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Abstract

1.

Nature recovery requires the provisioning of resources in the right place and in
sufficient quantities to support wildlife populations and improve ecological pro-
cesses. Agri-environment schemes (AES) have been a major mechanism for deliv-
ering environmental management across EU-farmed landscapes, but measured
benefits to nature are often negligible in large part due to a lack of strategic spa-
tial targeting of management actions.

. As an example, AES in England are often delivered using a participatory strategy,

typically at individual farm scale, with types of management agreements and up-
take reflecting the business model and interests of each farm. However, this im-
plementation model can result in poorly distributed conservation resources and,
consequently, a failure to recover nature across larger scales, even if individual

agreements are delivered well.

. Achieving effective, large-scale nature recovery through AES requires aligning its

implementation with spatially targeted approaches that prioritise specific con-
servation goals. We discuss the rationale for, and major barriers to, aligning AES
design and implementation to these approaches. We then highlight how, through
the framework of systematic conservation planning, both the strategic and partici-
patory components of AES could be aligned better to enhance nature recovery
outcomes.

To ensure AES help achieve nature recovery goals, clear and measurable targets
must be set with the type and spatial configuration of actions designed to en-
able meeting targets. Strategic spatial targeting must also be carried out with
the implementation phase in mind, accounting for socio-economic opportunities
and barriers to engagement and acknowledging that uncertainties around farm-
scale implementation mean plans must be adaptable. Participatory approaches
for AES design and implementation that support the delivery of spatially targeted
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1 | INTRODUCTION

Intensified farming and associated land use has proved one of the
greatest threats to terrestrial biodiversity (Maxwell et al., 2016).
With world food demand expected to increase by 30%-62% by
2050 (van Dijk et al., 2021), this places great importance on con-
servation actions in farmed landscapes for supporting nature
protection and recovery (Kehoe et al., 2017). The financial invest-
ment in ensuring that farming and biodiversity conservation are
compatible is, in many parts of the world, substantial. In the EU,
around €51 billion has been spent on agri-environment schemes
(AES) since 2014 (Ait Sidhoum et al., 2023). Although biodiversity
conservation is not the sole purpose of AES, there is no doubt
that expenditure on habitat management designed to benefit bio-
diversity is considerable and arguably AES represents one of the
most extensive and expensive biodiversity conservation initiatives
to date (Batary et al., 2015). Despite this investment, biodiversity
in farmed landscapes continues to decline (Gamero et al., 2017;
Gregory et al., 2019; Hayhow et al., 2019). In the United Kingdom,
a recipient of EU agri-environment payments, the problems have
been particularly acute. Between 1970 and 2016, 41% of mon-
itored species declined in abundance and it now has among the
most depleted biotas globally (Hayhow et al., 2019).

The intensification of farming has meant that habitats capable of
supporting wildlife have been declining in terms of quantity, quality
and connectivity (Clough et al., 2020; Robinson & Sutherland, 2002).
Attempts to create wildlife habitats on farmland through AES (e.g.
provisioning of flower-rich margins for pollinators or seed-rich
stubbles for birds) have not reversed the declining trends of prior-
ity species at national scales, despite local scale responses of these
species to management (Baker et al., 2012; Redhead et al., 2022).
This is in large part because uptake of management options that de-
liver the most benefits has been very limited, more popular general
options are of insufficient quality for threatened biota, and the spa-
tial arrangement of these resources has been too ad hoc to have
population-level impacts (Baker et al., 2012; Gamero et al., 2017;
Pywell et al., 2012). AES options in England have generally been se-
lected and delivered at the farm-scale, largely because of the highly
fragmented nature of land ownership patterns and occupancy across

management actions are required, most notably by facilitating collaboration or
cooperation across farm holdings.

5. For AES to contribute effectively to nature recovery goals, aligning strategic and
participatory approaches in its design and implementation is crucial. This requires
uniting knowledge across disciplines and cultures and ensuring that information
is shared to support progressive refinement of scheme design and guidance to-

wards achieving overall nature recovery goals.

agri-environment scheme, collaborative AES, nature recovery, participatory strategy, spatial
prioritisation, systematic conservation planning

the country. However, evidence gathered from studies carried out
across Europe demonstrates that more than a third of amphibian,
reptile, bird and mammal species, and many invertebrate species,
forage in the breeding season over ranges that are larger than the
size of a typical English farm (146 ha; Carvell et al., 2017; McKenzie
et al., 2013) indicating a need for larger scale coordination of ac-
tions across landscapes. To reduce extinction risks associated with
populations occupying small, fragmented habitat patches, habitat
management must be targeted better using landscape conservation
planning principles that manipulate the total amount, spatial ar-
rangement and quality of habitat in agricultural landscapes (Lawton
et al., 2010).

