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Abstract

Successful large-scale ecosystem restoration projects are central to achieving
ambitious global and regional restoration targets, but evidence on outcomes is
scarce. We developed a novel framework for monitoring landscape and sea-
scape restoration, refined through learnings from 14 large-scale restoration
projects in Europe over 6 years. The framework captures changes at two time-
scales: short-term indicators assess progress towards project management or
funding period outcomes while long-term indicators measure progress towards
the ultimate vision for restored landscapes. It encompasses natural capital, eco-
system service, and socioeconomic dimensions, but allows projects flexibility
to select context-specific indicators. We provide recommendations on the
framework's application and illustrate its use in a large-scale restoration pro-
ject in Scotland. The framework encouraged projects to select new indicators,
particularly of social outcomes, widening their understanding. Other learnings
highlighted misalignment between ecosystem restoration timescales and fund-
ing cycles, the need for flexibility, and the value of focusing on a few well-
chosen indicators.
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Nature Restoration Law's legally binding targets to
restore 20% of degraded ecosystems by 2030 and all by

Given the scale of the intertwined biodiversity and cli-
mate crises, urgent action is needed to reverse declines in
biodiversity and natural processes and restore ecosystems
to benefit nature and people (IPBES, 2024). The impor-
tance of ecosystem restoration is enshrined in global and
regional conventions, including the Kunming-Montreal
Global Biodiversity Framework's target to restore 30% of
degraded ecosystems by 2030 (CBD, 2022) and the EU

2050 (European Parliament, 2023). The period 2025-2030
is therefore critical to scaling up the quantity and quality
of restoration globally to meet these ambitious goals.
Extensive landscape- and seascape-scale approaches,
across hundreds to thousands of square kilometers, will be
vital for restoring ecosystems at a scale commensurate with
the challenge (Murcia et al., 2016). Restoration at large
scales also enables the recovery of natural processes,
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including ecological connectivity, hydrological dynamics,
and trophic interactions, necessary for the functioning of
self-sustaining ecosystems. Such functioning ecosystems are
also likely to be more resilient, requiring less intervention
and thus proving more cost-effective at delivering sustain-
able, long-term benefits to people (Ren & Coffman, 2023).

However, despite significant interest in restoring eco-
systems at scale, evidence describing the outcomes is
scarce (Bernhardt et al.,, 2005; Mirzabaev & Wuepper,
2023; Rey-Benayas et al., 2009; Wortley et al., 2013).
Effective and rigorous monitoring is a cornerstone for
building this evidence base and demonstrating restora-
tion as a solution that can benefit biodiversity, climate,
and people (Caruana et al., 2024). As well as evidencing
the benefits of restoration to policy makers and other
stakeholders, well-designed monitoring fulfills other pur-
poses. It ensures restoration projects are on track, allow-
ing outcomes of funded activities to be reported to
donors. It can enhance the effectiveness of future restora-
tion via adaptive management (Hutto & Belote, 2013;
Larson et al., 2013) and contribute to the wider evidence
base leading to improved practice across the restoration
sector (Sutherland, 2022).

However, there are challenges to monitoring change
across large scales. Landscapes are typically complex,
containing mosaics of habitats, diverse threats, numerous
landowners, and other stakeholders, and may be subject
to multiple restoration activities, managed by different
organizations, on different timescales (Hart et al., 2023).
Landscape restoration often requires interventions
extending beyond the environmental and ecological to
the social and economic. It is important that changes in
these dimensions are understood and measured. In addi-
tion, the long periods often needed to realize the full ben-
efits of restoration rarely align with funding cycles
(Hodge & Adams, 2016; Reis et al., 2024; Rey-Benayas
et al., 2009). This complicates the task of identifying
monitoring priorities and resourcing monitoring over the
necessary timescales.

Various frameworks and indicator lists have been
developed to assess the impacts of restoration and/or
rewilding (e.g., FAO & WRI, 2019; Landscale, 2021;
Perino et al., 2019; Torres et al., 2018). Some use qualita-
tive expert-based metrics, which are relatively simple to
apply but lack the detail needed to effectively compare
outcomes or quantify benefits from restoration (Torres
et al., 2018). Both Perino et al. (2019) and Torres et al.
(2018) produced frameworks specifically targeted towards
rewilding and the restoration of natural processes. How-
ever, these approaches focus solely on ecological effects,
despite the important benefits of landscape restoration
for people (Aronson et al, 2020; Elias et al., 2022;
Martin & Lyons, 2018). Others are based around specific

taxa or habitats (Cook et al., 2024; NOAA, 2024) or may
be complex to apply or require a reference ecosystem
(Gann et al., 2019). Although a few post hoc assessments
of the effects of restoration or rewilding have been pub-
lished (Segar et al., 2022), few practical examples have
shown how frameworks have been applied in real-world
project management (Suding, 2011).

