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Abstract

Purpose of Review Forest landscape restoration (FLR) is an approach to restoring forest ecosystems first defined in 2000
that has gained prominence since the launch of the Bonn Challenge in 2011. FLR aims to enhance ecological integrity and
improve human well-being within (forested) landscapes. The monitoring of FLR is essential to ensure effective implemen-
tation and to learn from practice. Yet to this day, monitoring remains a major challenge for FLR. Monitoring FLR requires
measures at a landscape scale and across social and natural sciences. We explore some of the monitoring challenges raised
by these dimensions of FLR. We assess the current theory and practice behind FLR monitoring and how it relates to practices
in related environmental disciplines.

Recent Findings We highlight the challenges raised by the recent attempts at monitoring FLR and explore lessons from other

related fields and conclude by proposing a framework of the basic issues to consider when monitoring FLR.

Summary Keywords Biodiversity and people - Conservation - Data - Indicators - UN Decade on ecosystem restoration

Introduction: Forest Landscape Restoration
and Associated Monitoring Challenges

Forest landscape restoration (FLR) was first defined in 2000
as “a planned process that aims to regain ecological integrity
and enhance human well-being in deforested or degraded
landscapes” [1, 2]. This approach to restoration was pur-
posefully intended to be different from previous approaches
that focused on sites (e.g., ecological restoration), economic
aspects (e.g., large-scale monoculture plantations), or eco-
logical dimensions (of forests). More than 20 years since it
was first defined, FLR has increased in popularity, notably
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with the Bonn Challenge on FLR being launched in 2011
and several associated initiatives [3] including the UN Dec-
ade on Ecosystem Restoration (2021-2030). Forest restora-
tion more generally is seen as a vital component of strategies
to mitigate climate change [4] and to reverse land degrada-
tion and address the biodiversity crisis [5].

Restoring forests is not a new concept, and many forest
restoration initiatives were initiated before FLR was defined
[6, 7]. However, two major innovations stemming from FLR
have an impact on its planning, implementation, and monitor-
ing: (1) the scale of interventions—the landscape—and (2) the
need to reconcile both ecological and human objectives. The
landscape is larger than an individual forest stand and smaller
than a country or region yet has ill-defined boundaries [8]. The
advantage of the landscape scale lies in that it can accommo-
date different objectives and benefits [9]. FLR necessarily aims
to reconcile the needs and desires of several stakeholder groups
present in the landscape or with a stake in it. Furthermore, it
allows for both social and ecological benefits to be valued and
restored. FLR also requires long timeframes as the benefits
provided by restored forests take time to emerge. In practice,
there are many different interpretations of FLR emphasizing
different aspects such as carbon sequestration, biodiversity
conservation, or food security that complicate planning, imple-
mentation, comparison, aggregation, and monitoring [10].
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In spite of the issues around definitions and practice,
governments around the globe have set major targets to restore
millions of hectares of forest [3]. The recently agreed Kunming-
Montreal Global Biodiversity Framework commits Parties to
the Convention on Biological Diversity (CBD), under target
2, to ensure that by 2030 at least 30% of areas of degraded
terrestrial ecosystems are under effective restoration “in order
to enhance biodiversity and ecosystem functions and services,
ecological integrity and connectivity” [11]. Article 5 of the
legally binding Paris Agreement under the United Nations
Framework Convention on Climate Change (UNFCCC)
refers to the need to enhance forests [12]. Large multinational
companies have also launched several targets, generally
concerning the number of trees to plant [13], although some
are considering forest restoration too (e.g., [14, 15]).

Monitoring is standard best practice for project cycle
management, and its importance is increasingly being rec-
ognized in environmental projects more generally [16¢] and
FLR more specifically [17, 18e, 19, 20]. However, there are
several challenges inherent to FLR monitoring [19, 21e].
Efforts to date to improve the monitoring of FLR have been
constrained by their focus on restoration expertise, without
reference to the much larger body of knowledge on environ-
mental and social monitoring more broadly.

Through this review, we aim to assess the challenges
with FLR monitoring and to explore lessons learned from
other conservation monitoring initiatives and practices
that could be applicable to FLR. The review is based on
recent literature (last 5-10 years) on FLR and monitor-
ing (to identify challenges) and brings insights from the
much larger body of knowledge on conservation monitoring
(to identify lessons). To carry out the review, documents
and websites of relevance were identified through online
search engines and databases, such as Scopus and Google
Scholar. A snowballing technique was used to source other
literature from that uncovered. Between them, the authors
have 50 years of expertise in forest landscape restoration
and monitoring. Using their expert judgment, they merge
two rich sets of literature, identify the benefits of this cross-
fertilization and propose a simple framework to guide FLR
monitoring.

Challenges Associated with Monitoring FLR

There have been a number of efforts to develop guidance on
FLR monitoring, including frameworks and indicators to meas-
ure progress. Several sources underscore the need to set FLR
indicators against program goals (e.g., [22, 23e, 24]). Monitor-
ing requires a clear understanding of both the ambitions (objec-
tives) and the starting points (baselines). Below we identify
some of the major challenges impacting FLR monitoring.
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Lack of Globally Agreed Definitions

There is no global consensus on key terms (e.g., forest, deg-
radation) associated with FLR. Without clear and consist-
ent terms concerning the object of measurement, monitor-
ing results can be highly questionable (particularly when it
comes to aggregating data from different sources). In the
context of FLR, for example, if country X defines forests
according to the UNFCCC definition (10-30% canopy
cover, over at least 0.05—1 ha, and trees of 2—5 m at matu-
rity), it will report a different rate of deforestation or restora-
tion than country Y that defines its forests according to the
FAO definition (i.e., at least 10% tree cover, over at least
0.5 ha, and tree height of 5 m), even if they both use the
same source of data (e.g., satellite imagery). Equally, the
definitions of FLR have evolved and changed over time, with
slightly different interpretations or emphases. The original
definition emphasized “ecological integrity” a term that is
difficult to define and raises questions of judgment. The
current definition used by the Global Partnership on FLR
focuses on “ecological functionality,” an equally difficult
term to define, with divergent interpretations [25, 26]. Simi-
larly, the “human well-being” dimension is defined by the
Restoration Barometer as a change in income through jobs
[27], whereas well-being is increasingly understood as a
complex, multidimensional state [28]. The lack of consistent
terminology directly hampers the identification of suitable
indicators, data comparison, and aggregation.

Arbitrary Approaches for Setting Ambitious
Objectives and Defining Baselines

There are no common approaches to setting ambitions
for FLR. Developing realistic and effective FLR objec-
tives requires several sources of information—some his-
torical and some anticipatory [29]. Restoration goals, and
progress to achieve them, can be gauged against natural
reference sites that the restoration work is striving to rep-
licate [30-32]. They may also be set in the context of a
desired future state (which may be in part, but not exclu-
sively, based on reference systems). On the one hand, a
reference site (based on the past) helps to determine what
sort of forest and ecosystem existed in the target area. At
the same time, and given pressures and changes in the
landscape, a realistic set of objectives may need to con-
sider what are the current and future needs from the forest
[33]. For example, local villagers may have a preference
for specific medicinal tree species, and at the same time,
changing ecological and climatic conditions may favor
a different species mix to what was there before [29].
While a reference model may serve to inform these future
needs, other sources of information (including societal
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needs) may also shape the objectives for FLR, with a more
forward-looking perspective [34]. Such a perspective
necessarily anticipates climate change and its impacts on
specific tree species in the landscape to be restored [35].
Forward-looking planning should not however be seen
as an excuse for setting unambitious objectives. Setting
clear objectives—be they forward- or backward-looking
or a mix of both—and having a clear baseline are both
fundamental to monitoring progress.

Proliferation of Indicators

Existing papers, frameworks, and guidelines share a large
suite of indicators. They include biotic indicators, such as hab-
itat area and quality, species abundance, and diversity (e.g.,
[19]), abiotic indicators such as soil properties and hydrology
(e.g., [19]), and social indicators, such as income generation
(e.g., [18e]). Mansourian and Vallauri [36¢] identify a set of
ecological, social, and economic indicators; Viani et al. [18e]
propose ecological, socio-economic, and management indica-
tors. WRI [37] proposes a Sustainability Index for Landscape
Restoration that combines different types of measures around
water, habitat connectivity and patchiness, carbon captured,
soil quality, rural livelihoods, vulnerability to environmental
risk, and governance. Buckingham et al. [20] cluster indica-
tors around goal areas for restoration, namely, community,
culture, food and products, water, energy, biodiversity, soil,
and climate, as well as proposing a whole series of ecosystem
services indicators. [IUCN and its partners developed a Bonn
Challenge Barometer (now the Restoration Barometer) which
it claims is “the only tool already used by governments to
track the progress of restoration targets across all terrestrial
ecosystems including coastal and inland waters” [38]. This
tool uses eight indicators, four on actions and four on impact.
FAO and UNEP [39] developed a set of headline indicators for
ecosystem restoration more broadly, aligned with the sustain-
able development goals (SDGs). While many of these indica-
tor sets link to key FLR concepts and practices and may help
some FLR practitioners identify suitable metrics to monitor
their activities and goals, the proliferation of indicators and
indicator categories is likely to appear overwhelming and
confusing to those practitioners who are less familiar with
monitoring. It may also lead to different people measuring
different things within and between landscapes, making the
aggregation and comparison of results a major challenge (see
below for further discussion on the issue of scale).

