
reduce their risks by planting multiple 
native species to produce timber, woodfuel, 
foods and medicines, thereby catering to 
different markets (Vieria et al., 2010) and 
seeking a balance of seasonal and inter-
annual production cycles. But producers 
need early returns because waiting years 
for trees to mature may be impossible or 
undesirable in resource-limited communi-
ties (Etongo et al., 2015). Encouraging 
both slow-growing hardwood species and 
fast-growing high-value species will help 
maintain interest in tree-based restora-
tion. Local women and men, who hold 
different, overlapping and complementary 
knowledge of tree species and ethnovariet-
ies (Karambiri et al., 2017), can guide the 

identification of appropriate native tree 
species (Box 3). It may also be neces-
sary to address community norms that 
discourage the planting of diverse native 
tree species because decisions on land use 
and species are also a function of what 
is socially acceptable at a given locality 
(Pannell, 1999).

The availability and quality of tree 
germplasm and seedlings further shape 
decisions on species and provenances 
(Brancalion et al., 2017). Hence, it is 
necessary to strengthen not only the techni-
cal capacities of small-scale farmers to 
grow diverse tree species (and bring their 
products to market) but also those of seed 
collectors and nursery owners in collecting 
and producing high-quality, genetically 
well-adapted seeds and seedlings. Pricing 
structures that are sensitive to product 
quality and enable price premiums for 
high-quality seed, and access to lucrative 
markets, are needed to incentivize invest-
ments in high-quality germplasm. Building 

A small-scale 
fenced restoration 
plot established 
with support from 
the Tiipaalga 
association in 
Burkina Faso and 
managed by a 
women’s group. 
The perimeter is 
delimited by metallic 
fences bordered 
by a line of Acacia 
senegal trees that 
will progressively 
replace the fence 
and provide an 
ongoing income 
from the sale of gum ©
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Box 3
Ensuring the best climate data to model threats to native tree genetic resources across Central Africa

Bioversity is working with partners  to support climate-sensitive decisions related to biodiversity and ecosystem services, focusing on priority 
TGR in the Congo Basin in Central Africa and the Guinean forests in West Africa. These subregions face the multiple threats of unsustainable 
land use, industrial pollution and climate change (IUCN, 2015). Central African countries have pledged (through the Bonn Challenge and 
AFR100) to bring more than 38 million ha of deforested and degraded land under restoration by 2030. Achieving this transformation will 
require overcoming constraints such as those posed by the poor quality and limited diversity of planting materials. This project is helping 
identify appropriate planting material that is adapted to local restoration sites and resilient to future climatic conditions.
A total of 58 native tree species common to Central and West African countries were selected by a diversity of stakeholders for their inclusion 
in FLR interventions, based on criteria such as habitat (e.g. savannah or forest), uses (wood and non-wood) and conservation status. Climate-
suitability maps were produced for each species using historical climate data and the best available future climate projections (Figure 1). 
Species distribution models, maps of climate change and other threats, and genetic and ecogeographic diversity assessments will be combined 
to define appropriate seed-sourcing strategies for successful restoration, at the same time helping conserve the genetic diversity of the tree 
species used. The results will be made available as part of the D4R platform (see above).

South
Sudan

 current vs 2050 climate-change representative concentration pathways 4.5 and 8.5 for Khaya senegalensis

1 Prediction of change in suitable habitat for Khaya senegalensis from current to 2050 climatic conditions in Central and West Africa

Source: adapted from Marius R.M. Ekué, Bioversity International, 2017. Conforms to Map No. 4170 Rev. 19 UNITED NATIONS (October 2020)
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capacity and ensuring the availability of 
documentation and verification tools such 
as SeedIT could help enable this change.

Brancalion et al. (2017) argued that, 
to realize its potential to generate jobs 
and income, reduce poverty and deliver 
valuable ecosystem services to society, res-
toration should receive the same attention 
from state decision-makers and markets 
as they give to agricultural commodities. 
This means creating incentives, includ-
ing financial incentives such as low-cost 
finance, and supporting producers to gain 
access to markets for their products.

CONCLUSION
The global ambitions for FLR have never 
been greater. The Bonn Challenge, the 
New York Declaration on Forests and the 
United Nations Decade on Ecosystem 
Restoration have mobilized extraordinary 
political commitments to reverse land-
scape-scale degradation to achieve multiple 
environmental and societal benefits. The 
implementation of these commitments 
will require the effective deployment of 
TGR via approaches involving assisted 
natural regeneration, direct seeding and 
tree-planting in plantations, agroforestry 
systems and ecosystem restoration. In 
many developing countries, the capacity 
to scale up the supply of TGR for FLR 
remains a major limiting factor on success. 
Key priorities must be to:

•	 improve the national and local-level 
conservation of TGR for priority spe-
cies by building capacity to identify 
and map threats to TGR and to safe-
guard critical seed sources;

•	 adopt existing decision-making tools 
to support the choice of the right tree 
species for given environmental condi-
tions and established purposes;

•	 gather additional information on the 
requirements and traits of presently 
underused native species from a broad 
set of forest ecosystems;

•	 raise awareness at all levels of the 
importance of seed quality for plan-
tation and restoration success while 
simultaneously developing policies, 

strategies and regulations that support 
the establishment of operational seed-
supply systems. Any legislation should 
include requirements to document seed 
quality and origin and specify qual-
ity requirements for the TGR used in 
publicly funded FLR projects;

•	 initiate national assessments of the 
TGR needed to meet FLR targets to 
inform the development of seed sys-
tems and markets capable of meeting 
seed requirements in terms of both 
quantity and quality;

•	 invest at the national level in the 
development of databases of existing 
TGR and the infrastructure required 
to ensure the sustained supply of 
improved planting material;

•	 obtain information on the medium- 
and long-term socio-economic ben-
efits of using appropriate species and 
high-quality seed sources in FLR 
programmes;

•	 put in place incentives and enabling 
policies to support smallholders in 
producing, trading and using high-
quality genetically diverse reproduc-
tive materials; and

•	 promote educational campaigns, exten-
sion, knowledge-sharing and enabling 
institutional, policy and regulatory 
frameworks and, crucially, ensure 
the availability of adequate land and 
fair and equitable tree-tenure regimes 
so that diversity-rich FLR (and the 
products and ecosystem services it 
provides) is perceived as more attrac-
tive than alternative land uses, thereby 
strengthening economic activities 
based on native tree diversity.
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Effective monitoring at the global, 
landscape and project scales is 
essential for keeping restoration 
on track, and promising tools are 
emerging.
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Above: Godfrey Mutero measures the 
diameter of a young Eucalyptus seedling 

at the Chesa Forest Research Station 
in Bulawayo, Zimbabwe. Measuring 

progress on forest and landscape 
restoration, including in the field, is 

essential for its success

Land-based approaches to improv-
ing the productivity of degraded 
areas can help address the triple 

challenge of our times: ensuring a sta-
ble climate, food security and space for 
nature (Baldwin-Cantello, 2018). Forest 
and landscape restoration (FLR) is a set 
of land-use strategies such as agroforestry 
and natural regeneration implemented 
to achieve management goals related to 
soil and biodiversity conservation, water, 
carbon sequestration, energy and food 
production, and community needs (FAO 
and WRI, 2019). FLR can help mitigate 
climate change, increase landscape health 
and connectivity, and reduce pressure on 
natural forests by producing raw materials 
such as timber, woodfuel and non-wood 
forest products.

Momentum for FLR has been building 
for some time, starting with the Bonn 
Challenge and the Aichi Biodiversity 
Targets launched in 2011 and reiterated 
in the New York Declaration on Forests 
(NYDF) in 2014. Endorsers of the Bonn 
Challenge have pledged to restore 150 

million hectares (ha) of degraded land-
scapes and forest lands by 2020 and to 
significantly increase the global rate of 
FLR thereafter, which would restore at 
least an additional 200 million ha by 
2030 as a result of the NYDF (NYDF 
Assessment Partners, 2019). To date, 63 
countries and other entities have committed 
to restoring 173 million ha – an area half 
the size of India – and have joined various 
regional initiatives for intergovernmental 
collaboration at the national scale (Bonn 
Challenge, 2020). Although such initiatives 
demonstrate political will towards FLR, 
and progress is being assessed through the 
Bonn Challenge’s Barometer (discussed 
below), no systematic study has yet been 
conducted to verify outcomes. To ensure 
that the wide-reaching benefits of these 
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commitments are obtained, there is a need 
to identify where successful FLR interven-
tions can be reported and where further 
efforts and resources need to be directed. 
It is time to pause for thought – how much 
FLR has happened already, and what needs 
to be done to achieve the ambitious goals 
of the Bonn Challenge and the NYDF?

By tracking progress, systematic 
monitoring can play an important role in 
helping achieve targets. Major barriers to 
the monitoring of FLR persist, however, 
including a lack of globally consistent data 
and baselines and standard methodological 
approaches for assessing progress. Without 
standardized and harmonized methodolog-
ical processes to provide data, it is difficult 
to assess FLR’s impact on climate and 
ecosystems, compare restoration efforts 
across jurisdictions, and identify where 
more effort and investment is needed.

This article presents the latest develop-
ments in methods and best practices for 
measuring progress in FLR. FLR is about 
much more than trees, and there is a con-
current need to monitor its economic and 
social impacts. Nevertheless, most work 
to date has been on measuring vegetation 
change (primarily tree-cover change) as 
a first step, and this is the main (but not 
exclusive) focus of this article. There are 
many ways to conceptualize monitoring 

methods, and we use a framework that 
categorizes monitoring by scale. For each 
of the three scales shown in Table 1, we 
review recent developments in monitoring 
and examine emerging tools and technolo-
gies to assist in measuring change over 
time. We conclude by identifying three 
key challenges for the effective monitoring 
of FLR.

THE GLOBAL SCALE
It is important to accurately monitor and 
compare progress in the implementation of 
FLR towards global targets. Because FLR 
typically involves the establishment or re-
establishment of tree cover (either through 
intentional planting or natural regrowth), 
tracking both gains and losses of trees is 
essential for monitoring FLR.