The Endangered Landscapes & Seascapes Programme
(ELSP) has been supporting ecosystem restoration pro-
jects focused on the recovery of natural processes across
Europe since 2018. Projects are large, ranging from 300 to
12,000 km?, and cover a huge range of geographies and
habitats, including grasslands, wetlands, forests, rivers,
and coastal and marine habitats (Figure 1 and Table S1).
They employ a wide variety of ecological restoration
approaches, from reintroducing keystone species and
restoring natural hydrology to tree planting and passive
restoration. All also work with local communities to
increase the sustainable societal benefits provided by
restored landscapes. The programme is committed to
ensuring that projects have a sound scientific basis
(Al-Fulaijj et al., 2025; Parks et al., 2022) and include
robust monitoring plans to build understanding and dem-
onstrate outcomes of large-scale ecosystem restoration.

At its inception, the programme developed a bespoke
monitoring framework that aimed to provide a flexible
yet structured approach to selecting and designing indica-
tors to measure progress across different dimensions of
landscape recovery. The framework provides a common
structure for monitoring, applicable across all habitats in
marine, terrestrial, and freshwater ecosystems. Over the
last 6 years, 14 landscape and seascape restoration pro-
jects have applied the framework (Figure 1), which has
co-evolved in response to their experiences. Although
some were already undertaking restoration actions and
monitoring, the introduction of the framework led to
much more varied and ambitious sets of indicators. Here
we present the Landscape Restoration Monitoring
Framework and reflect on learnings gained from the
experiences of these diverse projects.

2 | THE MONITORING
FRAMEWORK

The Landscape Restoration Monitoring Framework
(hereafter, the Monitoring Framework) aims to support
projects to select indicators meeting the range of pur-
poses outlined above. This requires consideration of the
different timescales and dimensions of the landscape over
which changes due to restoration need to be assessed and
reported. These considerations are reflected in two main
considerations of the framework described below.
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FIGURE 1 The 14 European landscape and seascape restoration projects, funded by the Endangered Landscapes & Seascapes

Programme from 2019 to 2024, that have all applied the Landscape Restoration Monitoring Framework.

The framework was developed by reference to a wide
range of existing monitoring frameworks (e.g., Hughes
et al., 2011), particularly including that developed for
England’'s Nature Improvement Areas (Collingwood
Environmental Planning Limited, 2014), and consulta-
tion with a range of researchers and practitioners work-
ing on large-scale ecosystem restoration. Since its initial
release in 2018, the framework has been revised based on
learnings from the landscape restoration projects that
have applied it.

Note that, for simplicity, we refer to ‘landscapes’
rather than ‘landscapes and seascapes’, but the Monitor-
ing Framework is equally applicable to terrestrial (includ-
ing freshwater) and marine projects.

2.1 | Short- and long-term indicators
Landscape restoration is complex; it involves a wide
range of approaches and the resultant changes in ecosys-
tems and communities often take decades (Hodge &
Adams, 2016; Reis et al., 2024). However, project design,
implementation, and reporting usually work on shorter
time scales, with restoration grants and project manage-
ment cycles commonly lasting only 2-5 years.

Therefore, the Monitoring Framework comprises two
types of indicators, allowing change to be assessed across
both these timeframes (Figure 2 and Table 1). Short-term
indicators are designed to show progress towards desired

project outcomes for a management or funding cycle and
therefore should respond to restoration activities within
5 years. Long-term indicators are designed to measure
progress towards the ultimate vision for a recovered land-
scape and may show slower rates of change, potentially
across successive funding cycles. This separation was
introduced in response to the experiences of ELSP pro-
jects, that many of the most important changes are not
seen within a funding cycle, and monitoring focused only
on this period is likely to miss many of the most signifi-
cant effects of restoration (Dombrovski et al., 2022; Isbell
et al., 2019). While this distinction requires clarity and
realism about expected rates of change in target variables,
the selection of both short-term and long-term indicators
enables projects to demonstrate change over both project-
management timescales and longer, more ecologically
and socially meaningful ones (Section 3).