Narrow Sets of Indicators Used in Practice
In spite of the large choice of potential metrics, to date, most

projects have focused primarily on environmental indicators
[40, 41]. Social or socio-economic indicators are measured

very rarely [42, 43, 36¢] and, where they are included, are
often reduced to a simple dimension, such as jobs, as used
in the Restoration Barometer [27]. A recent review of seven
field projects conducting restoration noted that the top three
indicators used are area planted, number of trees planted,
and number of native species planted [36¢]. Although these
tree-planting metrics can be—theoretically—measured
relatively easily, they raise several challenges. Firstly, they
provide no indication of long-term survival. A recent review
in Asia estimated that 44% of planted trees did not survive
beyond 5 years [44]. Secondly, these indicators do not meas-
ure ecological functionality [45, 25] and how forests and
species within them provide ecosystem services, especially
at the landscape scale. Several recent articles have criticized
this lack of rigor concerning ecological functionality or for-
est quality in FLR and associated forest restoration efforts
[46—49]. Thirdly, these metrics omit entirely the human
dimension intrinsic to FLR.

Overreliance on Maps

With greater availability of satellite-based remote sensing
data, forest cover has become easier and cheaper to monitor
[50, 51], and platforms such as Global Forest Watch [52] are
providing near real-time changes in some variables. Maps
continue to be a favored tool to measure restoration oppor-
tunity [53] and, in theory, progress (e.g., [27]). Yet they fail
to address both the fine detail of ecological functionality
and the human aspects of FLR. Even where satellite imagery
provides sufficiently fine detail to measure indicators relat-
ing to the functioning, structure, and composition of forest
ecosystems [54], to date, most monitoring systems continue
to rely on a pure measure of area (e.g., hectares restored) that
fails to account for age and species diversity, both of which
are critical to restoring forest quality as well as quantity [55,
24]. Some interpretations using definitions of forests that
have a low threshold, such as that by FAO (10% tree cover),
may also fail to capture deforestation that remains above the
10% threshold [56].

Monitoring at Inadequate Spatial and Temporal Scales

Monitoring at large spatial and temporal scales poses chal-
lenges [57-59]. Many attributes of landscapes are hard to
measure, and the scale of interventions and the lack of clear
and agreed indicator frameworks mean monitoring seldom
provides data on long-term environmental and social impacts
[60, 9, 61]. An additional challenge is that landscapes rarely
match jurisdictional or land tenure scales, so multiple and
overlapping interests and remits are involved in managing
the land and its resources. Therefore, if any monitoring is
conducted, it is usually in the context of a specific project
that may not cover the whole landscape, and once that is
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finished, monitoring stops. This has implications for the scale
of impacts sought by restoration and inevitably leads to the
selection of short-term process indicators at small spatial
scales over longer-term impact indicators at large spatial
scales. Very few planning and monitoring tools exist that are
geared toward the landscape level.

Inadequate Data Aggregation

Restoration in general and FLR in particular are relevant to the
three Rio conventions and have been prioritized by major donors
such as the Global Environment Facility [62]. At an international
level, the value of collecting data on FLR lies in its aggregation
to gain a global overview of progress. However, as seen with
FAO forest data [63], aggregating data across countries is lim-
ited by idiosyncrasies in terminology, data collection, and inter-
pretation [64], which is further compounded by the general lack
of data in national environmental reporting [65]. Because FLR
seeks to meet dual objectives, data aggregation between social
and ecological benefits also presents challenges. This is in part
because different expertise and methods are required for each
but also because of the nature of the change measured, includ-
ing the timeframe over which this change may be visible. For
example, the re-establishment of functional ecosystems requires
decades, while the creation of new forest-related jobs might be
achieved in a couple of years.

Limited Capacity and Resources

The complexity and the temporal and spatial scales of land-
scape approaches like FLR require significant financial, institu-
tional, and human resources [66, 9]. The inadequate monitoring
of FLR outlined above, with an over-emphasis on measuring
short-term outputs rather than long-term outcomes and impacts,
focusing only on a narrow selection of environmental metrics,
may in part be attributed to short-term donor funding and the
need to show results in a brief period. However, many environ-
mental projects suffer from inadequate human, technological,
or financial capacity to conduct monitoring [16e]; it is likely
that this is also the case in many FLR initiatives. Investing in
training local communities to collect data efficiently ensures
long-term monitoring capacity in the landscape [41].

Key Lessons from Other Monitoring
Initiatives and Indicator Frameworks

In this section, we review some of the lessons emerg-

ing from monitoring in other related disciplines and
fields with a view to informing FLR monitoring. There
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are several initiatives and frameworks to produce stand-
ard sets of environmental indicators relevant at multiple
scales, including at the landscape level.

Lesson 1: Best Practices—Follow widely accepted
bestpractices in setting indicators

There is various guidance available on selecting suitable
environmental and social indicators [57, 67, 68], but com-
mon key principles that are applicable to FLR include that.

e Indicators should be

e Credible (i.e., using established methods—both
from Western science and Indigenous knowledge
where relevant);

e Feasible to apply (i.e., the facility, program, or project
will be able to collect data either directly or through
secondary sources using identified methods);

e Measurable (in quantitative or qualitative terms);

e Precise (defined the same way by everyone who uses
them);

e Consistent (always measuring the same thing);

e Understandable (everyone who is concerned by the
results can interpret what they mean);

e Sensitive to the changes being measured.

e Indicators should link to the goals and activities of the
program concerned and include both ecological and
socio-economic measures.

e Ecological indicators will need to measure more than
just forest cover and track broader biodiversity states.

e Nature’s contributions and benefits to people, espe-
cially through ecosystem services, should also be moni-
tored. Socio-economic indicators will need to meas-
ure the aspects of human well-being most relevant to
the FLR goals in a given context and will range from
access to key natural resources and ecosystem services
to overall livelihoods.

e Indicators should be developed by key stakeholders in
the context of a monitoring plan, which includes

e Methods—"“how” the indicators will be measured.

e Timing/frequency—“when” the indicators will be
measured

e Roles and responsibilities—“who” will measure
the indicators

e Location—“where” they will be measured

Sharing a small set of common core indicators is key to
aggregating data across a portfolio of projects or sites (57;
68; 69) and has also been proposed for FLR sites [70e].
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Lesson 2: Indicators—Use feasible sets of scalable
indicators linked to program goals that can be
compared and aggregated and where at least some
are of relevance to national and global frameworks

The pressure-state-response-benefit (PSRB) indicator frame-
work is promoted by many conservationists to track linked
indicators relating to the state of biodiversity, benefits of biodi-
versity accrued by people, pressures and threats, and responses
such as policies and actions to address threats [71, 57]. This
is a simplification and modification of the widely used driver-
pressure-state-impact-response (DPSIR) framework and has
been adopted by the UN to track progress against the goals of
the CBD and the sustainable development goals (SDGs) (e.g.,
[72]). The PSRB model has also been proposed as appropri-
ate for FLR by Dudley et al. [19] who note that successful
monitoring systems for restoration need to consider the factors
that caused degradation, changes to the ecosystem during res-
toration, and the steps taken by the restoration project. Rather
than rely on largely theoretical indicator frameworks (e.g.,
[20]), it may prove more fruitful to use bottom-up approaches
to choose feasible indicators of relevance to a given project
[36¢], and the PSRB model could help with that.

It may also prove more practical, and encourage adoption
and data collection, if FLR indicators (wherever possible)
were harmonized with indicators used already by multiple
actors and in multiple initiatives (Table 1), such as indica-
tors used to track delivery of the Kunming-Montreal Global
Biodiversity Framework [11] and the sustainable develop-
ment goals [73].

