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Executive summary
The UN Decade on Ecosystem Restoration is a call to action to protect and restore
ecosystems globally. It is an opportunity for national, sub-national and local governments,
communities and anyone in society to come together to support restoration as a way to
restore well-being and reduce risks from climate change.
The UN-REDD Programme and the Food and Agriculture Organization of the United Nations
(FAO) have provided support to countries along the way to develop plans and actions for
forest and landscape restoration (FLR) to improve the means of production, nutrition, the
environment and people’s lives.
FLR requires reliable data for planning, implementation, reporting and evaluation of
progress at the global, regional, national, sub-national and local levels. The aforementioned
represents a challenge for those responsible for restoration, so it is essential to provide
comprehensive solutions to reduce costs and avoid duplication of efforts and inconsistency
in reporting results.
In recent years, governments and international organisations and initiatives, including FAO
and UN-REDD, have invested significant financial resources in the consolidation of national
forest monitoring systems (NFMS); so, it is recommended that NFMS be strengthened to
include data collection from FLR, rather than promoting independent monitoring structures.
This document is based on the Voluntary guidelines on national forest monitoring (VGNFM)
developed by FAO in 2017. It includes more recent experiences from Latin American and
Caribbean countries, whose forest systems require strengthening for integrating FLR
monitoring.
Strengthening NFMS implies the integration of the institutions participating in FLR.
Technical solutions are proposed for data collection at all scales to satisfy stakeholder
needs. Some solutions may be implemented in the short term, whereas others will require
more extended periods; hence the process of strengthening capacities must be progressive
so that the needs for immediate information are satisfied while also moving forward with
strategies that require longer implementation.
This document provides a series of good practices organized into sixteen steps to facilitate
the integration of the monitoring process to officers responsible for FLR and NFMS.
An inter-institutional work is proposed with key stakeholders to discuss the new information
needs according to the approach and modalities of FLR implementation. Based on these
needs, indicators, metrics and monitoring attributes are organized.
Integration is also approached through different technical aspects such as improvements in
the definitions of land use and land cover categories to ensure an appropriate measurement
of the increase in the number of trees in restored areas. These areas should be measured
at the national, sub-national and local levels, which involves integrating monitoring scales
to obtain consistent and comparable information. Besides, solutions are provided to obtain
information with low uncertainty, through an appropriate integration of ground-based data
with remote sensing data.
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Each monitoring component should contemplate certain adjustments to address FLR needs,
which can progressively be implemented according to the country’s capacities. The use of
technological tools is necessary to assist the processes of data compilation, management,
analysis and dissemination. A description of the main tools and technological platforms
developed by FAO is included, such as Collect, Collect Mobile, Collect Earth, System for
Earth Observation Data Access, Processing and Analysis for Land Monitoring (SEPAL), the
Framework for Ecosystem Restoration Monitoring (FERM) and the Hand-in-Hand Geospatial
Platform. The document ends with recommendations for capacity building aimed at
maintaining the quality and sustainability of NFMS.

IX

Key messages

1

Integrating forest and landscape restoration (FLR) into national
forest monitoring systems (NFMS) is necessary to:
− maintain the consistency of national statistics on forests and trees;
− avoid duplication of efforts; and
− reduce monitoring costs.

2
The baseline of FLR monitoring should include all land uses in
the national territory to measure new areas with forests, and the
expansion of tree cover in other land uses.

3
To reduce monitoring costs, key institutions must be integrated to
work on a single NFMS that responds to national, sub-national and
local information needs.

4

National forest inventories (NFI), forest socioeconomic surveys
and community forest monitoring are fundamental data sources
for evaluating biophysical, environmental and socioeconomic
indicators, as well as for producing high-quality thematic
maps of FLR progress.

5
Collect Earth and Collect Earth Online are Open Foris tools that
improve statistics on the changes in land use and land cover with
very high-resolution satellite images.

X

6

7

8

The System for Earth Observation Data Access, Processing and
Analysis for Land Monitoring (SEPAL) is a FAO tool that increases
the capacity of analysis and satellite data management to produce
maps for FLR planning and implementation.

The Framework for Monitoring Ecosystem Restoration (FERM)
facilitates the monitoring of the progress of the restoration of
degraded ecosystems, provides methodological guidelines and
a platform for building capacity and enables knowledge and
technology transfer.

The Hand-in-Hand Geospatial Platform is an evidence-based FAO
platform to compile and transform data such as those collected by
the NFMS, to accelerate the implementation of actions, such as FLR,
to meet the Sustainable Development Goals (SDGs).

9
Improvements in NFMS should be implemented in short, medium
and long-term phases to allow immediate responses to FLR
information needs.

10

Social inclusion must be ensured in NFMS and FLR monitoring by
allowing equal participation of women and men to raise awareness
and create collective knowledge on the progress of FLR with a
gender perspective.

XI
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Chapter 1

Introduction
1.1 FOREST AND LANDSCAPE RESTORATION
Forest and landscape restoration (FLR) is understood as the process of
productive, ecological, functional recovery and improvement of livelihoods in
deforested or degraded landscapes. FLR means to recover, improve and maintain
the productive, ecological, economic and social long-term functions that lead to
more resilient and sustainable landscapes (FAO, 2019).
According to FAO (FAO, 2009), around 20 percent of the overall vegetation-covered
surface worldwide shows a decreasing trend in productivity, with fertility losses
related to erosion, reduction in productivity and pollution. By 2050, degradation
and climate change could reduce agricultural yields between 9 and
21 percent worldwide.
Although the rate of forest loss decreased in the last decade (2010-2020),
4.7 million hectares per year are still lost (FAO, 2020a). Forests and trees are vital
elements in the restoration of degraded ecosystems while offering products for
human consumption and ecosystem services, such as improving soil fertility and
water flows, mitigating climate change and conserving biodiversity (FAO, 2020b).
A recent study, including direct forest cover measurement used to generate a
potential global restoration model, has shown that there are 0.9 billion hectares
outside of forests, agricultural land and urban spaces that are appropriate for
continuous forest restoration (Bastin et al., 2019). However, if the complete
landscape is included, more than two trillion hectares worldwide would benefit
from restoration interventions (GPFLR, 2011).
Several international initiatives help create greater awareness on the importance
of forest and landscape restoration. The Parties of the Convention on Biological
Diversity (CBD) approved the Aichi Biodiversity Targets in 2010; target number
15 urges countries to restore at least 15 percent of their degraded ecosystems
before 2020.
The Bonn Challenge was launched in 2011 with the aim to restore 150 million
hectares by 2020 and 350 million hectares by 2030, which is expected to capture
between 13 and 16 giga-tonnes (Gt) of carbon dioxide and produce USD 9 billion
in estimated net benefits (Besseau et al., 2018). These goals were endorsed in
the New York Declaration on Forests of 2014 by 189 governments, Indigenous
communities, private companies and civil society organisations (United Nations,
2017). Some regional initiatives were also launched to support the goals, such as
the 20x20 Initiative, which committed to the restoration of 20 million hectares
by 2020, and the African Forest Landscape Restoration Initiative AFR100, which
seeks to restore 100 000 hectares in Africa by 2030.
The Sustainable Development Goals (SDGs) were launched in 2015; SDG 15
(Life on Land) calls upon countries to “sustainably manage forests, combat
desertification, halt and reverse land degradation, halt biodiversity loss,” which is
directly linked to FLR. Its fulfilment will contribute directly to SDG 1 – No Poverty,
SDG 2 – Zero Hunger, SDG 3 – Good Health and Well-Being, SDG 11 – Sustainable
Cities and Communities, and SDG 13 – Climate Action.
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Within the sphere of the United Nations Framework
Convention on Climate Change (UNFCCC) and
the Paris Agreement, through the submission of
the Nationally Determined Contributions (NDC),
Parties have reported restoration efforts, such as
mitigation actions and/or adaptation to climate
change, for example the protection and restoration
of forests or the restoration of wetlands to promote
the absorption of greenhouse gases (UNFCCC, 2016;
UNFCCC, 2021; FAO, 2016).
In March 2019, the United Nations General
Assembly announced the UN Decade on Ecosystem
Restoration (2021-2030), aimed at setting efforts
to prevent, halt and reverse the degradation
of ecosystems throughout the world and raise
awareness on the importance of successful
ecosystem restoration (United Nations, 2019). The
declaration also emphasises that forests, wetlands,
arid lands and other natural ecosystems are
essential for sustainable development, reducing
poverty and improving human well-being. Also, it
emphasizes the need for cooperation, coordination
and synergies among multiple institutions (United
Nations, 2019). The initiative is led by the UN
Environment Programme and FAO, in coordination
with other partners. It is a global call to action
that will draw together political support, scientific
research and financial capacity to massively scale
up restoration from successful pilot initiatives to
covering millions of hectares of land.
Since 2020, FAO and partners created the
monitoring taskforce, which brings together
technical experts, international organisations,
NGOs, governmental agencies, academia and
organisations implementing restorations for a
collaborative development of the Framework for
Ecosystem Monitoring (FERM) for the UN Decade
on Ecosystem Restoration. This initiative will
bring operational support for tracking the progress
of the ecosystem restoration activities following
the existing international, regional and national
actions and indicators. Through a web platform,
FERM builds capacity, provides technical guidance,
knowledge and technology transfer.
The FLR initiatives have increased at the national
level. Several countries have formulated their
national strategies for FLR, included FLR in their
forestry policies and, in many cases, share the
mitigation goals of the nationally determined
contributions (NDC) within the Paris Agreement
on Climate Change (Government of Chile, 2020;
Government of Colombia, 2020).

2

FLR projects can be compensated, financed or
subsidised through various sources, including
private investment, public investment, credits
and climate-financing mechanisms such as
reducing emissions from deforestation and forest
degradation (REDD+). According to the UNFCCC,
REDD+ strategies or action plans should include
five fundamental activities: reducing deforestation,
reducing forest degradation, carbon conservation
in forests, sustainable forest management and
enhancement of forest carbon stocks (UNFCCC,
2016b). This last activity is directly linked to
FLR actions which have been implemented in
countries around the world under UN-REDD
and other initiatives.

1.2 FOREST MONITORING SYSTEMS
AT THE NATIONAL LEVEL
Historically, national interest in forests was centred
on wood production (forests as a resource), which
facilitated the conversion of forest land to other
land uses. This was also the starting point for the
first national forest inventories (NFI) in European
Nordic countries – Norway from 1919 to 1930;
Finland from 1921 to 1924; and Sweden from 1923 to
1929 (Kangas y Maltamo, 2007; Tomppo et al., 2010).
After the Second World War, the basic motivation
of generating updated information on worldwide
timber resources led the newly founded FAO to
establish the Global Forest Resource Assessment
Programme (FRA) (FAO, 2018c). Since then, FAO has
developed a general report every ten years on the
state of the world’s forests based on a compilation
of national forest information. Starting in 2010, this
report is published every five years. Since 2000,
FAO has also supported national forest monitoring
(NFM) through capacity development for the
establishment and management of national forest
monitoring systems (NFMS) (FAO, 2012a).
According to FAO (FAO, 2017), a national forest
inventory (NFI) is defined as a technical process
of data collection and analysis of forest resources
at the national level. The NFI may be based on
multiple data sources, including field inventories
and remote sensing, to estimate the relevant
characteristics of forests at specific times.
Additionally, it determines that NFM is a broader
process that derives from repetition in the analysis,
evaluation and interpretation of information to
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efforts in order to respond to the REDD+ mechanism
linked to the Greenhouse Gas Inventory (GHGI) and
the NDCs reports (Figure 1).

monitor trends over time, which means it contains
repeated NFI as main technical components.
NFM tasks are commonly incorporated into the
NFMS, a term that refers to the entire monitoring
environment, including people, institutions
and resources that allow NFM to be performed
in collaboration with other interested parties.
Generally, an NFMS is led by a governmental body
responsible for its conceptualisation, planning and
execution within a clear and well-defined mandate,
based on the principles and elements introduced in
the VGNFM (FAO, 2017).

FLR monitoring marks another evolutionary point
for NFMS given the importance of expanding data
collection related to forests to encompass all land
uses within territories. Restoration is expected
to increase tree coverage in degraded forest
ecosystems and areas that are currently occupied
by other land uses or deforested. FLR requires
integrating forest and tree-related information
with data of other resources such as water and
soil, as well as social and economic data. Finally, it
also requires an improvement in the integration of
information occurring at the national, subnational
and local levels.