The potential for AES to halt or reverse biodiversity declines
is not however based solely on their ecological design. Rather, the
main obstacles and most effective solutions often occur at the in-
terface between people and nature (Josefsson et al., 2018). While
one might attempt spatially to target management actions within
landscapes for a particular biodiversity outcome, ultimately the up-
take and delivery of proposed measures depends on the willingness
and engagement of people (Brown et al., 2021; De Snoo et al., 2013;
Maas et al., 2021). Cultural and social factors will influence farm
management decisions by shaping different conceptualisations of
what constitutes a ‘good farmer’ (Burton, 2004), with some factors
more likely to lead to biodiversity-friendly practices than others.
For example, a farmer's age, willingness to interact and work with
peers, as well as their land tenure and interest in nature, all have im-
portant effects on the way they manage the land and, hence, on the
likelihood and extent of their tendency to exhibit pro-biodiversity
behaviour (Brown et al., 2021; Mills et al., 2017). Interactions be-
tween people and nature are commonly governed by coupled feed-
back, nonlinear dynamics and social tipping points. Understanding
and overcoming the negative impacts of these has the positive po-
tential to encourage and foster future pro-biodiversity management
(Lenton et al., 2022).

For AES to deliver more effective nature recovery outcomes re-
quires better integration of strategic and participatory approaches
to AES design and implementation and the effective integration of
knowledge and theory from across social, ecological and economic
disciplines (Table 1), as well as from across other knowledge cultures
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(e.g. farmer and land manager; Oliver et al., 2012). England is cur-
rently undergoing a period of agricultural subsidy reform including
major changes to AES payments. In light of this, it seems timely to
use England to examine how the strategic spatial targeting of AES
aligned to conservation planning principles might be achieved to im-
prove nature recovery outcomes and increase the cost-effectiveness
of taxpayer-funded AES.

Afterintroducing the ecological rationale for and socio-ecological
barriers to strategically targeting AES management options within
landscapes, we highlight how strategic targeting approaches and
participatory design, and implementation of AES might be integrated
better. We do this through the framework of systematic conservation
planning (SCP), the principal participatory approach for conservation
decision-making, emphasising the importance of: (1) setting clear
objectives and quantifiable nature recovery targets and ensuring
that these targets can be achieved in the scheme design and imple-
mentation; (2) accounting for key socio-economic determinants of
AES uptake when spatially prioritising AES management actions; (3)
developing participatory approaches for implementation that sup-
port the delivery of AES guided by spatial targeting (e.g. collabo-
rations across holdings, farm-scale guidance informed by landscape
context) and (4) creating feedback links between strategic and par-
ticipatory stages to refine methods and guidance as new information
is gathered.

2 | ECOLOGICAL RATIONALE
FOR SPATIAL TARGETING OF AES
MANAGEMENT

More than 50years of research into landscape-scale conserva-
tion suggest that AES would deliver better outcomes for nature
recovery if implementation was aligned better with spatial con-
servation planning principles (Cabeza & Moilanen, 2001; Soulé &
Simberloff, 1986; Strassburg et al., 2020). This work draws heavily
on the classic approaches to protected area design, namely en-
couraging bigger and more sites, enhancing connectivity among
sites, and improving habitat quality. While spatially targeting con-
servation resources for a single species is relatively straightfor-
ward, AES often aim to benefit multiple species, each with unique
resource requirements and varying responses to interventions.
Trade-offs between these elements affect overall biodiversity out-
comes (Feniuk et al., 2019) and present challenges for identifying
optimal arrangements of management actions to implement across
a landscape to maximise biodiversity benefits. To address these
challenges, conservation planning draws on the principles of rep-
resentation and complementarity to efficiently target actions for
multiple species or habitats by exploiting spatial overlap of these
ecological features (Lehtomiki & Moilanen, 2013). Computational
modelling approaches designed to address complex, multi-species
spatial conservation planning decision-making are now well estab-
lished and capable of finding efficient (e.g. with respect to costs or
land area used) solutions for targeting resources towards specific

BRITISH 5
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conservation objectives (Margules & Pressey, 2000; Pressey &
Bottrill, 2009; Watson et al., 2011). A key insight from models that
allocate conservation resources across landscapes to support mul-
tiple species is that untargeted management often yields consider-
ably worse outcomes for biodiversity at a given cost than targeted
interventions (Ando et al., 1998; Strassburg et al., 2020).

3 | BARRIERS TO IMPLEMENTING AES
ALIGNED TO SPATIAL CONSERVATION
PLANNING

While the ecological rationale for the strategic spatial targeting of
AES is strong, overall, it is the interaction between socio-economic,
cultural and ecological drivers that determine delivery success and
impact. This can create barriers to aligning strategic and participa-
tory approaches to AES design and implementation to achieve spe-
cific nature recovery outcomes. For example, a challenge in many
landscapes is that AES is often implemented through self-selected
farmers, typically delivering agreements at individual farm holding
scale, with the types of options and management agreements re-
flecting the business model and interests of each farm (for context,
England's contemporary farmed landscape comprises of over 10,000
independent farm holdings; Defra, 2022). This single-site focus of
many AES implemented in England has meant that, up until recently,
more emphasis has been placed on the relationship between indi-
vidual farmers and the state rather than enabling widespread col-
laboration between farms across landscapes to strategically target
AES (Nye, 2018). This is further exacerbated by variations in land
tenure relations, which have been shown across the EU to impact on
AES adoption and ecological effectiveness of AES delivery. This may
arise from different institutional frameworks, length of agreement,
landlord and industry relations (Bartkowski et al., 2023). While ef-
fects can be variable there is some evidence that short contracts can
lead to minimal AES adoption, while longer contracts may encourage
more substantial AES (Bartkowski et al., 2023).