A barrier to the effective monitoring of 
FLR at scale is the lack of globally con-
sistent data for tracking tree-cover gains. 
Global maps of tree-cover loss have been 
produced annually for almost a decade, 
but this is not the case for tree-cover gain 
(Hernandez-Serna et al., 2019). Monitoring 
tree-cover gain is more complex than 
monitoring deforestation for two main 
reasons:

1.	 Temporal differences. Defor-
estation is often a near-instantaneous 
event, but FLR typically occurs over 

much longer timespans in the order 
of years to decades (Chazdon, 2008). 
Measuring progress from seedlings 
to saplings and from young to mature 
trees requires a long-term monitoring 
system. Therefore, it is important to 
determine what can be detected within 
the monitoring timeframe of an FLR 
project to ensure that realistic goals 
are set.
2.	 Resolution. In many areas, 
deforestation occurs primarily as rela-
tively wide swathes of dramatic change 
in land cover (although the amount of 
small-scale deforestation has increased 
in recent years). Restoration, on the 
other hand, often occurs in smaller, 
more dispersed plots, such as when 
individual farmers plant trees dis-
persed over a few hectares of farmland 
(i.e. as “trees outside forests”). A typi-
cal FLR project may comprise many 
individual plots, with the aggregate 
area of land ranging from a few to hun-
dreds or even thousands of hectares. 
Although some forms of FLR promote 
dense tree cover, many others involve 
sparsely dispersed trees. As a result, 
high- to very-high-resolution satellite 
images need to be used, either directly 
or to perform accuracy assessments of 
FLR monitoring methods. Such imag-
ery is typically cost-prohibitive for 

Scale Objectives Audiences Example indicators

Global 	• Measure progress relative to a globally 
consistent index of improved/degraded land 
cover

	• Provide international context and “discover” 
new successes and lessons

	• Bilateral and multilateral 
donors

	• International non-
governmental 
organizations 

	• No. of hectares restored towards 
Sustainable Development Goal 15.3, the 
Bonn Challenge, the NYDF and other global 
targets

	• Comparative assessment of positive, neutral 
and negative progress on a jurisdictional 
scale

National/
Landscape*

	• Measure progress towards the goals specified 
in an FLR strategy or shared vision in a 
landscape

	• Provide data for FLR zoning and spatial 
planning and resultant investment plan

	• National and 
subnational 
governments

	• Non-governmental 
organizations

	• Regional initiatives

	• No. of hectares with increased tree cover
	• Assessment of positive, neutral and negative 

progress at the landscape scale

Project 	• Measure progress within a specific project 
boundary relative to the goals or tree-cover 
targets outlined at the project planning stage

	• Provide context for the “intentionality” of FLR 
and for the level of investment

	• Project funders
	• Project implementers
	• Corporations
	• Local communities

	• No. of trees planted or regenerated, and 
survival rates

	• Estimated carbon sequestration (carbon-
dioxide-equivalent per year)

	• Risks to trees and jurisdictional trends

Table 1. The geographic scales of restoration monitoring

Note: * Although “landscape” is generally not a jurisdictional entity in countries, it is an important unit because 
ecosystems do not follow human-created boundaries.
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FLR projects, however, especially those 
not associated with carbon markets.

Given the relative complexity of moni-
toring FLR compared with deforestation, 
doing so at a global scale requires a more 
nuanced approach geared towards capturing 
the various types of FLR, from dense forest 
cover (i.e. trees inside forests) to sparse tree 
cover (i.e. trees outside forests). Pioneering 
efforts have been made to develop global 
datasets on gains of trees inside forests (e.g. 
Hansen et al., 2013), but there is a relative 
lack of knowledge of gains in trees outside 
forests over time at a global scale.

Various methodologies are being devel-
oped to address the challenge of monitoring 
tree-cover gain. For example, the World 
Resources Institute (WRI) developed 
a pilot-scale application of a restoration 
progress index that combines data on trees 
inside and outside forests for the Greater 
Mekong Subregion in Southeast Asia. The 
aim of that index was to measure progress 
on Goal 5 of the NYDF (NYDF Assessment 
Partners, 2019).1 In this pilot application, 
WRI combined earth observation data-
collection resources to measure progress in 
two types of tree-based restoration, defined 
as: increase in trees inside forests (i.e. dense 
and clustered trees with tree-canopy cover 
greater than 10 percent); and increase in 
trees outside forests (i.e. sparse tree cover 
on non-forest lands such as croplands and 
settlements). This approach was applied 
in five Mekong countries – Cambodia, 
the Lao People’s Democratic Republic, 
Myanmar, Thailand and Viet Nam – to 
evaluate progress on NYDF Goal 5 over 
the period 2010–2017. The datasets used for 
each of these restoration types are described 
in more detail as follows:

•	 Trees inside forests. WRI used the 
University of Maryland’s GLAD2 data-
set on tree-canopy cover and height 

dynamics to measure change in trees 
inside forests. This dataset is based 
on 30-m-resolution Landsat satellite 
data, which is suited to detecting dense, 
clustered tree cover. WRI defined “res-
toration” as an increase in tree-canopy 
cover of more than 20 percent and any 
increase in tree-canopy height greater 
than 5 m using a 30-m pixel-by-pixel 
comparison of data for the baseline 
(2009–2011) and most recent (2015–
2017) periods.3 The resultant dataset 
provides a comprehensive picture of 
forest-cover change in the region – both 
increases and decreases. Therefore, it 
is possible to calculate the net impact 
of forest restoration and deforestation 
on total forest cover as well as identify 
patterns in tree-cover change. Identi-
fying these patterns makes it possible 
to distinguish “long-term” gains and 
losses associated with restoration and 
deforestation from “rotational” gains 

and losses associated with working for-
ests such as tree crops and plantations.

•	 Trees outside forests. WRI used Col-
lect Earth4 (Figure 1) to measure change 
in sparse tree cover on non-forest land 
uses such as croplands and settlements. 
This involved counting individual trees 
in more than 14 000 sample plots in the 
five Mekong countries across varying 
types of land use for the period 2010–
2018. Developed by FAO’s Open Foris 
initiative, Collect Earth is suited to this 
type of data collection because it relies 
on very-high-resolution imagery and 
human interpretation, which can dis-
tinguish small differences in tree cover 
and land use that are often difficult to 

1	Goal 5 of the NYDF is to restore 150 million 
ha of degraded landscapes and forestlands by 
2020 and significantly increase the rate of global 
restoration thereafter, which would restore at 
least an additional 200 million ha by 2030.

2	GLAD = Global Land Analysis and Discovery 
(https://glad.umd.edu).

3	The average canopy height error using this 
methodology is 4 m.

1	 Example of a sample plot and survey card in Collect Earth
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4	Collect Earth is a tool that enables data collec-
tion through Google Earth. In conjunction with 
Google Earth, Bing Maps and Google Earth 
Engine, Collect Earth users can analyse high- 
and very-high-resolution satellite imagery for a 
wide variety of purposes. Collect Earth Online 
is a web-based, crowdsourcing technology that 
increases customization compared with the 
Collect Earth desktop version and adds various 
imagery resources and processing capabilities.
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detect using algorithm-based remote 
sensing techniques and lower-resolution 
imagery, such as Landsat (Open Foris, 
2020). Trees outside forests are often 
overlooked in forest-cover assessments 
– using the Collect Earth methodology, 
for example, Bastin et al. (2017) “discov-
ered” 500 million ha of forest in drylands 
that had never been counted before.

The two approaches for measuring tree 
cover inside and outside forests were com-
bined to produce a comprehensive picture 
of restoration progress based on tree-cover 
change (Figure 2). The results of the two 
analyses demonstrate the value of looking 
at both scenarios, given that trends are not 
always the same for each. In Figure 2, the 
results of the trees-outside-forests (far left) 
and trees-inside-forests (centre) analyses are 
combined in one map (far right) showing the 
changes in both. The shades of orange and 
red show an overall trend towards decreas-
ing tree cover and shades of green show an 
overall trend towards increase. There is a 
decreasing trend in (for example) north-
central Cambodia and central Lao People’s 
Democratic Republic and an increasing 
trend in the eastern part of Thailand and 
in southern Cambodia and Viet Nam. 
Nevertheless, trends are mixed in much of 
the study region. In some areas, there have 

been increases in trees outside forests but 
decreases in trees inside forests (shown in 
dotted areas on the map). Both perspec-
tives are important when considering the 
net impact of restoration on a landscape.

Other approaches are also showing 
promise for detecting sparse tree cover 
outside forests. For example, recent devel-
opments in the use of supercomputers to 
analyse commercially available very-high-
resolution (< 50 cm) satellite imagery with 
machine-learning techniques enabled the 
enumeration of trees outside forests in the 
western Sahel (Brandt et al., 2020). By 
mapping non-agricultural vegetation with 
canopies larger than 3 m2, Brandt et al. 
(2020) also associated rainfall with crown 
diameter. This information will help in 
understanding the drivers of tree and bush 
establishment and residence time in the hot 
dry tropics, a potentially important aspect of 
the carbon cycle. Thus, even small, scattered 
trees outside forests can now be detected 
and included in monitoring.

Platforms and frameworks
The International Union for Conservation 
of Nature developed the Barometer to 
enable countries that have made pledges 
to the Bonn Challenge to measure the 
implementation of FLR. The Barometer, 

which has been endorsed by more than 
40 countries, is a comprehensive, flexible, 
progress-tracking framework and tool that 
assesses multiple aspects of FLR planning, 
implementation and results. The Barometer 
indicated that the extent to which pledged 
areas had been brought under restoration by 
the end of 2018 was 56 percent in the first 13 
countries studied. Applying the Barometer 
enables pledgers to report on the actions 
taken and to identify obstacles to achieving 
their pledges. The Barometer’s protocol was 
launched in 2017 and was further refined 
with in-depth application in five countries 
– Brazil, El Salvador, Mexico, Rwanda and 
the United States of America – in 2018. The 
Barometer has two dimensions and eight 
indicators (Figure 3) (see also the article 
on page 82 of this edition).

The Barometer is designed to incorporate 
data from multiple sources, including spatial 
data and land-cover maps provided by coun-
tries and partners as well as global-level 
tools such as Collect Earth.

To help improve and expand global FLR 
monitoring methodologies, experts from 
several organizations have joined together 
to form the Global Restoration Observatory 
(GRO), the aim of which is to support the 
development of a globally consistent dataset 
on restoration progress and a platform for 
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2	 Tree-cover change in five Mekong countries, combining trees-outside-forests and trees-inside-forests methodologies 
Source: NYDF Assessment Partners (2019).
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data delivery. Focusing first on biophysical 
progress in FLR, GRO will identify the 
most important indicators of restoration 
progress and develop the best available, 
globally consistent data to measure progress 
against those indicators.