Many countries set environmental and social goals and
indicators at a national level, either as part of national devel-
opment strategies or to meet obligations under multilateral
environmental agreements. For example, all parties to the
CBD are obliged to develop NBSAPs (National Biodiversity
Strategies and Actions Plans) and report against their deliv-
ery. FLR projects should try, wherever possible, to link to
such national-level indicators. Examples of national metrics
of potential relevance for FLR include indicators for.

e The Ghana@100 strategy [74], such as forest area as a
percentage of land area, access to improved drinking
water, and agriculture as % of GDP

e Colombia’s national development plan 2022-2026 [75],
which commits to reduce deforestation by 20% and to have
3.9 million ha under formal ownership by the end of the
period

e Sri Lanka’s sustainable 2030 vision [76], such as the
number of community institutions implementing village
development plans with over 80% household participa-
tion and over 50% women participation and levels of
funding for community institutions in collaboration with
local government and the private sector

One of the few tools aimed at the landscape level, Land-
Scale [77], is a standardized approach for assessing and
communicating the sustainability performance of land-
scapes where key commodities are produced. Although this
approach focuses on agricultural landscapes, many of the
proposed indicators are relevant to FLR (Table 1).

Common metrics across global indicator frameworks
are measures of habitat cover, quality or health, species
diversity and abundance, and human well-being and live-
lihoods. There are also metrics focused on key pressures
and responses. Given that several of the global indicators,
especially for the CBD, have not yet been finalized, there is
an opportunity for the FLR community to help shape and
influence the final list.

Lesson 3: Collecting Data—Use modern methods
and technologies and existing data wherever
possible to enhance monitoring

Modern tools and technologies, including satellite-based
remote sensing, camera trapping, bioacoustics, and environ-
mental DNA (eDNA), some deployed by aircraft, blimps, or
drones, provide opportunities to enhance data collection [79],
although every tool has its advantages and disadvantages [80,
32,51, 81]. Application of such modern tools and technologies
opens up new avenues to monitor FLR at larger spatial and
temporal scales [82]. Artificial intelligence tools are progres-
sively being integrated into web-based platforms to improve
and speed up data analysis [16e]. However, large volumes of
information collected by remote sensing “do not necessarily
correspond to good knowledge and the ability to answer key
questions of management and conservation significance” [59],
and so the choice of method needs to be tailored to the specific
needs and capacities of the project [16e].

Some environmental projects use secondary data to
help with monitoring. Just as satellite-based remote sens-
ing data on forest cover will be sourced externally by most
FLR actors, many other indicators can also potentially be
measured with secondary data. A range of often open-access
global data sources are available that have potential use in
the monitoring of environmental states, pressures, benefits,
and responses [83], and many will be applicable to FLR.

Lesson 4: Counterfactuals—Monitoring
counterfactuals will allow measurement of impact

In conservation projects, there is a growing push for meas-
uring counterfactuals, where data are collected at both the
intervention site and a similar site where no activity is
undertaken (see, e.g., [84, 85]). This can be done for biodi-
versity indicators by monitoring the same species or habitats
outside the area of intervention [68] and for socio-economic
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Table 1 Summary of some of the indicators potentially relevant to FLR proposed by other international and national indicator systems

Indicator system

Examples of types of indicators potentially relevant to FLR

CBD—monitoring framework for
the Kunming-Montreal Global
Biodiversity Framework [11]

Sustainable development goals [78]

TUCN guidelines for planning and
monitoring corporate biodiversity
performance [68]

LandScale [77]

Headline indicators:

A.2 Extent of natural ecosystems

B.1 Services provided by ecosystems

C.1 Indicator on monetary benefits received

C.2 Indicator on non-monetary benefits

2.2 Area under restoration

10.1 Proportion of agricultural area under productive and sustainable agriculture
10.2 Progress toward sustainable forest management

2.3.2 Average income of small-scale food producers, by sex and indigenous status

2.4.1 Proportion of agricultural area under productive and sustainable agriculture

6.3.2 Proportion of bodies of water with good ambient water quality

6.4.2 Level of water stress: freshwater withdrawal as a proportion of available freshwater resources
6.6.1 Change in the extent of water-related ecosystems over time

8.9.2 Proportion of jobs in sustainable tourism industries out of total tourism jobs

15.1.1 Forest area as a proportion of total land area

15.2.1 Progress toward sustainable forest management

15.3.1 Proportion of land that is degraded over total land area

15.5.1 Red list index

Benefits:

e Abundance of species used sustainably by farmers and local communities
e Income generated from sale of harvested
resources (e.g., agroforestry crops)

o Index of human well-being measures

e Ecosystem integrity index

States:

o Forest area as a proportion of land area

e Species richness and diversity

e Abundance of key species

o Water quality

o Habitat health

o Red List of Species Index

o Green Status Index

Pressures:

e Habitat fragmentation

o Number of incidents of illegal or unsustainable
activity

o Populations trends of key invasive species
Responses:

o Protected area cover

o Protected area management effectiveness

e Number of trees planted and % survivorship

e Number of farms applying sustainable techniques
e Proportion of products or raw materials from
certified sources

Ecosystems

e Area of natural ecosystem converted (ha), disaggregated by land cover type

o Natural ecosystem fragmentation (index)

o Status (e.g., abundance) of indicator species that are associated with intact ecosystems

e Restoration rate (ha/yr) or total area restored (ha), disaggregated by restoration type

e Changes in populations of, or threats to, threatened species

e Soil health (% Soil Organic Carbon) in a representative sample of production sites across the landscape

Human well-being and governance

e Percentage of (rural) population living on < $1.90/day (or below national poverty line)

e Locally relevant measures of economic development (e.g., land ownership, access to credit/financial
services)

o Percentage of landscape with formalized land tenure rights that has clearly defined boundaries shown in
publicly accessible maps

e Number of new or continuing unresolved land or resource conflicts or grievances including land grab-
bing

e Percentage of landscape covered by land use or zoning plans that are formally adopted and enforceable
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indicators by monitoring, for example, control households
not impacted by the project [86, 87].

While the use of scalable linked indicators, such as the
PSRB model, allows the monitoring of results along a pro-
ject’s theory of change and can help identify actual and
potential reasons for success [57], the use of randomized
control trials [88] and before-after control intervention anal-
yses [85] can measure success against counterfactuals and
enhance attribution of results [89]. FLR interventions will
need to follow suit in order to assess impact.

Lesson 5: Date Analysis and Use—Use data
for adaptive management and share results
and lessons as widely as possible

Data collected by monitoring needs to be used for planning
and decision-making, especially for adaptive management
where successful approaches are replicated and less success-
ful approaches are modified or replaced [59, 16e]. The use
of data can be enhanced by the development of easy-to-use
data-derived products that facilitate interpretation and analy-
sis, such as maps, graphs, and dashboards [90, 68, 15]. The
most effective products are likely to be those that cater to
the needs of stakeholders with differing priorities and man-
dates and are therefore simple and openly accessible [91]. As
noted earlier, using maps to track forest cover can be a chal-
lenge, but maps can also be useful ways of presenting other
types of state data as well as data on pressures, responses,
and benefits that help facilitate decision-making [90].

Fig.1 Key considerations in
FLR monitoring

Several studies have noted that, for the monitoring of
environmental projects to succeed, it is essential to increase
the sharing of data [91, 83] and the sharing of lessons and
experiences [69, 92]. Learning and information sharing are
also seen as key success factors for collaborative monitoring
in FLR [93].

Lesson 6: Partnerships—Stakeholder collaboration
and partnerships facilitate effective monitoring
as well as planning

Effective monitoring requires strong partnerships between
different actors, including scientists, policy-makers, com-
munities, and managers [94, 93, 68, 16¢]. Increasingly too,
monitoring involves Indigenous peoples and local commu-
nities in what is often referred to as “citizen science,” and
several new technologies, including camera trapping, acous-
tic monitoring, and eDNA, lend themselves to community
involvement [51].

Landscape inhabitants have a critical role to play in FLR.
This is also the case in monitoring FLR, where their local
knowledge and experience may provide cost-effective and
long-term measures of landscape change. “Stakeholders
need to explore ways of including indigenous, traditional,
local and under-utilised ecological knowledge in the mix of
data collected” [16e]. In many tropical countries where FLR
is implemented, this may require structural and institutional
changes centered on trust building and empowerment.

Monitoring Goal:

Data inform FLR decisions and adaptive management at
appropriatetemporal and spatial scales

= =

/ Feasible, cost-effective and meaningful monitoring plans implemented \

WHAT?

Ecological indicators (abiotic, biotic) and socio-economic indicators
(multidimensional measures of livelihoods and wellbeing) that can
be aggregated with other local, national, regional and global plans

L

Modern methods and technologiesand secondary data, with links

Cross-disciplinary teams and key stakeholders, including Indigenous
people, local authorities, businesses, etc. and partnerships

to national, regional and global processes

(including between public and private actors)

4
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Businesses are increasingly striving for, or being legally
obliged to strive for, sustainability and to contribute to nature-
positive ambitions [95]. Furthermore, in many sectors, com-
panies are legally obligated to conduct environmental impact
assessments or strategic environmental assessments before
commencing operations. Many companies opting to have their
production certified as sustainable also require assessments.
This means that going forward, corporate entities are liable to
become increasingly important partners in collecting, using,
and sharing environmental data. New frameworks being final-
ized for the corporate sector, such as the Science-Based Targets
Network guidance [96] and the Taskforce for Nature-related
Financial Disclosures [97], will also provide scope for helping
businesses identify suitable metrics, many of which should be
relevant to FLR initiatives.