Economic and business factors also present a major barrier in
this context. For most land managers whose primary aim is agricul-
tural production and business viability, participation in landscape-
scale conservation practices requires at least some level of financial
recompense (Brown et al., 2021). In landscapes with spatially hetero-
geneous costs and benefits, strategically targeting AES management
has great potential for increasing the efficiency (i.e. in terms of ben-
efits per unit cost) of conservation action (Armsworth et al., 2012;
Matzdorf & Lorenz, 2010). A particular challenge here is that in-
creasing flexibility of schemes to accommodate regional variation in
costs, opportunities and threats (e.g. climate change vulnerability)
may lead to increasing administrative costs, whereas simplifying a
scheme to minimise costs can make it more likely to fail because it
lacks flexibility to deliver for biodiversity or other ecosystem ser-
vices (Day et al., 2024). Thus, a key aspect of AES design is achieving
a balance between flexibility and cost effectiveness, with the objec-
tive being to maximise the diversity of AES options within budget
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constraints to provide maximum flexibility and specificity for mak-
ing choices about the placement of management in the landscape
(Nguyen et al., 2022).

Business and practical elements also interact with personal and
social factors that shape each land manager's willingness and ability
to undertake environmental practices (Mills et al., 2017) and these
have been shown to have a direct influence on the success of AES
(McCracken et al., 2015). For example, engagement in AES has, for
many, contradicted entrenched beliefs relating to what it means to
be a ‘good farmer’ (Burton, 2004; e.g. tidy vs untidy farms and pro-
ductive vs less productive farming methods) and encountered cul-
tural resistance towards state-defined goals (Burton et al., 2008).
While this mindset is gradually changing (Wheeler et al., 2021), it
is likely that the single-site focus of previous AES has slowed po-
tential shifts towards more effective holistic conservation-friendly
approaches, acting as a barrier to the accrual of social, cultural and
symbolic capital (Bourdieu, 2011), and creating a considerable barrier
for achieving better alignment of AES implementation with strategic
spatial targeting. Additionally, a lack of advice and guidance, such
as through a facilitator who can build relationships and engage with
farmers and other stakeholders, can hinder efforts to build trust and
gain buy-in from the community (Nye, 2018; Prager, 2022; Wheeler
etal.,, 2021), while a lack of opportunities for farmers to input into the
design of schemes can result in misalignment between the goals of
the initiative and the needs and priorities of the farmers (Nye, 2018;
Prager, 2015; Wheeler et al., 2021). Feedback on outcomes through
environmental monitoring has been found to be important for moti-
vating farmers to engage in high-quality environmental management
but is often lacking due to insufficient resources for monitoring out-
comes, including providing training to farmers to conduct monitor-
ing themselves (Boulton et al., 2013; Emery & Franks, 2012). Thus,
a major component of strategically targeting AES implementation is
understanding the conditions conducive to the type of high-quality
engagement required to deliver targeted management across com-
plex social landscapes.

4 | ALIGNING STRATEGIC AND
PARTICIPATORY APPROACHES TO AES
DESIGN AND IMPLEMENTATION

The degree to which any AES integrates conservation planning
principles to guide uptake varies highly, but in general these as-
pects are not well integrated into scheme design and implementa-
tion (Table 2). Schemes in England over the past two-decades have
adopted a range of designs, with increasing requirements for spatial
targeting and approaches to engagement depending on their pur-
pose (Hodge & Reader, 2010). Initially, schemes like Environmental
Stewardship (2005-2014) focused on individual farm-level ac-
tions (e.g. Defra, 2013). While more recent initiatives, such as the
Countryside Stewardship Entry Level stewardship (from 2015) and
the Sustainable Farming Incentive (SFI, from 2021), have emphasised
collaboration among farmers to target priority habitats and species,

although they were designed as a ‘broad and shallow’ schemes to
improve the general condition of the environment on farmed land-
scape (Defra, 2024). These schemes could be placed in the top-left
of Figure 1 as they lack a detailed spatial targeting component but
were designed to be easy for farmers to enrol in the schemes. In con-
trast Countryside Stewardship High Level Scheme and the recent
Landscape Recovery scheme (Table 2) were designed to enhance the
effect of the background agri-environment management provided
by SFI through more focused intensive environmental management
(Defra, 2023). Landscape Recovery would be placed towards the
bottom-right of Figure 1 as it requires setting specific goals aligned
to regional priorities but has higher administration and implementa-
tion costs that limit the scheme's spatial footprint (Table 2). Both
schemes have desirable aspects but the potential of each to have
positive effects on nature recovery is limited by different design ele-
ments. The key is to identify the specific design aspects of an AES
that either make it amenable to alignment with spatial conservation
planning or not (i.e. move towards the top-right of Figure 1).