At the beginning of the 20th century, the central
focus of forest monitoring was tracking timber
resources. The integration of assessing biodiversity
indicators became an additional focus in the
1990s, as did the monitoring of sustainable forest
management. These improvements of NFI led to
developing a framework of criteria and indicators
for sustainable forest management. As of 2005,
countries with tropical forests began monitoring

Figure 1

Progressive evolution of national forest monitoring systems according to changes in
environmental policies and information needs
Broad and
integrated
forest / land
use concepts

Scope of the inventories

1900

onwards

1970’s

1990’s

2000

2005

2020

FUTURE

Timber
supply
Multipurpose
NFI
Biodiversity
/ landscape
trees outside
the forest
Sustainable
forest
management
Climate
change /
carbon / forest
degradation
(REDD+)
Forest
restoration

?
Source: Elaborated by the authors.
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1.3 INTEGRATION OF FOREST AND
LANDSCAPE RESTORATION
MONITORING IN NATIONAL
FOREST MONITORING SYSTEMS
FLR initiatives and strategies require baseline
information and continuous monitoring for regular
reviews on success in implementing activities
and complying with stakeholders’ objectives.
The goals to measure progress in restoration are
extensive. They integrate environmental aspects,
such as biodiversity and land conservation,
and the protection of water sources; social
elements such as the supply of nutritious foods;
economic elements such as the supply of goods
and services; and cultural aspects such as the
recovery and preservation of ancestral practices
(FAO and WRI, 2019).
Monitoring of FLR progress is necessary to develop
national and international reports. It is critical to
take into consideration that restored areas will be
part of forests, in addition some areas will increase
the tree cover in a relatively short time, which must
be monitored and evaluated through the NFMS.
In most countries, the office responsible for
monitoring FLR is different from the NFMS office,
and there is often little coordination. Therefore,
integration will help to avoid duplication of efforts
and will benefit the sustainability of monitoring
processes, given the limited resources available
to government institutions. Also, it will facilitate
the consistency and transparency of information,
and reports will be similar as they will be built
from a single source of information. These changes
will significantly impact the reporting of goals
achieved and grant greater credibility and trust to
donors or investors.
To integrate FLR issues into NFMS, short-term
actions are suggested to respond to immediate
needs. Simultaneously, longer-term actions should
be developed to improve less pressing aspects of
FLR. In general, it should be considered that the
process of strengthening national capacities should
be organized into three approaches:
I. Governance for the involvement of multiple
institutions, actors and technical specialties
II. Development of institutional capacities in
human resources, financing and infrastructure
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III. Comprehensive methodological and technical
solutions to respond to multiple information
needs at multiple spatial levels (national,
sub-national or local).

1.4 ABOUT THIS DOCUMENT
The recommendations in this document are
primarily based on FAO’s Voluntary guidelines
on national forest monitoring (VGNFM)
(FAO, 2017). The experiences of Latin American
and Caribbean countries in the design, planning
and implementation of NFMS are also included.
This region has accumulated experience in the
last 20 years with the support of FAO and other
international organisations, and in most countries,
NFMS are in a phase of institutional consolidation,
with professional expert teams making constant
development possible.
The following steps for integrating FLR into NFMS
can be implemented in order or selected according
to the specific topic of interest.

The following icon appears
throughout the document,
indicating guidance on integrating
gender and equity to enable NFMS
to evolve towards inclusion.

As support material, it is suggested to use the NFMS
assessment tool, which is based on the VGNFM,
reinforced by the REDDcompass of the Global
Forest Observation Initiative (GFOI), an online
resource that supports the development of NFMS
for REDD+ measurement, reporting and verification
(FAO, 2020c).
The NFMS assessment tool is available in lesson 2
of the course “Forests and Transparency under the
Paris Agreement.”

©FAO/Luisa Palacios

INTRODUCTION

5

©Mondal Falgoonee Kumar

Chapter 2

Steps to integrate forest
and landscape restoration
monitoring into national
forest monitoring systems
For the implementation of the following steps, it is assumed that there is
an NFMS under development. Also, it is understood that FLR is performed
to respond to national reports and not to particular projects.

2.1 STEP 1 IDENTIFY KEY INSTITUTIONS AND STAKEHOLDERS
The restoration monitoring process must be participatory, in which
all stakeholders involved take part. Sound stakeholder participation
and engagement is key to the overall success of an NFMS and
contributes significantly to national ownership (FAO, 2017).
To develop participatory processes, it is essential to identify all the institutions
and key stakeholders that are or should be involved in developing restoration
activities and monitoring their progress. Participation mechanisms for
institutional integration must also be defined, establishing a governance
mechanism for the restoration action itself and for monitoring. The objective
of stakeholders’ participation is for them to express the actual needs and
concerns regarding information, as well as to participate in the identification
and prioritisation of the indicators, metrics, and data to be collected
(FAO and WRI, 2019).
According to the VGNFM, to ensure effective participation of different
stakeholders in the integration of FLR monitoring, the NFMS should:
a. Carry out a stakeholder analysis to identify partners and other stakeholders
willing to participate in the NFMS process, including different national
institutions (especially those involved in policies related to forests and
land-use planning), the private sector, academic institutions, civil society,
groups representing women and minorities (including indigenous
groups) and communities that depend on forests for their livelihoods.
The stakeholder identification and engagement process should be
transparent and clarify the intentions of the various stakeholders who
wish to participate in the NFMS.
b. Encourage key planners and decision-makers to incorporate participation
in the NFMS process into their plans and programmes. In particular,
the involvement of other sectors (agriculture or urban development) is
mandatory when an information needs assessment identifies the need to
carry out an inventory of lands outside the forest administration mandate.
c. Encourage intersectoral participation of academic and research institutions.
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d. Strengthen stakeholders’ capacity and
knowledge on the benefits and use of an NFMS
and the resulting information.
e. Promote the creation of a working group or
a technical advisory committee, to which
the NFMS must submit annual reports
on its activities.
Establishing a governance mechanism on technical
design decisions is a good practice that will allow
a feedback process between stakeholders. It must
be developed under procedures that will enable the
story to be told about decision-making and facilitate
accessibility through a document repository.
When adjusting the monitoring design, institutional
mandates should be analysed to determine
implementation of responsibilities. Having shared
responsibilities will reduce monitoring costs. For
example, restoration monitoring often requires
high-resolution satellite images.
Access to this type of image is subject to argument
between the different responsible entities of
natural resources monitoring. The resolution is that
these institutions can participate through shared
responsibility in the purchase of satellite images
at the national level, led by geographic institutes
or other relevant entities. Collecting field data on
different land uses is another example; this task is
carried out for the NFI or for agricultural censuses
or surveys. A methodological integration process
can result in the ability of responsible entities to
share financial responsibility for collecting this
data, distributing support for monitoring FLR
among the different stakeholders.

Further details on the institutionalisation of forest
data from a legal and financial perspective can be
found online (FAO, 2021).

2.2 STEP 2 REVIEW NATIONAL TERMS
AND DEFINITIONS
Stakeholders participating in the
design and implementation of FLR
monitoring and NFMS must review the
terms and definitions of restoration.
An initial exhaustive process to define or adjust
national terms to implement FLR monitoring is
not recommended. Still, it is advisable to consider
some initial concepts to facilitate communication
among stakeholders.
The concept of forest and landscape restoration
is evolving and based on two approaches. On the
one hand, an ecological approach, which guides
the restoration of an ecosystem to conditions
similar to the initial ecosystem; on the other hand,
a productive approach, whose main objective is to
improve the ecosystem services of productive areas
such as forests, agricultural and livestock systems,
or even in urban areas.
Box 1 provides guidance on fundamental
concepts to facilitate a common understanding
of stakeholders. Some definitions included are
from the restoration strategies or plans of Latin
American and Caribbean countries.

During stakeholder identification, social inclusion should be considered to ensure equitable
participation in terms of gender, age and culture. Equitable and participatory planning from
the perspective of women and men of different ages and cultures is an important step to
raise awareness, reflect and create collective knowledge for the integration of the needs,
values and principles of each group in planning and implementing forest monitoring.
The starting point is accepting inequality in human capacities in monitoring issues due to
the lack of educational opportunities. These opportunities are different between women
and men, and between communities and ethnic groups (UNESCO, 2017).
Furthermore, forest monitoring should be seen as a cross-generation job. The integration
of young people is essential (FAO, 2017) because it is a continuous activity that aims to
measure actions on present generations’ territory that will affect future generations. On
the other hand, it must integrate past and present methodologies and technologies that
point towards the future.
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Box 1

Terms and definitions related to forest and landscape restoration
Deforestation

The conversion of forest to other land use independently whether
human-induced or not. With the following explanatory note
(FAO, 2018c):
a. Deforestation refers to the long-term or permanent loss of
forest cover and implies transformation into another land use.
Such a loss can only be caused and maintained by a continued
human-induced or natural perturbation.
b. It includes areas of forest converted to agriculture, pasture,
water reservoirs and urban areas.
c. The term specifically excludes areas where the trees have been
removed as a result of harvesting or logging, and where the
forest is expected to regenerate naturally or with the aid of
silvicultural measures. Unless logging is followed by the clearing
of the remaining logged-over forest for the introduction of
alternative land uses, or the maintenance of the clearings
through continued disturbance, forests commonly regenerate,
although often to a different, secondary condition. In areas of
shifting agriculture, forest, forest fallow and agricultural lands
appear in a dynamic pattern where deforestation and the return
of forest occur frequently in small patches. To simplify reporting
of such areas, the net change over a larger area is typically used.
d. Deforestation also includes areas where, for example,
the impact of disturbance, over-utilization or changing
environmental conditions affects the forest to an extent that it
cannot sustain a tree cover above the 10 percent threshold.

Forest degradation

Reduction of the capacity of a forest to provide goods and services
(FAO, 2002; Simula, 2009). This definition is broad and can serve as
a common umbrella and framework to develop specific definitions
(FAO, 2011). Forest degradation represents changes in ecosystem
processes and a continuous decline in services from primary forests
(namely, undisturbed by humans except for traditional forest uses)
through various human and misuse management forms, up to
deforestation (Thompson et al., 2012).
Given the need to have operational definitions to carry out
monitoring activities (Lund, 2009), it is essential to define criteria
and parameters that facilitate identification in the field or to resort
to visualization in satellite images or the development of automated
algorithms. Some definitional criteria developed by various sources
have been compared (Schoene et al., 2007; Lund, 2009; Simula, 2009;
FAO, 2011; Thompson et al., 2012).

Land degradation

Degraded land is considered to be land where there has been a
temporary or permanent loss of productive capacity and ecosystem
functions caused by human or natural activities, by which the
land cannot recover for several decades (Seghal and Abrol, 1992;
Eswaran et al. 2001).

Reference
ecosystems

Refers to a model of characteristics of a particular ecosystem
that serves as a reference point to define the goal of restoration
(McDonald et al. 2016). It provides the ideal model that provides the
values for the indicators to evaluate the degree of success of the
restoration (Ruiz-Jaen and Aide, 2005).

9

INTEGRATING FOREST AND LANDSCAPE RESTORATION MONITORING INTO NATIONAL FOREST MONITORING SYSTEMS

Continuing Box 1

Sustainable forest
management

A dynamic and evolving concept that aims to maintain and increase
the economic, social and environmental values of all types of forests
for the benefit of present and future generations (UNGA, 2012).

Landscape

Refers to an area that contains a mosaic of ecosystems or land uses
(Millennium Ecosystem Assessment, 2003).
A landscape is “a mosaic of ecosystems, land uses, and social and
economic groupings that interact with each other. Its size does
not necessarily define a landscape,” in the context of FLR, the
landscape’s size is primarily determined by the scale of the FLR
initiative and the possible or desired geographic scope of its impacts
(ITTO - IUCN, 2005).

10

Recovery or
reclamation

Recovery or reclamation is used for situations where productivity
or structure is recovered, but not biodiversity (Lamb and Gilmour,
2003). The main aim is to recover some ecosystem services of social
interest (Ministry of Environment and Sustainable Development of
Colombia, 2015; CNRE, undated). Reclamation typically applies to
severely degraded land, usually without vegetation, often as a result
of the extraction of underground resources, such as mining or work
platforms associated with drilling for oil and gas (Denier et al., 2017).

Impact reduction

Refers to maintaining the potential for conservation of biodiversity
and other ecosystem services in restored areas while seeking
to improve both production and lifestyles that are ecologically
sustainable (SER Australasia, undated).

Rehabilitation

Process of reinstating degrees of ecosystem functionality in degraded
sites, where restoration is not the chosen option, to allow a continuous
supply of ecosystem goods and services (McDonald et al., 2016). It seeks
to bring the degraded system to a level similar — or not — to the system
before disturbance; a self-sustaining system that preserves some species
and provides some ecosystem services (Ministry of Environment and
Sustainable Development of Colombia, 2015).

Restoration

Process of assisting, through human intervention and actions, the
recovery of an ecosystem that has been degraded, damaged or
destroyed (SER, 2004). IPBES (IPBES, 2018) defined restoration as
“any intentional activity that initiates or accelerates the recovery of an
ecosystem from a degraded state.”

Forest and
landscape
restoration

Process of productive, ecological and functional recovery to improve
livelihoods in deforested or degraded landscapes. FLR is a means to
recover, enhance and maintain vital long-term productive, ecological,
economic and social functions that lead to more resilient and
sustainable landscapes (FAO, 2019). It has also been defined by the
Global Partnership on Forest and Landscape Restoration (GPFLR,
2011) as an “active process that brings people together to identify,
negotiate and implement practices that restore an agreed optimal
balance of ecological benefits, social and economic aspects of forests
and trees within a broader pattern of land use” (Besseau et al. 2018).