Conclusions and Way Forward

Monitoring is essential for assessing progress, learning, and
adaptive management. FLR monitoring is complicated by the
spatial and temporal scales of the process and the dual social
and ecological dimensions. A review of the current situation
illustrates that, although many frameworks exist or are being
developed, in practice, monitoring of FLR continues to be chal-
lenging and, as a result, is likely to impede effective progress
and implementation of restoration at the scales required.

Moving forward, FLR practitioners would benefit from
learning from practices in other environmental areas. Les-
sons that we identified include the need to choose appropri-
ate indicators, collect primary and secondary data using the
latest technologies and approaches (including counterfactu-
als to assess impact), share data and lessons, and engage
diverse stakeholders in data collection and use.

If FLR initiatives are to scale up data collection to the
levels needed to monitor progress and impact, the lessons
learned from other environmental monitoring experiences
suggest three key points to address going forward (Fig. 1).

Firstly, choosing a small set of common, scalable indi-
cators across landscapes and sites within landscapes will
help facilitate data aggregation and monitoring at the spatial
and temporal scales needed. Adoption of the PSRB indica-
tor framework would align FLR initiatives and suggest that,
for FLR, state indicators would look at biotic factors such
as habitat cover and quality and populations of key species,
benefit indicators would include socio-economic measures
around livelihoods and ecosystem services, pressure indi-
cators would look at threats facing the landscape and its
wildlife and people, and response indicators would measure
progress in the actions, strategies, and policies employed to
restore landscapes (including some of the management met-
rics proposed by some authors). Clearer definitions of what
sorts of benefits humans gain across FLR initiatives would
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help identify the best livelihood and well-being indicators
to use and strengthen the link between forest restoration and
its outcomes. While indicators need to be chosen to measure
FLR goals, they also need to be linked insofar as possible
to existing local, national, regional, and global frameworks
to enhance the likelihood of adoption and successful appli-
cation. Many of the FLR-specific frameworks proposed to
date (e.g., [18e, 19, 20]) can be used as a menu of options
to consider if and where relevant. A small number of well-
chosen and feasible indicators are better than a long list that
will never be implemented. Keeping the system as simple as
possible while gaining adequately meaningful data will also
help ensure cost-effectiveness and the long-term scale needed
for data collection. It is also essential that monitoring plans
are regularly assessed, and indicators that are not working or
providing no information are modified or removed.

Secondly, methods and approaches to collect FLR moni-
toring data should make use of the diversity of modern tools
being applied in other areas. Satellite-based remote sensing can
measure not only forest cover but also many aspects of forest
structure and composition [54, 79] that will allow measures
of ecosystem function, especially when complemented with
ground-truthing surveys. Other tools, such as camera trap-
ping, eDNA, and passive acoustic monitoring could help in
particular to measure the diversity and abundance of species
within restored forests and, in turn, reflect the functionality of
those forests. In at least some cases, artificial intelligence can
support data analysis. The choice of tool for FLR monitoring
will need to be influenced by capacity and budget, as well as
the taxa and habitats being monitored. Use of such methods
would also help to reduce the current emphasis on maps and
areal measure of success in FLR.

Thirdly, to be effective in monitoring the biological and
social aspects of restoration, cross-disciplinary teams with the
expertise to measure and interpret data across both social and
ecological dimensions will be essential. Indigenous peoples and
local communities, and non-traditional environmental actors like
businesses, also need to be engaged. Data use across stakeholder
groups will be facilitated by improved presentation and sharing
of data. For FLR, dashboards would need to focus on indicators
that are aggregated across the target landscape that meet the
needs of key stakeholders. Online data portals established by
relevant partners could help with generating and sharing such
dashboards and other derived products. Examples of the types
of portals that could be evolved to include such products include
the IUCN Restoration Barometer (https://restorationbarometer.
org/), Restor (https://restor.eco/map), and UNEP’s World Envi-
ronment Situation Room (https://wesr.unep.org/).

Collaboration and wide stakeholder engagement have been
flagged as important for planning and implementing FLR, espe-
cially the involvement of local communities [98]. Engaging local
partners to collect data collaboratively has already been proposed
for FLR sites [70e] although this is challenging to implement
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[99]. Governance challenges related notably to tenure and prop-
erty rights [100, 101] may also create tensions and conflicts in
FLR planning and implementation and may, therefore, also affect
monitoring. Partnerships can help to share the responsibility for
monitoring across large scales. Management of watersheds in for-
est landscapes might provide a suitable scale at which partnerships
can operate in at least some cases. For example, in Brazil, the
Cerrado Waters Consortium (Consércio Cerrado das Aguas) is a
multi-stakeholder coalition involving government, business, and
civil society actors that facilitates restoration, as well as climate-
smart agriculture and water management, in target watersheds [15,
102]. In some cases, a landscape may match some form of local
government jurisdiction (e.g., a district) or have a research institute
or other form of government body operating within the boundaries
of the landscape, and in such cases, these organizations can take
alead in rallying partners around suitable monitoring systems.

Ultimately, FLR stakeholders need to be pragmatic when
monitoring their progress and impact. At such large spatial
and temporal scales, it will never be possible to measure
everything that is happening or being restored. The key is
to gauge the appropriate amount of effort required and to
focus on a small set of key indicators to provide enough
information to inform adaptive management while being fea-
sible to measure within the constraints of available resources
and stakeholder capacity. If these indicators are harmonized
with those used in other frameworks, it should be possible
to measure the impact of FLR not just against the social and
environmental goals within the landscape but also against
global ambitions for a sustainable planet.

Author Contributions Both authors contributed equally to the concep-
tion and writing of the manuscript.

Funding PJ Stephenson acknowledges financial support from the
Swiss Network for International Studies (SNIS). Open access funding
was provided by University of Lausanne.

Compliance with Ethical Standards
Conflict of Interest The authors declare no competing interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any
of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have
been highlighted as:
e Of importance

1.  WWEF, IUCN. Minutes of forests reborn workshop in Segovia,
Spain. 2000.

2. Mansourian S, Berrahmouni N, Blaser J, Dudley N, Maginnis
S, Mumba M, Vallauri D. Reflecting on twenty years of forest
landscape restoration. Restor Ecol. 2021;29(7):e13441. https://
doi.org/10.1111/rec.13441.

3. Stanturf JA, Mansourian S. Forest landscape restoration: state
of play. R Soc Open Sci. 2020;7(12):201218. https://doi.org/10.
1098/rs0s.201218.

4. IPCC. An IPCC special report on climate change, desertification,
land degradation, sustainable land management, food security,
and greenhouse gas fluxes in terrestrial ecosystems (SRCCL).
Geneva: World Meteorological Organization. 2019.

5. IPBES. Global assessment report on biodiversity and ecosystem ser-
vices of the intergovernmental science-policy platform on biodi-
versity and ecosystem services. Bonn: IPBES Secretariat. 2018.

6. Hobbs RJ, Norton DA. Towards a conceptual framework for
restoration ecology. Restor Ecol. 1996;4(2):93-110. https://doi.
org/10.1111/j.1526-100X.1996.tb00112.x.

7. StanturfJA, Palik BJ, Dumroese RK. Contemporary forest restoration: a
review emphasizing function. For Ecol Manage. 2014;1(331):292—
323. https://doi.org/10.1016/j.foreco.2014.07.029.

8. SayerJ, Sunderland T, Ghazoul J, Pfund JL, Sheil D, Meijaard E,
Venter M, Boedhihartono AK, Day M, Garcia C, Van Oosten C.
Ten principles for a landscape approach to reconciling agriculture,
conservation, and other competing land uses. Proc Natl Acad Sci.
2013;110(21):8349-56. https://doi.org/10.1073/pnas.1210595110.

9. Reed]J, Van Vianen J, Deakin EL, Barlow J, Sunderland T. Inte-
grated landscape approaches to managing social and environ-
mental issues in the tropics: learning from the past to guide the
future. Glob Change Biol. 2016;22(7):2540-54. https://doi.org/
10.1111/gcb.13284.

10. Mansourian S. In the eye of the beholder: reconciling inter-
pretations of forest landscape restoration. Land Degrad Dev.
2018;29(9):2888-98. https://doi.org/10.1002/1dr.3014.