The development of a holistic monitor-
ing framework is under discussion in a 
multipartner dialogue in the context of 
the United Nations Decade on Ecosystem 
Restoration.5 The aim of the Framework for 
Ecosystem Restoration Monitoring (FERM) 
is to provide a robust, flexible approach to 
monitoring that builds on existing systems 
and better supports restoration practitio-
ners. A core tenet of FERM is to make 
up-to-date data and robust, standardized 
methodologies available – across sectors 
– via innovative platforms such as FAO’s 
Open Foris SEPAL6 to support high-quality 
and adaptive restoration actions. The pri-
mary function is to provide a clear picture 
of FLR progress by recognizing successful 
interventions, providing feedback on unsuc-
cessful interventions, and identifying where 
further support and investments are needed.

THE LANDSCAPE SCALE
The needs of monitoring for landscapes 
differ from those at the global scale. 
Landscapes are complex areas compris-
ing multiple land uses that fulfil the needs 

of local communities and provide multiple 
regulatory and provisioning ecosystem ser-
vices. Understanding a landscape and its 
functions is essential for directing FLR 
activities towards priority areas. For the pur-
poses of FLR monitoring, the “landscape 
scale” is defined as FLR efforts operating at 
a subnational to national scale. Monitoring 
restoration at this scale is inherently linked 
to desired targets (impacts) and the manage-
ment of FLR interventions (performance). 
There is a need to go beyond trees and tree 
establishment to understand the socio-eco-
nomic and ecosystem impacts and goals of 
FLR. Stakeholders need nuanced indica-
tors to ensure that tree-growing efforts are 

contributing to the goals of their overall 
FLR strategies. Additionally, it is impor-
tant to monitor beyond tree cover to obtain 
a focused look at what may sometimes 
be a granular picture, such as whether 
tree-cover gains are occurring as mono-
cultural or mixed-species plantations or 
more naturally (e.g. through assisted natu-
ral regeneration). The outcomes of FLR 
landscape-scale monitoring may have direct 
impacts on – and therefore will be of interest 
to – forest-dependent people, landowners, 
those involved in planning and implement-
ing FLR, and others who are directly or 
indirectly affected by land-use decisions.

More than trees
Measuring progress towards the many and 
varied goals of FLR in a given landscape 
will require the collection of a large and 
diverse body of data. Thus, for example, 
Collect Earth, if deployed, should be used 
to observe not only trees but also land-cover 
types, water bodies, settlements and other 
landscape elements.

The data should be more precise and 
more densely sampled in landscape 
monitoring than for global studies (which 
might, say, sample 1 in every 25 000 ha). 
The greater detail and larger number of 
variables mean that landscape-scale moni-
toring using Collect Earth will be highly 

3	 The Bonn Challenge’s Barometer and indicators

4	 Restoration Mapper using Collect Earth Online and machine learning

Note: A screenshot of the Restoration Mapper prototype, which displays detailed, wall-to-wall maps of the spatial 
distributions of trees with canopy diameters larger than 2 m. The maps are created using artificial intelligence 
algorithms and freely available 10-m-resolution satellite data (Sentinel 2). The image on the left shows the pixels of 
tree cover, and that on the right shows the raw satellite imagery.
Source: Brandt and Stolle (in prep.).

�����������������
������������

���������

������������������


���������������
�

	�������

���
�����
�����

��������������
�����

������������

��������������� ������������������

5	See article on page 119 of this edition.
6	SEPAL = System for Earth Observation, 

Data Access, Processing and Analysis for 
Land Monitoring.
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time- and resource-intensive (Saah et al., 
2019). New methodologies that integrate 
human-annotated data with remote sensing 
classification methods are being developed 
to address this. Restoration Mapper,7 for 
example, uses Collect Earth Online’s capac-
ity to label samples combined with artificial 
intelligence algorithms and freely available 
10-m-resolution satellite data (Sentinel 2) 
to create detailed, wall-to-wall maps of the 
spatial distributions of trees with canopy 
diameters larger than 2 m (Figure 4). 
The combination of a sampling approach 
and machine learning enables the rapid 
assessment of tree density in non-forested 
landscapes with greater than 95 percent 
accuracy. Based on the nature of tree dis-
tributions, the technology can be used to 

identify agroforestry areas, riparian buffer 
zones and crop buffer zones (Brandt and 
Stolle, in prep.).

Monitoring the impacts of restoration 
beyond tree-cover gain requires the iden-
tification and development of economic 
and social indicators and methodologies. 
But practitioners and governments have 
resource constraints that affect what type 
of data can and should be collected. For 
example, many have tended to prioritize 
affordable and cost-effective indicators suit-
able for reporting progress on the Bonn 
Challenge, the NYDF and nationally deter-
mined contributions (NDCs) under the Paris 
Agreement on climate change but, because 
of funding constraints, they have overlooked 
monitoring and measuring the benefits of 
tree-cover gain from social, cultural, health 
or ecological perspectives. Other constraints 

on data include availability, the ease and 
frequency of collection (access), and qual-
ity. Considerations include the monitoring 
period (i.e. the time needed to show effects), 
the comprehensiveness of indicators, the 
sensitivity of indicators to change, the ease 
of classification of indicators, and the ethics 
of data collection.

To address landscape-scale monitoring 
challenges, FAO and WRI published a 
guide to help stakeholders identify indica-
tors and metrics for measuring progress 
towards social and environmental goals 
(Figure 5) (FAO and WRI, 2019). The guide 
emphasizes the need to make choices and 
understand potential trade-offs and syn-
ergies when designing FLR projects and 
sets out a three-step process for identifying 
priorities and indicators (Figure 6).

Practitioners generally appreciate a 

��
�

�
��

��
���

�� � �
� � ��

��
������������������� � �� � � ����������������� � � � � � ��� � ��� ��������

Inc
om

e  
    

     
     

      
      Y

ield                         Resilience                ManagementEq
uit

y  
     

     
      

   Market               Adaptation              Stability

He
alt

h  
     

     F
inance         Mitigation          Quality 

��������� � � � � � � � � � � � � � � �
������������� � � � � � � � � � � � � � � � � ��������� � � �
� � � �

� � � �
� � � �

� � � �
� � �



��

��

Rights            Quality            Quantity     

    
  Q

ua
lit

y

Practices                    Protection                  Management    
     

     
 M

an
ag

em
en

tValues               Connectivity             Scarcity      
     

    
 Qu

an
tit

y

B A R R I E R S  T O  S U S TA I N A B I L
I T

Y

��������

Inc
om

e  
    

     
     

      
      Y

ield                         Resilience                ManagementEq
uit

y  
     

     
      

   Market               Adaptation              Stability

He
alt

h  
     

     F
inance         Mitigation          

Rights            Quality            Quantity     

    
  Q

ua
lit

y

ractices                    Protection                  Management    
     

     
 M

an
ag

em
en

tValues               Connectivity             Scarcity      
     

    
 Qu

an
tit

y

B A R R I E R S  T O  S U S TA I N A B I L
I T

Y

��������

DETERMINE goals, land use and barriers

Why restoration? Which land use? Which barriers 
to sustainability?

Which constraints 
& priorities?

Which indicators 
and metrics?

Which data? What index?

 
and data availability

SET UP system based on indicators, 
metrics and optional index

FILTER by constraints, priorities 

5	 The wheel of forest and landscape restoration goals

6	 Three steps for identifying priorities and indicators for restoration monitoring

Source: FAO and WRI (2019).

Source: FAO and WRI (2019).

7	https://restorationmapper.org
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goal-based approach to monitoring. In 
Malawi, for example, the government’s 
restoration indicator framework (MNREM, 
2017) focuses on measuring progress 
towards the goals identified in the national 
FLR strategy, enabling the integration of 
the framework with ongoing national work. 
Depending on their priorities, however, 
some stakeholders may prefer a checklist 
of biophysical and socio-economic factors, 
and others may want to use ecosystem goods 
and services as an entry point. Stakeholders 
concerned with the implementation of 
United Nations conventions may base 
their monitoring systems around indicators 
aligned with, for example, the Sustainable 
Development Goals, the NDCs, the Aichi 
Biodiversity Targets, and land degradation 
neutrality. In Ethiopia, the establishment 
of a monitoring system for tree-based 

restoration started by identifying the ways 
in which trees and forests can contribute to 
economic, social and environmental goals at 
the local, regional and national levels. The 
monitoring system focuses on the ecosystem 
services that will deliver these contributions 
and identifies specific restoration options 
(e.g. the restocking of degraded natural for-
est, agroforestry, commercial plantations, 
and buffer zones near water bodies) that 
would best supply those services. Whatever 
entry point they use, stakeholders still need 
to determine key measurements for land 
use and barriers to sustainability, filter the 
measurements by their main constraints and 
priorities, and set up a framework based on 
the indicators chosen (FAO and WRI, 2019).

The Sustainability Index for Landscape 
Restoration (SILR), developed by WRI 
and partners, complements the FAO/WRI 

guide. SILR is a measure of the biophysical 
and socio-economic impacts of restoration 
actions at the landscape level. The index 
allocates a score (between 0 and 1) to a 
given landscape based on the degree of 
compliance with the targets established in 
restoration plans and strategies with respect 
to a baseline, with the index comprising 
various biophysical and socio-economic 
components. The index has been applied 
in a priority landscape in El Salvador (El 
Imposible-Barra de Santiago and Apaneca-
Ilamatepec) (Figure 7); the results represent 
an opportunity for the strategic assessment 
of restoration actions and will assist in the 
landscape’s adaptive management (Zamora 
Cristales et al., 2020).

7	 Biophysical and social components of the Sustainability Index for Landscape Restoration, the El Imposible-Barra de Santiago and Apaneca-
Ilamatepec landscape, El Salvador

Source: Zamora Cristales et al. (2020).
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THE PROJECT SCALE
This year (2020) has ushered in a new wave 
of global commitments. Private-sector 
actors, governments, non-governmental 
organizations and individuals are estab-
lishing tree-planting programmes like never 
before with the aim of mitigating climate 
change and benefiting local communi-
ties. The Priceless Planet Coalition (led 
by Mastercard, with a goal of establishing 
100 million trees) and the Trillion Trees 
initiative8 are a few of those efforts.