Ecosystem
restoration

Process of assisting in the recovery of degraded, damaged or
destroyed ecosystems, with emphasis on establishing ecological
procedures necessary for terrestrial and aquatic ecosystems to be
sustainable, resilient and healthy, both under current and future
conditions, as well as improving human well-being (FAO, 2020b).
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Continuing Box 1

Natural or anthropic assistance process for the recovery of the
ecosystem services of an ecosystem that has been degraded, damaged
or destroyed (McDonald et al., 2016). It seeks to restore the degraded
ecosystem to a condition similar to the ecosystem before disturbance,
concerning its composition, structure and operation (Ministry of
Environment and Sustainable Development of Colombia, 2015).

2.3 STEP 3 DETERMINE THE SCOPE
OF MONITORING
The monitoring scale is related to the size
of the territory’s surface, where activities
associated with the FLR will be carried
out. It can also be related to the scale of work and,
therefore, to the indicators’ level of reporting. The
scale of restoration monitoring can be:
Administratively limited, at the following levels:
• Global: all countries in the world;
• International regional: geographic or
geopolitical regions such as North America,
Central America, South America, West
Africa, Southeast Asia;
• Biogeographic regions: such as the
Amazon, Chaco or African Miombo,
or socioeconomic or cultural regions,
such as Mesoamerica;
• National: actions throughout the
territory of a country;
• State, provincial, regional-national or
departmental: primary administrative
divisions of the countries;
• Municipal, district or cantonal: local
administrative divisions;
• Indigenous or rural communities: if this
degree of local division applies;
• Farm, property or lot: circumscribed to the
limits of a property.

FLR projects can be developed at any of the
above scales. Hence, an integration process that
addresses the different scales will help reduce
costs and increase transparency of information.
The recommendations provided throughout this
document can improve the design at any of these
scales or propose some integration solutions.
It is advisable to discuss the scope and limitations
of monitoring small areas and how these can be
integrated into an NFMS (FAO, 2017). The scope of
a system is defined by the country and will depend
on the technical opportunities and also on the
institutional arrangements that may be developed
in a process of continuous improvement, as well as
the objectives of the monitoring process: whether
they respond to an individual, local, municipal,
regional or national project.
When working at different national scales,
terms and definitions should be harmonised,
especially when using the same land use, land
cover and ecosystem categories; national terms
and definitions should even be harmonised with
those used at the international level. Specific
methodologies can also be harmonised between
scales, such as measurement plot configuration,
definition of attributes and specific methods
of each attribute. However, some aspects of
monitoring design and planning may probably
not be integrated between national scale and
farm-or-land scale.
©FAO/Matieu Henry

Ecological
restoration

Not administratively limited:
• Basin
• Ecosystem
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2.4 STEP 4 EVALUATE INFORMATION
REQUIREMENTS FOR INTERNATIONAL
REPORTING
The international environmental and
climate change agendas motivate
countries to improve internal policies,
seeking joint solutions to issues such as ecological
degradation and climate change. At this step, it is
recommended to review the indicators related to
different international commitments, such as the
Sustainable Development Goals (SDGs), the NDCs
for the UNFCCC, the Aichi Targets of the Convention
on Biological Diversity (CBD), the Convention of the
United Nations to Combat Desertification (UNCCD),
the World Forest Resources Assessment (FRA),
among others.
Since NFMS are a pillar of the preparation
processes for implementing the REDD+ mechanism,
countries have focused their improvements in
responding to the need to report emissions or
removals of the activities discussed and established
in the REDD+ national action plan or strategy.
These activities are: reducing deforestation,
reducing forest degradation, conserving carbon
in forests, sustainable forest management and

increasing forest carbon stocks (UNFCCC, 2016).
These activities are also part of the FLR monitoring;
however, the information needs must be evaluated
to respond to additional international and national
indicators based on the FLR monitoring objectives.
On the other hand, identifying international
needs must ensure correspondence between
international, national, sub-national and
local indicators.

2.5 STEP 5 IDENTIFY INFORMATION
NEEDS BASED ON RESTORATION
OBJECTIVES
If the country has a national restoration
strategy or plan, the strategic restoration
objectives and indicators must be
analysed. Based on them, and on the reference
scale used to plan restoration actions (namely,
national, provincial, municipal, basin, ecosystem,
community project or farm), it is necessary
to determine whether these objectives and
indicators are relevant or not and, if necessary,
complement or improve them. If the country does
not have a national strategy, it is recommended
that those responsible for monitoring participate

Gender equality is included in the three United Nations conventions and the Bonn
Challenge. Therefore, it is recommended to take the following aspects into consideration:
• Women commonly face higher risks and greater burdens from the impacts of
climate change (UNFCCC, undated).
Sijapati (Sijapati, et al. 2017) emphasize that:
• FLR is, and will be, implemented in countries and contexts with structural
discrimination against women and indigenous communities, highlighting the need
for gender-responsive approaches.
• Women and men must have equal influence on FLR decisions, which contributes to
equitable outcomes. Equitable participation in consultations on information needs
should be monitored.
• It is crucial to formulate indicators and collect differentiated information from
women and men on:
− equitable governance mechanisms,
− capitalisation on knowledge management of forests and
tree and plant species,
− alternatives on how to approach restoration,
− preferred and selected tree and plant species,
− equitable distribution of benefits,
− costs associated with restoration,
− access to credits to develop projects,
− restored areas with equitable gender balance.
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in the development process. There are
several guides to generate strategies, such as
those described by Chazdon and Guariguata
(Chazdon and Guariguata, 2018). FAO and the
World Resources Institute (WRI) have recently
conducted a consultation process on indicators
for restoration monitoring with more than 100
experts who supported the development of a
guide to facilitate the selection of objectives and
indicators (FAO and WRI, 2019). The guide includes
a restoration goal wheel (Figure 2), which helps
to identify the broad range of subjects of the
restoration strategy or plan. The topics on the edge
of the wheel correspond to the possible dimensions
or goals that FLR can achieve. Each goal must
be analysed to create sub-goals, for which the
question to be answered is generated. The indicator
and the metric must also be defined based on the
monitoring question. The guide emphasizes the

2.6 STEP 6 IMPROVE DEFINITIONS OF
LAND USE AND COVER CATEGORIES
It is essential to analyse the definitions
of land use and land cover since the
indicators on the progress of FLR will be
measured according to the different land uses in
a selected landscape or area. To monitor forest
and landscape restoration, it is recommended
to differentiate the concepts of “land use”

Restoration Goal Wheel to help answer the question: Why restore?
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importance of a forward-looking approach but
of low cost, which implies prioritizing the goals,
indicators and attributes to be measured in the
NFMS. An FAO online course is available for the
application of the guide.
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Source: FAO and WRI, 2019, adapted by the authors.
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and “land cover,” presented in Box 2. These
concepts are often used in an integrated way
when conducting analyses with mid-resolution
satellite images (for example, Landsat) because
it is impossible to separate forested areas from
areas with other heavily forested land uses (for
instance, agroforestry systems). However, with
high-resolution images and field measurements, it
is possible to differentiate land cover from land use.
Obtaining separate statistics of land use and land
cover is essential to measure restoration progress
more precisely because a significant variable will
be the percentage of trees recovered in different
land uses, that is, the increase in the number of
trees in cultivated areas, grasslands or urban areas.
Understanding this, the NFMS must incorporate
measurement of all land uses and land cover in
the national territory because they must be able to
measure all the restoration options defined in the
national strategies or plans. This change is a good
practice because when NFMS focus on measuring
a territory, delimited exclusively within forest
areas, limitations are generated to understand the
causes of the changes and why the environment
is not analysed.
In Box 2, definitions of land use, land cover, and
others related to forests and trees are provided to
facilitate the review of land use categories.
During the analysis of the definitions of national
classes, to be reported in FLR monitoring, it is
advisable to generate operational definitions, for
which it is necessary to determine criteria and
thresholds for classification according to the
observation resource and analysis (remote sensing
of mid or high-resolution, or field). The Land
Cover Classification System (LCCS) (Di Gregorio
and Leonardi, 2015) is recommended, which

offers an orderly way to define the characteristics
and properties of land uses, and the land cover
elements that can identify each one. It is also
recommended to review the FRA terms and
definitions (FAO, 2018c) to determine the thresholds
for classification and the increase in tree cover in
different land uses.
It is suggested to start by organising the operational
definitions of forest, other wooded lands and other
lands. FRA proposes three fundamental criteria:
minimum area, tree height and canopy cover,
whose thresholds are summarised in Figure 3.
Thresholds and criteria are exclusive between
categories. For example, forest and other wooded
lands are not under agricultural or urban use; the
main difference between them are the thresholds
of tree cover; natural areas with less tree cover than
forest are classified as “other wooded lands.”
The term “other lands with tree cover” indicates
areas with predominantly agricultural or urban
use with trees that have the same coverage
threshold as forest.
Further analysis should help generate operational
definitions of forest types based on their state or
condition. Box 2 provides some definitions of forest
types that can serve as a starting point. However,
due to their complexity, it is recommended to
start by making a catalogue of different typologies
of forest transitions, taking into account the
definitions provided and selecting remote sensing
of different spectral and temporal resolutions, using
visual interpretation methodologies, analysing data
from other vegetation indices with remote sensing
and using field information.

Why is the inclusion of gender and cultural diversity perspectives important
for forest monitoring?
• Because there are differences between women’s and men’s roles and needs and the
configuration of the territory according to their community.
• Women, men and communities have different uses of forest goods and services.
• It is necessary to capture gender-differentiated socioeconomic information to
understand equity and planning interventions in the territory.
• Collecting data and making available sex-disaggregated information on the
management and use of forest goods and services is essential to allow inclusive
policies concerning equitable access to forest resources.
Adapted from FAO, 2017.
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Box 2

Terms and definitions related to forests and trees, that are useful for reviewing
national categories for FLR monitoring
Land cover

The biophysical elements on the earth’s surface, which are in a vertical
projection when observed from aerial or satellite views (Di Gregorio
and Jansen, 2000; Bellefontaine et al., 2002; Coffey, 2013).

Land use

Categories based on anthropic decisions established in agreements,
operations and activities that people carry out on a portion of land
according to their functions to obtain products or benefits from its
resources (Di Gregorio and Jansen, 2000; Bellefontaine et al., 2002;
Coffey, 2013).

Forest

Land spanning more than 0.5 hectares with trees higher than 5 meters
and a canopy cover of more than 10 percent, or trees able to reach
these thresholds in situ. It does not include land that is predominantly
under agricultural or urban land use (FAO, 2018c).

Other wooded land

Land not classified as “forest,” spanning more than 0.5 hectares; with
trees higher than 5 meters and a canopy cover of 5-10 percent, or
trees able to reach these thresholds in situ; or with a combined cover
of shrubs, bushes and trees above 10 percent. It does not include
land that is predominantly under agricultural or urban land use
(FAO, 2018c).

Other land with
tree cover

Land considered as “other land,” spanning more than 0.5 hectares
with a canopy cover of more than 10 percent of trees able to reach a
height of 5 meters at maturity. Includes palms for oil production, tree
orchards, agroforestry (crops and pastures) and trees in urban areas
(FAO, 2018c).

Primary forest

Naturally regenerated forest of native species, with no clearly visible
indications of human activities and where the ecological processes
are not significantly disturbed (FAO, 2018c). It can also be defined
as forest which has never been subject to human disturbance, or
has been so little affected by hunting, gathering and logging that
its natural structure, functions and dynamics have not undergone
any changes that exceed the elastic capacity of the ecosystem
(ITTO, 2002).

Managed primary
forest

Primary forest in which sustainable wood and non-wood harvesting
(for example, through integrated harvesting and silvicultural
treatments), wildlife management and other uses have changed the
forest structure and species composition from the original primary
forest. All major goods and services are maintained (ITTO, 2002).

Degraded primary
forest

Primary forest in which the initial cover has been adversely affected
by the unsustainable harvesting of wood and/or non-wood forest
products so that its structure, processes, functions and dynamics are
altered beyond the short-term resilience of the ecosystem; that is,
the capacity of these forests to fully recover from exploitation in the
near to medium term has been compromised (ITTO, 2002). Another
related definition is “degraded forest” from IPCC (2003), as a direct
human-induced long-term loss (persisting for X years or more) of at
least Y percent of forest carbon stocks [and forest values] since time T
and not qualifying as deforestation.
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Continuing Box 2
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Secondary forest

Woody vegetation growing back on land that was largely cleared of
its original forest cover (that is, carried less than 10 percent of the
original forest cover). Secondary forests commonly develop naturally
on land that was abandoned after shifting cultivation, settled
agriculture, pasture, or failed tree plantations (ITTO, 2002). Secondary
forests regenerate mostly through natural processes after significant
human and/or natural disturbance of the original forest vegetation
at a single point in time or over an extended period, and displaying
a major difference in forest structure and/or tree canopy species
composition with respect to nearby primary forests on similar sites
(Chokkalingam and Jong, 2001).

Naturally
regenerating
forest

Forest composed predominantly of trees established through natural
regeneration. Planted trees do not constitute more than 50 percent
(FAO, 2018c).