11.  CBD. Decision adopted by the conference of the parties to the
convention on biological diversity at its fifteenth meeting, part
II. Kunming-Montreal Global Biodiversity Framework. CBD/
COP/DEC/15/4 19 December 2022. Montreal: CBD. 2022.

12. UN. Paris Agreement. 2015. Website https://unfccc.int/files/
essential_background/convention/application/pdf/english_paris_
agreement.pdf . Accessed on 9 Jun 2023.

13.  Mansourian S, Vallauri D. Unravelling the extent of tree plant-
ing by corporations. Corp Soc Responsib Environ Manag.
2023;30(3):1514-23.

14.  Smith T, Beagley L, Bull J, Milner-Gulland EJ, Smith M,
Vorhies F, Addison PF. Biodiversity means business: reframing
global biodiversity goals for the private sector. Conserv Lett.
2020;13(1):e12690. https://doi.org/10.1111/conl.12690.

15.  Stephenson PJ, Carbone G. Nespresso and biodiversity. Gland:
TUCN. 2021b. https://doi.org/10.13140/RG.2.2.31633.71525.

16.e Stephenson PJ, Londofio-Murcia MC, Borges PA, Claassens L,
Frisch-Nwakanma H, Ling N, McMullan-Fisher S, Meeuwig
1], Unter KM, Walls JL, Burfield 1J. Measuring the impact of
conservation: the growing importance of monitoring fauna, flora
and funga. Diversity. 2022;14(10):824. https://doi.org/10.3390/
d14100824. A thorough review of the reasons why biodiver-
sity monitoring is important.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/rec.13441
https://doi.org/10.1111/rec.13441
https://doi.org/10.1098/rsos.201218
https://doi.org/10.1098/rsos.201218
https://doi.org/10.1111/j.1526-100X.1996.tb00112.x
https://doi.org/10.1111/j.1526-100X.1996.tb00112.x
https://doi.org/10.1016/j.foreco.2014.07.029
https://doi.org/10.1073/pnas.1210595110
https://doi.org/10.1111/gcb.13284
https://doi.org/10.1111/gcb.13284
https://doi.org/10.1002/ldr.3014
https://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
https://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
https://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
https://doi.org/10.1111/conl.12690
https://doi.org/10.13140/RG.2.2.31633.71525
https://doi.org/10.3390/d14100824
https://doi.org/10.3390/d14100824

Current Landscape Ecology Reports

17.

18.e

19.

20.

21.e

22.

23.e

24.

25.

26.

27.

28.

29.

30.

31.

32.

Mansourian S, Dudley N, Vallauri D. Forest landscape restora-
tion: progress in the last decade and remaining challenges. Ecol
Restor. 2017;35(4):281-8. https://doi.org/10.3368/er.35.4.281.
Viani RA, Holl KD, Padovezi A, Strassburg BB, Farah FT,
Garcia LC, Chaves RB, Rodrigues RR, Brancalion PH. Pro-
tocol for monitoring tropical forest restoration: perspectives
from the Atlantic Forest Restoration Pact in Brazil. Trop Con-
serv Sci. 2017;10:1940082917697265. https://doi.org/10.1177/
1940082917697265. This article describes a comprehensive
monitoring system for the Atlantic Forest.

Dudley N, Bhagwat SA, Harris J, Maginnis S, Moreno JG,
Mueller GM, Oldfield S, Walters G. Measuring progress in
status of land under forest landscape restoration using abiotic
and biotic indicators. Restor Ecol. 2018;26(1):5-12. https://
doi.org/10.1111/rec.12632.

Buckingham K, Ray S, Granizo CG, Toh L, Stolle F, Zoveda
F, Reytar K, Cristales RZ, Ndunda P, Landsberg F, Matsumoto
M. The road to restoration: a guide to identifying priorities and
indicators for monitoring forest and landscape restoration. Rome
and London: FAO and WRI. 2019.

Stanturf JA. Forest landscape restoration: building on the past for
future success. Restor Ecol. 2021;29(4):e13349. https://doi.org/
10.1111/rec.13349. This state of the art article reviews a wide
range of topical issues related to FLR, including monitoring.
Burton PJ. Considerations for monitoring and evaluating forest
restoration. J Sustain For. 2014;33(sup1):S149-60. https://doi.
org/10.1080/10549811.2014.884001.

Dey DC, Schweitzer CJ. Restoration for the future: endpoints,
targets, and indicators of progress and success. J Sustain For.
2014;33(sup1):S43-65. https://doi.org/10.1080/10549811.2014.
883999. This article provides a useful overview of critical
monitoring issues in restoration.

Mansourian S, Stanturf JA, Derkyi MA, Engel VL. Forest
landscape restoration: increasing the positive impacts of forest
restoration or simply the area under tree cover? Restor Ecol.
2017;25(2):178-83. https://doi.org/10.1111/rec.12489.
Akcgakaya HR, Rodrigues AS, Keith DA, Milner-Gulland EJ,
Sanderson EW, Hedges S, Mallon DP, Grace MK, Long B, Meijaard
E, Stephenson PJ. Assessing ecological function in the context of
species recovery. Conserv Biol. 2020;34(3):561-71. https://doi.org/
10.1111/cobi.13425.

Indrajaya Y, Yuwati TW, Lestari S, Winarno B, Narendra BH,
Nugroho HY, Rachmanadi D, Pratiwi, Turjaman M, Adi RN, Savitri
E. Tropical forest landscape restoration in Indonesia: a review. Land.
2022;11(3):328. https://doi.org/10.3390/land11030328.

Dave R, Saint-Laurent C, Murray L, Antunes Daldegan G, Brouwer
R, de Mattos Scaramuzza CA, Raes L, Simonit S, Catapan M, Garcia
Contreras G, Ndoli A. Second Bonn challenge progress report. Appli-
cation of the Barometer in 2018. Gland: IUCN. 2019

Miller DC, Mansourian S, Gabay M, Hajjar R, Jagger P, Kamoto
JF, Newton P, Oldekop JA, Razafindratsima OH, Shyamsundar P,
Sunderland T. Forests, trees and poverty alleviation: policy impli-
cations of current knowledge. For Policy Econ. 2021;131:102566.
https://doi.org/10.1016/j.forpol.2021.102566.

Stanturf JA. Future landscapes: opportunities and challenges. New For.
2015;46(5-6):615-44. https://doi.org/10.1007/s11056-015-9500-x.
Ruiz-Jaen MC, Mitchell AT. Restoration success: how is it being
measured? Restor Ecol. 2005;13(3):569-77. https://doi.org/10.
1111/j.1526-100X.2005.00072.x.

Gann GD, McDonald T, Walder B, Aronson J, Nelson CR, Jonson J,
Hallett JG, Eisenberg C, Guariguata MR, Liu J, Hua F. International
principles and standards for the practice of ecological restoration.
Restor Ecol. 2019;27(S1):S1-46. https://doi.org/10.1111/rec.13035.
Camarretta N, Harrison PA, Bailey T, Potts B, Lucieer A,
Davidson N, Hunt M. Monitoring forest structure to guide adaptive

@ Springer

33.

34.

35.

36.0

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

management of forest restoration: a review of remote sensing
approaches. New For. 2020;51:573-96.

Hobbs RJ, Arico S, Aronson J, Baron JS, Bridgewater P, Cramer
VA, Epstein PR, Ewel JJ, Klink CA, Lugo AE, Norton D. Novel
ecosystems: theoretical and management aspects of the new
ecological world order. Glob Ecol Biogeogr. 2006;15(1):1-7.
https://doi.org/10.1111/j.1466-822X.2006.00212.x.

Higgs E, Falk DA, Guerrini A, Hall M, Harris J, Hobbs RJ, Jackson
ST, Rhemtulla JM, Throop W. The changing role of history in res-
toration ecology. Front Ecol Environ. 2014;12(9):499-506. https://
doi.org/10.1890/110267.

Harris JA, Hobbs RJ, Higgs E, Aronson J. Ecological restora-
tion and global climate change. Restor Ecol. 2006;14(2):170-6.
https://doi.org/10.1111/§.1526-100X.2006.00136.x.
Mansourian S, Vallauri D. Challenges in measuring multiple
impacts hinder performance recognition in forest landscape
restoration: experience from seven field projects. Restor Ecol.
2022;30(1):e13504. https://doi.org/10.1111/rec.13504. This
article is one of the few that looks at how monitoring is car-
ried out in FLR projects (rather than ecological restoration
or other restoration projects) and reviews actual indicators
being used by projects.

WRI. Sustainability index for landscape restoration: a tool for moni-
toring the biophysical and socioeconomic impacts of landscape res-
toration. Washington DC: World Resources Institute. 2017.
IUCN. The restoration barometer. 2023. https://www.iucn.org/
resources/conservation-tool/restoration-barometer . Accessed on
9 Jun 2023.

