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Abstract

Context There are urgent calls to transition society
to more sustainable trajectories, at scales ranging
from local to global. Landscape sustainability (LS),
or the capacity for landscapes to provide equitable
access to ecosystem services essential for human
wellbeing for both current and future generations,
provides an operational approach to monitor these
transitions. However, the complexity of landscapes
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complicates how and what to consider when assess-
ing LS.

Objectives To identify important features of land-
scapes that remain challenging to consider in LS
assessments and provide guidance to strengthen
future assessments.

Methods We conducted two workshops to iden-
tify the complex features of landscapes that remain
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under-considered in LS assessments, and developed
guidelines on how to better incorporate these features.
Results  We identify open and connected boundaries
and diversity of values as landscape features that must
be better considered in LS assessments or risk exacer-
bating offstage sustainability burdens and power ine-
qualities. We provide guidelines to avoid these pitfalls
which emphasize assessing ecosystem service inter-
actions across interconnected landscapes and incor-
porating local actors’ diverse values.

Conclusions Our guidelines provide a stepping
stone for researchers and practitioners to better incor-
porate landscape complexities into LS assessments to
inform landscape-level decisions and actions.

Keywords Nature’s Contributions to People
Landscape Management - Social-Ecological

Systems - Sustainability - Telecoupling - Values about
Nature

Introduction
Anthropogenic activities continue to undermine

the sustainability of ecosystems, with sustainability
referred to as the ability for ecosystems to support the
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needs of both present and future generations while
maintaining healthy functioning (Kates 2011; IPBES
2019). In 2021 the Kunming Declaration stressed the
need for societies to transition to more sustainable tra-
jectories to maintain ecosystem health (CBD 2021).
Global agreements, such as the Global Biodiversity
Framework, aim to achieve this transition by promot-
ing landscape level management that enhances sus-
tainable ecosystems (Leadley et al. 2022). Knowing
whether these efforts are effective will require moni-
toring sustainability across landscapes. Thus, many
organizations are developing protocols and metrics
to monitor changes in sustainability in response to
anthropogenic activities (Xu et al. 2021). However,
questions remain around the scope of sustainability
assessments, and their ability to assess sustainability
at the landscape level.

Landscapes are regarded as an ideal level at which
to assess and monitor sustainability efforts (Wiens
2013). Landscapes are a type of place-based, social-
ecological system where people directly (and indi-
rectly) interact with ecosystems, creating unique land
systems that are embedded in cultural identity (Boh-
net and Beilin 2015; Wu 2021). Many environmen-
tal management actions influencing sustainability at
scales ranging from the local (e.g. property) to the
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national and global are implemented at the landscape
level (Moallemi et al. 2020). However, despite the
centrality of landscapes in environmental decision-
making, knowledge gaps about how to assess land-
scape-level sustainability remain.

An explicit, operationalizable sustainability defi-
nition is required to enable sustainability assess-
ments of landscapes. The concept of sustainability
is broad, making it difficult to assess or measure.
Sustainability involves simultaneously considering
environmental, economic and societal wellbeing (Wu
2013). Therefore, evaluating if management actions
affect sustainability of a landscape requires account-
ing for interactions between anthropogenic actions
and environmental conditions at the landscape level
(Wu 2013). Ecosystem services (ES), co-produced
with anthropogenic assets and realized as wellbeing
benefits to people, are a common framing for assess-
ing multiple aspects of such interactions (Fisher et al.
2009; Palomo et al. 2016), and for capturing human-
nature interactions (Wu 2013). By assessing ES
capacity (the potential to deliver ES), demand (the
ES desired by communities) and flow (the ES acces-
sible to the communities) within a landscape it is pos-
sible to begin to capture environmental, economic
and social wellbeing (Villamagna et al. 2013). Thus,
the ES framing can be used to explicitly operational-
ize and evaluate many aspects of sustainability within
landscapes.