Planted forest

Forest predominantly composed of trees established through planting
and/or deliberate seeding. Planted/seeded trees are expected to
constitute more than 50 percent (FAO, 2018c).

Forest plantation

Planted forest is intensively managed and meets ALL the following
criteria at planting and stand maturity: one or two species, even age
class, and regular spacing (FAO, 2018c).

Degraded forest
land

Former forest land severely damaged by excessive timber and/or
non-wood forest products (NWFP) harvesting, poor management,
repeated fire, grazing or other disturbances and land uses that
damaged soil and vegetation to a degree which inhibited or severely
delayed forest regrowth after abandonment (ITTO, 2002).
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Figure 3

Categories and definitions offered by FAO that can be used for FLR monitoring
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Source: Elaborated by the authors.

2.7 STEP 7 LOCATE POTENTIAL AREAS FOR RESTORATION
The identification of potential areas for restoration depend on several criteria,
namely, economic, social, ecological, and political, among others. Likewise, the
scale can vary from the farm/property to municipal, sub-national, national, or
global levels. The definition of these areas does not necessarily correspond to degraded
land, since they could involve areas with high agricultural or forest productivity, but that
for ecological or political reasons are destined to be restored; for example, because an
aquifer recharge area is found, or because they are located within national parks. For the
purposes of this guide, we will focus on FLR at the national and sub-national level, where
potential restoration areas will be defined by criteria established by the government and
stakeholders, generally derived from national FLR plans.
Box 3 shows the experiences of Guatemala and Colombia in the preparation of maps of
potential areas for restoration. The maps all identified degraded areas.
Some causes of degradation were also identified in Colombia, such as mining, agricultural
expansion and pastures, forest fragmentation, and urbanization. In both cases, only
biophysical variables were used to define the priority areas, so improvement actions could
include socioeconomic criteria (Mendez-Toribio et al., 2017).
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National maps of potential areas for restoration activities

©Unsplash/Lara Natalia

Box 3

Guatemala
A map of potential areas for restoration was constructed to support the National Strategy for
Forest Landscape Restoration (Forest Landscape Restoration Board, 2015), combining classes of
the forest cover dynamics map 2010-2016 (GIMBUT, 2019), the classes of the land use capacity
map (INAB, 2002), classes of dry forest and mangrove forest of the forest cover map and forest
types (INAB and CONAP, 2015) and a 50-meter buffer in the rivers of Guatemala.
An algorithm with conditioning criteria was applied to obtain the nine potential categories of
restoration: agroforestry with annual crops, agroforestry with permanent crops, silvopastoral
systems, production forest lands, protection forest lands, protected areas, riparian forest areas,
mangrove areas and dry forest areas.
The last two categories are specific forest ecosystems that were ranked for their socioeconomic
importance and high vulnerability.
The boundaries and names shown and the designations used on the following map do not imply the expression of any
opinion whatsoever on the part of FAO concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers and boundaries. Dashed lines on maps represent approximate border lines for
which there may not yet be full agreement.
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Map of potential areas for forest landscape restoration in Guatemala
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Continuing Box 3

Colombia
During the development of the National Plan for Ecological Restoration, Rehabilitation and
Recovery of Disturbed Areas (MADS, 2015), a map of areas susceptible to restoration processes
was generated. This map is based on changes in cover with a degradation perspective and
management of areas with a planning perspective. The cover land changes of the 2000-2002
period were compared with the territories or ecosystems transformed by human activities,
such as agricultural areas and open areas with little or no vegetation detected in the 2005-2009
period. The following changes were detected: increased mining, land degradation, dynamics of
water bodies, expansion of agriculture, forest fragmentation, grazing gain, and urbanization.
Subsequently, the most appropriate restoration strategy was applied to each change under the
premise that the stronger the disturbance, the greater the restoration efforts.
A similar exercise was carried out with the land use conflict map to include characteristics
beyond natural covers. Variables on land use and the inappropriate use of burned areas were
included. A buffer area (100 m) was defined in areas adjacent to natural covers, drains and
water bodies. The final map included the three options or defined objectives: restoration,
rehabilitation and ecological recovery.
The boundaries and names shown and the designations used on the following map do not imply the expression of any
opinion whatsoever on the part of FAO concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers and boundaries. Dashed lines on maps represent approximate border lines for
which there may not yet be full agreement.
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Map of suitable forest restoration sites in Colombia
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Source: MADS, 2015, adapted by the authors.
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2.8 STEP 8 GENERATE AND
PRIORITISE MONITORING
QUESTIONS, INDICATORS,
METRICS AND ATTRIBUTES

The source of information must also be identified,
which will later be used to determine the
monitoring components.
The attributes that will be measured in the territory
or that will be asked of the beneficiaries must be
also selected. Table 2 shows examples of attributes
associated with the metrics, indicators, and goals.

Starting from the identification of
information needs and the types of land
use where the restoration will be carried
out, it is suggested to generate the questions to be
answered through monitoring; this will facilitate
the generation of indicators and metrics.
Examples of monitoring questions and the name
of the indicator that will help answer them are
presented in Table 1. It is suggested to start with a
question that provides stakeholders with a clear
understanding of what is to be measured. From the
questions, the keywords that define the name of
the indicator are identified. The indicators aim to
measure both positive and negative effects on the
landscape since both must be considered in the
reports. Each indicator must be accompanied by the
metric or elements to be measured, including units
to report the information.

Figure 4

In addition to the indicators on restoration
progress, it is also important to ask the question
on barriers to sustainability (FAO and WRI, 2019).
These barriers refer to understanding what affects
restoration efforts. Identifying these barriers will
make it possible to determine the causes that make
degradation prevail, and that should be measured
in the indicators.
The barriers can be the existence of a disturbance
in a particular land use or the application of legal
norms or financing to develop the restoration. The
indicators corresponding to these barriers can be
the surface of the disturbed area and the type of
disturbance, the number of illegal incidents or the
amount of funds allocated.

Process for defining indicators and variables to be collected in the
restoration monitoring process
APPLYING DATA TO POLICIES AND PROCESSES

INFORMATION NEEDS ASSESSMENT
Climate and environmental impacts
Sustainable forest and land use management
Biodiversity aspects: soil and water
Food products
Cultural aspects
Biodiversity
Socioeconomic aspects

FLR
GOALS

DEFINITION OF REQUIRED
INFORMATION TO BE COLLECTED
Monitoring
questions
• C&I processes
• SDGs
• NDCs etc.

•
•
•
•

Indicator
/ metrics
Deforestation rate
Afforestation rate
Volumen
Carbon stocks etc.

Attributes

DATA
COLLECTION
& ANALYSIS

• DBH
• Height
• Species etc.

REFINING DATA NEEDS AND METHODS
Source: Elaborated by the authors.

22

STEPS TO INTEGRATE FOREST AND LANDSCAPE RESTORATION MONITORING INTO NATIONAL FOREST MONITORING SYSTEMS

Table 1

Sample of monitoring questions for a group of selected goals

Goal

Question

Indicator

Metrics

Information
source

Culture

What is the
restoration area
for the protection
of cultural/
spiritual sites?

Protected
cultural/spiritual
areas

Surface of
the protected
cultural/spiritual
area (ha)

NFMS/NFI

Economy

What are the
economic
benefits for
women in the
communities?

Benefits of
restoration for
rural women

Economic income
for rural women
from restoration
actions

Socioeconomic
survey/
population census

Production

What is the
impact on
agricultural
production?

Harvested
products

Volume of
products
harvested per
year (tonnes/ha;
m3/ha)

Agricultural
census or registry
by project

Climate

What are the
emissions
removed by the
restoration?

Tonnes of
carbon removed
Increase in carbon
by restoration
stocks
actions
(tonnes/ha)

Soil

Have soil
conservation
practices been
applied?

Water

NFMS: remote
sensing
monitoring/
NFI/ agricultural
census

Soil conservation

Percentage
of producers
practicing soil
conservation

Agricultural
census/projects
repository

What is the
sedimentation in
water reservoirs?

Quality of water

Sedimentation
level in water
reservoirs

Water monitoring
system

Energy

What is the
amount of
firewood
harvested
per year?

Amount of
firewood
harvested

Amount of
biomass burned
(m3/year)

Population census
/socioeconomic
surveys

Biodiversity

What is the state
of the restored
ecosystems?

Composition
of flora/fauna
species

Diversity
indicators of
flora/fauna
species

NFMS: NFI and
fauna inventories

Governance

Have the forest
monitoring
capacities been
strengthened in
the communities?

Community
capacity building

Sexdisaggregated
number of
people/
communities

Restoration
projects

Source: FAO and WRI, 2019, adapted by the authors.
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Table 2

Example of goals, indicators, metrics and attributes for landscape transformation
Goal

Sub-goal

Indicator

Metrics

Attributes
Forest area => 0.5 ha

Reduce
deforestation

Deforestation
rate

ha/year

Reduce
degradation of
primary forests

Deforestation
rate

ha/year

CC trees + 5m > 10
percent
No agricultural or urban
use
Forest type
Origin of regeneration is
natural

Restore by forest
type

Restoration
rate by forest
type

Percentage of exotic
species
ha/year

Evidence of significant
anthropic disturbance
Species composition
Structure
Regeneration/mortality
Forest area => 0.5 ha

Restoring forest
ecosystems

Reduce
deforestation by
forest type

Deforestation
rate

ha/year

CC trees + 5m> 10
percent
No agricultural or
urban use
Forest type
Origin of regeneration is
natural from areas with
<5 percent CC

Increase the area
by type of forest

Restoration
rate by forest
type

ha/year

Percentage of exotic
species
Species composition
Structure
Regeneration/mortality
Age
Planted forest
Origin of regeneration
planted

Increase the area
of planted forests
and/or forest
plantations

Growth rate of
planted forests
and/or forest
plantations

ha/year

Percentage of exotic
species
Species composition
Structure
Regeneration/mortality
Age

Restoring
productive
landscapes

Increase the
percentage of
trees in crops,
pastures and
settlements

Land use classification
Percentage of
trees in crops,
pastures and
settlements

It is not forest
Percentage

Percentage of tree cover
Trees/ha
Species composition

Source: FAO and WRI, 2019, adapted by the authors.
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2.9 STEP 9 DEFINITION OF PERIODICITY
TO MEASURE INDICATORS
The periodicity of each indicator must
be taken into account when planning
restoration monitoring processes. The
monitoring process depends on the intervention
activity, the indicators and the selected metrics.
There is no fixed rule to carry it out, and it could
vary at different times. For example, it could be at a
specific time of the year, month, quarter, semester,
or every 2 or 5 years, depending on the type of
interventions being carried out or evaluated. If the
restoration includes firebreak activities, monitoring
those activities may need to be done before the fire
season. On the other hand, if it is desired to observe
increasing biomass in trees, this could be carried
out for more extended periods of time.

2.10.1 National forest inventory
The NFI is the process of measurement, collection
and analysis of field data, combined with remote
sensing, for specific periods of time to produce
accurate national statistics on the status and
trends of a country’s forest resources (FAO, 2017;
Tomppo et al., 2010). The NFIs provide multipurpose
and continuous information to support forest policies
and the strategic planning of forest products and
services (INAB and CONAP, 2020; SERFOR, 2016;
CONAFOR, 2009). NFIs are data sources, at the
national level, of biomass and carbon stocks,
disturbance histories, land tenure, state of forest
management plans, statistics on harvesting timber
and non-timber forest products, fire area data,
fuelwood extractions, forest health and pest impacts,
among others (GFOI, 2020).

2.10.2 Permanent
monitoring plots
2.10 STEP 10 IDENTIFY THE
COMPONENTS OF MONITORING
Previously, Table 1 identified the potential
sources of information to measure and
monitor the selected indicators. Some
of these sources are components of the NFMS;
others are not, so it is recommended to analyse the
information collected and offered by each source or
component to respond to the selected indicators.
For the REDD+ readiness stages, most countries
developed two components for NFMS: satellite
monitoring and NFIs. These two sources of
capture and analysis are the most important
at the national level. However, they must be
linked to other components that complement
the information necessary for FLR monitoring.
The VGNFM (FAO, 2017) divides monitoring into
three dimensions: biophysical-environmental,
social-economic, and governance and
management. This report suggests considering
some identified components for FLR monitoring
from each dimension.
Within the biophysical-environmental dimension,
the following components are described below.

These are measurement areas permanently installed
for research on the management of forests of a given
site (Camacho, 2000; Alder and Synnott, 1992) and
the research of ecological processes of ecosystems at
different scales and temporalities (SINCHI, undated).
Permanent plots are a source of specific information
about the areas where they are established and to
meet the objectives for which they were created.
In Latin America, there are networks of permanent
plots for various research purposes; for example, the
Network of permanent forest measurement plots in
plantations, natural broadleaf and coniferous forests
of Guatemala (Marmillod, 2012); the network of the
Amazonian Scientific Research Institute (SINCHI, by
its acronym in Spanish), the Subtropical Network
of Permanent Plots (RedSPP), or the Amazon Forest
Inventory Network (RAINFOR).