It is important that these and other res-
toration campaigns and projects are well 
planned and monitored. Not all newly estab-
lished trees survive. Not all trees produce 
net social or environmental benefits. For 
example, the establishment of vast plantings 
of exotic species can negatively affect biodi-
versity and have other unforeseen ecosystem 
impacts, such as on water availability. Clear 
goals should be established at the project 
planning stage and an implementation 

strategy developed that is sensitive to the 
local environment and viewed through the 
lens of the overall landscape. It would be 
inadvisable, for example, to create eco-
logically inappropriate landscape change, 
such as by converting native grasslands to 
forest. Local community ownership and 
involvement is also important for ensuring 
sustainability beyond the project lifetime. 
Monitoring project-level restoration should 
focus on measuring progress relative to the 
goals outlined at the project planning stage, 
with the involvement of local communities.

Protocols are lacking
Project-level monitoring is complicated 
by a lack of simple, systematic, long-term 
protocols. Many projects are implemented 
without a monitoring strategy, with only ad 
hoc or anecdotal assessments of impacts. 
In other cases, monitoring protocols are 
developed for single projects, which limits 
the ability to compare progress across proj-
ects, regions and ecosystems. Carbon and 
forest sustainability certification schemes 

are among the best examples of indepen-
dent, high-quality protocols for measuring 
progress against established baselines. 
These are robust and globally consistent 
across projects, but they are also time- and 
resource-intensive, focus mostly on defor-
estation, and are difficult to deploy at scale.

Obtaining positive impacts for people 
and the planet from FLR depends heav-
ily on the types of trees deployed, where 
they are established, their survival, who 
owns the rights to use them, and the larger 
landscape and ecological context (Singh 
et al., 2020). The proliferation of restora-
tion initiatives is an opportunity to invest 
in citizen-science monitoring approaches, 
such as by developing community cadres 
for monitoring using mobile assessment 
tools (e.g. open-data kits, LandPKS and 
Collect Mobile). Independent, systematic 
protocols will not only reduce the complex-
ity of multiple self-reported projects that are 
difficult to compare over space and time 
but also ensure that projects are evaluated 
fairly and help assure project funders that 

Self-reporting, 
planting (monitor 
project-specific 
indicators)

Self-reporting, 
year 1 (monitor 
project-specific 
indicators)
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Self-reporting 
on nursery, site 
preparation

Report on 
nursery, site 
preparation

CONSISTENT FIELD-BASED MONITORING APPROACHES
(e.g. sample-based field assessment)

- CONSISTENT REMOTE-SENSING-BASED MONITORING APPROACHES
(e.g, visual interpretation, deep learning)

PROJECT-SPECIFIC MONITORING APPROACHES

-1 year
(seed collection, 
seedlings/saplings 
growing, site 
preparation)

+1 year
(tree care)

+2 year
(tree care) +5 year +10 year +15 year

Baseline report 
(establish tree 
count, cover) 

Year 1 report
(monitor tree 
count, species)

Year 2 report
(monitor tree 
count, species)

Year 5 report
(monitor tree 
count, cover)

Year 10 report
(monitor tree 
count, cover)

Year 15 report
(monitor tree 
cover)

8	 Example of timeline for project monitoring, with a focus on trees

8	1T.org
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their investments are having positive social 
and environmental impacts.

Carbon markets are a key driver of FLR 
projects, but certification schemes linked 
to these focus on measuring tonnes of car-
bon removed at the project level, and their 
processes are project-specific, limited in 
their scalability, and time- and resource-
intensive. New protocols for monitoring 
FLR are being developed and field-tested 
that are robust, independent and can be 
applied relatively easily on a large scale 
(i.e. across many projects) at a low cost. 
These protocols will measure plant survival 
rates via hybrid methods of high-resolution 
remote sensing images and fieldwork.

WRI is developing protocols to monitor 
project tree counts, tree cover and tree spe-
cies over 15–20-year timeframes to help 
simplify, streamline and increase consis-
tency in project-level monitoring (Figure 8).

CONCLUSION
The inclusion of FLR in international com-
mitments and government and corporate 
agendas is a relatively new phenomenon; 
therefore, the need to monitor such com-
mitments is still a developing field of 
study. Methodologies are being tested at 
the global, landscape and project scales. 
A question remains, however, about how 
and when these should appropriately be 
combined. There is a need to align multiple 
datasets that capitalize on their strengths 
and abilities to report progress on various 
aspects of restoration, combining the best 
of top-down and bottom-up approaches and 
uniting the latest technological advances 
with community engagement.

But no single monitoring tool or approach 
can capture all the nuances of FLR, and 
the path forward, therefore, will depend 
on combining data and tools to create a 
composite approach. Satellite imagery, data-
collection software, machine learning for 
vegetation detection, guides to the devel-
opment of monitoring frameworks, and 
citizen-science tools at the project level can 
be merged to form comprehensive systems.

At least three overarching challenges 
remain, however. First, there are inherent 

technical issues due to the temporal nature 
of FLR, resolution requirements, and the 
diversity of FLR interventions. Second, 
the alignment of the three scales – global, 
national/landscape, and project – will 
hinge on the uptake of standardized 
tools. And, third, there is a tendency for 
FLR monitoring to focus predominantly 
on vegetation growth. Although this is 
essential, more research and development 
is needed to find innovative approaches 
for monitoring economic and social data. 
Standardized tools will enable us to 
observe change and provide the evidence 
for effective action.
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Giving natural processes a boost 
can be a cost-effective means for 
restoring forests and drylands at 
scale in diverse contexts.

Countries worldwide have commit-
ted to restoring millions of hect-
ares (ha) of degraded land in the 

next decade. A myriad of national and local 
governments, non-profit organizations, 
actors from the private sector and local 
communities are ramping up efforts to 
plan, execute and monitor large-scale res-
toration. Given the scale of the challenge, it 
is essential that scarce resources are allo-
cated efficiently. Certain sites where forest 
and shrubland restoration is desired will 
require active tree-planting strategies, with 
significant cost and infrastructure demands 
in terms of site preparation and seed and 
seedling supply-chain development.

Complementary, lower-cost options are 
needed if ecosystem restoration is to be 
achieved at the necessary scale. Natural 
regeneration is gaining recognition as a 
practical approach that allows the cost-
efficient restoration of forests and drylands 
at a large scale. It is a biological process, 
and it can be assisted (hence “assisted 

natural regeneration”, or ANR) by first 
understanding the obstacles to it and then 
overcoming them (FAO, 2019).

Over the past century, forests have been 
naturally regenerating in Europe and the 
United States of America at very large 
scales following the abandonment of 
agricultural lands (in some cases with 
active assistance), a trend that is now 
becoming evident around the world 
(Chazdon et al., 2020). In the tropics, 
where net forest loss is still occurring, 
large-scale natural regeneration follow-
ing agricultural abandonment tends to be 
a more recent phenomenon (Song et al., 
2018). In the tropical Andes, 500 000 ha 
of woody vegetation is estimated to have 
regrown over the period 2001–2014 (Aide 
et al., 2019). In Brazil, 2.7 million ha of 
the Atlantic forest regenerated naturally 
between 1996 and 2015 (Crouzeilles et al., 
2020), a phenomenon attributed to agricul-
tural intensification on the most suitable 
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agricultural lands and the abandonment 
of others (Chazdon et al., 2020).

ANR is a simple, relatively low-cost 
restoration method that can enhance the 
productivity and ecosystem functions 
of deforested or degraded lands. The 
method aims to accelerate, rather than 
replace, natural successional processes 
by removing or reducing barriers to natural 
regeneration such as soil degradation, com-
petition with weedy species, and recurring 
disturbances such as fire, grazing and wood 
harvesting (Shono, Cadaweng and Durst, 
2007). Properly applied, ANR can speed 
the recovery of native ecosystems and 
at least some of their original functions 
(Chazdon, 2017). It comprises one element 
of overall efforts to promote the recovery 
of ecological integrity.1

ANR encompasses a range of restoration 
interventions that can help achieve restora-
tion goals and related policy objectives. 
It can also be used as a component of 
larger-scale forest and landscape restora-
tion (IUCN and World Resources Institute, 
2014) and in national action plans to sup-
port ecosystem restoration targets such 
as Aichi Biodiversity Target 15 (Chazdon 
and Guariguata, 2016), land degradation 
neutrality targets (Kust, Andreeva and 
Cowie, 2017) and commitments under 
the Bonn Challenge.

ANR is a relatively recent but growing 
field of restoration science, with examples 
of successful applications around the 
world multiplying in recent years (FAO, 
2019; Chazdon et al., 2020). This article 
describes the many advantages of ANR as 
a restoration intervention and its limita-
tions, and it stresses the importance of 
tailoring interventions to the local socio-
environmental context. It explores the 
method’s advantages and limitations in 
four case studies (in Australia, Burkina 
Faso, the Philippines and Indonesia) in 

different restoration contexts. Finally, it 
proposes a typology of ANR interventions 
and a decision-making process for deciding 
which approach is most relevant, alongside 
other types of restoration interventions, 
depending on the context and restoration 
objectives.

PRINCIPLES, ADVANTAGES AND 
LIMITATIONS
The approach for restoring a degraded 
area should be determined based on the 
objectives of restoration, the area’s eco-
logical and environmental conditions and 

socio-economic and cultural context, and 
the availability of funds. If, for example, 
the objectives prioritize quick results and 
predictable returns on investment through 
the output of fibre or timber, it may be 
most appropriate to invest in intensive 
tree plantations. But if there is a need to 
both restore ecological functioning (e.g. 
in terms of biodiversity, water and soils) 
and produce diverse end products, ANR 
may be an appropriate and cost-effective 
approach.

When practised effectively, ANR 
can accelerate the process of natural 

1	Ecological integrity refers to the state or condi-
tion of an ecosystem that displays the biodiversity 
characteristics of the reference, such as species 
composition and community structure, and is 
fully capable of sustaining normal ecosystem 
functioning (McDonald et al., 2016; SER, 2004). Forest restored through ANR 
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regeneration in deforested and otherwise 
degraded forest ecosystems and enhance 
native species diversity and conservation 
(Chazdon, 2013). In human-modified land-
scapes, ANR can be an important natural 
solution for mitigating and adapting to 
climate change and increasing the supply 
of other ecosystem services (Wilson et 
al., 2017) while also generating economic 
benefits for local farmers at multiple scales 
(Reij and Garrity, 2016; Smale, Tappan and 
Reij, 2018). ANR can protect and reha-
bilitate watersheds (Dugan et al., 2003; 
Paudyal et al., 2017; Yang et al., 2018) 
and increase carbon storage (Evans et al., 
2015). Because of spatial variability in the 
ecological and social factors that influence 
natural regeneration outcomes, ANR is a 
highly flexible and adaptive approach to 
restoration that is context- and site-specific 
(FAO, 2019). The inherent flexibility of 
ANR places interventions on a spectrum 
between full tree-planting approaches and 
passive (spontaneous) natural regeneration 
processes.