In order to operationalize landscape sustainability,
here we define landscape sustainability (LS), using
Wu’s (2013) definition, as the capacity for a landscape
to consistently provide equitable access to diverse ES
essential for supporting the wellbeing of multiple
actors, both now and into the future. While the ES
concept has been critiqued as a metric of sustainabil-
ity (de Groot et al. 2010; Saunders 2020) and other
framings for understanding human-nature interactions
exist, e.g. Nature’s Contributions to People (Diaz
et al. 2018), the concept of ES has begun to permeate
policy worlds and thus remains useful for assessing
sustainability at the landscape level. ES assessments
have been buoyed by extensive development of tools
available to measure ES and dis-services (Blanco
et al. 2019), calculate monetary and non-monetary
value, and incorporate nature into decision-making
by perceiving ecosystems as natural assets (Obst
et al. 2016). For example, Fang et al. (2015) devel-
oped a framework to integrate ES dynamics into LS

assessments, and Potschin and Haines-Young (2013)
built a place-based assessment framework focusing
on ES drivers within landscapes.

While the integration of ES methods to understand
LS has advanced in recent decades, the scope of exist-
ing ES assessment approaches remains limited. Most
approaches are discipline specific, which creates chal-
lenges for harmonizing LS assessments. Furthermore,
often ES approaches consider only one (biophysical)
dimension of sustainability (e.g., deforestation rates
or human appropriation of net primary productivity)
or operate at a single scale without considering other
places that are impacted (Erb et al. 2009; Wu 2021).
While some alternative approaches do consider mul-
tiple scales (e.g., telecoupling), they are insufficiently
integrated into LS assessments (Liu et al. 2013).
Researchers focusing on assessing LS need to develop
methods that explicitly integrate the key features that
occur across landscapes (e.g., drivers and interac-
tions) meaningfully into LS assessments, and which
can also be feasibly implemented by practitioners
(Bennett et al., 2021). Such an approach would assist
in assessing progress in meeting sustainability targets,
including the Global Biodiversity Framework targets.

The authors of this paper participated in two
four-day workshops in 2021 to identify challenges
and pathways forward for assessing LS to support
sustainability targets, such as the Global Biodiver-
sity Framework. All authors have expertise in LS
and come from a range of disciplines, including
landscape ecology, sustainability science, environ-
mental justice, social-ecological system science,
engineering, and land system science, ensuring mul-
tiple perspectives were captured. This paper aims to
outline the key challenges to assessing LS that were
identified in these workshops, and to provide guid-
ance and future research directions for researchers
focused on developing approaches to assess LS. We
identified two core challenging features of land-
scapes that remain insufficiently integrated into LS
assessments but are crucial for measuring LS: (1)
landscapes’ open boundaries, and (2) the interaction
between the diversity of values and institutions (i.e.
rules, norms and customs) that structure human-
nature interactions and the power dynamics that
influence these interactions. We outline how these
challenging features affect LS in Fig. 1, and below
we discuss these two features, detailing key chal-
lenges with real world examples that demonstrate
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Fig.1 Conceptual diagram depicting the links between land-
scape sustainability (the capacity for landscapes to equitably
provide essential ES for both current and future generations)
and the challenging landscape features discussed in this paper:
landscapes’ openness (red arrows and text), and the interaction
of values and institutions (blue arrows and text) with ecologi-
cal processes. Landscape openness influences the capacity of a
landscape to provide and benefit from ecosystem services (ES)

the dynamics presented in Fig. 1, and outline how
to better account for these features in future LS
research.

While these challenges have garnered some atten-
tion, they have often been considered in isolation.
Further, bringing a landscape-scale lens to these
issues is important: landscapes are the intermediate
space where actions, decisions, and programs play
out on the ground, affecting not just private lands
and property, but spilling over and creating positive
and negative externalities for society. This perspec-
tive paper brings a unique landscape vantage point
to integrating material flows and social challenges
into ways of thinking about the land and ecosystems
we depend on. Such a perspective grounds previ-
ous suggestions for assessing landscapes or ES and
develops a more operational approach.

@ Springer

because it creates positive and negative flows of ES to and
from connected landscapes (see connected landscape 1 and 2)
and other scales (red arrows). Diverse Values about nature and
institutions both in the landscapes and connected landscapes,
are key social-ecological attributes and mechanisms that influ-
ence ES management and thus ES capacity, flow and demand
in landscapes. Furthermore, which ES are managed is deter-
mined by power relations among actors

Challenge 1: Landscapes are open and connected

The boundary of a landscape is necessarily arbitrary
and fuzzy, reflecting various perspectives (Wylie
2011). Regardless, landscapes affect, and are affected
by, actions and decisions from social-ecological pro-
cesses operating in other landscapes and at multiple
nested scales (Cumming et al. 2012; Liu et al. 2013).
As shown in Fig. 1, these interactions can influence
landscape-level social-ecological outcomes by chang-
ing ES capacity, demand and flows to and from other
landscapes and scales. Methods for measuring and
assessing LS that account for the openness and con-
nectedness of landscapes remain underdeveloped.
We summarize these complexities in terms of the
nestedness and connectedness of landscapes using an
abstract “focal landscape” in relation to impacts on
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other distal landscapes (Pascual et al. 2017) to ground
our discussion.