2.2 | Multiple dimensions of landscapes

Given that the potential to provide multiple benefits to
nature and people is a key driver for restoring ecosystems,
it is critical that monitoring schemes detect and document
a wide range of outcomes (Jellinek et al., 2019). It is partic-
ularly important that indicators extend beyond ecological
outcomes to capture changes in ecosystem services and
the social and economic dimensions of a landscape
(Martin & Lyons, 2018). Socio-economic benefits are a key
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FIGURE 2 The approximate likely frequency and intensity of data collection for long-term and short-term indicators in the Landscape
Restoration Monitoring Framework. Each circle represents a data collection event, with the exact number and frequency of events
depending on the type of indicator and its expected rate of change. Circle size represents the relative likely effort and resources required.
Numbers in brackets show the recommended number of indicators of each type. The graphic of restoration progress is adapted from SER'’s
Restorative Continuum (https://www.ser.org/page/SERStandards). Further details of short-term and long-term indicators are provided in

Table 1.

TABLE 1 Two types of indicators for measuring progress of landscape restoration projects over two time scales.
Example indicators
Type of Data collection (with associated
indicator Purpose Spatial scope Temporal scope frequency restoration action)
Short-term Measure progress May apply at Expected to show  Baseline data, describing Ground water level
Indicators towards outcomes site or landscape  change within 2-  pre-restoration status, (peatland restoration)
expected to be level. 5 years. collected before Number of livestock
achieved within a restoration activities get killed
funding or project underway. by wild carnivores
management Data also collected (activities to promote
period. Focus on towards the end of the human-wildlife
outcomes of funding/management coexistence)
restoration actions, period, to measure change ~ Number of projects’
rather than the over this period. Interim recommendations
actions themselves. data collection (e.g., included in a protected
annually) may be area management plan
appropriate for some (protected area
indicators. advocacy)
Long-term Measure progress Measure Change may be Baseline data, describing Change in flood
Indicators towards medium- changes at slow and may the pre-restoration status,  resilience (peatland
or long-term vision  landscape scale.  take decades to be  collected before restoration)

for the landscape.
Focus on outcomes
of restoration
actions, rather than
the actions
themselves.

seen.

restoration activities get
underway.

Appropriate intervals for
follow-up monitoring are
identified based on
existing evidence of rates
of change and year-to-year
variation (e.g., scientific
literature, expert opinion).

Population of predators
such as wolves (human-
wildlife coexistence)
Fisher incomes based on
enhanced fish
productivity (protected
area advocacy)
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FIGURE 3

Themes of the Landscape Restoration Monitoring Framework, showing sub-themes within them. Actions taken by

restoration projects may directly target the ultimate outcomes of restoration (green boxes) or may operate via improving enabling conditions

(purple box), which then go on to facilitate enhancement in ecosystem (natural capital) or socioeconomic dimensions of landscapes.

Restoration actions may be directly aimed at enhancing components of the ecosystem (species, habitats, function and processes, abiotic

factors), with ecosystem services and then socioeconomic benefits to people flowing from the restored ecosystem. Actions may also be aimed

at directly enhancing socioeconomic factors linked to ecosystem restoration; these socioeconomic benefits can then feedback via increased

support for restoration actions. For example, a project may set up a volunteer programme for local communities to improve awareness of

and connectedness with the landscape; this in turn may lead to increased support for the project, leading to greater action to restore

ecosystems. Note that the first green box, representing ecosystems/natural capital indicators, is highlighted, as this is the primary focus of

ecosystem restoration. Selecting short-term and long-term indicators from across all three ultimate outcome themes and multiple sub-

themes ensures that the diversity of outcomes of landscape restoration is

driver for mandating or incentivizing restoration in
national or regional policies, but have tended to be
neglected in past monitoring (Evju et al., 2020). The Moni-
toring Framework facilitates this by providing four themes
and 12 sub-themes to consider during the selection of indi-
cators (Figure 3). Restoration actions may directly target
the ecosystem (for example, by habitat restoration) or
socioeconomic factors (for example, by improving access
to nature for local communities). Alternatively, they may
act via intermediate outcomes or “enabling factors”, which
facilitate the delivery of ecosystem and socioeconomic out-
comes (for example, campaigns to reduce damaging
behavior such as illegal hunting or advocacy for policy
change to support restoration). These enabling conditions
have particular relevance to large-scale restoration because
of the requirement for long-term institutional support,
often across sectors and disciplines, as well as the need for
societal buy-in, particularly from local communities.

captured.

Enhancing institutional strength, project governance, and
policy enablers is a critical but often under-monitored
aspect of large-scale projects (Elias et al., 2025). By provid-
ing a specific theme, the framework encourages restora-
tionists to collect data to measure and understand changes
in the status of these fundamental enabling conditions.
Short-term indicators may fall within any themes and sub-
themes, including the “enabling” theme. Long-term indi-
cators measure progress towards the ultimate ecological,
ecosystem services, or socioeconomic outcomes of restora-
tion (green boxes in Figure 3).