2.10.3 Satellite monitoring
system
In the REDD+ and climate change framework,
this system refers to the process of collecting and
processing satellite image data to develop historical
and consistent trends on the evaluation of land use
and cover changes (FAO, 2018d). However, the use
of satellite data is extensive since it is the basis for
planning other resources such as water, soil and
agriculture, as well as for the management of early
warning for the safety of communities and their
resources (Paganini et al., 2018).
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This component can be divided as follows:
• Thematic maps: These are a geographical
representation of a topic and area of interest
obtained from identifying objects or areas,
classified through procedures to recognize
spatial patterns (Lillesand and Kiefer, 1994;
Borrough and McDonell, 1998). Thematic
maps, also called wall-to-wall, are essential
instruments for political decision-making,
strategic planning and implementation of
actions in the territory (GFOI, 2020). They
also detect early warning of risks in forests
and restored areas such as deforestation,
illegal logging, and forest fires. They can be
developed by supervised or unsupervised
classification. For supervised processes,
field data or high-resolution remote sensing
are required to train algorithms and obtain
high-quality results (Enderle and Weih, 2005).
Classifications can also be based on pixel
or object counts: the first classifies pixels
directly based on their spectral similarity, and
the second uses segmentation algorithms
to group homogeneous pixels, and classifies
individual objects according to spectral,
geometric and textural characteristics
(Veljanovski et al., 2011; Liu and Xia, 2010).
Automated systems typically require
adjustments of the resulting polygons through
visual interpretation. Final maps must be
validated by calculating the accuracy of the
classification to provide information on the
result quality (Olofsson et al., 2014).
• Visual interpretation using sampling
techniques: These are human observation
techniques in satellite images to quantify
elements on the earth’s surface (Avery
and Berlin, 1992). Since the 1950s, they
have been used to improve the efficiency
of national forest inventories (Goodbody
et al., 2019). Recently, its use has increased
due to improvements in the accessibility
of high and very high-resolution satellite
images, allowing the application of sampling
techniques to improve the estimates of land
use areas, land cover, and changes. (Corona
et. al., 2018; Schepaschenko et al., 2019). These
techniques have become an efficient data
source for producing area estimates with their
direct confidence intervals or for calculating
the accuracy of use and coverage change
maps (Domke et al., 2012; Webb et al., 2012;
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Olofsson et al., 2014; Corona, et al., 2015
Olofsson et al., 2020). In the context of REDD+,
this technique has strengthened estimates
of deforestation and historical degradation
to generate reference levels or baselines
(Government of Panama, 2018; Government of
Guatemala, 2019; Government of Mexico, 2020;
Government of Nicaragua, 2020). It has also
been used to monitor forest and landscape
restoration at the project level with different
restoration objectives in countries such as El
Salvador, Ethiopia, India, and Rwanda (Reytar
et al., 2021).
The socioeconomic dimension is of great importance
in FLR strategies or action plans. Méndez-Toribio
et al. (2018) indicate that strengthening the
measurement of FLR success with socioeconomic
criteria is essential for prioritising areas. Therefore,
the measure of socioeconomic indicators should
be included in the protocols. On the other hand,
FLR strategies and action plans must consider the
governance and management dimension that will
allow them to work in the long term and ensure
that the benefits of restoration reach communities,
families and citizens.
The primary data sources for the socioeconomic,
governance and management dimension
are associated with the components
described hereinafter.

2.10.4 Socioeconomic
surveys in forestry
National surveys to collect data on metrics related
to dependency on forest and wild products for
families and communities (FAO, et al., 2016).
FAO, under the National Forest Monitoring and
Assessment programme (NFMA), assisted several
countries intending to develop socioeconomic
surveys as part of their NFI, including Guatemala,
Honduras and Nicaragua (Ramírez and Rodas, 2004;
Ramírez and Salgado, 2006; INAFOR, 2009); and of
integrated inventories of land use (Branthomme
et al., 2008). These surveys can also be associated
with population censuses or agricultural censuses;
however, data collection is reduced to few
variables (FAO, et al., 2016). In Ecuador, an example
of this approach can be observed to determine
the relationship between people and forests
(MAE, 2013).
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2.10.5 Census and
agricultural surveys
The agricultural census is the statistical process
aimed at collecting, processing and disseminating
data on the structure of the agricultural sector
of an entire country or a significant part of it.
It is a data source that can be linked to assess
restoration information. Censuses are based on
surveys to farmers of the population of interest
at approximately 10-year intervals, although
some countries conduct surveys more frequently.
The selection of the sample can be based on
lists of census farms or through a framework
of geographical areas similar to those of NFIs
(FAO, 2015).

2.10.6 Administrative
and restoration
project records

Once the areas to be restored, the indicators,
metrics and attributes, and the monitoring
components have been defined, the
baseline must be generated, which will be the
comparison framework to evaluate the change
in the various restoration activities. The baseline
must be carried out in year zero, that is, prior to
developing the interventions.
The complete monitoring design must be taken
into account to build the baseline, which is often
complex due to the time it takes to collect data
from some sources such as NFIs or surveys.
However, the recommendation is that if the
NFMS do not have complete and robust data
sources at the time of developing the baseline, the
construction of the baseline should progress with
the existing data and a further plan can be created
to improve the information for the next period of
measurements. To do this, it is recommended to
consider integrating the monitoring components
and the design of each component described in
steps 12 and 13 below. Within the context of REDD+,
countries that include the enhancement of carbon
stock, which involves FLR activities must develop a

©FAO/Carla Ramirez

Refers to the records made by the forest services
of the countries to report on the institutional
goals and indicators of the management of forest
resources, for example, records of fire or pest
control, areas of planted forest or forest plantations,
management plans, forest incentive projects,
authorisations for the use of forest products,
transportation authorisations, among others.

2.11 STEP 11 DEFINE THE BASELINE
FOR FOREST AND LANDSCAPE
RESTORATION MONITORING
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reference level or baseline on the historical average
of a period prior to starting the results report. Until
2020, only five countries presented a reference
level that includes removals due to the increase in
carbon stocks (FAO, 2020d).

2.12 STEP 12 INTEGRATE THE
COMPONENTS IN THE NATIONAL
FOREST MONITORING SYSTEM
The prioritisation of monitoring
components should be linked to the
selection of indicators and metrics and
depend on the time and costs available. Due to
the complexity in developing an NFMS, it can
be planned in stages and modules, identifying
finance sources according to the mandates
and opportunities of the interested parties. The
integration of the components is suggested from
various approaches or points of view:

2.12.1 Interinstitutional
integration
Integrated planning of the monitoring components
will enable the statistics generated to be more
understandable, comparable and transparent, and
will also reduce costs.
This step can be reinforced if the design
and implementation are developed through
responsibilities shared by several institutions,
for which strong inter-institutional coordination
is essential. The integration of monitoring
components provides many advantages for
institutions, for example, a continuous training
plan can be prepared and implemented among
institutions and organisations that want to collect
data for FLR-related indicators. Cost reduction and
duplication of efforts can be achieved, which will
provide greater sustainability for continuous and
long-term monitoring.

If each restoration project executes
the monitoring independently, budgets
will increase. Therefore, a common
framework is an advantage for a
coherent presentation of results at a
lower cost for all.
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2.12.2 Integrating forest and
landscape monitoring scales
Integration between national government
institutions with subnational and local
governments is of utmost importance since FLR
strategies are implemented at the local level but
must be reported at all levels. Thus, everyone
should seek integration in the way monitoring
will be carried out. For example, the NFMS can
offer a space for discussion to develop a common
framework of indicators to measure at national,
sub-national and local project levels, and even
more detailed indicators for sub-national and local
project levels.
The most detailed data will be for the project level,
which, due to the scale, is more complex when it
comes to seeking integration from the point of view
of sampling design. However, it is recommended
to maintain consistency in the definitions, names
and metrics of indicators, land-use classification,
restoration activities, and some of the data
collection methods. Defining national guidelines to
be applied harmoniously at sub-national levels is
key to avoid duplication and inconsistency in the
information published about the country.
Many FLR projects will be associated with
communities; in some of them, participatory
community forest monitoring processes can be
found. This type of monitoring is defined as a
continuous process in which local forest users
systematically record information about their
forest, reflect on it, and carry out management
actions in response to what they have learned
(Kristen and Guariguata, 2008).
Several authors have shown that integrating
the participation of local communities in data
collection for forest monitoring shows good
results, emphasising advantages such as allowing
participation and empowerment, and reducing
transport costs of experts from external locations
(Danielsen et al., 2010; Morales-Barquero et al., 2014).
Monitoring should be driven by local information
needs for monitoring forest management
plans, life plans, and ethno-development plans
(IDEAM et al., 2018).
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2.12.3 Integrating field components
with remote sensing
Dividing NFMS into components has evolutionarily
taken place due to the technical and technological
advances achieved. This section explains in detail
the importance of integrating field data with remote
sensing data to produce more robust statistics, as
recommended in the VGNFN (FAO, 2017).
Figure 5 shows an integration structure of the
components. The components from groundbased data collection are located at the base of the
pyramid, such as the NFI, permanent plots, forest
socioeconomic surveys and agricultural censuses
or surveys are located there. Administrative records
can also be found in this group. such as fire and
pest control, or from FLR projects.
Ground-based data constitute the foundation of a
good NFMS. In addition to being the data source to
produce tabular statistics on the indicators for FLR
monitoring, it should be the primary data source for
both the training or calibration of the interpreters
or algorithms and the validation of the resulting
thematic maps.
To produce robust data and statistics, ground-based
components should be designed under a sampling
frame that enables data collection at multiple
monitoring scales.

Figure 5

The middle part of the pyramid shows the
component of the terrestrial satellite monitoring
system through visual interpretation by sampling
techniques. When accessibility to high-resolution
satellite images is sufficient, this component is
extremely useful to:
• Produce statistics of the change from
areas without restoration to restored areas.
Meaning that tabular statistics on area
changes and the increasing percentage of
coverage in each of them can be generated
through sampling techniques.
• It has been used to optimize the NFIs, as
for example, the decision for the plots to be
measured at the field, based on the presence
or absence of trees, also in double sampling
techniques for post-stratification, where data
from the interpretation is used for grouping
the plots with similar characteristics to
reduce the variance (Westfal et al., 2019,
Cochran, 1977).
• Train and calibrate algorithms for the
production of thematic maps and their
validation (Olofsson et al., 2020).
At the top of the pyramid, we can find the thematic
mapping component of the satellite monitoring
system, the most used means to measure natural
resources because it offers a wider temporary

Integrated structure of the components of a national forest monitoring system

Harmonized classifications of
land-use, land-cover or ecosystems

Planning and
land management

3
Thematic
maps

Stratification (pre/post)

2
Visual interpretation
through sampling
techniques
National statistics

1
National Forest Inventory
Permanent plots
Socioeconomic surveys on forestry
Agricultural census and surveys

Post-stratification

Training and
validation

Source: Elaborated by the authors.
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and spatial frequency than field data. The main
variables that can be obtained are the location and
extension of the areas of interest. Thematic maps
are an advantageous visual medium for territory
planning and management and to communicate
the progress of FLR in a graphic form (GFOI, 2020;
Reytar et al., 2021). However, it is essential to
recognise that maps represent surface areas that
are indirectly interpreted by techniques that use
the reflectance of light emitted by objects on
Earth; therefore, the results normally have errors
(Olofsson et al., 2014). For these reasons, the more
field data or visual interpretations that are used
with remote sensing for algorithms calibration,
the more accurate thematic maps will be. It should
not be forgotten that these maps will be required
to calculate accuracy; thus, they will need an
additional data set from the visual interpretation
or collected in the field.