In this section, we use an SCP framework to identify how AES
design and implementation could be better aligned to nature recov-
ery goals and targets. The rationale for this framing is that SCP, the
principal participatory spatial conservation planning framework, is
designed specifically to integrate ecological, social, and economic in-
formation, notably including stakeholder perspectives and informa-
tion from diverse knowledge cultures, to determine spatial priorities
for achieving specific ecological goals within the socioeconomic-
cultural context of the focal planning region (Mclntosh et al., 2017,
Pressey & Bottrill, 2009). The approach aims to identify and formally
state the conservation goals within a planning region and set quan-
titative targets aligned to these goals to provide objective criteria
to judge potential spatial conservation planning solutions. Typically,
mathematical methods are used to identify solutions that satisfy con-
servation targets whilst being efficient with respect to costs, using
the principle of complementarity to identify combinations of sites
that together contribute to meeting targets for multiple species or
habitats, or other conservation features (e.g. ecosystem services), si-
multaneously with minimal redundancy (Kukkala & Moilanen, 2013).
Principles of conservation planning are incorporated via rules that,
for example, favour adding new habitat areas adjacent to existing
habitat patches and account for individual variation in species' dis-
persal to identify habitat networks that are functionally connected
(Lehtomé&ki & Moilanen, 2013). Spatial prioritisation methods have
traditionally focused on choosing areas to protect in order to se-
cure the persistence of species (or other conservation features) in
the landscape, but the approach can be used to prioritise the tar-
geting of specific management actions towards nature recovery (e.g.
Cattarino et al., 2015). In an AES context, this might entail trialling
different AES options (e.g. pollen and nectar flower mix, winter bird
food on arable and horticultural land, or grassy field corners and blocks)
within planning units (e.g. field parcels or land block) across the plan-
ning region to optimise the spatial configuration of option placement
to meet specified targets (e.g. for a subset of farmland bird and pol-
linator or plant species).
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TABLE 2 (Continued)

Key design elements drawn from

examples to better align AES with
spatial conservation planning

AES 1: sustainable farming

AES 2: landscape recovery (LR) AES 3: payment by result (PBR)

incentive (SFI1)

Criteria

In the pilot phase, plenty of e Dynamic linkage between

Data is collected on a regular basis for

Individual agreement can be

Feedback mechanisms permit

spatial conservation planning,

monitoring of outcomes and reflective feedback opportunities were

changed on an annual basis. Defra
also learning from feedback to

redesign SFls.

update and refocus of strategy,

implementation, monitoring, and

provided to land managers.

monitoring of change over time leading to

refocus of strategy.

including spatial priorities, based

on outcomes.

guidance to enable adjustments at

each stage.

EEE‘ETﬁEm
SOCIETY

This well-established approach to spatial conservation planning
is ideally suited to the context of schemes such as AES, where de-
sign and implementation should ideally occur using a participatory
approach or co-design (Holting et al., 2022) and where conservation
actions must take place within the context of other demands on land
use (e.g. multifunctional landscapes) and a specific social, economic
and ecological context. This approach is explicitly ecological, with
the principal objective to find patterns of spatial prioritisation of
conservation actions that meet specific quantitative conservation
targets. Consequently, viewing AESs through the lens of SCP en-
ables the identification of major challenges for spatially targeting
AES, such that the scheme is capable of achieving specific nature
recovery goals. Table 1 shows the broad stages of SCP (adapted
from Margules & Pressey, 2000) and describes how AES design and
implementation aligns with each stage. In this section, we consider
the framework alongside existing AESs designed and implemented
in England (Table 2), to draw out and discuss four major components
necessary for AES design and implementation to be aligned better
with spatial targeting.

4.1 | Setting specific nature recovery goals and
targets is necessary to target conservation resources
effectively

The major strength of SCP is that the spatial prioritisation is con-
ducted against objective criteria agreed upon prior to analysis by
stakeholders, with specific quantitative targets for biodiversity
set based on ecological principles and aligned to overall conserva-
tion objectives (Margules & Pressey, 2000). The aim is to develop
spatial conservation plans capable of achieving the stated ecologi-
cal goals whilst also being efficient in terms of costs (e.g. land area
required and associated financial costs). Key in the initial stage of
SCP is devising broad goals capable of being converted into spe-
cific criteria for decision-making (Nicholson & Possingham, 2006).
For example, vague statements such as improving biodiversity or
conserving wildlife (Defra, 2013) are more readily converted into
objective criteria for conservation planning if stated as maxim-
ising species richness in the planning region or ensuring no species
extinctions in the planning region (Nicholson & Possingham, 2006).
Formulating precise goals that capture ecological priorities across
a planning region and are inclusive of the broad range of ways so-
ciety values nature is the first stage of SCP and requires broad
stakeholder engagement and participatory methods across dis-
ciplines to resolve differences between stakeholders (Table 1).
Obtaining broad stakeholder consensus on goals is critical for
gaining trust and securing engagement in planning activities and,
in the long-term, driving the type of high-quality engagement with
environmental activities necessary to deliver ambitious objectives
(Sayer et al., 2013).