Complexity 1: Scale nestedness

Actions, drivers, and decisions occurring at one
scale (e.g., landscape) can influence sustainability
outcomes at larger (e.g., a region made up of multi-
ple landscapes) and smaller (e.g., plot located within
a landscape) scales, as shown in Fig. 1 (Cash and
Moser 2000; Scholes et al. 2013). For example, in
Lisbon, Portugal, policies geared to increase urban
densification can improve the LS of the city land-
scape through increased urban greenspace provision
(via land sparing) and decreased motorized trans-
port that enhance ES such as local climate regula-
tion and recreation opportunities (Elliot et al. 2022).
However, the increased population accommodated by
urban densification could lead to a greater demand for
food from other landscapes, and the consequent risk
of intensifying agricultural practices with the associ-
ated degradation of agroecosystems. Thus, as dem-
onstrated in the red lines in Fig. 1, LS is improving
at the urban landscape level, due to the net increase
in local climate regulation following urban densifi-
cation, but sustainability is decreasing at the larger
regional scale, due to net losses in ES, including cli-
mate regulation, within associated agroecosystems
due to greenhouse gas emissions from increased
intensive agriculture (Elliot et al. 2022). Assess-
ments that fail to account for cross-scale interactions
could mis-calculate the LS impact of management
within a focal landscape. It is therefore critical to con-
sider multiple nested scales, and the aggregate (e.g.,
regional or global) sustainability outcomes when
assessing the LS of any given mechanism within a
focal landscape.

Complexity 2: Landscape connectedness

Landscapes are connected through interactions
between ES capacity and demand, and material,
energy and human flows in ways that affect the LS
of both the focal and connected landscapes (Liu et al.
2013). As shown in Fig. 1, ES interactions between a
focal landscape and other landscapes (e.g., via trade,
species movement, information flows) impact the
potential provision of ES in the focal landscape but
can externalize the ecological costs to the connected

landscapes providing the ES. For example, market-
ing strategies across United States (US) urban land-
scapes has led to increasing demand for avocados,
with many urban residents regarding avocadoes as
an important provisioning ES (Magrach and Sanz
2020). However, it is often not climatically feasible or
profitable to grow avocados in US urban landscapes.
Approximately 87% of avocados are imported from
the Michoacan region of Mexico to the USA, dem-
onstrating connected landscapes where access to a
provisioning ES (food) increases in US landscapes
due to ES flows from Michoacan landscapes (Cho
et al. 2021). While this reduces pressures on US land-
scapes due to the reduced water consumption from
not cultivating avocadoes, this is offset by impairing
LS in Michoacan, as avocado production is associated
with deforestation, and water scarcity, and reduced
climate regulation (Cho et al. 2021). Therefore, US
landscapes may have improved their LS by not grow-
ing avocados themselves, but it has led to a telecou-
pled LS burden within Michoacan landscapes. Thus,
LS assessments should account for the sustainability
impact that the focal landscape has on other land-
scapes to appreciate potential LS tradeoffs between
connected landscapes (Pascual et al. 2017).

Challenge 2: Diverse values and institutions

Assessing LS typically requires choosing which ES to
assess, often by identifying which ES are valued by
the people inhabiting the landscape (Wu 2021; IPBES
2022). Institutions (the rules, norms, and customs
that structure human interactions with nature) and the
diversity of values about nature (the importance that
people assign to nature) held by different actors influ-
ence which ES are used, valued and desired, and by
whom, as shown in Fig. 1 (Sutherland et al. 2023).
Institutions do not only regulate behavior given exist-
ing values, but also form and legitimize those val-
ues, for example embedding into the culture what is
the right thing to do (Kinzig et al. 2013). Failing to
account for interactions between ES values and insti-
tutions in LS assessments risks defining and assessing
LS in ways that only benefit particular, usually more
empowered, actors given their values, which can
reduce the wellbeing of marginalized groups whose
ES values and needs can be obscured, affecting LS
(Pascual et al. 2023). Furthermore, the LS definition
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implies considering both environmental sustainability
and social justice as inseparable elements, increas-
ing the importance of recognizing and respecting the
diversity of knowledge systems, values and world-
views within landscapes (Pascual et al. 2023).