©FAO/David Morales

An example of monitoring systems with an
enlarged comprehensive approach to all land
uses is the National System for Monitoring Land
Cover, Land Use and Ecosystems of Costa Rica
(SIMOCUTE) (Monge et al., 2020). This system was
designed so that institutions who develop natural
resource statistics in the national territory use
a homogenous classification of all lands for the
monitoring components similar to those described
in this report. These components have been
designed in working groups by public institutions.
This integration approach seeks to improve
inter-institutional capabilities to provide more
robust and efficient data.
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2.12.4 Harmonising land-use and
land cover classes
Comprehensive NFMS must ensure that their
components use a coherent land use and land cover
classification (FAO, 2017, IPCC, 2006). All institutions
that make elaborate maps and statistics on natural
resources must use the same categories and
definitions to ensure consistent results of estimates.
For homogenisation, the definitions of land use and
land cover, based on the criteria and thresholds that
help measure FLR changes (Section 2.6), should
be improved. Once the definitions are improved,
harmonisation involves analysing the previous
classifications to understand the differences in the
definitions resulting from the improvements.
The criteria and thresholds of the definitions
must describe the reality of the field. From these
definitions, the next step should be to analyse what
can be measured with high or medium resolution
satellite images. In addition, new criteria can
be established that link field information with
information analysed from satellite images, such
as the vegetation rates index (NDVI, NDFI or NBR).
It is also advisable to make decision–tree analysis
to facilitate the interpretation of categories in each
of the monitoring components that require it, both
from the field and remote sensing.
Using hierarchical classifications will facilitate
harmonising categories for different reporting
needs, as they enable the clustering of specific
categories into more general ones. To report at the
local project or subnational level, very detailed
categories can be used, and these can be organized
into groups to form national categories.
When the objective is to develop international
reports, the more general categories will be
international classes, which must also be analysed
to seek harmonisation in reports. Figure 6 shows
a scheme to support the harmonisation of classes
and definitions of the IPCC (IPCC, 2003) with those
of FRA (FAO, 2018b). According to the definitions
that most countries have used as a reference,
IPCC’s “forest lands” class usually corresponds
to “forest” for FRA. However, some countries
include forest plantations, and others do not. On
the other hand, FRA groups crops, pastures and
settlements into the “other lands” category. What is
interesting about making the correspondence for
FLR monitoring is that FAO classifies these lands
according to the presence or absence of tree cover
(see thresholds of Figure 3).
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In the same way, the wetland IPCC category can be
classified as mangrove forests when the definition
of forest is met; otherwise, they can be classified
according to FRA as “other wooded lands,” which
involves the presence of trees and shrubs that can
be measured as a result of an FLR project. Finally,
if they do not comply with the FRA definition of
forests and other wooded lands, they are classified
as “inland water.” The last category of IPCC is “other
lands,” referring to those not classified in the previous
categories. In some cases, they can be from the same
category as the FAO definition of “other lands.” Still,
they can also be natural ecosystems that do not
comply with the definition of forest.
The harmonisation of FAO categories with IPCC will
substantially improve the knowledge and report of the
national inventory of GHG emissions and allow better
accounting within the NDCs.

Figure 6

Countries such as Brazil, Guatemala, Honduras,
Nicaragua, and Peru developed classifications of land
use and forest types to classify and label the NFI plots
and obtain statistics from very specific categories
about forest types (Ramirez and Rodas, 2004; Ramírez
and Salgado, 2006; INAFOR, 2009; Vibrans et al., 2010;
SERFOR, 2016; ICF, 2017).
These methodologies used classes defined from
FRA terms and definitions. They were organized
into a hierarchical classification system where
the national categories are included in the global
categories. A more recent example is the SIMOCUTE’s
classification, which uses the concepts of land use
and land cover similar to those of this document.
As a result, two classification keys were built for the
classification: one for land use and the other for land
cover (CENIGA, 2020).

Correspondence of IPCC categories and FAO Forest Resources Assessment categories

IPCC

FRA - FAO

Wooded lands

Forests

Croplands

Other lands

Pastures

Other lands

Wetlands

Other lands

Settlements

Other lands

Other lands

Other
wooded lands

Natural

Planted forests

With
tree cover

Without
tree cover

Forest
plantations

Inland water

Source: Based on the terms and definitions of Global Forest Resources Assessment (FAO, 2018c) and IPCC (IPCC, 2003).
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2.12.5 Sample selection using
integrated sampling grid
Sampling design seeks a sample selection
in an integrated and unbiased manner (FAO,
2017). Some authors, like Olofsson (Olofsson
et al., 2020), recommend the design to be based on
a probabilistic sampling that responds to multiple
information needs and is also flexible to allow
changes in the sample size. To this effect, a sample
frame serving many purposes can be selected,
which in turn provides a solid selection that avoids
the bias. The sample frame refers to dividing
the population of interest into units to select a
sample (Cochran, 1977). In the case of the NFMS,
the population of interest and the sample frame
are practically the same since the total number
of points that make up the country’s territory is
usually considered (Olofsson et al.; 2020, McRoberts
et al., 2015). Components with area-based sample
frames (NFI, sample-based satellite monitoring
or some agricultural surveys) may seek a system
that allows selecting the sample in an integrated
manner. The integrated selection facilitates
inter-institutional work and reduces costs.
Sampling designs must stick, as much as possible,
to simple random sampling; in practice, however,
systematic sampling is used to measure large
areas because a vast homogeneous distribution
in the territory can reduce the variance between
observations, and equidistance may maintain
a low correlation between the observations
(FAO, 2017). The NFIs of many countries apply
systematic sampling for sample selection using
a grid of regular polygons distributed throughout
the territory. This design has been applied in
countries such as Finland, France, Germany or the
United States of America, among others (Tomppo
et al., 2010) and also in Latin American countries
such as Guatemala (Ramírez and Rodas, 2004, INAB
and CONAP, 2020), Honduras (Ramirez and Salgado,
2006, ICF, 2017), Nicaragua (INAFOR, 2009), Mexico
(CONAFOR, 2009), Brazil (SFB, 2015), Costa Rica
(SINAC, 2015) and Peru (SERFOR, 2016).
The NFI grid of regular polygons were designed
to respond to continuous monitoring, allowing
a selection of the most homogeneous samples
over the entire territory (SERFOR, 2018). To enable
flexibility conditions, such as variations of the
sample size according to needs, some countries —
such as Costa Rica — have designed very intense
grids over which they have selected the necessary

32

samples to meet the information needs and
precision objectives of their NFIs (SINAC, 2015). In
other cases, it has been chosen to intensify the NFI
basic grid as many times as necessary to open more
intense selection options in selected areas, such as
Guatemala’s case (INAB and CONAP, 2020).
Sampling grids with different intensities and
integrated between each other can have several
uses, such as applying a double sampling design
for stratification in NFIs (Westfal et al., 2019); in
this case, a sample is selected in a first phase
to classify the strata, and in a second phase, a
subsample is selected from the first one for more
detailed data collection. For the first phase, a visual
interpretation analysis with satellite images or a
map can be used, and field measurements can be
used for the second phase.
Another opportunity to use an integrated sampling
grid system is the flexibility to select sample
points more intensively in areas of interest. This
can be particularly useful to harmonise field
data collection between national monitoring
and sub-national monitoring (states, provinces,
municipalities, districts or cantons). It can also be
helpful when the sampling intensity is insufficient
to provide information with less uncertainty. In
these cases, it may be necessary to do a pre-stratum
with the support of a map (for example, mangrove
map, map of potential areas for restoration or map
with areas of higher change probability) where a
greater or lesser intensity is required, according
to the needs of cost and precision. For this case, it
must be taken into account that the pre-stratum
must have limits that do not change over time for a
more consistent sampling.
Integrated sampling grids allow a statistically
sound database to be established and can be
used by different projects, both at the national
and sub-national levels. The data can be more
consistent and transparent, especially if other
recommendations are met, such as definitions of
harmonised land use categories and data collection
methodologies for multiple purposes.
Box 4 shows an example of an integrated grid
used to respond to the information needs at the
municipal level of the Guatemala National Strategy
for Forest Landscape Restoration.
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Continuing Box 4

San Juan Chamelco, Alta Verapaz, Guatemala.
The Guatemala National Strategy for Forest Landscape Restoration (ENRPF, by its acronym
in Spanish) and the Law to promote the establishment, recovery, restoration, management,
production and protection of forests in Guatemala - PROBOSQUE (Congress of the Republic of
Guatemala, 2015) constitute the regulations for compliance with the commitment to restore
1.2 million hectares by 2045 under the Bonn Challenge and the 20x20 Initiative. The strategy
defines that:

“Forest landscape restoration is the process aimed at recovering,
maintaining and optimising biological diversity and the flow of
ecosystem goods and services for development, adjusted to the local
value and belief system, and implemented with an intersectoral
approach” (MRPF, 2015).
For the planning of approved projects, it is necessary to detail at the municipal level the
national map of potential FLR areas described in Box 2. With the support of the project on
Adaptation of rural communities to climate variability and change to improve their resilience
and livelihoods in Guatemala (Adaptación de comunidades rurales a la variabilidad y cambio
climático para mejorar su resiliencia y medios de vida en Guatemala), FAO, together with the
Korean Agency for International Cooperation (KOICA), developed the methodology to build
the municipal maps. It required field data on effective depth, stoniness, slopes, drainage,
physiographic region, current use and forest fragmentation; these data were used to update
the land use capacity map.
The data collection sites were selected using NFI sampling grids, which consist of a
12.4 x 12.4-kilometre grid. In each cell of the grid, a sampling point (715 points) was randomly
selected. This number of samples is sufficient to produce statistics at the national level.
Still, higher-intensity nested grids were created to allow flexibility in the selection of samples
for sub-national purposes. Each cell of the grid was divided into four cells of equal size for
2 860 points (level 2). The level 3 grid derives from the division into 16 parts containing
11 639 points; and level 4 in 64 parts, corresponding to 45 426 points in the national territory
(INAB and CONAP, 2020). This ordered point selection system allows the user to select the
intensity that best suits his/her purposes. For the municipality of San Juan Chamelco, the
level 2 grid was established, which corresponded to 20 sampling points (Box 4).
For data collection, digital forms were designed in the Survey123 application from ArcGIS
online (Chivite, 2016), administered by the SIG department of the National Forest Institute
(INAB, by its acronym in Spanish). The measurements were developed with INAB technicians,
students from the University of San Carlos de Guatemala and FAO technicians.
With field data, an interpolation analysis (ArcGIS kriging) was performed to generate
three base layers: effective depth, stoniness and drainage, which were combined with the
map of physiographic regions, the map of slope percentages and the elevation model and
orthophotos, to obtain an updated land use capacity map at the municipal level, which
was the basis for executing the algorithm of conditioning criteria to generate the map of
potential restoration areas at the municipal level.
The resulting map is a planning tool for the implementation of FLR actions. Management
plans have been drawn up in the selected areas and constitute a set of restoration modality
plans. These plans were validated in a participatory manner with communities’ stakeholders
or the productive units involved. For the follow up of the management plans, monitoring is to
be carried out, allowing to assess the results based on the different incentive programmes.
The monitoring plan must include intermediate measurements to define corrective actions.
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Resulting map of the municipality of San Juan Chamelco
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The VGNFM provides a guide for
designing the measurement of forest
variables. It is also recommended to
review volumes of the World Programme for
the Census of Agriculture (WCA) (FAO, 2015 and
FAO, 2018a) and the socioeconomic surveys in
forestry (FAO et al., 2016), the NFIs methodological
frameworks and field manuals, as well as censuses
and national agricultural surveys existing in
several countries. This document does not aim
at presenting design details for each of the
components; nonetheless, some helpful guidance
and examples for measuring FLR progress are
presented below.

2.13.1 National forest inventories
for monitoring restoration
The NFI design should allow a continuous
measurement of forest resources over the entire
national territory. This will enable meeting the
information needs for FLR since it will be possible
to include the tree and vegetation measurement
both in forests and in other land uses and
ecosystems that can be restored.
The NFI involves mobilising human and logistical
resources of great scope and, therefore, requires a
stepped and participatory process. It is advisable
that the institutions in charge also commit to work
with and train local and communal governments
so that local experts participate and benefit from
the information collected at all levels.
NFIs enable collecting a set of biophysical attributes
related to trees, shrubs and other life forms, mainly
within forests. Most of the countries in Latin
America and the Caribbean have already designed
their first NFIs, so it is recommended to analyse the
existing methodologies and manuals to identify
and organise the indicators and metrics selected
to measure FLR progress. Those responsible for
the NFIs and FLR monitoring should ponder the
relevance of adding attributes for the selected
indicators. Table 3 shows examples of indicators,
metrics and attributes related to restoration
monitoring measured in NFIs. The measurements
can consider wild fauna and invertebrates and
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For field measurements, the type and size of the
plot or measurement area must be decided. There
are multiple solutions for these measurements in
NFIs, for which it is essential to develop efficient
designs. There are single plot designs, as in
Argentina (Government of Argentina, 2019), Costa
Rica (SINAC, 2015) and the Dominican Republic
(Milla et al., 2014); other designs are organized in
clusters and plots, as in Guatemala (Ramírez and
Rodas, 2004; INAB and CONAP, 2020), Honduras
(Ramírez and Salgado, 2006; ICF, 2017), Nicaragua
(INAFOR, 2009) and Brazil (Vibrans et al., 2010). For
the measurement of multiple land-uses, Guatemala
(Ramírez and Rodas, 2004; INAB and CONAP, 2020),
Honduras (Ramírez and Salgado, 2006; ICF, 2017),
Nicaragua (INAFOR, 2009) and Brazil (Vibrans
et al., 2010), have used large sample plots (up
to 2 hectares) to measure trees in all land uses
(Figure 7). The measurement of trees outside the
forest can also be done in smaller plots, provided
that the population includes all land uses in the
territory. Each tree is identified at the species level
and associated with a land use, classified according
to criteria based on measurable thresholds.