In areas where grazing is a driver of land 
degradation, exclosures (i.e. areas in which 
large grazing animals are excluded by 
fencing) have proved effective for restor-
ing ecosystems while providing economic 
benefits for local communities. There are 
many successful examples of this approach 
in the Sahel: in Burkina Faso, for example, 
small exclosures established as part of 
small-scale landscape restoration strategies 
have reduced food shortages by enabling 
smallholders to harvest diverse foods and 
non-edible forest products (including fod-
der for livestock, small wildlife, and crops 
of cereals and legumes) in and around the 
exclosures (Djenontin, Djoudi and Zida, 
2015). In the Amhara region of northern 
Ethiopia, exclosures installed on commu-
nal grazing lands increased above-ground 
biomass, plant species diversity and fodder 
production and reduced soil erosion within 
seven years (Mekuria et al., 2015). In some 
cases, physical fencing may not be required 
if local people adhere to “social fencing” 
(in which community members agree 
among themselves to police their grazing 

regimes) as a way of reducing land-use 
pressure on degraded areas long enough 
to enable regeneration. Social fencing can 
succeed where there is strong community 
cohesion and a shared vision, and where 
access is rigorously restricted. China has a 
long history of “mountain closure”, which 
employs social fencing to provide forests 
with sufficient time to regenerate naturally 
(Chokkalingam et al., 2018).

ANR can also be used as part of silvo
pastoral and agroforestry systems, as 
demonstrated in the wide adoption of 
farmer-managed natural regeneration 
(FMNR) in Africa. FMNR is a social-
forestry approach in which farmers play 
a central role in promoting and managing 
natural regeneration. It can provide many 
benefits for farmers, including increasing 
crop and pastoral production, income from 
the managed harvesting of woodfuel and 
fodder, and the diversity of native trees in 
the landscape (Birch et al., 2016). As farm-
ers in the Colombian Andes transitioned 
from pasture monocultures to silvopastoral 
systems, the exclusion of cattle by fencing 
led to the recovery of the structure and 
diversity of riparian forests within ten 
years (Calle and Holl, 2019).

In many regions, Indigenous Peoples 
and local communities have excellent 
knowledge of local successional and 

recovery processes. This knowledge can 
help in achieving successful ANR, thereby 
enhancing ecosystem recovery and capi-
talizing on local knowledge and cultures 
(Reyes-Garcia et al., 2019). For example, 
traditional shifting-cultivators have a vast 
knowledge of species characteristics in 
swidden fallows and can help identify 
native tree species with potential to pro-
mote natural regeneration and the recovery 
of biodiversity (Wangpakapattanawong 
et al., 2010; Douterlungne et al., 2010). 
Thus, ANR promotes cultural values, uses 
local knowledge, and helps keep traditional 
practices alive.

A key advantage of ANR is the low 
requirement for infrastructure and capi-
tal investment and the significantly lower 
costs of implementation and maintenance 
compared with full tree-planting. These 
qualities contribute to the effectiveness of 
ANR for household-, farm-, and commu-
nity-based restoration activities that do not 
have access to or a need for external financ-
ing. In many areas, including parts of the 
Philippines, ANR is being implemented 
widely by local communities working in 
small watersheds. The average overall cost 
of site protection and weed control is in 
the range of USD 20 to USD 579 per ha 
for establishment, and it remains low for 
annual maintenance (Table 1). Enrichment 

Cost category Direct cost

Establishment cost per ha, year 1 Average = USD 257; range = USD 20�579

Annual maintenance and monitoring cost per ha per 
year, years 1�5

Average unavailable; range = USD 31�213

Annual maintenance and monitoring cost per ha per 
year, years 5�15

Average unavailable; range = USD 14�17

Table 1. Costs of establishing and maintaining assisted natural regeneration in 
the tropics based on data from the Americas, Africa and Asia

Note: The costs shown are averages for restoring tropical forest landscapes using ANR, including labour, inputs 
and equipment derived from a systematic review of literature and available field data comprising case studies, 
expert opinion, cost modelling and experimental trials in Australia, Brazil, Malaysia, the Niger, the Philippines 
and South Africa. Estimates are based on quantified total costs for establishing and maintaining ANR, including 
weeding and protection against fire, grazing and the unsustainable collection of woodfuel and other forest 
products.
Sources: Dugan (2011); Evans et al. (2015); Molin et al. (2018); Mugwedi et al. (2018); Ong (2011); Pavanelli 
and Voulvoulis (2019); Reij and Garrity (2016).
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planting and fencing add to the cost but can 
also increase the financial and livelihood 
benefits (Maier et al., 2018). Enrichment 
planting is recommended in cases where 
natural regeneration is insufficient or the 
desired tree species are absent (FAO, 2019). 
The cost increases with additional inter-
ventions to attract seed dispersal.

Because of its lower cost and infra-
structure requirements, ANR can be an 
appropriate approach for large-scale forest 
restoration, particularly following major 
disturbances such as fires and floods or 
on abandoned agricultural lands (Chazdon 
and Guariguata, 2016). Site-preparation 
measures alone, such as harrowing and 
initial herbicide application, have been 
shown to effectively stimulate natural 
tree regeneration in intensively used 
pastures in the southern Amazon, with 
no tree-planting required (Rezende and 
Vieira, 2019). In Brazil’s Atlantic Forest 
region, it is estimated that 18.8 million ha 
could be restored using ANR, reducing 
implementation costs by USD 90.6 billion 
compared with the cost of full tree-planting 
(Crouzeilles et al., 2020). Estimation of 
the full spatial potential of ANR in other 
regions and countries is limited by a lack 
of assessments and maps of local site 
potential for natural regeneration.

ANR interventions can ameliorate site-
specific obstacles to natural regeneration 
and support the livelihoods of local people. 
Interventions to suppress weeds and release 
the natural regeneration of desired species 
appear to be more effective at accelerating 
forest regeneration when used in combi-
nation (Shoo and Catterall, 2013). For 
example, restricting grazing alone may 
be insufficient because non-native species 
may proliferate and inhibit the establish-
ment of native species. On the Pacific coast 
of Mexico, the recovery of tropical dry 
forest on former pasture was significantly 
accelerated by the removal of climbers 
and by soil ploughing (Méndez-Toribio et 

al., 2019). Where natural regeneration is 
limited by seed dispersal, the placement 
of artificial perches for seed-dispersing 
animals can enhance seed arrival and seed-
ling establishment (Guidetti et al., 2016).

Several aspects of ANR limit its appli-
cability in forest restoration efforts. 
Compared with conventional reforestation, 
tree growth and stand development are 
slower and commercial yields of timber 
and fibre are lower and less uniform than 
in intensively managed forest plantations. 
ANR is labour-intensive in its early stages, 
particularly where naturally regenerat-
ing trees face heavy competition from 
weeds and grasses, which therefore must 
be managed. ANR displaces grazing and 
woodfuel collection, so these needs must 
be satisfied elsewhere. Finally, ANR is 
poorly understood and rarely advocated by 
policymakers, who may be more familiar 
with active tree-planting approaches to the 
restoration of degraded sites.

Below, four case studies illustrate some 
of the points made above and demonstrate 
the advantages and limitations of ANR.

Case study 1. Assisted natural 
regeneration with fencing restores 
native woodlands and livelihoods
Context. Climate change and unsustain-
able agricultural and grazing practices have 
reduced tree cover in the Sahel, leading 
to desertification and a lack of woodland 
and water resources to support the lives 
of local people. The Switzerland-based 
non-governmental organization (NGO) 
newTree introduced ANR with fencing 
to central and northern areas of Burkina 
Faso in 2003 and, over a ten-year period, 
assessed the impact of this on income 
generation and vegetation regeneration.2

Interventions. Contracts were arranged 
between newTree and farmers. Farmers 
contributed labour to construct fences 
and newTree provided fence materials 
and technical support. Each fenced site 
was surrounded by a cultivated buffer area 
of agroforests. Vegetation in each fenced 
site was inventoried every five years. One 
hundred and ninety-eight sites were fenced 
between 2003 and 2012, and families and 
farmer groups protected 560 ha of fenced 
land.

2	The information in this case study is based on 
Belem et al. (2017).

Fodder production in fenced and 
agroforestry buffer areas as part of ANR 

helped increase income for local farmers in 
Burkina Faso ©
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Outcomes. After eight years, tree abun-
dance had increased five- to six-fold in 
fenced areas compared with areas out-
side the fences and species diversity had 
doubled. Trees grew faster and produced 
more fruit inside the fences. ANR con-
tributed 21–23 percent of farmers’ gross 
profit through the collection of non-wood 
forest products such as honey, fodder and 
seed oil. Tree regrowth enhanced biodiver-
sity and reduced vulnerability to climate 
change. Farmers were actively engaged in 
the restoration process and protected the 
fenced areas from illegal wood cutting.

Case study 2. Farmer-managed 
natural regeneration in Timor-Leste
Context. Overgrazing and annual burn-
ing in the Aileu region of Timor-Leste 
led to declining soil fertility, decreased 
water-storage capacity, increased erosion 
and landslides. World Vision’s Building 
Resilience to a Changing Climate and 
Environment project, implemented from 
2011 to 2016, implemented FMNR to 
address these issues. Before the project, 
slash-and-burn agriculture was common in 
Aileu, but a growing population combined 
with reduced forest area made this practice 
unsustainable.3 
Implementation. FMNR was imple-
mented as a holistic land management 
strategy to improve farming and sustain 
livelihoods. Key implementation features 
were demonstration plots, community 
training, and the supplementation of 
natural regeneration with tree-planting to 
achieve specific outcomes (e.g. fruit, fodder 
and timber production). The strategy for 
promoting FMNR involved identifying the 
main environmental problems faced by 
communities and how changes in practice 
could solve them.
Outcomes. More than 50 ha of forests 
was restored in demonstration plots, with 
greater improvement achieved on private 

land. Forest cover, biodiversity and soil 
fertility had all increased after one year 
and soil erosion had declined. A decrease 
in vegetation burning and the adoption of 
slash-and-mulch practices created darker, 
richer soils and enabled trees of various 
native species to regenerate. After five 
years, FMNR had led to the better man-
agement of natural resources, increased 
forest cover and improved methods of 
conflict resolution. The rate of uptake 
by farmers was very high. More than 90 
percent of farmers who were aware of the 
new land management technique adopted 
elements of FMNR, and they continued to 
implement these practices after the project 
ended. Farmers also reported increases 
in income because of higher vegetable, 
fruit and livestock production, and women 
reported an increase in shared decision-
making. Across 51 ha in 46 community 
demonstration plots and an additional 
50 ha of private land, 12 000 people ben-
efited from the positive impacts of FMNR.