Goals of broad-and-shallow AES typically lack the specificity
to permit spatial targeting while more intensive, localised schemes
are usually designed to deliver very specific nature recovery goals,
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FIGURE 1 The cost-effective implementation of management targeting nature recovery outcomes through agri-environment schemes
(AES) requires input from spatial conservation plans (strategic, y-axis) to increase the potential for the AES to have positive effects on
nature recovery and an implementation strategy driven by socio-economic principles that increases the likelihood of farmer engagement
and uptake (participatory, x-axis). Integration of ecological, social, and economic information is required to reach this desired state of AES
delivery (top-right), with information flows between strategic planning and participatory implementation components to identify and

overcome barriers to impactful on-the-ground patterns of AES uptake.

benchmarked against an established baseline, but affecting rela-
tively small areas. The impact of both scheme types could no doubt
be increased through clear alignment of precise goals and subse-
quent strategic spatial targeting of resources, such that uptake in
schemes is complementary, contributing towards the same set of
precisely defined objectives. This is important as AES tend to have
multiple objectives (e.g. delivering for biodiversity and multiple eco-
system services) and this aspect has been criticised for the potential

of actions to conflict and weaken effectiveness (Cullen et al., 2018).
Creating specific nature-focused goals for AES, alongside specific
goals for other elements targeted by the scheme, would help clarify
the contribution of actions in a location towards broad goals, and
minimise conflicts and maximise synergistic actions (Cimon-Morin
et al., 2013). It would be relatively straightforward to create more
precise objectives aligned to government policy but tailored to re-
gional spatial variation in conservation priorities.
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The process of converting broad scheme objectives to species
targets requires identifying specific conservation features to be
entered into the spatial prioritisation process. Conservation fea-
tures are typically species or habitat types, but other ecosystem
processes and services, such as carbon storage, can also be in-
tegrated into the spatial prioritisation process (Villarreal-Rosas
et al., 2020). The principal consideration is that features can be
spatially mapped with some degree of accuracy at the resolution
of a planning unit across the entire planning region. Selecting
conservation features could follow several routes but will involve
wide consultation with experts and stakeholders through a par-
ticipatory process that aims to capture a broad range of ways in
which society values biodiversity to help ensure an inclusive se-
lection (e.g. in terms of cultural, recreational, aesthetic and eco-
nomic) as well as ecological value (Kelemen et al., 2013; Table 1).
Links between ecological condition and societal benefits (e.g. eco-
system services) are critical for determining the relative weight
given to particular biodiversity features, for example, where small
increases in abundance delivered might drive large ecosystem ser-
vice benefits (Baker et al., 2019; Gaston et al., 2018). Recognising
that not all priority species and habitats are sufficiently mapped to
include as conservation features, a key element of selecting con-
servation features is choosing a suite of species that are represen-
tative of a range of priority biodiversity features that cannot be
included in the prioritisation (Wiens et al., 2008).

Targets for AES are most likely to be directed towards halting
population declines (i.e. ensuring a landscape supports at least a
minimum viable population) and, in the long term, reversing nega-
tive trends. For example, in England, the Countryside Stewardship
Scheme's (CSS) main priority is to ‘protect and enhance the natu-
ral environment, in particular, the diversity of wildlife (biodiversity)’
(Defra, 2017); while these objectives are vague, CSS clearly has
some ambition towards recovering nature. Ambitious targets may
aim to recover each priority species fully to a viable and ecologically
functional state across their entire historical range relative to a spe-
cific baseline (Grace et al., 2019). Targets, however, must recognise
that changing conditions (e.g. climate change and food production
demands) might make some historical baselines impossible to meet
(Grace et al., 2019). Thus, targets should be ambitious but achiev-
able, reflecting the policy commitments and financial resources
committed to the AES. Determining specific targets for a conser-
vation feature requires a pragmatic approach that recognises that
detailed demographic data is seldom available for any given species
and other measures of biodiversity (e.g. species richness) are often
poorly mapped at high resolution (Hughes et al., 2021). Scheme ob-
jectives may not be linked directly to specific species but instead
aim to increase general measures of biodiversity, such as maximising
species richness by optimising the configuration of habitat based on
established species-area relationships (Pressey et al., 2003). Targets
could also focus on restoring ecological function and processes, and
this can be achieved by setting species or habitat specific targets
based on relationships between abundance/cover and ecological
function (Baker et al., 2019; Villarreal-Rosas et al., 2020). Targets set
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in this way may be higher than those set with only species or habitat
persistence in mind because species can often persist long after they
are functionally extinct (McConkey & O'Farrill, 2016).

Incorporating strategic spatial targeting in AES design and im-
plementation requires setting clear and precisely stated goals with
respect to biodiversity and nature recovery with associated quanti-
tative targets to serve as objective criteria for conservation planning
and evaluating outcomes. Linking objectives to appropriate quan-
titative targets, allows resources to be strategically and efficiently
allocated. Where AES goals are common across scheme elements
it is important that they align (e.g. in England SFI and Landscape
Recovery schemes) but for maximum impact these elements and
targets should be linked with other strategic conservation manage-
ment activities (e.g. actions targeting non-agricultural land, such
as urban areas and woodland; Table 2). Furthermore, setting clear
cross-cutting goals and targets for conservation features enhances
the identification of trade-offs between biodiversity and ecosystem
services goals of AES (Cimon-Morin et al., 2013), and the identifica-
tion of nature-based solutions (e.g. for carbon storage and soil ero-
sion control) that act in synergy, contributing towards targets for

multiple objectives.