3 | HOWTO APPLY THE
MONITORING FRAMEWORK

It is vital that monitoring, and the selection of indicators
and approaches, is effectively integrated into the
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development of any landscape restoration project. There-
fore, the framework is initially applied during the early
stages of project planning. Projects are encouraged to reg-
ularly review their monitoring plans and indicators to
ensure their scope and methods remain appropriate to
any changes in outcomes, capacity, and timelines.
Table 3 describes the real-world application of the Moni-
toring Framework to the selection and design of indica-
tors in the Cairngorms Connect landscape in the Scottish
Highlands.

When applying the Monitoring Framework, it is nec-
essary to envision the future restored landscape and how
this will differ from the existing situation, which typically
includes degraded features and missing elements. Land-
scape restoration through natural processes is often
open-ended and functioning ecosystems are usually
dynamic; in addition, conditions, particularly climate, are
likely to change, meaning ideas of a ‘fixed’ endpoint for
restoration are rarely appropriate (Hughes et al., 2011,
2012). However, in order to evaluate a restoration project,
clear ideas about the ‘direction of travel’ are needed,
e.g., to create a more biodiverse landscape, with
enhanced connectivity, more intact trophic chains, more
dynamic natural processes, and more sustainable local
economies.

By identifying the most important changes needed to
achieve this vision of a fully restored landscape, a small
number of long-term indicators can be selected to mea-
sure restoration progress (Table 1). During this selection,
consideration of the themes and sub-themes in the green
boxes of Figure 3 ensures that diverse landscape-scale
responses are captured.

Grants for restoration, typically lasting 3-5 years, are
steps on the path towards this landscape vision, through
the delivery of a set of shorter-term project outcomes.
Short-term indicators are used to assess progress
towards these outcomes (Table 2). Again, reference to
Figure 3 ensures that the full range of landscape-scale
responses is captured by the suite of indicators selected.
Some indicators, for example, abundance of reintro-
duced keystone species or the size of the nature-positive
local economy, can serve as both short-term and long-
term indicators.

Once an initial list of short-term and long-term indi-
cators has been identified, these are refined to ensure:

« The overall suite of indicators is complementary and
diverse, representing the range of goals of all project
partners and the different dimensions of the vision for
the restored landscape (Figure 3).

« The project has the skills, equipment and capacity to
design, implement, analyze and write up the proposed
indicators.

TABLE 2
Cairngorms Connect (CC) ELSP monitoring programme was

The short terms outcomes against which the

established. These are steps towards the ultimate long-term CC
vision, described as: Over the next 200 years, CC plans to restore
native woodlands to their natural limits, including high-altitude
montane woodland; to restore peatlands, wetlands and rivers; and
to build support, understanding and societal benefits locally,
nationally and internationally.

ELSP five-year outcome Details

Woodlands are expanding to their
natural limit: 800 ha of pinewood
are established by natural
regeneration and 1200 ha of
pinewood are enhanced by

1. Woodland expansion

planting ‘missing’ tree species.
Woodland processes and their
associated vertebrate and
invertebrate communities are
recovering, including
restructuring of 1720 ha of former
plantation pinewoods.

2. Peatlands restored Peatland habitats and processes
are restored across 1400 ha of
blanket bog and 100 ha of bog

woodland.

3. Hydrological processes
restored

Natural hydrological processes
are restored over 1000 ha of
floodplain.

Local communities have
increased awareness of the CC
area's importance and values, and
partnership staff and members of
the public are increasingly
empowered or engaged through
meetings, volunteering and
decision-making.

4. Local communities and
partnership staff
engaged & empowered

5. Livelihoods and
wellbeing enhanced

A significant contribution is made
towards the maintenance and
enhancement of the livelihoods
and/or wellbeing of local people

« It is feasible to sustain the planned monitoring, includ-
ing data collection, processing and dissemination, over
the time scales required.

Below we discuss some important considerations
when selecting and designing indicators, based on our
experiences.

3.1 | Participatory planning

It is vital to involve relevant stakeholders in the process
of developing indicators. Working at landscape scale
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(Continued)

TABLE 3

Adaptations or

Monitoring
frequency

Question(s)
addressed

Theme; sub-

theme

Indicator;

learning points

How data will be used

Spatial scale

Methods

Outcome?®

Staff changes partway

To provide evidence to
policymakers, site

At start and end of
ELSP period.
Ambition to

Two approaches used: Data collected

Socio- How does

Number of jobs

through the project led

throughout CC
landscape.