Case study 3. Restoring the Danao 
watershed through assisted natural 
regeneration
Context. Increasing population pres-
sure rendered traditional slash-and-burn 

agriculture unsustainable in the Danao 
watershed in Bohol, the Philippines, lead-
ing to deforestation and land degradation. 
The fire-prone grass Imperata cylindrica 
became dominant and inhibited natu-
ral forest recovery in the area. In 2006, 
FAO, the Department of Environment and 
Natural Resources of the Philippines, the 
Bagong Pagasa Foundation, local orga-
nizers and local governments initiated an 
ANR project in the Danao municipality 
with the aim of restoring a degraded and 
deforested watershed area and thereby 
demonstrating the potential of ANR as a 
forest restoration strategy. Initially, stake-
holders were unaccustomed to using ANR, 
and government authorities at multiple 
levels were reluctant to change from con-
ventional tree-planting. Considerable effort 
was required to encourage local stakehold-
ers to participate, secure the support of 
local NGOs and educational institutions, 
and build local capacity.43	The information in this case study was obtained 

from FMNR (undated); Rinaudo (2014); World 
Vision Timor Leste (2016); T. Rinaudo, personal 
communication, December 2019; G. Goncalves 
de Oliveira, personal communication, July 2020. 

Forest restored through FMNR implemented 
by local farmers in Timor-Leste
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4	The information in this case study is based on 
Castillo (2018); de la Torre (2009); Dugan et al. 
(in press); FAO (2011); FAO (2019).



Unasylva 252, Vol. 71, 2020/1

76

Implementation. ANR was imple-
mented on a 25-ha demonstration plot. 
Interventions included establishing fire-
breaks, employing community members to 
conduct fire patrols, staking and protecting 
naturally regenerated seedlings and sap-
lings, reducing competition from grasses 
by weeding and pressing,5  and controlling 
grazing and woodfuel-gathering. Farmers 
planted food crops in firebreaks to provide 
economic benefits during restoration. Over 
a three-year period, the implementation of 
ANR cost USD 579 per ha, compared with 
USD 1 048 per ha for a more conventional 
approach involving tree-planting.
Outcomes. Observable changes in bio-
diversity were evident within 18 months, 
most notably in grassland areas. Several 
tree species naturally regenerated in these 
areas, enhancing natural forest recovery. 
Community members obtained socio-
economic benefits. Cash crops planted in 
firebreaks (e.g. cassava, bananas, pine-
apples and peanuts) generated income, and 
local people were paid to patrol and protect 

the areas against illegal harvesting, graz-
ing, and fire. ANR activities also improved 
prospects for expanding ecotourism. The 
Danao site became a showcase for ANR 
success and feasibility around the world. 
Based on its success, an increasing number 
of government agencies, NGOs and donors 
in the region now recognize and recom-
mend the implementation of ANR.

Case study 4. Assisted natural 
regeneration stimulates native 
tree recruitment in a subtropical 
rainforest ecosystem
Context. Uebel, Wilson and Shoo (2017) 
report on a research project conducted 
from 2005 to 2015 to determine effective 
low-cost approaches to enhancing natural 
regeneration. The study was conducted 
in the Numinbah Conservation Area in 
southeast Queensland, Australia. This area 
was settled in the 1870s and used for timber 
harvesting, dairy and beef production, and 
banana plantations. Invasive shrubs are 
abundant and suppress the recruitment of 
native vegetation in the area.
Interventions. Baseline conditions were 
measured at all sites. Grazing was halted 
at some sites for ten years, with some of 

those also subject to 4–6 years of herbi-
cide control of non-native plant species to 
encourage the regeneration of native spe-
cies. Vegetation surveys were conducted 
for more than ten years to quantify canopy 
cover and the recruitment of native tree 
and shrub species.
Outcomes. The control of non-native 
plant species facilitated successful native 
tree and shrub recruitment, increased 
species richness and significantly accel-
erated forest recovery relative to grazed 
and ungrazed-only sites. Nevertheless, 
restricting grazing alone was insufficient 
to stimulate the regeneration of native 
species.

WHEN TO APPLY ASSISTED 
NATURAL REGENERATION
The key to unlocking the full potential of 
natural regeneration in forest and dryland 
restoration lies in identifying those areas 
where ANR is likely to succeed, from both 
social (encompassing policy, economics, 
demographics, tenure and regulations) 
and ecological perspectives (Crouzeilles 
et al., 2019). These considerations include 
ensuring:

•	 an adequate density of existing natural 
regeneration of tree seedlings;

•	 the availability of seed inputs from 
nearby remnant forest patches or the 
soil seed bank;

•	 the ability to prevent or at least mini-
mize human-induced disturbances, 
such as fire, grazing and the unsus-
tainable harvesting of forest products;

•	 the presence of social support, with 
incentives and long-term benefits for 
the participation of local communities 
in forest restoration activities;

•	 a shared vision among local stakehold-
ers of the objectives of restoration and 
clear land and resource tenure;

•	 the ability to negotiate outcomes 
across sectors operating in the area;

•	 a favourable policy and regulatory 

5 Pressing is a technique whereby grasses are 
pressed down by stepping on wooden boards 
with a rope tied to each end of the board draped 
over the shoulders of the user.

A family presses down Imperata cylindrica 
grass around regenerating trees, a technique 
to prevent and reduce competition and the 
severity of fires©
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A site at which ANR was implemented to 
restore degraded subtropical rainforest 
in the Numinbah Conservation Area, 
Queensland, Australia. The cleared site 
had been in pasture for at least 30 years. 
Grazing was excluded in 2005 and assisted 
regeneration was initiated in 2010. Before 
treatment, the site was dominated by 
non-native species, predominantly lantana 
(Lantana camara) thickets and wild tobacco 
(Solanum mauritianum) 
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environment for restoration, and politi-
cal will; and

•	 capacity, technical knowledge and sup-
port among local governments and 
civil-society organizations.

Modalities of assisted natural 
regeneration
ANR is a flexible and adaptable approach 
that can be applied in a variety of socio-
economic and ecological contexts. Some 
of these are described below.

To accelerate and enrich forest regen-
eration on heavily degraded shrub/
grasslands. This approach typically 
includes grass pressing, the liberation 
of desired tree seedlings, working with 
local communities to control external 
disturbances, and enrichment planting 
with tree species of economic, social or 
environmental value, depending on the 
specific restoration objectives (FAO, 2019; 
Wangpakapattanawong et al., 2010; Shono, 
Cadaweng and Durst, 2007). This approach 
can be applied to transform abandoned 
agricultural lands into regenerating forests 
that provide landowners and local com-
munities with multiple benefits (Chazdon 
et al., 2020).

As a component of forest management. 
ANR can be part of forest management 
practices aimed at improving the envi-
ronmental and commercial value of forest 
stands through thinning, the control of 
invasive species, enrichment planting, 
and the prevention of fires and other 
disturbances. This approach was used 
successfully to increase the growth of valu-
able timber species in degraded shrubby 
forests in Cambodia, where fire prevention, 
combined with the removal of competing 
vegetation such as vines and climbing 
bamboo, resulted in significant stand 
improvement (Chokkalingam et al., 2018). 
In the Philippines, a similar approach has 
been applied to remnant gallery forests 
to improve them and to gradually expand 
them into adjacent deforested areas. In 
China, the application of ANR in second-
ary forests resulted in significant increases 
in the supply of ecosystem services (Yang 
et al., 2018).

As a component of agriculture. ANR can 
be used to increase agricultural yields and 
as a component of agro-silvopastoral sys-
tems based on naturally regenerating trees 
and shrubs – also referred to as FMNR. 
Examples of successful FMNR in Africa 
(such as in case study 1) provide evidence 
of the increased production of staple crops, 

particularly in drought years, the allevia-
tion of woodfuel shortages, and higher 
survival rates of livestock in dry years. 
Indigenous trees and shrubs that have 
regenerated provide habitat and food for 
wildlife, as well as greater access to wild 
foods and medicinal plants for local com-
munities (United Nations, undated; Smale, 
Tappan and Reij, 2018; Reij and Garrity, 
2016). In 2018, 34 years after FMNR was 
first introduced to the Miradi region of 
the Niger, it has been adopted on an esti-
mated 7 million ha (Smale, Tappan and 
Reij, 2018). In Sumatra, Indonesia, ANR 
was applied on heavily degraded hillsides 
to establish agroforests, which provided 
communities with income from the sale of 
agroforestry products and carbon credits 
(Burgers and Farida, 2017).

Figure 1 illustrates a decision-making 
process that can be used to determine 
whether natural regeneration can be a 
viable restoration option for a given situ-
ation and, if so, whether it would need to 
be assisted and which modality of ANR 
would be applicable.

CONCLUSION
All successful forest restoration and forest 
management initiatives begin by develop-
ing a shared vision among key stakeholders 
and local people of the objectives of res-
toration and land-use management. If 
that vision includes a strong desire and 
appreciation for increasing the ecologi-
cal functioning of forests and generating 
diverse socio-economic benefits, there will 
often be excellent prospects for integrating 
ANR into the management regime. ANR 
is particularly promising because of its 
relatively low cost, with ANR approaches 
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1 Decision tree to help determine when to use natural regeneration or assisted natural regeneration versus conventional restoration
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typically requiring less than half the 
investment required for conventional 
reforestation.

ANR should be seen as one approach 
among many available to support forest 
and dryland restoration and management. 
Experience has demonstrated that ANR 
practices fit well with current principles 
underpinning landscape approaches to 
resource management. Various elements 
of ANR can be applied in different areas 
of typical landscape mosaics, such as to 
increase the regeneration of preferred 
species in degraded forests, improve 
agricultural yields through FMNR, and 
restore highly degraded sites at a relatively 
low cost.