Complexity 1: Diversity of values

While people value nature in different ways, three
main justifications are typically expressed about the
importance of nature: the direct and indirect ben-
efits it provides to well-being (instrumental value),
nature’s inherent value independent of human experi-
ence (intrinsic value), as well as via the meaningful
relationships that form between humans and nature
(relational values) (Pascual et al. 2023). These val-
ues exist across cultures but are expressed differ-
ently through behavior and practices. While people
connected to a landscape typically hold diverse val-
ues, this is often not well reflected by the institutions
that underpin landscape management (Pascual et al.
2023). For example, within a forested landscape, one
group may value the forest for timber, another may
value the aesthetic aspects of intact trees, and others
may value the forests for spiritual reasons. These val-
ues are closely interwoven with different knowledge
systems and worldviews (e.g. anthropocentric, or
ecocentric) which tie to varying perspectives of what
LS should look like (Pascual et al. 2023; Sutherland
et al. 2023). The existence of diverse values associ-
ated with landscapes can lead to contrasting and
irreconcilable perspectives about which landscapes
features, including ES, ought to be prioritized for
improving LS, as shown in blue in Fig. 1 (Vigliano
Relva and Jung 2021). For example, across east Afri-
can grasslands the invasive woody species Prosopis
Jjuliflora has transformed the landscapes to scrublands
(Linders et al. 2021). This transformation is regarded
as either improving LS, or not, depending on which
stakeholder values are considered. Charcoal produc-
ers prefer the transformed landscape, as it increases
charcoal and fuelwood—ES important to their liveli-
hood, while tourists and pastoralists prefer the land-
scape untransformed, as P. juliflora reduces food pro-
duction, cultural and aesthetic values—ES important
to their livelihood (Linders et al. 2021). Therefore,
the interplay among the diversity of values makes it
challenging to define LS for a given landscape, and
choose the essential ES to measure. However, even

@ Springer

when decisions must prioritize one set of values over
another, LS assessments must consider the variety
of values that are and are not included in transparent
ways and justify such consideration.

Complexity 2: Social power dynamics

The values and knowledge of powerful actors with
decision-making agency can strongly influence which
ES are deemed valuable or important to measure for
LS, as shown in Fig. 1 (Vallet et al. 2020). This can
lead to decisions that ignore the values of minor-
ity groups for outcomes that favor the wellbeing of
powerful actors, potentially leading to environmen-
tal injustice (Berbés-Blazquez et al. 2016). Power is
here understood as the capacity to influence the goals,
process, and outcomes of environmental governance
(Morrison et al. 2019). Power asymmetries refer to
the uneven distribution of power among actors. For
example, the Marifio watershed, Peru, contains agri-
cultural and grassland landscapes that provide many
ES important for LS, including tourism, food produc-
tion and climate regulation, and government agencies
have the greatest power over ES management (Vallet
et al. 2019). However, farmers and rural populations
have negligible management power but are among the
greatest users of ES (Vallet et al. 2019). Therefore,
the government could restrict access to ES with the
aim of ensuring long term provision of ES for a wider
set of people at the expense of local farmers and rural
populations. The unequal power dynamics between
these groups has implications for whose vision of a
sustainable future is enacted. As shown in the blue
section of Fig. 1, this could lead to LS assessments
orientated towards benefitting the governments’ inter-
ests, while farmers, not involved in decision-making,
could experience losses in the ES they depend on, or
these ES not being considered in LS assessments.