FAO and UNEDP. Global indicators for monitoring ecosystem resto-
ration — a contribution to the UN Decade on Ecosystem Restoration.
Rome, FAO. 2022. https://doi.org/10.4060/cb9982en.

Murcia C, Guariguata MR, Andrade A, Andrade GI, Aronson J,
Escobar EM, Etter A, Moreno FH, Ramirez W, Montes E. Chal-
lenges and prospects for scaling-up ecological restoration to meet
international commitments: Colombia as a case study. Conserv Lett.
2016;9(3):213-20. https://doi.org/10.1111/conl.12199.

Evans K, Guariguata MR, Brancalion PH. Participatory monitoring
to connect local and global priorities for forest restoration. Conserv
Biol. 2018;32(3):525-34. https://doi.org/10.1111/cobi.13110.

Le HD, Smith C, Herbohn J, Harrison S. More than just trees:
assessing reforestation success in tropical developing countries.
J Rural Stud. 2012;28(1):5-19. https://doi.org/10.1016/j.jrurstud.
2011.07.006.

Wortley L, Hero JM, Howes M. Evaluating ecological restoration
success: a review of the literature. Restor Ecol. 2013;21(5):537—-
43. https://doi.org/10.1111/rec.12028.

Banin LF, Raine EH, Rowland LM, Chazdon RL, Smith SW,
Rahman NE, Butler A, Philipson C, Applegate GG, Axelsson
EP, Budiharta S. The road to recovery: a synthesis of outcomes
from ecosystem restoration in tropical and sub-tropical Asian
forests. Philos Trans R Soc B. 2023;378(1867):20210090.
https://doi.org/10.1098/rstb.2021.0090.

Besseau P, Graham S, Christophersen T. Restoring forests and
landscapes: the key to a sustainable future. Global partnership
on forest and landscape restoration. 2018.

Veldman JW, Overbeck GE, Negreiros D, Mahy G, Le Stradic S,
Fernandes GW, Durigan G, Buisson E, Putz FE, Bond WJ. Tyr-
anny of trees in grassy biomes. Science. 2015;347(6221):484-5.
https://doi.org/10.1126/science.347.6221.484.

Bond WIJ, Stevens N, Midgley GF, Lehmann CE. The trouble
with trees: afforestation plans for Africa. Trends Ecol Evol.
2019;34(11):963-5. https://doi.org/10.1016/j.tree.2019.08.003.
Lewis SL, Wheeler CE, Mitchard ET, Koch A. Restoring natu-
ral forests is the best way to remove atmospheric carbon. Nature.
2019;568(7750):25-8. https://doi.org/10.1038/d41586-019-01026-8.


https://doi.org/10.3368/er.35.4.281
https://doi.org/10.1177/1940082917697265
https://doi.org/10.1177/1940082917697265
https://doi.org/10.1111/rec.12632
https://doi.org/10.1111/rec.12632
https://doi.org/10.1111/rec.13349
https://doi.org/10.1111/rec.13349
https://doi.org/10.1080/10549811.2014.884001
https://doi.org/10.1080/10549811.2014.884001
https://doi.org/10.1080/10549811.2014.883999
https://doi.org/10.1080/10549811.2014.883999
https://doi.org/10.1111/rec.12489
https://doi.org/10.1111/cobi.13425
https://doi.org/10.1111/cobi.13425
https://doi.org/10.3390/land11030328
https://doi.org/10.1016/j.forpol.2021.102566
https://doi.org/10.1007/s11056-015-9500-x
https://doi.org/10.1111/j.1526-100X.2005.00072.x
https://doi.org/10.1111/j.1526-100X.2005.00072.x
https://doi.org/10.1111/rec.13035
https://doi.org/10.1111/j.1466-822X.2006.00212.x
https://doi.org/10.1890/110267
https://doi.org/10.1890/110267
https://doi.org/10.1111/j.1526-100X.2006.00136.x
https://doi.org/10.1111/rec.13504
https://www.iucn.org/resources/conservation-tool/restoration-barometer
https://www.iucn.org/resources/conservation-tool/restoration-barometer
https://doi.org/10.4060/cb9982en
https://doi.org/10.1111/conl.12199
https://doi.org/10.1111/cobi.13110
https://doi.org/10.1016/j.jrurstud.2011.07.006
https://doi.org/10.1016/j.jrurstud.2011.07.006
https://doi.org/10.1111/rec.12028
https://doi.org/10.1098/rstb.2021.0090
https://doi.org/10.1126/science.347.6221.484
https://doi.org/10.1016/j.tree.2019.08.003
https://doi.org/10.1038/d41586-019-01026-8

Current Landscape Ecology Reports

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Di Sacco A, Hardwick KA, Blakesley D, Brancalion PH, Breman E,
Cecilio Rebola L, Chomba S, Dixon K, Elliott S, Ruyonga G, Shaw
K. Ten golden rules for reforestation to optimize carbon sequestra-
tion, biodiversity recovery and livelihood benefits. Glob Change
Biol. 2021;27(7):1328-48. https://doi.org/10.1111/gcb.15498.
Turner W, Rondinini C, Pettorelli N, Mora B, Leidner AK,
Szantoi Z, Buchanan G, Dech S, Dwyer J, Herold M, Koh
LP. Free and open-access satellite data are key to biodiversity
conservation. Biol Cons. 2015;1(182):173-6. https://doi.org/10.
1016/j.biocon.2014.11.048.

Stephenson PJ. Technological advances in biodiversity moni-
toring: applicability, opportunities and challenges. Curr Opin
Environ Sustain. 2020;1(45):36—41. https://doi.org/10.1016/j.
cosust.2020.08.005.

WRI. Global Forest Watch. 2023. Website https://www.
globalforestwatch.org/. Accessed 19 May 2023.

Bastin JF, Finegold Y, Garcia C, Mollicone D, Rezende M,
Routh D, Zohner CM, Crowther TW. The global tree restora-
tion potential. Science. 2019;365(6448):76-9. https://doi.org/10.
1126/science.aax0848.

Pennisi E. Getting the big picture of biodiversity. Science.
2021;19(374):926-31. https://doi.org/10.1126/science.acx9637.
Dudley N, Schlaepfer R, Jackson W, Jeanrenaud JP, Stolton S. Forest
quality: assessing forests at a landscape scale. Routledge. 2012.
Estoque RC, Johnson BA, Dasgupta R, Gao Y, Matsuura T,
Toma T, Hirata Y, Lasco RD. Rethinking forest monitoring for
more meaningful global forest landscape change assessments.
J Environ Manag. 2022;317:115478. https://doi.org/10.1016/j.
jenvman.2022.115478.

Stephenson PJ. The holy grail of biodiversity conservation man-
agement: monitoring impact in projects and project portfolios.
Perspectives in Ecology and Conservation. 2019;17(4):182-92.
https://doi.org/10.1016/j.pecon.2019.11.003.

Ferreira CC, Stephenson PJ, Gill M, Regan EC. Biodiversity
monitoring and the role of scientists in the twenty-first century.
Closing the knowledge-implementation gap in conservation
science: interdisciplinary evidence transfer across sectors and
spatiotemporal scales. 2022:25-50. https://doi.org/10.1007/
978-3-030-81085-6_2.

Lindenmayer DB, Lavery T, Scheele BC. Why we need to
invest in large-scale, long-term monitoring programs in land-
scape ecology and conservation biology. Curr Landsc Ecol Rep.
2022;7(4):137-46. https://doi.org/10.1007/540823-022-00079-2.
Pfund JL. Landscape-scale research for conservation and devel-
opment in the tropics: fighting persisting challenges. Curr Opin
Environ Sustain. 2010;2(1-2):117-26. https://doi.org/10.1016/j.
cosust.2010.03.002.

Sayer JA, Margules C, Boedhihartono AK, Sunderland T,
Langston JD, Reed J, Riggs R, Buck LE, Campbell BM,
Kusters K, Elliott C. Measuring the effectiveness of landscape
approaches to conservation and development. Sustain Sci.
2017;12:465-76. https://doi.org/10.1007/s11625-016-0415-z.
GEF. The GEF Monitoring Report 2022. 2022. Available at:
https://www.thegef.org/sites/default/files/documents/2022-11/
EN_GEF.C.63.03_The%20GEF%20Monitoring%20Report%
202022.pdf. Accessed on 9 Jun 2023.

FAO. Global forest resources assessment. Rome, FAO. 2020.
Available at: https://www.fao.org/forest-resources-assessment/
2020/en/. Accessed on 12 Jul 2023.

MacDicken KG. Global forest resources assessment 2015: what,
why and how? For Ecol Manage. 2015;7(352):3-8. https://doi.
org/10.1016/j.foreco.2015.02.006.