Experiences in ANR around the world 
indicate that many of the requisites for suc-
cessful ANR are identical to those needed 
for successful conventional reforestation 
and tree-planting, such as clear land tenure, 
supportive policies, benefits accruing to 
local stakeholders, and sound technical 
expertise. ANR may provide added benefits 
compared with conventional reforestation, 
however, by facilitating the development 
of more-species-diverse ecosystems (and 
consequently more diverse product lines) 
and regenerating sites with native species 
that are inherently well-adapted to local 
conditions at a considerably lower cost.

Efforts to scale up ANR globally to 
capture these advantages may require 
changes in mindsets, policies and practices 
(Chazdon et al. 2020). Greater awareness 
is needed among policymakers, exten-
sion workers, resource managers and 
the public of the potential of ANR – and 
that forests can be regenerated naturally 
without resorting to the planting of trees. 
In many instances, new policies will be 
needed to provide enabling conditions 
for the widespread application of ANR 
under various socio-economic (including 
cultural) and environmental conditions. To 
succeed, ANR also needs effective moni-
toring, and stakeholders need incentives 
to apply it that match those provided to 
catalyse conventional reforestation. Finally, 
given the necessity of engaging local 

stakeholders and winning their support 
for successful forest and dryland restora-
tion and management, there is a critical 
need for creative field facilitators who are 
capable of working with multiple sectors 
and diverse political elements to motivate 
and support effective ANR across the full 
range of landscapes and contexts.

References

Aide, T.M., Grau, H.R., Graesser, J., 
Andrade-Nuñez, M.J., Aráoz, E., Barros, 
A.P., Campos-Cerqueira, M., Chacon-
Moreno, E., Francisco, C. & Espinoza, 
R. 2019. Woody vegetation dynamics in 
the tropical and subtropical Andes from 
2001 to 2014: satellite image interpretation 
and expert validation.  Global Change 
Biology, 25(6): 2112–2126.

Belem, B., Kaguembega-Mueller, F., 
Bellefontaine, R., Sorg, J.R., Bloesch, 
U. & Graf, E. 2017. Assisted natural 
regeneration with fencing in central 
and northern zones of Burkina Faso. 
Tropicultura, 35: 73–86.

Birch, J., Weston, P., Rinaudo, T. & Francis, 
R. 2016. Releasing the underground 
forest: case studies and preconditions for 
human movements that restore land with 
the farmer-managed natural regeneration 
(FMNR) method. In: I. Chabay, M. Frick 
& J. Helgeson, eds. Land restoration – 
Reclaiming landscapes for a sustainable 
future, pp. 183–207. Amsterdam, the 
Netherlands, Elsevier.

Burgers, P. & Farida, A. 2017. Community 
management for agro-reforestation under 
a voluntary carbon market scheme in West 
Sumatra. In: S. Namirembe, B. Leimona, 
P.A. Minang & M. Van Noordwijk, eds. 
Co-investment in ecosystem services – 
Global lessons from payment and incentive 
schemes. World Agroforestry Centre.

Calle, A. & Holl, K.D. 2019. Riparian 
forest recovery following a decade 
of cattle exclusion in the Colombian 
Andes. Forest Ecology and Management, 
452: 117563. https://doi.org/10.1016/j.
foreco.2019.117563

Castillo, E.N. 2018. Sustaining forest 
restoration through natural regeneration: 
application of the assisted natural 
regeneration (ANR) method in the 
Philippines. In: U. Chokkalingam, K. 
Shono, M.P. Sarigumba, P.B. Durst & R. 
Leslie, eds. Advancing the role of natural 
regeneration in large-scale forest and 
landscape restoration in the Asia-Pacific 
region, pp. 83–87. Bangkok, FAO and Asia-
Pacific Network for Sustainable Forest 
Management and Rehabilitation.

Chazdon, R.L. 2013. Making tropical 
succession and landscape reforestation 
successful. Journal of Sustainable Forestry, 
32: 649–658.

Chazdon, R.L. 2017. Landscape restoration, 
natural regeneration, and the forests of the 
future. Annals of the Missouri Botanical 
Garden, 102: 251–257.

Chazdon, R.L. & Guariguata, M.R. 2016. 
Natural regeneration as a tool for large-scale 
forest restoration in the tropics: prospects 
and challenges. Biotropica, 48: 716–730.

Chazdon,  R.L. ,  Lindenmayer,  D. , 
Guariguata, M.R., Crouzeilles, R., 
Rey Benayas, J.M. & Lazos, E. 2020. 
Fostering natural forest regeneration 
on former agricultural land through 
economic and policy interventions. 
Environmental Research Letters, 15: 
043002. Available at https://iopscience.
iop.org/article/10.1088/1748-9326/ab79e6

Chokkalingam, U., Shono, K., Sarigumba, 
M.P., Durst, P.B. & Leslie, R., eds. 2018. 
Advancing the role of natural regeneration 
in large-scale forest and landscape 
restoration in the Asia-Pacific region. 
Bangkok, FAO and Asia-Pacific Network 
for Sustainable Forest Management and 
Rehabilitation.

Crouzeilles, R., Barros, F.S., Molin, 
P.G., Ferreira, M.S., Junqueira, A.B., 
Chazdon, R.L., Lindenmayer, D.B., 
Tymus, J.R.C., Strassburg, B.B.N. 



Unasylva 252, Vol. 71, 2020/1

80

& Brancalion, P.H.S. 2019. A new 
approach to map landscape variation in 
forest restoration success in tropical and 
temperate forest biomes. Journal of Applied 
Ecology, 56(12): 2675–2686.

Crouzeilles, R., Beyer, H.L., Monteiro, 
L.M., Feltran-Barbieri, R., Pessôa, 
A.C.M., Barros, F.S.M., et al. 2020 (in 
press). Achieving cost-effective landscape-
scale forest restoration through targeted 
natural regeneration. Conservation Letters. 

de la Torre, A.J. 2009. DENR workshop 
in Bohol in natural reforestation 
[onl ine] .  Phi ls tar  Global .  [Ci ted 
June 2020]. www.philstar.com/cebu-
news/2009/05/20/469182/denr-workshop-
bohol-natural-reforestation

Djenontin, N., Djoudi, H. & Zida, M. 2015. 
Forest land restoration enhances food 
security in Sahelian landscapes. Bogor, 
Indonesia, Center for International Forestry 
Research. Available at www.cifor.org/
library/5910

Douterlungne, D., Levy-Tacher, S., Golicher, 
D. & Dañobeytia, F. 2010. Applying 
indigenous knowledge to the restoration 
of degraded tropical rain forest clearings 
dominated by bracken fern. Restoration 
Ecology, 18: 322–329.

Dugan, P. 2011. Cost comparison analysis 
of ANR compared to conventional 
reforestation. In: FAO. Forests beneath 
the grass – Proceedings of the regional 
workshop on advancing the application of 
assisted natural regeneration for effective 
low-cost forest restoration. Bangkok.

Dugan, P., Durst, P.B., Ganz, D.J. & 
McKenzie, P.J. 2003. Advancing assisted 
natural regeneration (ANR) in Asia and 
the Pacific. RAP Publication 2003/19. 
Bangkok, FAO.

Dugan, P., Shono, K., Durst, P. & Castillo, 
E.N. In press. Case study 4: Assisted natural 
regeneration for watershed restoration. 
In: ITTO. Guidelines for forest landscape 
restoration in the tropics. Yokohama, Japan, 
International Tropical Timber Organization 
(ITTO).

Evans, M.C., Carwardine, J., Fensham, 
R.J., Butler, D.W., Wilson, K.A., 
Possingham, H.P. & Martin, T.G. 2015. 

Carbon farming via assisted natural 
regeneration as a cost-effective mechanism 
for restoring biodiversity in agricultural 
landscapes. Environmental Science & 
Policy, 50: 114–129.

FAO. 2011. Forests beneath the grass – 
Proceedings of the regional workshop 
on advancing the application of assisted 
natural regeneration for effective low-cost 
forest restoration. Bangkok. Available at 
www.fao.org/3/a-i1734ee.pdf

FAO. 2019. Restoring forest landscapes 
through assisted natural regeneration 
(ANR) – A practical manual. Bangkok. 
52 pp. License: CC BY-NC-SA 3.0 IGO. 
Available at www.fao.org/3/ca4191en/
CA4191EN.pdf

FMNR. Undated. Resilience project in 
Timor Leste [online]. World Vision. 
[Cited July 2020]. https://fmnrhub.com.au/
projects/resilience-project-timor-leste/#.
Xh4Xly2ZO9a

Guidetti, B.Y., Amico, G.C., Dardanelli, S. 
& Rodriguez-Cabal, M.A. 2016. Artificial 
perches promote vegetation restoration. 
Plant Ecology, 217: 935–942.

IUCN ( In ternat iona l  Un ion  for 
Conservation of Nature) & World 
Resources Institute. 2014. A guide to 
the Restoration Opportunities Assessment 
Methodology (ROAM) – Assessing forest 
landscape restoration opportunities at the 
national or sub-national level. Test edition. 
Gland, Switzerland. 64 pp. Available 
at https://portals.iucn.org/library/sites/
library/files/documents/2014-030.pdf

Kust, G., Andreeva, O. & Cowie, A. 2017. 
Land degradation neutrality: concept 
development, practical applications and 
assessment. Journal of Environmental 
Management, 195: 16–24.

Maier, T.F., de Miranda Benini, R., Fachini, 
C. & Alves de Santana, P.J. 2018. 
Financial analysis of enrichment model 
using timber and non-timber products 
of secondary remnants in the Atlantic 
Forest. Revista Árvore, 42: e420602. DOI: 
10.1590/1806-90882018000600002

McDonald, T., Gann, G., Jonson, J. & 
Dixon, K. 2016. International standards 
for the practice of ecological restoration 

– Including principles and key concepts. 
Washington, DC, Society for Ecological 
Restoration.

Mekuria, W., Langan, S., Johnston, R., 
Belay, B., Amare, D., Gashaw, T., Desta, 
G., Noble, A. & Wale, A. 2015. Restoring 
aboveground carbon and biodiversity: a 
case study from the Nile basin, Ethiopia. 
Forest Science and Technology, 11: 86–96.