Considerations for assessing landscape
sustainability

Researchers from multiple disciplines have developed
approaches to address the openness of landscapes and
the diversity of values and institutions, but methods
to address both together are largely absent in the lit-
erature. Telecoupling integrates landscape nestedness
and connectedness into LS assessments (Koellner
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et al. 2019) but remains largely silent on incorporat-
ing values. Similarly, metrics that capture diverse val-
ues and institutional attributes (e.g. polycentric gov-
ernance) can indicate how well institutions consider
values and power relations among actors connected to
landscapes (Cash et al. 2006; Ostrom 2010), but these
approaches typically remain silent on ES interactions
across landscapes and scales. A systematic approach
combining multiple frameworks could address these
challenging landscape features within LS assess-
ments, better informing sustainability decisions and
targets.

Frameworks to assess LS vary greatly but generally
consist of three broad over-arching stages: (1) Define
the question and scope; (2) Identify the ES indica-
tors to assess and define targets; and (3) Measure and
evaluate the ES dynamics of the landscape (Potschin

and Haines-Young 2013; Wu 2013; Fang et al. 2015;
Dale et al. 2019). In this section, we provide an ini-
tial guideline, consisting of seven actions, detailing
how and where to address diverse values and insti-
tutions, and the openness of landscapes within these
three broad stages (Fig. 2). We also provide a list of
potential methods to implement these seven actions
(Table 1). By providing actions under the three over-
arching stages of LS assessments our guideline can
easily be incorporated into the different landscape
sustainability assessments available, providing better
consideration of the two challenging features. Since
landscapes are complex systems, any LS assessment
will contain uncertainties and can often only consider
a subset of interactions and values to ensure it can be
feasibly implemented. Our guideline aims to provide
a starting point for capturing the challenging features

Stages of a landscape sustainability assessment

question and scope

services indicators to

ecosystem se rvice

Define the I Identify the ecosystem | Measure and evaluate the

assess, and define targets

dynamics of the landscape

1. Determine the question(s)
through co-design or
consultation

Outcome: Drivers, activities and
mechanisms of interest identified

2. Clearly define the focal

3. Identify stakeholders and
rightsholders, and their values

Outcome: Diversity of values
accounted for. Influence of social
power dynamics minimized.

5. Identify ecosystem service
capacity, flow and demand
dynamics within the landscape

Outcome: Capacity of the
landscape to provide essential
ecosystem services under the

mechanisms and drivers of

interest.

Actions to incorporate

landscape boundary

Outcome: Area of interest
identified

4. Identify the ecosystem
services to assess based on
stakeholder and rightsholder

values

Outcome: Ecosystem services
integral to landscape
sustainability determined based
on values of multiple stakeholder
and rightsholder groups

Actions addressing Challenge 1 (Landscapes are open and connected)

Actions addressing Challenge 2 (Diverse Values & Institutions)

6. Map ecosystem service flows
across connected landscapes
and scales

Outcome: Connected
landscapes identified. The
ecosystem services provided
from each landscape identified

7. Repeat Actions 2-5 for
relevant connected landscapes

Outcome: Impact on the
landscape sustainability of the
connected landscapes and larger
scales identified

aJD.lOd.lOJU[ ojsuondy

Fig. 2 A flowchart depicting the initial guideline for how and where to implement actions addressing the openness of landscapes
and diverse values and institutions into LS assessments
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Table 1 Suggested methods that could be used at each step of the proposed guideline to address the diversity of values and the

openness of landscapes in sustainability assessments

Actions

Key Methods Key methodology references

1. Determine the question(s) through co-design or consulta-
tion

2. Define the focal landscape boundary

e Moreau et al. 2023
e Busse et al. 2023

e Co-design research methods (e.g.
consultation, surveys, stakeholder/
rightsholder workshops)

o Co-design research methods (e.g.
consultation, surveys, stakeholder/
rightsholder workshops)

e Mapping of socio-political and
bioregional boundaries

3. Identify stakeholders and rightsholders, and their values

4. Identity the ecosystem services to be assessed based on
stakeholder and rightsholder values

o Qualitative surveys and interviews
o Consultations and workshops

e Literature review

o Q methodology

e Literature review
o Consultations and workshops

e [PBES 2022

e Termansen et al. 2023

e Daw et al. 2011

e Martin-Lépez et al. 2019

o Cole et al. 2023
o Felipe-Lucia et al. 2022

e Qualitative surveys and interviews

5. Identify ecosystem service capacity, flow and demand
dynamics within the landscape

e Ecosystem service modelling
o Spatial analysis

o Participatory GIS

e Consultations and workshops

e Olander et al. 2018

o Neyret et al. 2023

e Sutherland et al. 2023

e Cousins and Newell 2015

o Political-industrial ecology

6. Map ecosystem service flows across connected landscapes e Telecoupling
e Supply chain mapping
o Ecosystem service modelling

and scales

e Koellner et al. 2019
e Schroter et al. 2018
e Goldstein and Newell 2020

o Spatial analysis
e Consultations and workshops

7. Repeat Actions 2-5 for relevant connected landscapes

e See methods for Actions 2-5

e Sce literature for Actions 2-5

and should be used as a tool for understanding differ-
ent perspectives and marginal changes in LS, rather
than providing a single objective value for LS.