(a) Net change in number
of jobs within the area
that can be directly
attributed to CC,

restoration

economic;
Economic

created (ST & LT)
5. Livelihoods
and wellbeing

enhanced

to a loss of the expertise
required to develop and

implement a robust

managers and general
public of the economic

benefit local

monitor this

Direct local

communities

benefits of landscape-scale

roughly every

economic spend

economically?
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understand the value
they ascribe to CC.

#For further details see Table 2 above.

®Chronosequence approaches use spatial variation in a factor as a proxy for variation in time (Foster & Tilman, 2000). Cairngorms Connect is using the spatial variation in restoration stage (i.e., time since restoration

began in different areas) as a way of understanding during a short timeframe (5 years) how species are responding to management over a much longer timeframe.

often involves partnerships between organizations; it is
critical to involve all partners in early conversations
about what monitoring is needed and who will be
responsible for design, data collection, analysis, and
reporting (Sigouin et al., 2025). Moreover, engaging
people who live, work, and spend time in a landscape
in a participatory process, asking what aspects of the land-
scape are important to them and how these could be mon-
itored, will make results more widely relevant and can
help ensure long-term sustainability of monitoring pro-
grammes (Danielsen et al., 2021). Such co-development
can also raise awareness of potential benefits and build
local support for restoration (e.g., Villasenor et al., 2016).
Undertaking these consultations at the start of the project
will require extra time but will likely pay off in terms of
the sustainability of monitoring and the utility of the
results.

3.2 | Existing monitoring programmes

Another key planning stage is to scope any existing moni-
toring taking place within the landscape and decide
whether this can be used or adapted to contribute to long-
term or short-term indicators. Examples could include
statutory water quality monitoring or national bird or but-
terfly volunteer surveys (Pocock et al., 2018). Such moni-
toring can have the advantages of providing a pre-
restoration baseline, requiring less additional time and
effort to collect, and being sustainable in the long term.
Additionally, data from such monitoring schemes may
cover areas outside the project landscape, potentially pro-
viding a long-term cost-effective counterfactual for any
changes in the restoration landscape. However, despite
these advantages, it is important that the existence of a
prior dataset does not drive indicator selection, if more rel-
evant or important metrics are available. Moreover,
because national monitoring schemes are not specifically
designed for the restoration project, the resolution and
sampling design are often inadequate to detect landscape-
scale changes and adaptations to the survey design or sam-
pling strategy may be required.

3.3 | Number of indicators monitored

The first version of the Monitoring Framework included
a requirement to monitor at least 10 outcome indicators
per landscape, with projects selecting an average of
16 short-term and long-term indicators. Some projects
then struggled to allocate the capacity necessary to effec-
tively collect and report data for them all. It can be easy
in the initial stages of a project to underestimate the time
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needed to collect, process, and analyze data and write up
results. In response to shared learning with the projects,
the requirement for a minimum number of indicators
was removed from the framework. The emphasis is now
on identifying a set of indicators that will provide evi-
dence appropriate to the project’s scope and context.

Another common experience was that, if early rounds
of monitoring showed an indicator to be impractical,
required more work than expected, or be insufficiently
sensitive to measure expected change, flexibility was
needed to allow projects to drop or amend indicators
(e.g., see Table 3, Adaptations column).

3.4 | Attribution

In order to properly assess the effect of a project
(i.e., changes which would not have happened if the pro-
ject had not taken place), it is important to show a causal
link between restoration activities and any subsequent
changes in its target indicators. Collecting baseline data
before restoration begins is vital, to allow a before-after
comparison of metrics. Such before-after comparisons
may be sufficient, particularly where it is reasonable to
assume that background changes (not associated with
restoration actions) are minimal, for example, over short
time periods in stable ecosystems. However, identifying
and monitoring a suitable control site, which is as similar
to the project site as possible except for the absence of
restoration, gives a before-after-control-impact design,
maximizing the ability to detect change and ascribe it to
project actions (Christie et al., 2019).

Monitoring of controls may be possible for some indi-
cators and may be particularly important for indicators
that are contentious or highly scrutinized. However,
landscape restoration projects are large and complex and,
in many cases, identifying and monitoring matched
comparison sites is not practically possible. Quasi-
experimental approaches, using naturally occurring spa-
tial or temporal variation in interventions, may be useful.
For example, a later-phased restoration site could be used
as a ‘time-shifted’ control for a site that is already under
restoration (e.g., Mackenzie & Keith, 2009). Remote sens-
ing may be useful in assessing large-scale change at mul-
tiple locations (Ferraro & Hanauer, 2014; Schleicher
et al., 2020) and national monitoring schemes may also
have a role (Section 3.2) (e.g., Jellesmark et al., 2021).