4.2 | Strategic spatial targeting must account for
socio-economic context of the planning region

Socio-economic realities necessarily constrain which actions can
be taken and where within agricultural landscapes and an impor-
tant strength of SCP is that the spatial prioritisation stage can
incorporate such information in order to reduce implementation
barriers (Ban et al., 2013; Naidoo et al., 2006). The primary aim
for most farmers is agricultural production and business viability,
and participation in landscape-scale conservation practices re-
quires at least some level of financial recompense to cover not
only payments for operating costs related to the management
but also the net income foregone (i.e. opportunity costs; Brown
et al., 2021; Schaub et al., 2023). Whether compensation is likely
to be sufficient to incentivise engagement with an AES and facili-
tate uptake of particular options, will vary across landscapes and
between farms, but understanding this spatial variation is most
critical in the spatial prioritisation process. Similarly, whilst eco-
nomic incentives are important for gaining participation in envi-
ronmental initiatives, particularly where widespread engagement
is required, they are only one of an array of considerations influ-
encing land manager decision-making and should not be viewed in
isolation. For example, while they may constitute important incen-
tives, financial payments alone fall short of ensuring high quality
engagement in nature recovery activities. Several personal, social,
business and practical factors, as well as the detail of any pro-
posed scheme, will also shape each land manager's willingness and
ability to undertake environmental practices (Mills et al., 2017).
Farmer social factors have been shown to have a direct influence
on the success of AES (McCracken et al., 2015). Examples include
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variation in the strength of belief that an activity will result in a
desired outcome, perceptions about the ease or difficulty of per-
forming an activity, perceived social pressure towards the perfor-
mance of a certain activity, and perceptions about whether other
people in the reference group perform the activity (Defrancesco
et al., 2008; McCracken et al., 2015; Mills et al., 2017).

Incorporating socio-economic information in the spatial pri-
oritisation stage of SCP requires the spatial mapping of socio-
economic data, which can be a challenge due to the general
absence of publicly available information, resulting from the
sensitivity of farm level data on practices, operational costs and
profitability. Practical solutions often involve the use of weak
predictors of social or economic factors, such as assuming costs
per area of conservation management are homogeneous across
land parcels, with the total land area selected for conservation ac-
tion used as a measure of the total cost. However, such measures
can be mis-leading, especially when applied across large scales
where land parcels can vary considerably in both value and the
costs associated with conservation activity (e.g. due to location,
accessibility and agricultural productivity; Naidoo et al., 2006).
Frequently, non-monetary predictors, such as the distance from
urban areas or threat maps (i.e. under the assumption that threats
are correlated with costs) are used to capture this spatial variabil-
ity in costs (Naidoo et al., 2006; Sacre et al., 2019). More sophisti-
cated approaches have moved away from static costs to consider
temporally dynamic costs and benefits, such as the reduction in
management costs over time (Puri et al., 2022), or using more
direct measures of economic costs, such as harvest data (Ban &
Klein, 2009). Where social data have been considered important
but spatially explicit information is absent, attempts have been
made to predict engagement in nature-positive activity by land-
owners based on physical (e.g. property size and land use) and
social characteristics (e.g. social networks and education; Tulloch
et al., 2014), as well as using social network data to map and in-
corporate stakeholder connections into prioritisation processes
(Mills et al., 2014). Despite being highly incomplete, predicted so-
cial information has proven a useful predictor of observed data
when generating cost-effective spatial conservation plans (Tulloch
et al.,, 2014).

It is important to recognise that AES have historically been
designed to achieve a range of objectives in multifunctional land-
scapes, not only nature recovery. Schemes, such as Countryside
Stewardship, aim to deliver multiple ecosystem services, span-
ning biodiversity, water quality improvements, carbon storage,
flood management, air quality improvements, resilience to climate
change, coastal erosion reduction, heritage and access to na-
ture (Defra, 2021). The multi-objective nature of these schemes
requires trade-offs between the provision of different services
across different areas and to reflect these trade-offs through lo-
cally targeted price signals and engagement with farmers to deter-
mine and communicate priorities. From an economic perspective,
making these trade-offs necessitates considering the marginal so-
cial value of different land uses and management, but even with

perfect information this is not an easy task because the marginal
social value depends on the location, scale and configuration of
activities on the land (Bateman et al., 2013). Opportunities to ob-
tain multiple benefits from spatially targeted management across
landscapes can be identified through SCP approaches, typically
with large increases in cost-effectiveness (Moilanen et al., 2005;
Strassburg et al., 2020). In addition, however, it is critical that eco-
logical effects are explicitly considered in the spatial prioritisation
and not assumed to follow from interventions made for other pur-
poses (Strassburg et al., 2020).

Thus, to increase the likelihood that AES implementation can be
targeted based on the outputs from a spatial prioritisation, it is criti-
cal that the socio-economic context of the planning region, including
opportunities and constraints, are adequately reflected in the sug-
gested actions. The emergence of socio-economic models of land-
use capable of capturing spatially and temporally explicit increases
and decreases of multiple ecosystem services (e.g. food, timber,
greenhouse gas sequestration, river water quality and flooding) pro-
vides a wealth of information to incorporate into SCP at spatial scales
relevant to implementation (Day et al., 2020). More difficult to cap-
ture is spatial variation in social attitudes towards, and the likelihood
of, high-quality engagement with AES. Therefore, spatial targeting
must be conducted such that plans are robust to gaps in uptake due
to patchy engagement and sufficiently flexible to adapt where nec-
essary (e.g. by providing alternative but equal actions elsewhere in
the landscape). Considering the outputs from spatial prioritisations
as a dynamic rather than static process is likely to be advantageous
for AES, where realised patterns of AES uptake can feedback to up-
date spatial targeting to ensure guidance is still aligned to meeting
AES targets. Finally, farmers often have strong preferences for which
parcels of land to enrol in AES, focusing on specific, often unproduc-
tive or difficult-to-manage land. Understanding the motivations for
these choices will help to design conservation strategies that work
within the realities of farm businesses, while spatial modelling can
be used to identify irreplaceable areas in the landscape for nature
recovery, which could be targeted for higher levels of payments for

actions in those areas, particularly in a results-based context.