Action 1: Determine the question(s) through
co-design or consultation

The multi-faceted nature of LS means it is not feasi-
ble to assess all aspects of LS for a given landscape.
Determining the question of interest in the initial
planning stage of an assessment will help frame
which ES to assess. The question may, for example,
revolve around an activity (e.g., expanding avocado
production), or a policy mechanism within the land-
scape (e.g., urban densification). Co-design and con-
sultation with stakeholders and rightsholders to frame
the question will ensure meaningful and diverse val-
ues are considered early on (Eichler Inwood et al.
2018; Martin-Lépez et al. 2019). The co-design of
a research question with multiple stakeholder and
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rightsholder groups will also help reduce the risk
of social power dynamics influencing the question
framing.

Action 2: Define the focal landscape boundary

Delineating landscape boundaries is a crucial initial
step for assessing ES interactions across connected
landscapes and determining the rightsholders and
stakeholders impacted. Boundaries may be identified
based on predetermined social-political, bioregional,
or social-ecological system boundaries, but should
align with the question identified (Action 1). Further-
more, stakeholders and rightsholders should be con-
sulted when identifying the boundary to ensure that
the way in which they live and experience the land-
scape is accounted for (Eichler Inwood et al. 2018).
Action 1 and 2 may also be an iterative process, as
determining the boundary could lead to the identifi-
cation of further rightsholders and stakeholders who
may be consulted to define the question.
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Action 3: Identify stakeholders and rightsholders, and
their values

Relevant stakeholders and rightsholders may have
been identified in Actions 1 and 2, but here all
impacted actors are identified. Once identified, their
values about nature, and potential value conflicts can
be determined (Daw et al. 2011). Identifying and
accounting for the values held by different people
improves transparency in decision-making and helps
mitigate the influence of asymmetric power rela-
tions on decision-making (Ainscough et al. 2019). In
many cases it may not be possible to identify the val-
ues of all groups, due to resource limitations, conflict
between values, participation bias and difficulty tran-
scribing values into writing. In these cases, a struc-
tured critical reflection on which values to include
should be conducted using methods discussed in
Table 1, such as qualitative surveys and workshops.
An iterative approach can also be conducted after-
wards, where Actions 1-3 are repeated with input
from all stakeholders and rightsholders.

Action 4: Identify the ecosystem services to be
assessed based on stakeholder and rightsholder
values

The ES should be identified through their ability to
support the values about nature identified in Action
3 (Chan et al. 2018). It is likely that not all identified
values, and the ES identified from these, will be con-
ducive to improving or contributing to LS. ES identi-
fied should be based on the values of different stake-
holder and rightsholder groups, but also chosen based
on how they contribute to LS, based on the definition
of LS (the capacity for a landscape to consistently
provide equitable access to diverse ES essential for
supporting the wellbeing of multiple actors, both now
and into the future). Therefore, consultations with
stakeholders and rightsholders may need to be con-
ducted to choose a final list of ES that is equitable,
diverse and supports the wellbeing of multiple actors
long term (Ainscough et al. 2019). This approach may
not identify all ES important to LS, as some ES may
not have an actor to provide a voice for them. There-
fore, in consultation with stakeholders and rights-
holders, ES experts may also propose the addition of
other valuable ES not directly identified in Action 3
that have less perceived benefits. For example, people

could identify nature as important for recreation, but
not identify the need for trees to regulate tempera-
ture (Peckham et al. 2013). Stakeholders and rights-
holder should be consulted on the final list of ES for
transparency.