Koh NS, Ituarte-Lima C, Hahn T. Mind the compliance gap:
how insights from international human rights mechanisms
can help to implement the convention on biological diversity.

66.

67.

68.

69.

70.e

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

Transnatl Environ Law. 2022;11(1):39-67. https://doi.org/10.
1017/82047102521000169.

Singh NJ, Danell K, Edenius L, Ericsson G. Tackling the moti-
vation to monitor: success and sustainability of a participatory
monitoring program. Ecol Soc. 2014;19(4). https://doi.org/10.
5751/ES-06665-190407.

CMP. Open standards for the practice of conservation, version
4. 2020. Conservation Measures Partnership, Bethesda, USA.
https://conservationstandards.org/download-cs/ . Accessed on
9 Jun 2023.

Stephenson PJ, Carbone G. Guidelines for planning and monitor-
ing corporate biodiversity performance. Gland: IUCN. 2021a.
https://portals.iucn.org/library/node/49301.

Badalotti A, van Galen L, Vié JC, Stephenson PJ. Improving the
monitoring of conservation programmes: lessons from a grant-
making initiative for threatened species. Oryx. 2022;56(2):288—
94. https://doi.org/10.1017/S0030605320000538.

Evans KA, Guariguata MR. Success from the ground up: participa-
tory monitoring and forest restoration. CIFOR Occasional Paper.
2016(159). https://doi.org/10.17528/cifor/006284. This article
reviews a large body of literature on monitoring restoration
and emphasises the dimensions of participatory monitoring.
Sparks TH, Butchart SH, Balmford A, Bennun L, Stanwell-
Smith D, Walpole M, Bates NR, Bomhard B, Buchanan GM,
Chenery AM, Collen B. Linked indicator sets for addressing
biodiversity loss. Oryx. 2011;45(3):411-9. https://doi.org/10.
1017/S003060531100024X.

Tittensor DP, Walpole M, Hill SL, Boyce DG, Britten GL,
Burgess ND, Butchart SH, Leadley PW, Regan EC, Alkemade
R, Baumung R. A mid-term analysis of progress toward inter-
national biodiversity targets. Science. 2014;346(6206):241-4.
https://doi.org/10.1126/science.125748.

UN. SDG Indicators: Global indicator framework for the sus-
tainable development goals and targets of the 2030 agenda for
sustainable development. 2023. Website https://unstats.un.org/
sdgs/indicators/indicators-list/ . Accessed on 9 Jun 2023.
Ghana NDPC. Ghana@100. National development planning
commission. 2019. Available at: https://ndpc.gov.gh/media/
Ghana_100_Final.pdf. Accessed on 9 Jun 2023.

Colombia DNP. Colombia potencia mundial de la vida. Plan
nacional de desarrollo 2022-2026. 2023. Available at: https://
colaboracion.dnp.gov.co/CDT/portal DNP/PND-2023/2023-05-
04-bases-plan-nacional-de-inversiones-2022-2026.pdf. Accessed
on 9 Jun 2023.

Sri Lanka PEC. Sustainable Sri Lanka. 2030 vision and strategy
plan. 2019. Available at : https://www.presidentsoffice.gov.lk/
wp-content/uploads/2019/05/Final-v2.4-Typeset-MM-v12F-
Cov3.pdf. Accessed on 9 Jun 2023.

Landscale. LandScale assessment framework and guidelines: a
new approach for assessing and communicating sustainability
performance at landscape scale. Rainforest Alliance, Verra and
CCBA. 2019.

UN. Resolution adopted by the General Assembly on Work of the
Statistical Commission pertaining to the 2030 Agenda for Sustainable
Development (A/RES/71/313). 2017. https://documents-dds-ny.un.
org/doc/UNDOC/GEN/N17/207/63/PDF/N1720763.pdf.

De Almeida DR, Broadbent EN, Ferreira MP, Meli P, Zambrano
AM, Gorgens EB, Resende AF, de Almeida CT, Do Amaral CH,
Dalla Corte AP, Silva CA. Monitoring restored tropical forest
diversity and structure through UAV-borne hyperspectral and
lidar fusion. Remote Sens Environ. 2021;1(264):112582.

Reis BP, Martins SV, Fernandes Filho EI, Sarcinelli TS, Gleriani JM,
Leite HG, Halassy M. Forest restoration monitoring through digital
processing of high resolution images. Ecol Eng. 2019;1(127):178-
86. https://doi.org/10.1016/j.ecoleng.2018.11.022.

@ Springer


https://doi.org/10.1111/gcb.15498
https://doi.org/10.1016/j.biocon.2014.11.048
https://doi.org/10.1016/j.biocon.2014.11.048
https://doi.org/10.1016/j.cosust.2020.08.005
https://doi.org/10.1016/j.cosust.2020.08.005
https://www.globalforestwatch.org/
https://www.globalforestwatch.org/
https://doi.org/10.1126/science.aax0848
https://doi.org/10.1126/science.aax0848
https://doi.org/10.1126/science.acx9637
https://doi.org/10.1016/j.jenvman.2022.115478
https://doi.org/10.1016/j.jenvman.2022.115478
https://doi.org/10.1016/j.pecon.2019.11.003
https://doi.org/10.1007/978-3-030-81085-6_2
https://doi.org/10.1007/978-3-030-81085-6_2
https://doi.org/10.1007/s40823-022-00079-2
https://doi.org/10.1016/j.cosust.2010.03.002
https://doi.org/10.1016/j.cosust.2010.03.002
https://doi.org/10.1007/s11625-016-0415-z
https://www.thegef.org/sites/default/files/documents/2022-11/EN_GEF.C.63.03_The%20GEF%20Monitoring%20Report%202022.pdf
https://www.thegef.org/sites/default/files/documents/2022-11/EN_GEF.C.63.03_The%20GEF%20Monitoring%20Report%202022.pdf
https://www.thegef.org/sites/default/files/documents/2022-11/EN_GEF.C.63.03_The%20GEF%20Monitoring%20Report%202022.pdf
https://www.fao.org/forest-resources-assessment/2020/en/
https://www.fao.org/forest-resources-assessment/2020/en/
https://doi.org/10.1016/j.foreco.2015.02.006
https://doi.org/10.1016/j.foreco.2015.02.006
https://doi.org/10.1017/S2047102521000169
https://doi.org/10.1017/S2047102521000169
https://doi.org/10.5751/ES-06665-190407
https://doi.org/10.5751/ES-06665-190407
https://conservationstandards.org/download-cs/
https://portals.iucn.org/library/node/49301
https://doi.org/10.1017/S0030605320000538
https://doi.org/10.17528/cifor/006284
https://doi.org/10.1017/S003060531100024X
https://doi.org/10.1017/S003060531100024X
https://doi.org/10.1126/science.125748
https://unstats.un.org/sdgs/indicators/indicators-list/
https://unstats.un.org/sdgs/indicators/indicators-list/
https://ndpc.gov.gh/media/Ghana_100_Final.pdf
https://ndpc.gov.gh/media/Ghana_100_Final.pdf
https://colaboracion.dnp.gov.co/CDT/portalDNP/PND-2023/2023-05-04-bases-plan-nacional-de-inversiones-2022-2026.pdf
https://colaboracion.dnp.gov.co/CDT/portalDNP/PND-2023/2023-05-04-bases-plan-nacional-de-inversiones-2022-2026.pdf
https://colaboracion.dnp.gov.co/CDT/portalDNP/PND-2023/2023-05-04-bases-plan-nacional-de-inversiones-2022-2026.pdf
https://www.presidentsoffice.gov.lk/wp-content/uploads/2019/05/Final-v2.4-Typeset-MM-v12F-Cov3.pdf
https://www.presidentsoffice.gov.lk/wp-content/uploads/2019/05/Final-v2.4-Typeset-MM-v12F-Cov3.pdf
https://www.presidentsoffice.gov.lk/wp-content/uploads/2019/05/Final-v2.4-Typeset-MM-v12F-Cov3.pdf
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N17/207/63/PDF/N1720763.pdf
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N17/207/63/PDF/N1720763.pdf
https://doi.org/10.1016/j.ecoleng.2018.11.022

Current Landscape Ecology Reports

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Zwerts JA, Stephenson PJ, Maisels F, Rowcliffe M, Astaras C,
Jansen PA, van Der Waarde J, Sterck LE, Verweij PA, Bruce
T, Brittain S. Methods for wildlife monitoring in tropical for-
ests: comparing human observations, camera traps, and passive
acoustic sensors. Conserv Sci Prac. 2021;3(12):e568. https://doi.
org/10.1111/csp2.568.

de Almeida DR, Stark SC, Valbuena R, Broadbent EN, Silva
TS, de Resende AF, Ferreira MP, Cardil A, Silva CA, Amazonas
N, Zambrano AM. A new era in forest restoration monitoring.
Restor Ecol. 2020;28(1):8-11.