©UN-REDD/Pablo Cambronero

2.13 STEP 13 DESIGN THE MEASUREMENT
OF EACH MONITORING COMPONENT

physical, chemical and biological attributes of soils
because the restoration of ecosystems is totally
dependent on their recovery (Aguilar-Garavito and
Ramirez, 2015).
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Table 3

Example of indicators, metrics and attributes to be measured from the National Forest
Inventories, considering the goal of restoring forest ecosystems
Sub-goal

Indicator

Metrics

NFI Attributes

Species richness index Richness (R)
Specific wealth index

Menhinik (M)

Equity index

Shannon-Wiener (H’)

Dominance index

Simpson (D)

Importance value
index (IVI)

IVI

The composition and Presence of exotic
structure of tree
species
species is similar to
that of the reference
ecosystem
Horizontal structure

Secondary forests
are recovering
to reach a
condition similar
to the reference
ecosystem/Forest
plantations are
growing favourably/
In agriculture,
livestock and urban
areas, vegetation
has recovered

Disturbances in
recovered natural
ecosystems and
landscapes

Species, tree abundance

Margalef
Exotic/native species
ratio

Species, tree abundance

Basal area by
diameter class

Species, DBH, tree
abundance, spatial
location

Vertical structure

Percentage of
coverage per
altitudinal floor
according to
vegetation type

Species, height, spatial
location, vegetation cover
(herbaceous, shrubs,
emerging and dominant
trees)

Tree density

Number of trees/ha

Species, tree abundance

Recruitment rate

Number of trees/ha

Number of regenerating
trees

Growth rate and
mortality rate

m3 /ha/year tonnes/
ha/year

Tree condition (alive,
dead, stump, not found)
species, height, DBH

Biomass gain/carbon
sequestration

Biomass/ha/year
Carbon/ha/year

Species, height, DBH of
standing and dead trees,
diameter and amount of
wood debris, litter and
soil organic carbon

Phytosanitary
condition of trees

Number of trees/
ha according to
phytosanitary
condition

Condition and type of
phytosanitary condition
per tree

Anthropic
disturbances

Surface with
anthropic disturbance

Surface for harvesting of
timber and non-timber
forest products firewood,
fires

Natural disturbances

Surface with natural
disturbances

Erosion, landslides,
hurricanes
Source: Elaborated by the authors.
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Figure 7

Example of field measurement of trees in non-forest land uses
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1 Tree shade

3 Fallow

5 Settlement

2 Fruit trees

4 Annual crop without trees
Source: Elaborated by the authors.

2.13.2 Permanent monitoring plots
In the present context, permanent plots will be
differentiated from continuous NFI. Measurements
in permanent plots are generally carried out with
a larger number of variables, in shorter periods
of time, and in sites of specific interest. New
permanent plots may be required in FLR projects;
it is advisable to select them from an intense
sampling grid, as described in section 2.12.15.
Besides, it is possible to analyse the use of the NFI
plot design and develop the necessary adjustments
for the variables of interest. Aguilar-Garavito and
Ramirez (Aguilar-Garavito and Ramirez, 2015)
present a complete guide on the information
needs, indicators, and measurement techniques
for FLR variables, including soils, vegetation,
insects, and wildlife. It is important that NFI and
restoration experts analyse the different options
to achieve harmonisation in measurements that
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increase the coherence and transparency of the
information produced at different scales (national,
sub-national and local); this will enable obtaining
more robust results. However, using permanent plot
network data as an alternative to develop national
statistics has to be done cautiously because the
results will be biased if created for other purposes.

2.13.3 Socioeconomic
surveys on forestry
Table 4 shows examples of indicators related
to forest and landscape restoration and
socioeconomic aspects.
Carrying out socioeconomic forest surveys is very
important. Still, it may involve an additional cost,
so it is suggested to resort to other components that
also require the mobilisation of human resources in
the territory.
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Section 12.5.4 cited some countries that have
developed this component integrated with NFIs or
population censuses.
Projects or communities can also conduct surveys
on socioeconomic data. Aguilar-Garavito and
Ramírez (Aguilar-Garavito and Ramírez, 2015)
provide a participatory monitoring guide and
socioeconomic indicators of ecological restoration
that can be considered for data collection
at the local level.

Item 1:
Identification and general characteristics
Item 2:
Land
Item 3:
Irrigation
Item 4:
Crops
Item 5:
Livestock
Item 6:
Agricultural practices

2.13.4 National agricultural
census

Item 7:
Services for agriculture

Those responsible for NFMS and FLR
monitoring can approach the offices in charge
of conducting agricultural censuses to jointly
analyse the option of collecting information on
some selected indicators.

Item 8:
Demographic and social characteristics

Agricultural censuses are a component of the
national statistical system and are linked to
national statistical offices and ministries of
agriculture (FAO, 2015).
The FAO WCA offers two volumes that guide the
development of censuses: Volume 1 deals with the
programme, definitions and concepts (FAO, 2015),
while Volume 2 deals with operational guidelines
(FAO, 2018a).
These volumes recommend the collection of data
from agricultural units or farms on 15 items that
can be linked to FLR monitoring:

Table 4

Item 9:
Work on the holding
Item 10:
Intra-household distribution of managerial
decisions and ownership on the holding
Item 11:
Household food security
Item 12:
Aquaculture
Item 13:
Forestry
Item 14:
Fisheries
Item 15:
Environment/GHG emissions

Examples of indicators, metrics and attributes that can be recorded through
socioeconomic surveys in the forest and landscape restoration
Goal

Sub-goal

Indicator

Metrics

Attributes

Economy of
communities

Benefits of
Improve the economy of
women in the participating restoration to
rural women
communities

Economic
income
of rural
women

Women in the
community

Energy
consumption

The firewood consumption Firewood
is sustainable
consumption

m3/ha

Amount of firewood
consumed per
family per day

Production

Positive impact on
agricultural production

tonnes/ha;
m3/ha

Volume of products
harvested per year

Harvested
products

Source: Elaborated by the authors.

39

INTEGRATING FOREST AND LANDSCAPE RESTORATION MONITORING INTO NATIONAL FOREST MONITORING SYSTEMS

2.13.5 Administrative
records of projects
Restoration projects must record information on the
type of incentives or donation investments, number
of women, men, young participants, number of
direct jobs, number of organized business fairs,
among others. Further, the entities with the
determined mandate must record the number of
claims attended for forest fires or illegal logging
and the number and place of complaints.
Table 5 shows some examples of indicators and
metrics related to project records. The use of these
registers must be carefully analysed because there
may be other more appropriate data sources to
generate national statistics.

2.13.6 Terrestrial satellite monitoring
using visual interpretation and
sampling techniques
Visual interpretation with high-resolution satellite
imagery is a valuable resource for measuring
changes in tree cover and other vegetation in
different land uses between given periods. Table 6
shows some examples of indicators that can be
measured with this methodology. To implement
this methodology, it is recommended to review
“Mapping together: A guide to monitoring forest
and landscape restoration using Collect Earth
mapathons” (Reytar et al., 2021). This guide can be
adapted for use at the national level. However, for
the NFMS, it is recommended to review section 2.12
for a comprehensive planning of this component,
and mainly a reminder to adapt the sampling
design to the NFI, which usually uses systematic
sampling in grids with fixed-size polygons.
Box 5 illustrates how the visual interpretation
method works with very high-resolution satellite
images for area estimation and tree counting.

Table 5

Examples of indicators, metrics and attributes that can be measured from project
records or administrative actions
Goal

Sub-goal

Indicator

Metrics

Attributes

Fundraising for
investment in FLR by
municipalities

Municipalities
% of municipalities
that invest in
/year
FLR

Number of
municipalities
investing in FLR

Invest in FLR projects
under the modality
of payment for
environmental
services

Investment in
FLR ratio

Thousands of USD/
year

Investment in USD

Community

Increase the
participation
of indigenous
communities in FLR
projects

Number of
indigenous
communities
in FLR
projects

% of indigenous
communities/year

Number of
indigenous
communities
participating in FLR

Land

Reduce the number
of fires and treeburning in FLR
project areas

Fires
attended

% of fires
attended/year

Number of fires
reported

Market

Source: Elaborated by the authors.
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Box 5

How does visual interpretation work for area calculation and tree count by land use?
Interpretation is carried out at each selected sampling point, which can be directed at the said
point (Figure A) or by drawing plots of a fixed size, for example, 1 ha in a circle or a square
or hexagonal polygon (Figure B). Single point interpretation is most often performed with
high-resolution images (Landsat or Sentinel) as developed by FRA for monitoring coverage
changes at global level (FAO, 2020a). When very high-resolution images are available, where
each element covering the land is clearly observed, both the percentage of area per land
use and the rate of tree cover within each plot can be estimated. Systematically arranged
observation points are established for this purpose (Figure B).

Figure A

Figure B

In Figure A, only the land use indicated by the point is classified, which in this case is pasture.
In Figure B, it is classified by point and we find: 100 percent pasture = 25 points.
Once the land uses have been classified, the coverage elements within the plot are measured,
which can be trees, shrubs, herbaceous grasses, pavement, roofs, soil without vegetation.
Following the example of Figure B, we find, 8 percent of trees = 2 points, 8 percent of shrubs =
2 points, 84 percent of herbaceous grass = 21 points. Total = 25 points.
Land-use change can be measured by temporal analysis to determine how much land use has
changed between time periods. For this, very high-resolution images of each date must be
available.

Figure B - 2010

Figure C - 2021

Comparison of Figure B, registered in 2010, with Figure C of the same site registered in 2021.
The coverage results of each one as follows:
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Continuing Box 5

The result of the land use change is the following:
2010–2021
Pasture – Forest = 4 points / 16 %
Pasture – Pasture = 21 points / 84%
The result of coverage change by land use is the following:
2010
Pasture = 25 points, 100 %
8 % of trees = 2 points

2021
Forest = 4 points, 16 %
16 % of trees = 4 points
Pasture = 23 points, 92 %

8% of shrubs = 2 points
84% of herbaceous grass = 21 points

52 % of trees = 13 points
32 % of herbaceous grass = 8 points

In this example 16 percent of the trees were classified as forest because they join the
surrounding forest. The remaining area has 52 percent of the trees that were classified as
pasture because it is observed that there are gaps of grasses (32 percent) and a conservative
point of view must be maintained, because the trees are of approximately 10 years. To improve
visual classification, a field visit is recommended. The tools Collect Earth or Collect Earth
Online, which will be described in 2.14, can be used for this type of analysis. The second tool
is more practical for performing change analysis at the point level. The data set from the
plots interpreted at the national level or the study scale can produce area estimates through
proportion estimators (Cochran, 1977). The detailed procedure can be reviewed in Olofsson
et al. (2014) and Olofsson et al. (2020).

Table 6

Example of indicators obtained from visual interpretation with satellite images

Goal

Sub-goal

Indicator

Metrics

Attributes
of visual analysis using
high-resolution images

Increase the area of
naturally restored forest
ecosystems

Increase of
the area of
restored forest
ecosystems

Ha/year

Percentage of area
by type of forest

Increase tree canopy
cover in restored forest
ecosystems

Increased of
tree canopy
cover

% coverage
/year

Percentage of tree
canopy cover in
forest ecosystems

Planted
forests and/
or forest
plantations

Increase the area of
planted forests and/or
forest plantations

Increase of the
area of forest
plantations and
/ or planted
forests

Ha/year

Percentage of
plantation areas
and planted forests

Restoration
in agricultural
lands

Increase in tree cover in
agricultural and urban
areas

Increased tree
canopy cover

% coverage
/year

Tree canopy cover
percentage

Restoration
of forest
ecosystems

Source: Elaborated by the authors.
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Long-term access to very high-resolution satellite
imagery is one of the concerns when conducting
an analysis such as the one presented in Box 4
and for the sustainability of NFMS. Therefore,
inter-institutional integration and agreements at
the government level with image providers will be
necessary. At the moment, the countries depend
on open data such as Google Earth, Bing Maps and
other free providers; or on cooperation agreements
of donor countries such as the one currently
provided by the Norway International Climate and
Forest Initiative (NICFI), thanks to which, users in
tropical countries can access high and very highresolution images recorded since 2015.
To obtain more precise estimates of area change, it
is recommended to use maps of areas with a higher
probability of change, previously stratifying these
areas to intensify the sample. The design would
be based on a pre-stratified sampling, which can
be systematic or simply random (Olofsson et al.
2014; Olofsson et al. 2020), although there are also
other efficient designs such as two-stage sampling
(Corona et al. 2015; Gallun et al. 2015). However, if
visual interpretation is used as an auxiliary data
source to improve forest inventory estimates, double
sampling for post-stratification can be a useful
technique (Westfal et al., 2019).

2.13.7 Terrestrial satellite
monitoring using wall-to-wall
thematic mapping
Satellite monitoring systems with field data or
visual interpretation collected under a robust
sampling design and good quality control will
achieve greater accuracy of the interpreted
categories. These data can be used in supervised
techniques to calibrate geographic models of
empirical methods or based on generic, Bayesian,
or machine learning algorithms (GFOI, 2020). Maps
can also be elaborated using unsupervised methods
when no good sources of reference data are
available. However, these maps may be imperfect;
hence caution is recommended in their use when
reporting statistics (Olofsson et al., 2020).
The primary use of these maps should be to
support restoration planning or sampling design
for field data collection. In conclusion, to achieve
a good NFMS, the field components and remote
sensors must be complementary and dependent
on each other.