Action 5: Identify ecosystem service capacity, flow
and demand dynamics within the landscape

Indicators of capacity, demand and flow of the cho-
sen ES, and the mechanisms or drivers that influence
these ES dynamics, should be determined at this
stage. Indicators of the ES and the mechanisms and
drivers will enable changes in ES capacity, flow and
demand dynamics to be captured, ensuring the envi-
ronmental, economic and social sustainability dimen-
sions are considered under current and future scenar-
ios, and based on the question of interest. This will
help determine the location and quantity of ES that
are provided or desired within the focal landscape
now and into the future, whether demand for the ES
is greater or smaller than the capacity, and how the
mechanisms or drivers influence these dynamics, and
in turn influence LS. The mechanisms and drivers
identified should be linked to the question of inter-
est (identified in Action 1). For example, a question
revolving around the LS impact of expanding urban
farming within a city landscape may include food
production as an ES of interest and measure this ES
using area of food production or harvest quantity as
an indicator for capacity, population size as an indi-
cator for demand and the sale of locally produced
food as the flow within the focal landscape (Colasanti
and Hamm 2010). Mechanisms that influence the ES
dynamics in this example could include technology,
policies, cultural practices, and market value (Art-
mann and Sartison 2018). Identifying the capacity,
demand and flow dynamics, and the impact of the
mechanisms and drivers on these, for each ES identi-
fied in Action 4 can also determine if trade-offs are
occurring among the ES (Dade et al. 2019). This is
due to mechanisms likely affecting other ES of inter-
est, potentially leading to conflicts between differ-
ent ES users. Indicators should be selected that are
capable of measuring ES capacity, demand and flow
under different mechanisms or drivers, to allow these
dynamics to be measured under different scenarios
(Olander et al. 2018; Mandle et al. 2021).
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Action 6: Map ecosystem service flows
across connected landscapes and scales

The connectivity between landscapes and the relevant
scales should be determined by identifying which land-
scapes are supplying ES to the focal landscape to meet
demand (identified in Action 5) (Schroter et al. 2018).
Flows from connected landscapes can be determined
through trade data or economic data as well as inter-
views with stakeholders and rightsholders. For exam-
ple, Kleemann et al. (2020) measured ES flows across
connected landscapes using trade data. The geographic
locations of the connected landscapes can then be
used to identify the larger scales affected (e.g. national
scales). Focal landscapes may have many connected
landscapes, and thus it may be infeasible to identify all
such ES based telecouplings (Kleemann et al. 2020).
Therefore, this step is about identifying and prioritizing
the connected landscapes through ES in-and out-flows
in relation to the initial question identified (Action 1).

Action 7: Repeat actions 2-5 for relevant connected
landscapes

An iterative process of applying these actions to con-
nected landscapes can be used to identify changes in
LS in other places or at larger scales (e.g., regional
scales) under the question of interest, and the associ-
ated drivers and mechanisms (Action 1). For exam-
ple, if the initial question focused on the impact that
ending forest harvesting within the focal landscape
will have on LS, changes in timber harvesting in
connected landscapes to meet demand in the focal
landscape should be assessed, including the impact
this will have on other essential ES within the con-
nected landscapes (Mayer et al. 2005). This impact
can then be integrated into the LS assessment for
the focal landscape. As the aim is to only assess how
landscapes directly linked to the focal landscape are
affected, steps 6 and 7 do not need to be conducted for
the connected landscapes (as the landscapes linked to
the connected landscapes are outside the scope of the
assessment).

Conclusions

ES provide an operational approach to assessing
sustainability at the landscape level, which can help
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monitor and assess societal efforts to transition to
more sustainable trajectories. However, failure to
account for the complex social-ecological features of
landscapes can lead to oversimplified assessments of
LS that will not fully capture all elements of LS, such
as off-stage burdens and power asymmetries. Here,
we highlight two key complex features of landscapes
— their openness and the diversity of values of stake-
holders — that, even though often neglected, must be
integrated into LS assessments to improve operation-
ality. Our seven-action guideline and accompanying
tools provide guidance to both decision-makers and
researchers on how to integrate different stakeholder
values and connected landscapes into LS assessments.
Our focus on the landscape scale emphasizes needed
granularity to operationalize LS and to address com-
plexities simultaneously. By providing an integrative
and comprehensive framework for assessing LS our
guideline can help inform sustainability goals across
multiple scales, including the Global Biodiversity
Framework 2030 goals, to inform sustainable transi-
tions and equitable land management.
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