3.5 | Methodologies

A variety of methodologies will be needed to monitor
change across different themes and subthemes relevant
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to the vision and outcomes for a landscape (example in
Table 3).

The defining characteristic of landscape restoration is
that it aspires to affect change at large spatial scales. This
has implications for the most appropriate data collection
methodology. For some indicators (e.g., the diversity of
organizations in a partnership, the area of healthy sea-
grass), the total number or area across the project land-
scape can be assessed. However, for many other
indicators (e.g., forest structure, small mammal abun-
dance, well-being of local people), it is necessary to
design a sampling approach that accounts for the size of
the landscape and its spatial heterogeneity, as well as the
expected magnitude of changes in the indicator (Johnson
et al., 2008). Statistical power analysis can be useful in
estimating the approximate number of samples needed,
although these are often also constrained by practical
limitations such as unknown variances or difficulties in
identifying desired effect sizes in outcome variables
(Legg & Nagy, 2006).

Remote sensing technologies and analytical approaches
that generate and process large datasets but require mini-
mal fieldwork are highly relevant to landscape-scale moni-
toring (Stephenson, 2020). Satellite images are commonly
used to assess changes in landcover over hundreds of
square kilometers, and the resolution of images available is
steadily improving, allowing increasingly detailed investiga-
tions of ecosystem structure and function (McKenna
et al., 2023; Pettorelli & Schulte to Biihne, 2023). Acoustic
and DNA metabarcoding techniques are increasingly
employed to survey broad ranges of taxa with relatively low
field effort, with machine learning providing much of the
processing power (Stephenson, 2020). Although these
advances provide exciting and informative new tools, some
limitations remain (e.g., Abdelmajeed & Juszczak, 2024).
For example, projects found that vegetation change was
sometimes too subtle and complex to be effectively mea-
sured by remote sensing: in some contexts, such as wetland
mosaics, it was challenging to produce an accurate land-
cover classification model to assess changes in heterogene-
ity and ecosystem function at appropriate scales. Other
barriers occurred at the analysis stage, for example in terms
of capacity to process, validate and meaningfully interpret
data (Hahn et al., 2022). Hence, while these more cutting-
edge approaches were often trialed by projects, there was
also a core role for simpler, field-based approaches.

3.6 | Audiences

When selecting indicators, it is vital that projects under-
stand the intended use and audience for the information
generated. Authoritative science, communicated in a
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targeted and compelling way, can transform perceptions
of restoration projects. Key uses of data highlighted by
projects included: reporting to funders, informing future
restoration actions via adaptive management, raising pro-
ject profile and public engagement, contributing to
national datasets and indicators, influencing policy sup-
port for restoration, and informing future funding bids.
For example, a good understanding of the data needed to
advocate for a new protected area or the design of an
agri-environment scheme can ensure that the indicators
selected meet these objectives. Sharing monitoring results
with local communities can help foster evidence-based
dialogues about how landscapes are changing, perhaps
by measuring flood mitigation effects of river restoration
or declines in human-wildlife conflict. Maximizing
impact requires that results are made freely available, via
open access publications and data repositories, to provide
transparency and ensure learnings can be applied by
others (Costello & Wieczorek, 2014).

One emerging use for data evidencing the results of
restoration is to enable ecosystem services (primarily car-
bon) or biodiversity to be monetised via the sale of
credits. Although many of these markets are still nascent,
restoration projects may wish to collect data that are
likely to meet future requirements and align with any
existing standards. Currently, few standardized protocols
exist for assessing the recovery of natural habitats, but
this field is evolving rapidly; in the future, such methods
and indicators could easily be integrated into the Moni-
toring Framework.

4 | CASESTUDY: APPLYING THE
LANDSCAPE RESTORATION
MONITORING FRAMEWORK IN
THE CAIRNGORMS CONNECT
LANDSCAPE

Cairngorms Connect (CC) is an ambitious landscape-
scale partnership working to restore habitats and natural
processes across 60,000 ha of the Scottish Highlands
(Gullett et al., 2023). Through the restoration of forests,
peatlands, and river catchments, it is enabling the recov-
ery of natural capital, ecological processes, and ecosystem
services while helping populations of rare and endan-
gered species such as eagles, black grouse, beavers, and
twinflower. CC also works to support a sustainable local
economy and enhance opportunities for people to con-
nect with nature.