4.3 | Implementation through collaboration and
cooperation is required to target AES spatially

Though Lawton et al. (2010) advocated that environmental delivery
might be more successful if management plans were coordinated via
some form of collaboration or cooperation, details as to how this
might manifest were lacking. The ‘individualisation’ (sensu Beck &
Beck-Gernsheim, 2002) of farmers due to the slow dissolution of
social institutions, for example, based on the family, class, and gen-
der, has resulted in a move away from traditional ‘collective’ struc-
tures and created strongly entrenched identities. This historical
shift from collective to more individualistic values among the farm-
ing community means that encouraging farmers to not only invest

themselves in a group but also to become an engaged and active
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group member might be a challenge (Chiswell & Lobley, 2018; Riley
et al., 2018). Research has shed considerable light on factors affect-
ing engagement with individual or collective conservation activity
and this knowledge is critical to delivering effective conservation
across farmed landscapes (De Snoo et al., 2013; Maas et al., 2021;
Wheeler et al., 2021).

While cooperation among farmers has continued to exist at
some level, decisions around land management have been individ-
ualised and are often taken out of these realms of collective activ-
ity (Riley et al., 2018). Farmers rarely communicate about activities
aimed at delivering environmental outcomes, to the extent that
they often struggle to place value on the conservation activities
of neighbours (Riley et al., 2018). Social contact between farmers
appears to be declining with structural changes to farming (e.g.
shifts from local to national-level contracts; Junquera et al., 2022).
While some collaborative initiatives have been successful, such
as catchment-sensitive farming programmes or farmer-led initia-
tives (e.g. Keenleyside, 2013), there is still a need for a significant
shift in the social and cultural norms of the farming community to
incentivise more joint efforts. It is important to measure the suc-
cess of landscape-scale conservation not only in terms of uptake
or group participation under a more collaborative model but also in
terms of social, cultural, economic, and environmental outcomes.
Consequently, landscape-scale conservation may be determined by
economic and social factors more than ecology.

Paying attention to non-financial factors is important where
collaboration is required across landscapes to deliver nature re-
covery, particularly where cultural practices emphasise working
independently (Emery & Franks, 2012; Franks et al., 2016; Riley
et al., 2018). The particular design of the initiative and level of co-
operation required is also pertinent, as forms of cooperation where
participants remain fully independent but undertake activities co-
ordinated by a trusted third party may be more appealing to some
land managers than those requiring a closer degree of integration
and joint working with others (Hodge & Adams, 2013). The appro-
priate level of cooperation for any initiative will, however, depend
on the socio-ecological system (Ostrom, 2009) and the ecological
objectives being sought—some large-scale habitat creation, for in-
stance, will require significant cross-boundary working between
farmers, whereas reduced nutrient runoff in a specific water catch-
ment might be achieved through external coordination of individual
actions (Wheeler et al., 2021).

There are some good examples of farmer-led groups and net-
works that have successfully facilitated large-scale environmen-
tal management despite no direct financial payment being offered
(Wheeler et al., 2021), although there may be indirect economic
benefits to participants (Nye, 2018). In these cases, land manag-
ers are typically strongly motivated by their own desire to protect
the environment, as well as by other factors such as opportunities
for social learning and network creation, developing good practice,
preparing for anticipated policy changes, a sense of social respon-
sibility and a desire to improve the public reputation of farming
(Nye, 2018; Wheeler et al., 2021). Attempts to drive landscape-scale
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conservation must acknowledge these additional or alternative mo-
tivations and optimise associated benefits for land managers, rather
than relying on a financial incentive alone, which may be insufficient.
This will not only assist with initial recruitment, but also increase
the likelihood of achieving genuine and sustained engagement that
results in long-term environmental management and positive con-
servation outcomes.

For AES implementation to align effectively with spatial tar-
geting, mechanisms must exist to facilitate coordination and/or
collaboration across landscapes. Mechanisms might be integral
to AES design (i.e. Landscape Recovery, Table 2) or be facilitated
by resources made available to individual land managers or ad-
visors, such as through digital platforms offering advice guided
by outputs from spatial prioritisations targeting resources. For
example, feedback from on-the-ground implementation could
be used to update spatial targeting plans given realised changes
across a landscape (Figure 2). Such information could be used
at an individual farm scale, with information from neighbouring
farms anonymised, to guide collaborative agreements negotiated
across neighbouring holdings. Such information is ultimately de-
signed to guide decisions, rather than be definitive, with negoti-
ations designed to reconcile disagreement between outputs from
the spatial targeting process and on-the-ground conditions. Thus,
providing spatial guidance that offers flexibility in decision-making
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FIGURE 2 Spatial conservation planning requires updating
based on patterns of AES uptake arising from implementation
negotiated at farm-scales, via participatory strategy, where
patterns could diverge from the landscape-scale spatial plan. In this
example, the original spatial conservation plan (i) seeks to target
adjacent land parcels across land holdings to increase patch size
and connectivity. Uptake on the first holding deviates from the
original plan (ii) and this must be reflected in guidance provided

on the adjacent holding (iii), which influences the pattern of AES
uptake on this second holding (iv) to ensure a satisfactory outcome
is achieved at the landscape-scale (v).
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across land holdings is likely to be critical in facilitating coordi-

nated and/or collaborative AES uptake.