Méndez-Toribio, M., Benítez-Malvido, J., 
Zermeño-Hernández, I.E. & Castillo-
Mandujano, J. 2019. Removal of climbing 
plants and soil plowing as a strategy to 
enhance forest recovery in tropical dry 
forests old fields. Ecological Restoration, 
37: 113–122.

Molin, P.G., Chazdon, R., Frosini de Barros 
Ferraz, S. & Brancalion, P.H.S. 2018. 
A landscape approach for cost-effective 
large-scale forest restoration. Journal 
of Applied Ecology, 55(6): 2767–2778. 
doi:10.1111/1365-2664.13263

Mugwedi, L.F., Ray-Mukherjee, J., Roy, 
K.E., Egoh, B.N., Pouzols, F.M., Douwes, 
E. & Moilanen, A. 2018. Restoration 
planning for climate change mitigation 
and adaptation in the city of Durban, 
South Africa. International Journal of 
Biodiversity Science, Ecosystem Services 
& Management, 14(1): 132–144.

Ong, R. 2011. Recent forest restoration 
initiatives in Sabah, Malaysia. In: FAO. 
Forests beneath the grass – Proceedings 
of the regional workshop on advancing the 
application of assisted natural regeneration 
for effective low-cost forest restoration. 
Bangkok.

Paudyal, K., Baral, H., Putzel, L., Bhandari, 
S. & Keenan, R. 2017. Change in land 
use and ecosystem services delivery 
from community-based forest landscape 
restoration in the Phewa Lake watershed, 
Nepal. International Forestry Review, 19: 
1–14.

Pavanelli, D.D. & Voulvoulis, N. 2019. 
Habitat equivalency analysis, a framework 
for forensic cost evaluation of environmental 
damage. Ecosystem Services, 38. DOI: 
10.1016/j.ecoser.2019.100953

Reij, C. & Garrity, D. 2016. Scaling up 
farmer-managed natural regeneration in 

http://www.philstar.com/cebu-news/2009/05/20/469182/denr-workshop-bohol-natural-reforestation
http://www.philstar.com/cebu-news/2009/05/20/469182/denr-workshop-bohol-natural-reforestation
http://www.philstar.com/cebu-news/2009/05/20/469182/denr-workshop-bohol-natural-reforestation
http://www.cifor.org/library/5910
http://www.cifor.org/library/5910
http://www.fao.org/3/a-i1734ee.pdf
http://www.fao.org/3/ca4191en/CA4191EN.pdf
http://www.fao.org/3/ca4191en/CA4191EN.pdf
https://portals.iucn.org/library/sites/library/files/documents/2014-030.pdf
https://portals.iucn.org/library/sites/library/files/documents/2014-030.pdf


81

Unasylva 252, Vol. 71, 2020/1

Africa to restore degraded landscapes. 
Biotropica, 48: 834–843.

Reyes-García, V., Fernández-Llamazares, 
A., McElwee, P., Molnár, Z., Öllner, K., 
Wilson, S.J. & Brondizio, E.S. 2019. The 
contributions of Indigenous Peoples and 
local communities to ecological restoration. 
Restoration Ecology, 27: 3–8.

Rezende, G.M. & Vieira, D.L.M. 2019. Forest 
restoration in southern Amazonia: soil 
preparation triggers natural regeneration. 
Forest Ecology and Management, 433: 
93–104.

Rinaudo, T. 2014. Up from the ashes – 
Timor-Leste technical notes. World Vision. 
Available at  http://fmnrhub.com.au/
wp-content/uploads/2014/01/TimorLeste-
Technical-Notes.pdf

SER (Society for Ecological Restoration). 
2004. The SER international primer on 
ecological restoration. Tucson, USA, 
Society for Ecological Restoration (SER).

Shono, K., Cadaweng, E.A. & Durst, P.B. 
2007. Application of assisted natural 
regeneration to restore degraded tropical 
forestlands. Restoration Ecology, 15(4): 
620–626.

Shoo, L.P. & Catterall, C.P. 2013. Stimulating 
natural regeneration of tropical forest on 
degraded land: approaches, outcomes, and 
information gaps. Restoration Ecology, 
21: 670–677.

Smale, M., Tappan, G. & Reij, C. 2018. 
Chapter 1. Farmer-managed restoration 
of agroforestry parklands in Niger. In: F. 
Wouterse & O. Badiane, eds. Fostering 
transformation and growth in Niger’s 
agricultural sector, pp. 19–34. Wageningen, 
the Netherlands, Wageningen Academic 
Publishers.

Song, X.-P., Hansen, M.C., Stehman, S.V., 
Potapov, P.V., Tyukavina, A., Vermote, 
E.F. & Townshend, J.R. 2018. Global land 
change from 1982 to 2016. Nature, 560: 639.

Uebel, K., Wilson, K.A. & Shoo, L.P. 2017. 
Assisted natural regeneration accelerates 
recovery of highly disturbed rainforest. 
Ecological Management & Restoration, 
18: 231–238. https://doi.org/10.1111/
emr.12277

United Nations. Undated. Farmer Managed 
Natural Regeneration (FMNR) – A 
technique to effectively combat poverty 
and hunger through land and vegetation 
restoration [online]. [Cited July 2020]. 
https://sustainabledevelopment.un.org/
partnership/?p=30735

Wangpakapattanawong, P., Kavinchan, 
N., Vaidhayakarn, C., Schmidt-Vogt, 
D. & Elliot, S. 2010. Fallow to forest: 
applying indigenous and scientific 
knowledge of swidden cultivation to 
tropical forest restoration. Forest Ecology 
and Management, 260: 1399–1406.

Wilson, S.J., Schelhas, J., Grau, R., Nanni, 
A.S. & Sloan, S. 2017. Forest ecosystem-
service transitions: the ecological 
dimensions of the forest transition. 
Ecology and Society, 22(4): 38. https://
doi.org/10.5751/ES-09615-220438

World Vision Timor Leste. 2016. Evaluation 
report – Building resilience to a changing 
climate and environment (BRACCE).

Yang, Y., Wang, L., Yang, Z., Xu, C., Xie, 
J., Chen, G., Lin, C., Guo, J., Liu, X. & 
Xiong, D. 2018. Large ecosystem service 
benefits of assisted natural regeneration. 
JGR Biogeosciences, 123: 676–687. https://
doi.org/10.1002/2017JG004267. u



Unasylva 252, Vol. 71, 2020/1

82

This initiative to restore 
350 million hectares is helping 
catalyse a global movement for 
repairing degraded landscapes.

The Bonn Challenge – the world’s 
largest voluntary forest landscape 
restoration (FLR)1 initiative – was 

launched in 2011. It built on a decade of 
work developing the FLR approach and 
milestones such as the launch of the Global 
Partnership on Forest Landscape Restora-
tion in 2003 (GPFLR, 2003), the Petrópolis 
Challenge2 in 2005 (IISD, 2005) and the 
London Challenge in 2009 (IUCN, 2016a). 
The Bonn Challenge is a global target to 
bring 150 million hectares (ha) of degraded 
and deforested lands into restoration by 
2020 and 350 million ha by 2030 (IUCN, 
2011).

The Bonn Challenge and its 2020 target 
were launched at a ministerial event hosted 
by the Government of Germany and the 
International Union for Conservation of 
Nature (IUCN), supported by the Global 
Partnership on Forest and Landscape 
Restoration. In 2014, the New York 
Declaration on Forests – which was signed 

The Bonn Challenge: building  
momentum on restoration
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1	 Some organizations, including FAO, call this 
“forest and landscape restoration”. The two terms 
have the same meaning and operate under the 
same principles. 

2	   The first global Forest Landscape Restoration 
Implementation Workshop in April 2005 in 
Brazil, hosted by IUCN and the governments 
of Brazil and the United Kingdom of Great 
Britain and Northern Ireland, resulted in the 
Petrópolis Challenge, which is “to restore forest 
landscapes to benefit people and nature and con-
tribute to reversing the trends of forest loss and 
degradation”. In November 2009, the High-Level 
Roundtable on Forest Landscape Restoration, 
convened in London by IUCN and the Govern-
ment of the United Kingdom of Great Britain 
and Northern Ireland, produced the London 
Challenge, raising political awareness about the 
role of restoration in addressing climate change 
(IISD, 2005; IUCN, 2016a).
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by more than 100 governments, civil-
society and indigenous organizations, and 
private enterprises – endorsed the Bonn 
Challenge target and triggered its extension 
to the 2030 target of 350 million ha.

The Bonn Challenge was designed as 
an implementation vehicle for addressing 
domestic priorities such as food security 
and rural development while simultane-
ously contributing to the achievement of 
international goals on climate change, 
biodiversity and land degradation neu-
trality. It is now also contributing to the 
Sustainable Development Goals, which 
were agreed in 2015.

This article examines the way in which 
the Bonn Challenge has helped create 
global momentum for FLR and resulted 

in documented progress, assisted by 
the development of regional platforms. 
Reflections from active partners around the 
world point to success factors and future 
directions.

THE IMPETUS CREATED BY THE 
BONN CHALLENGE
The Bonn Challenge has spurred ambition 
and commitment. In its first two years, 18 
million ha of pledges were announced by 
the Brazilian Mata Atlantica Restoration 
Pact, El Salvador, Rwanda and the United 
States of America, and the Convention 
on Biological Diversity’s Hyderabad Call 
for a Concerted Effort on Ecosystem 
Restoration endorsed the Bonn Challenge’s 
cause and goals. In 2013, the Restoration 

Opportunities Assessment Methodology 
(IUCN and World Resources Institute, 
2014) was introduced to assist jurisdictions 
worldwide in defining and implementing 
restoration commitments. Building on the 
pioneering and unwavering support of the 
Government of Germany, the governments 
of Norway and the United Kingdom of 
Great Britain and Northern Ireland began 
investing in Bonn Challenge projects in 
2014, followed in 2016 by the Global 
Environment Facility.

By the beginning of 2020, more than 
170 million ha had been pledged by 63 
countries, subnational governments and 
private organizations (Figure 1). At the 
third international Bonn Challenge high-
level meeting in Brazil in 2018, Bonn 

1 Commitments made by governments and other entities under the Bonn Challenge, as of May 2020

Source: adapted from Gozde Saral IUCN, 2020. Bonn Challenge – IUCN, ArcGIS HUB. Conforms to Map No. 4170 Rev. 19 UNITED NATIONS (October 2020)
Note: The map represents 63 pledges covering a total of 172.82 million ha.
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