Stephenson PJ, Stengel C. An inventory of biodiversity data sources
for conservation monitoring. PLoS One. 2020;15(12):¢0242923.
https://doi.org/10.1371/journal.pone.0242923.

Grace MK, Akcakaya HR, Bull JW, Carrero C, Davies K, Hedges
S, Hoffmann M, Long B, Lughadha EM, Martin GM, Pilkington
F. Building robust, practicable counterfactuals and scenarios to
evaluate the impact of species conservation interventions using
inferential approaches. Biol Conserv. 2021;261:109259. https://
doi.org/10.1016/j.biocon.2021.109259.

Wauchope HS, Amano T, Geldmann J, Johnston A, Simmons BI,
Sutherland WJ, Jones JP. Evaluating impact using time-series
data. Trends Ecol Evol. 2021;36(3):196-205. https://doi.org/10.
1016/j.tree.2020.11.001.

USAID & WCS (Wildlife Conservation Society). Technical manual
4: household surveys — a tool for conservation design, action and
monitoring. New York, USA; 2007. http://s3.amazonaws.com/
WCSResources/file20110518_073650_Manual_HouseholdSurveys_
CxUCh.pdf . Accessed on 9 Jun 2023.

Detoeuf D, Wieland M, Wilkie D. Guide 2.0 to the modified
basic necessities survey: why and how to conduct digital-based
BNS in conservation landscapes. 2018. https://doi.org/10.19121/
2020.Report.38385.

Pynegar EL, Gibbons JM, Asquith NM, Jones JP. What role
should randomized control trials play in providing the evidence
base for conservation? Oryx. 2021;55(2):235-44. https://doi.org/
10.1017/S0030605319000188.

Stephenson PJ. Monitoring should not be a barrier to conservation
success: a response to Sanders, et al. Oryx. 2021;55(5):656. https://
doi.org/10.1017/S0030605321000624.

Han X, Smyth RL, Young BE, Brooks TM, Sanchez de Lozada A,
Bubb P, Butchart SH, Larsen FW, Hamilton H, Hansen MC, Turner
WR. A biodiversity indicators dashboard: addressing challenges to
monitoring progress towards the Aichi biodiversity targets using
disaggregated global data. PLoS One. 2014;9(11):e112046. https://
doi.org/10.1371/journal.pone.0112046.

Stephenson PJ, Bowles-Newark N, Regan E, Stanwell-Smith
D, Diagana M, Hoft R, Abarchi H, Abrahamse T, Akello C,

@ Springer

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Allison H, Banki O. Unblocking the flow of biodiversity data
for decision-making in Africa. Biol Cons. 2017;1(213):335-40.
https://doi.org/10.1016/j.biocon.2016.09.003.

Mansourian S, Vallauri D. How to learn lessons from field expe-
rience in forest landscape restoration: a tentative framework.
Environ Manag. 2020;66(6):941-51. https://doi.org/10.1007/
$00267-020-01295-4.

Evans K, Guariguata MR. A diagnostic for collaborative monitoring
in forest landscape restoration. Occasional Paper 193. 2019. Bogor,
Indonesia: CIFOR. https://doi.org/10.17528/cifor/007159.
Lindenmayer DB, Likens GE. The science and application of
ecological monitoring. Biol Cons. 2010;143(6):1317-28. https://
doi.org/10.1016/j.biocon.2010.02.013.

Stephenson PJ, Walls JL. A new biodiversity paradigm for
business. Amplify. 2022;35(5):6—14. https://www.cutter.com/
article/new-biodiversity-paradigm-business.

SBTN. Science-based targets for nature: initial guidance for busi-
ness. Science-based Targets Network. 2021 Available at: https:/
sciencebasedtargetsnetwork.org/resources/guidance/. (Accessed
on 9 Jun 2023).

TNFD. Taskforce on nature-related financial disclosures. 2023.
https://tnfd.global/ . Accessed on 9 Jun 2023.

Chokkalingam U, Sabogal C, Almeida E, Carandang AP, Gumartini
T, de Jong W, Brienza S, Lopez AM. Local participation, liveli-
hood needs, and institutional arrangements: three keys to sustain-
able rehabilitation of degraded tropical forest lands. In: Mansourian
S, Vallauri D, Dudley N, editors. Forest restoration in landscapes:
beyond planting trees. New York: Springer; 2005. p. 405-14.
Evans K, Meli P, Zamora-Cristales R, Schweizer D, Méndez-
Toribio M, Gémez-Ruiz PA, Guariguata MR. Drivers of suc-
cess in collaborative monitoring in forest landscape restoration:
an indicative assessment from Latin America. Restor Ecol.
2023;31(4):e13803. https://doi.org/10.1111/rec.13803.
Mansourian S. Understanding the relationship between gov-
ernance and forest landscape restoration. Conserv Soc.
2016;14(3):267-78. https://www.jstor.org/stable/26393248.
McLain R, Lawry S, Guariguata MR, Reed J. Toward a tenure-
responsive approach to forest landscape restoration: a pro-
posed tenure diagnostic for assessing restoration opportuni-
ties. Land Use Policy. 2021;104:103748. https://doi.org/10.
1016/j.1andusepol.2018.11.053.

Consércio Cerrado das Aguas. 2023. Websitehttps://www.
cerradodasaguas.org.br/en. Accessed on 9 Jun 2023.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1111/csp2.568
https://doi.org/10.1111/csp2.568
https://doi.org/10.1371/journal.pone.0242923
https://doi.org/10.1016/j.biocon.2021.109259
https://doi.org/10.1016/j.biocon.2021.109259
https://doi.org/10.1016/j.tree.2020.11.001
https://doi.org/10.1016/j.tree.2020.11.001
http://s3.amazonaws.com/WCSResources/file20110518_073650_Manual_HouseholdSurveys_CxUCh.pdf
http://s3.amazonaws.com/WCSResources/file20110518_073650_Manual_HouseholdSurveys_CxUCh.pdf
http://s3.amazonaws.com/WCSResources/file20110518_073650_Manual_HouseholdSurveys_CxUCh.pdf
https://doi.org/10.19121/2020.Report.38385
https://doi.org/10.19121/2020.Report.38385
https://doi.org/10.1017/S0030605319000188
https://doi.org/10.1017/S0030605319000188
https://doi.org/10.1017/S0030605321000624
https://doi.org/10.1017/S0030605321000624
https://doi.org/10.1371/journal.pone.0112046
https://doi.org/10.1371/journal.pone.0112046
https://doi.org/10.1016/j.biocon.2016.09.003
https://doi.org/10.1007/s00267-020-01295-4
https://doi.org/10.1007/s00267-020-01295-4
https://doi.org/10.17528/cifor/007159
https://doi.org/10.1016/j.biocon.2010.02.013
https://doi.org/10.1016/j.biocon.2010.02.013
https://www.cutter.com/article/new-biodiversity-paradigm-business
https://www.cutter.com/article/new-biodiversity-paradigm-business
https://sciencebasedtargetsnetwork.org/resources/guidance/
https://sciencebasedtargetsnetwork.org/resources/guidance/
https://tnfd.global/
https://doi.org/10.1111/rec.13803
https://www.jstor.org/stable/26393248
https://doi.org/10.1016/j.landusepol.2018.11.053
https://doi.org/10.1016/j.landusepol.2018.11.053
https://www.cerradodasaguas.org.br/en
https://www.cerradodasaguas.org.br/en

	Exploring Challenges and Lessons for Monitoring Forest Landscape Restoration
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction: Forest Landscape Restoration and Associated Monitoring Challenges
	Challenges Associated with Monitoring FLR
	Lack of Globally Agreed Definitions
	Arbitrary Approaches for Setting Ambitious Objectives and Defining Baselines
	Proliferation of Indicators
	Narrow Sets of Indicators Used in Practice
	Overreliance on Maps
	Monitoring at Inadequate Spatial and Temporal Scales
	Inadequate Data Aggregation
	Limited Capacity and Resources

	Key Lessons from Other Monitoring Initiatives and Indicator Frameworks
	Lesson 1: Best Practices—Follow widely accepted bestpractices in setting indicators
	Lesson 2: Indicators—Use feasible sets of scalable indicators linked to program goals that can be compared and aggregated and where at least some are of relevance to national and global frameworks
	Lesson 3: Collecting Data—Use modern methods and technologies and existing data wherever possible to enhance monitoring
	Lesson 4: Counterfactuals—Monitoring counterfactuals will allow measurement of impact
	Lesson 5: Date Analysis and Use—Use data for adaptive management and share results and lessons as widely as possible
	Lesson 6: Partnerships—Stakeholder collaboration and partnerships facilitate effective monitoring as well as planning

	Conclusions and Way Forward
	References