Since forests, blanket bogs, and floodplains take time
to recover from centuries of human impact (Rydgren
et al., 2025; Summers, 2018), this is a long-term project
with a 200-year vision. In 2018, the partnership received

funding from the ELSP and applied the Monitoring
Framework to select indicators for the CC landscape.
Five long-term indicators were selected to measure pro-
gress towards the ultimate 200-year vision, and four
short-term indicators were identified to measure changes
towards the five outcomes that the project hoped to
achieve during the 5-year ELSP funding period (Table 2).
Of the nine indicators selected, four fall within the natu-
ral capital theme, two measure ecosystem services, two
monitor social and institutional enabling factors, and one
measures economic change; thus, the indicators span the
themes of the Monitoring Framework (Table 3 and
Figure S1).

5 | DISCUSSION: EXPERIENCES
OF THE MONITORING
FRAMEWORK

There is a clear need for more evidence measuring the
ecological and social outcomes of large-scale ecosystem
restoration and rewilding (Hart et al.,, 2023; Martin &
Lyons, 2018; Ockendon et al, 2018; Rey-Benayas
et al., 2009). The Landscape Restoration Monitoring
Framework provides a flexible yet structured approach to
designing monitoring programmes meeting this need and
has already been applied by diverse land- and sea-scape
projects across Europe to generate scientifically robust
data (e.g., Kizilkaya et al., 2025). It has been shown to
provide a consistent structure to indicator selection, set-
ting expectations about the breadth and duration of data
collection, but with projects retaining primacy in identi-
fying indicators and methods for their specific context.

Two key requirements of the Monitoring Framework
are (i) identification of indicators that measure change
across two time scales; and (ii) consideration of changes
in ecosystem service and socio-economic, as well as eco-
logical, aspects of a landscape.

The separation of short- and long-term indicators was
introduced in response to feedback from ELSP projects
that many indicators important in demonstrating land-
scape change according to the considerations described
here were unlikely to show significant change during a
5-year funding period (Dombrovski et al., 2022; Isbell
et al., 2019). By supporting long-term indicators that may
only show significant change after the grant period ends,
the framework enables projects to start addressing the
lack of evidence for landscape restoration effects over
longer timeframes (Reis et al., 2024; Wortley et al., 2013).
However, these indicators will only yield new evidence if
data collection can be maintained beyond grant periods.
Resourcing staff retention and consistent monitoring in
the long term is an ongoing challenge, requiring
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collaboration between funders and a willingness to sup-
port pre-existing monitoring schemes. Participatory mon-
itoring and citizen science, grounded in early discussions
with local communities regarding how and what to mon-
itor, have an important role in sustaining consistent field
data collection beyond and across grant cycles
(Gouraguine et al., 2019; McKinley et al., 2017).

As well as investing in long-term monitoring, our expe-
rience showed that there is significant value in monitoring
indicators that respond relatively quickly to restoration,
such as habitat diversity or some hydrological and physical
metrics (Hughes et al., 2025). Indicators from the theme
that measures change in enabling factors, such as reduc-
tions in threats, changes in attitudes among stakeholders,
or policy changes that support restoration, can demon-
strate that restoration actions are putting landscapes on a
trajectory to recovery (e.g., Elias et al., 2025); these can be
important stepping stones to ultimate restoration out-
comes, and are therefore informative short-term indicators
in these often complex projects. Results from indicators
showing faster responses can also be important to inform
communications describing the effects of restoration rela-
tively early in a project. This can be invaluable to engage,
inspire, and motivate stakeholders as work progresses, as
well as providing practitioners with useful knowledge of
early responses. By measuring restoration outcomes in
both the short and long term, projects can produce a wider
range of evidence, suiting various purposes and audiences
(Adam et al., 2024).

The inclusion of indicators spanning ecosystem
service and socioeconomic themes distinguishes our
Monitoring Framework from other restoration and
rewilding frameworks (Perino et al., 2019; Torres
et al., 2018). A deepened understanding of perspectives,
values, and concerns of local communities and other
stakeholders is invaluable in project planning and design;
it also provides the basis for evaluating how these factors
change during a project (Danielsen et al., 2021; Sigouin
et al., 2025). For many ELSP projects, the Framework
provided an opportunity to extend monitoring beyond
ecological metrics to include indicators of the benefits
that people gain from restoration. Projects reported that
the process of collecting these data strengthened their
relationships with communities, enhancing their chances
of long-term success. Furthermore, some social indica-
tors, such as awareness of restoration and connectedness
to nature, were among the quickest to show change.
However, assessing economic change resulting from
landscape restoration (e.g., the number of nature-positive
businesses or local employment opportunities created)
(Pendleton, 2010) has remained challenging. Making the
economic case for ecosystem restoration is critical to
advocacy with some audiences, such as local authorities,
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and there is a pressing need to develop practical methods
to assess the economic costs and benefits associated with
restoration (Iftekhar et al., 2017).