4.4 | Monitoring and evaluation must be linked to
guantitative targets and objectives

Monitoring and evaluation are critical components in any conser-
vation intervention and a key stage in SCP. Targets set during SCP
provide objective criteria against which outcomes can be evaluated
and the ability to evaluate progress towards targets should be a key
consideration when selecting conservation features and targets.
Inadequate monitoring data is a major barrier to evaluating progress
towards goals in SCP (Mclntosh, 2019), but with forethought, effec-
tive monitoring protocols can be designed that are specific to each
quantitative target such that there is sufficient statistical power to
detect the desired state change. Evaluating outcomes at the appro-
priate spatial scale is important because monitoring should not just
aim to measure regional or national scale progress towards targets
but must also aim to provide information useful to individual land
managers, where feedback on outcomes has been found to be im-
portant for motivating engagement in high-quality environmental
management (Boulton et al., 2013; Emery & Franks, 2012). Sharing
monitoring results with farmers and involving them in monitoring
processes can help enhance their ecological knowledge and confi-
dence and facilitate a sense of shared responsibility for achieving
environmental objectives, while also helping to identify solutions
where there has been a lack of progress towards environmental
objectives (Wheeler et al., 2021). Evidence from research on result-
oriented AES (e.g. payment-by-results; Table 2) also suggests that
a focus on environmental outcomes can help drive innovation and
boost opportunities for developing non-economic forms of capital
(Burton & Schwarz, 2013; Chaplin et al., 2019).

Better aligning AES with spatial targeting approaches within the
context of SCP provides a clear framework for monitoring outcomes
against specific quantitative targets and goals, providing opportu-
nities to identify aspects of scheme design and implementation, as
well as the spatial targeting approach, that are more or less success-
ful. Where the intended goals of AES are to contribute to the de-
livery of specific nature recovery outcomes then ultimately the key
evaluation criteria will be performance-based (Adams et al., 2019).
The spatial targeting is designed to guide AES implementation, yet,
when the success of implementation is measured against ecological
responses that take years or decades to be realised, conformance-
based evaluation might be highly valuable. For example, tracking
strong deviations in uptake from spatial targeting plans provides a
short-term means of evaluating the potential of the scheme to meet
specific targets, inferred through analysis of uptake patterns against
targets. This information can then be used to inform changes in
scheme design and implementation where the scheme is anticipated
to fall short of specific targets. Ultimately, once sufficient time has
elapsed for targets to respond to management actions, biodiversity
monitoring could be designed to feedback into the SCP process,

helping to shape scheme design and implementation. Spatial pri-
oritisation algorithms within SCP can incorporate temporal change
in habitat state and responses of conservation features to these
changes, thus enabling the anticipation of responses of specific
conservation features against targets and providing intermediate
benchmarks against which to measure progress towards targets
over extended timeframes. It is, therefore, very important to set
clear timeframes for achieving broad goals and specific targets in
the initial stage of SCP.

5 | CONCLUSION

While a lot is known about designing and implementing AES in
a landscape context, much of this information remains in discipli-
nary silos and is not adequately shared across knowledge cultures.
Improving outcomes for nature recovery and providing cost effec-
tive public benefits through AES requires more effective alignment
of spatial conservation planning theory and methods with participa-
tory approaches for AES design and implementation. Strategic spa-
tial targeting of AES options can be integrated into AES differently,
depending on the overall goals of a particular scheme, but critical to
all schemes is setting clear goals and quantitative targets for AES.
Without these it is difficult to develop a spatial prioritisation for tar-
geting AES actions and to evaluate performance and cost effective-
ness. Where multiple schemes exist within a landscape (e.g. SFl and
LR; Table 2), objectives and targets must be aligned where appro-
priate such that actions contribute towards targets effectively and
actions across schemes do not conflict and undermine outcomes.
For universal ‘broad-and-shallow’ type schemes, spatial targeting
can be aligned with the current paradigm, where uptake is often
negotiated at an individual farm scale, by using digital platforms to
present portfolios of ‘good’ choices at farm holding scales aligned
to broader nature recovery goals and targets, thus facilitating coor-
dination of actions at scale. In the longer-term, collaborative cross-
holding approaches to AES uptake are needed to facilitate alignment
with spatial targeting, which will require novel financial mechanisms
and legal frameworks, as well as shifts in farmer attitudes towards
collaboration. Given the increasing demand for food worldwide,
efficient and effective conservation on farmland is vital for nature
recovery and will only be successful if strategic and participatory
approaches to AES delivery are united.
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