For the implementation of this component, a
decision on the use of thematic maps must
be made. Here are examples based on some
basic needs:
• Maps for restoration planning: These maps
are used for the location of areas to be
restored, such as the ones described in Box
1 for the national level and in Box 3 for the
subnational level. Other maps or information
layers shall be used depending on the
methodology used; for example, land use and
land cover, ecosystems, biological corridors,
effective depth, stoniness and drainage,
water resources, physiographic regions
and percentages of slopes, among others.
Other examples are maps of vulnerability,
risks, forest degradation, land degradation,
fragmentation, as well as other predictive
maps and trends.
• Maps to support sampling design for
visual interpretation, national forest
inventory, census, agricultural surveys or
socioeconomic surveys: maps that support
the stratification of the sample to improve
statistical precision. For example, if the
objective is to measure tree cover changes
resulting from restoration activities, a map
of land cover change, degradation or the
same location map of potential areas for
restoration can be used.
• Early warning maps: These maps provide
support during the execution of actions
in the territory and must be part of an
immediate response system. Among
other examples, these maps can be for
droughts, fires, illegal logging, deforestation,
degradation and other disasters.
• Maps for displaying restoration results:
Here again, maps showing changes in land
cover or productivity increases are helpful;
these can be segmented by administrative
regions, land use by ecosystem, etc.
Other maps can display the location of
restoration projects at the national level,
in administrative areas or by community,
among others.
In the NFMS assessment tool (FAO, 2020c),
there is a compilation of good practices for the
implementation of remote sensing monitoring
(sections 5.2b and 5.3). These are summarised in
the following steps:
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• Selection of remote sensing resources:
involves an analysis of the availability of
resources according to their spatial, spectral
and temporal resolution to foresee the
system’s sustainability.

• Copernicus is the European Union
programme for earth observation through
the Open Access Centre and provides the
following products: Sentinel-1, Sentinel-2,
Sentinel-3 and Sentinel-5P.

• Selection of remote sensing and mapping
methods: mapping products are identified
according to existing needs. They are
based on consultations with national and
international experts to define the most
suitable methodologies and document
decisions on the methodology, preprocessing and procedures.

• NASA Landsat Science is the programme
with the most extensive continuous
distribution of Landsat satellite images
by the National Aeronautics and Space
Administration Agency (NASA) and the
United States Geological Survey.

• Uncertainties and quality assurance
methods: develop a robust sampling design
for accurate calculation and document
the estimators for a precise analysis. All
sources of error are identified, data quality is
recorded, and corrections are applied.
• Validation methods: field validation is
expected and, where possible, is linked
to the NFI or other national statistical
resources (such as agricultural censuses or
surveys).
• Supervised remote sensing analysis:
methodological protocols are applied
according to the products to be achieved;
decision rules for classification, limitations
and assumptions are documented; and
integrated work between remote sensing
and survey specialists and survey fieldwork
is pursued.
The methods and guidance of the Global Forest
Observations Initiative (GFOI, 2020) describe in
detail the remote sensing resources available
to date for monitoring land use and land cover
changes: optical data, synthetic aperture
radar (SAR) data, ground LiDAR and airborne
LiDAR. Additional resources are also provided
for processing and documentation on the
methodologies for their use.
Other valuable resources for accessing satellite
images and publications are:
• The Committee on Earth Observation
Satellite (CEOS) is a mechanism that unites
61 agencies to collaborate on space missions,
data systems, and global initiatives.
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2.13.8 Data management, data
analysis and reporting
This component refers to the compilation and data
analysis from the previous components and other
sources linked to the NFMS, for example, official
spatial data such as transport and infrastructure,
topography, digital elevation models, population
centres, land registry of properties, among others.
Figure 8 shows an NFMS data management model
(FAO, 2017), which involves field data and remote
sensing. Data management must include quality
control and assurance, which must be initiated and
documented from each monitoring component at
the time of data collection, and continue through a
final quality control process before final database
storage on official servers.
The data outputs can be consulted with the
restoration monitoring stakeholders. It is essential
to clearly define the change to be measured based
on the monitoring questions previously defined.
Calculation and data analysis must be designed to
formulate the indicators and consider the metrics,
attributes, and sources. The type of data outputs
must also be considered, whether it will be tables,
graphs or maps. Depending on the above, the
types of analysis should be identified, which can
be simple statistical estimates, the development
of mathematical and geographic models, or
an analysis of multiple indicators through a
restoration index.
For example, Zamora (Zamora et al., 2020)
developed a sustainability index for landscape
restoration as a tool to measure the biophysical and
socioeconomic impacts of restoration actions of a
priority landscape in El Salvador.
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Figure 8

NFMS data management model
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Reporting the distribution of results is the final
process for evaluating FLR’s progress. It is critical to
identify the mass media according to the different
target audiences.
NFMS provides tools applied to make decisions
concerning actions in the territory. They can also
serve other tools that require robust data to analyse
different needs within the FLR process, as for the
FERM platform. Box 6 shows a description of FERM
and some other platforms available on the Web as
examples of NFMS communication.

NFMS are highly complex institutional,
technical and logistical processes, which
require a set of technological tools to
assist in the management model of the system,
from planning to the dissemination of results. For
this reason, FAO created the Open Foris initiative,
a set of free and open-source tools that facilitate
data planning, collection, processing, analysis and
reporting. They help to save resources and produce
information. Open Foris is aimed at personnel from
national and local governments, communities,
research centres, non-governmental organisations
and companies that support forest monitoring.
Open Foris tools are available online Box 7
describes each tool.

©UN-REDD/Cory Wright

The development of a dialogue process on the
results with the different stakeholders should also
be an important step in the FLR process since
monitoring is essential for adaptive management
– defined as a “cyclical process made up of a
management action, a monitoring process of this
action’s impact, and subsequent adjustments based
on the monitoring results” (Aguilar-Garavito y
Ramirez, 2015).

2.14 STEP 14 SELECT AND CUSTOMISE
TECHNOLOGY TOOLS
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Box 6

Platforms of national satellite monitoring systems
Global resources
FAO Framework for Ecosystem Monitoring Restoration
Enhance monitoring systems to generate quality data and resource-efficient and fit-for-purpose
information; supports domestic restoration needs and the reporting of progress with strong
ownership by governments, relevant national entities, sub-national entities, NGOs, the private
sector and civil society organizations.

FAO Hand-in-hand geospatial platform
Based on geographic information systems with information on agroecology, water,
land, soils and GHG. It is an evidence-based tool led by countries to support agricultural
transformation, sustainable rural development and the SDGs, especially SDG1 “No poverty”
and SDG2 “Zero Hunger.”

Global Forest Watch
Web forest monitoring and warning system platform that offers a wide range of data and allows
for customizing maps, carrying out forest trends analysis, and identifying warnings.

National satellite land monitoring systems portal
This platform provides access to the systems developed with the UN-REDD Programme support.

National resources of Latin America and the Caribbean
Mexico
National forest information and management system and early warnings of forest fires

Guatemala
Forest information system of Guatemala

Honduras
Integrated system for forest management and monitoring

El Salvador
Forest and landscape restoration monitoring system

Costa Rica
National system for monitoring land cover, land use and ecosystems

Colombia
Forest monitoring system

Argentina
National forest monitoring system of the Republic of Argentina

Brasil
Brazilian National Research Institute

Suriname
National forest monitoring system
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Box 7

Description of Open Foris tools

Entry point for data and storage. Facilitates the development of userfriendly forms and validation rules to enable quality control. It is used to
collect field data for NFI and other socioeconomic uses and surveys.

Collect mobile app. Enables field data entry that connects directly to the
central database and can replace paper forms while reducing costs and
improving quality control of on-site data collection.

Tool for calculation and estimation. It provides a flexible way to produce
aggregated data that can be analysed and visualised with other free
applications, such as Saiku. It provides the option to perform customised
analysis modules in the free access application “R” for statistical analysis,
making data analysis possible according to the variety of sampling designs.

Local installation tool for terrestrial satellite monitoring through visual
interpretation and sampling techniques. Uses Collect to design the form
and works in connection with Google Earth, Bing Maps, and Google Earth
Engine servers.

Online tool for terrestrial satellite monitoring through visual interpretation
and sampling techniques. Multiple users can collect data simultaneously. It
connects to servers like Google Earth Engine, Bing Maps, and local servers
through the WMS service.
Enables users to query and process satellite data quickly and
efficiently, tailor their products to local needs and promptly produce
sophisticated and relevant geospatial analysis. It connects to cloud-based
supercomputers and modern geospatial data infrastructures like Google
Earth Engine. It allows users to access and process historical satellite data,
more recent Landsat data and higher resolution data from the European
Copernicus programme. Facilitates FLR planning, considering biophysical
variables of the ecosystem and socioeconomic variables such as benefits,
costs and risks.
Tool developed in association with Google, very user-friendly. It allows
for visualising, processing, and analysing satellite images and global data
sets on climate, vegetation, fires, biodiversity, geo-social, and other topics.
Users do not need prior knowledge of remote sensing or geographic
information systems.
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2.15 STEP 15 STRENGTHEN CAPACITIES
FOR QUALITY MAINTENANCE
Throughout the document, we have
learned that NFMS require a set of
integrated capacities through multiple
actors from central and subnational government
institutions, accompanied by academic and
research institutions, to determine the most
appropriate methodologies. Capacity development
must also consider organized communities and
the institutions that support them. International
technical assistance from organisations such
as FAO, bilateral cooperation agencies, and other
international agencies also play an important role
in technology transfer and to present solutions
to the complex forest and landscape monitoring
challenges. The NFMS entail a continuous capacitybuilding strategy due to the constant evolution of
information needs and the requirement to improve
methodologies using the best technology to deliver
fast and reliable solutions.
FAO uses the Organization for Economic
Cooperation and Development (OECD) definition
for capacity building, as “the processes whereby
people, organisations and society as a whole
unleash, strengthen, create, adapt and maintain
capacity over time” (FAO, 2012b). For continuous
NFMS to be successful, the capacity-building
approach must pay attention to the integration of
individual and organisational capacities, seeking a
favourable environment.
Personnel training is an essential dimension
in strengthening capacities for NFMS success,
ensuring the high-quality performance of
personnel dedicated to planning, collecting,
processing, analysing and reporting information.
Thus, the capacity-building strategy must contain
a continuous technical training plan with the

international community’s support, including the
transfer of knowledge and best practices nationally
and internationally. For best results, the technical
training plan should consider both North-South and
South-South transfer, since conditions in tropical
developing countries are different from conditions
in temperate countries.
To develop a capacity-building strategy, it is
recommended to review the VGNFM (FAO, 2017) on:
• national capacity development (3.2);
• development of partnerships and
collaborations (3.2);
• strengthening research and scientific
research institutions (3.3);
• integration of young experts (4.5).
Concerning the technical capacity training plan, it
is recommended to review the guidelines related to
operational design (FAO, 2017):
• formulation of manuals and protocols (5.3.1);
• establishing work teams (5.3.3);
• training (5.3.4).
To pursue and ensure the best data quality, review
the guidelines (FAO, 2017):
• field work supervision (5.3.7);
• documentation (enhanced transparency) (5.4.4);
• dialogue on the NFMS and its results (5.4.7);
• impact assessment and analysis (5.4.8).

The role of gender in capacity development
It is recommended to raise awareness on the importance of promoting women’s training
in order to increase their participation in processes involving NFMS. The UN-REDD
Programme developed a simple checklist for gender-sensitive workshops, which can be
adapted for technical training workshops because it makes it easier for trainers to maintain
active awareness to promote greater inclusion of women.
Gender-sensitive workshops can be found on the UN-REDD website.
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2.16 STEP 16 DEVELOP A SHORT AND
LONG-TERM SUSTAINABILITY
STRATEGY
NFMS sustainability is a challenge that
always concerns the decision makers
responsible for different components,
hence it is crucial to develop a short and long-term
strategy for implementing adjustments to NFMS
for FLR monitoring. The country may not have
integrated planning of the different components
of NFMS. Some recommendations of the VGNFM
on essential elements to launch or improve NFMS
management are specified as follows (FAO, 2017):
• Effectively integrate NFMS into existing
national policy and legislative frameworks
and government structures (organisations)
and funding systems (for example, the
national budget). This integration will create
the legal justification and the formal basis
for a long-term operation of the NFMS.
• Develop a capacity assessment to plan the
development of improvements in a phased
manner, establishing priorities.
• Ensure sufficient funds through sustainable/
relevant financing mechanisms for the
realisation and continuation of the NFMS to
guarantee updated information at regular
intervals.
• Establish the most appropriate coordination
mechanisms to carry out general
management, as well as the collection,
management and exchange of data between
institutions and information users.
• A clear designation of the responsibilities
and functions of all entities involved in
achieving the objectives and goals of the
NFMS, usually coordinated by a single
central entity. When the NFMS is executed
in a decentralised manner, a lead entity
should harmonise, coordinate, and maintain
coherence among the decentralised entities.
• An explicit commitment to impartiality,
free from undue influence or potential
conflicts of interest that could lead to biased/
compromised results;
• The specification of the means, including
resources (human, financing, infrastructures,
etc.) for establishing the NFMS.
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