Enhanced ecosystem services from a restored land-
scape can be among the benefits most valued by local
communities. However, projects found indicators in this
theme of the Monitoring Framework the most complex
to design and implement. In ecosystems where provision-
ing services (such as fish catch from marine or lake resto-
ration, or timber from sustainable forestry) are valued,
these proved relatively straightforward to monitor. How-
ever, regulating ecosystem services, often of central
importance to a project, can be difficult to measure effec-
tively (Hughes et al., 2016; Suding, 2011). For example,
climate change mitigation benefits may accumulate
slowly and non-linearly (Rydgren et al., 2020). Benefits
associated with hydrological processes, such as flood mit-
igation or improved water quality, are complicated to
measure as hydrological flows are highly dispersed across
landscapes. Quantifying changes to services such as flood
or fire mitigation depends on assessments of rare and
unpredictable events with high levels of background
dynamism, meaning that detailed modeling may be
required (Harvey et al., 2024).

Monitoring schemes are commonly designed by resto-
ration practitioners working for non-governmental orga-
nizations during project planning, often as part of a grant
application. This has significant advantages, given practi-
tioners' detailed knowledge of the landscape, its biodiver-
sity, and people. Practitioners are typically committed to
working in landscapes in the long term, enabling the con-
tinuity needed to monitor outcomes when change is slow.
However, practitioners’ capacity is often thinly spread,
and their priority may be restoration delivery rather than
data collection. Moreover, effective monitoring of large-
scale restoration can be complicated, requiring ecological,
social scientific, and technical expertise and specialist
equipment, which may not exist within a single organiza-
tion. To overcome this, many ELSP projects established
collaborations with academic researchers, often local to
their landscape, facilitating the use of more complex and
time-consuming field and analytical methods. Academic
research can also deepen understanding of processes and
mechanisms, leading to improvements in restoration
methods (Finger et al., 2023). As academics are particu-
larly motivated to publish their findings in peer-reviewed
journals, they also have an important role in quality con-
trolling, publicly sharing, and archiving results from on-
the-ground restoration (Hughes et al., 2011).

Our experiences also demonstrated the importance of
flexibility during projects’ planning and early implemen-
tation phases. Until a project's sampling sites and data
collection methods are precisely specified, it may not be
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clear whether the approach proposed at the planning
stage is feasible and appropriate. It is therefore important
that during the first year(s) of a project, both practitioners
and funders are open to changes in the selection of indi-
cators and/or the approach used.

This relates to a wider point, that the time and effort
dedicated to the planning stage of large-scale restoration
projects rarely reflect the importance of this phase
(Ockendon et al., 2025); projects have responded that ide-
ally resources and time would be allocated to design and
pilot monitoring methods before “real” baseline data col-
lection gets underway. Such preliminary data collection
would also allow more accurate power analyses, ensuring
that sampling designs are likely to be informative and
efficient (Christensen & Ringvall, 2013). A longer plan-
ning period would also enable deeper consultation and
more participatory design of monitoring programmes.
Given that landscape-scale transformation is likely to
require monitoring over decades or even centuries,
spending extra months at the start ensuring the most
appropriate indicators are developed is likely to be worth-
while. At the other end of the funding cycle, even in a
relatively generous 5-year grant, by the time projects have
collected baseline data and implemented interventions,
several years have often passed, leaving only a couple
more years to detect any responses. Mechanisms that
extend the time frame for monitoring (both before and
after the ‘main implementation grant period’) would be
welcomed by practitioners.

Over the last 6 years, the Landscape Restoration Mon-
itoring Framework has been successfully adapted to a
wide range of ecosystems and contexts to measure
short- and long-term change resulting from landscape
and seascape restoration. The breadth and ambition of
the Monitoring Framework have raised projects’ expecta-
tions about what can be monitored, how data are col-
lected, and the value of the resulting information.
Indicators from across the ELSP are starting to yield
results informing many purposes, such as adaptive man-
agement, stakeholder engagement, policy advocacy, and
future funding applications, helping to maximize the
impact of these transformational projects.
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