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Abstract

Anticipating future socioeconomic conditions through scenarios supports effective land-use planning and management that
safeguards biodiversity and ecosystem services (BES). This study introduces a novel participatory scenario development
protocol to design consistent, nested regional scenarios tailored for BES assessments of agricultural land-use. The protocol is
applied in four European case studies (subnational regions in Austria, Estonia, Germany, and Switzerland), combining
regional narratives with quantitative developments aligned with the Shared Socioeconomic Pathways for European agri-food
systems for 2050 (Eur-Agri-SSPs). Two innovative scenario components are introduced: (i) land-use and management
practices and (ii) land-use-biodiversity actions, including private and public instruments. These components are typically
neglected in larger-scale scenario applications. Despite shared European boundary conditions from the Eur-Agri-SSPs, the
regional scenarios exhibit substantial variation, driven by current land-use structures and stakeholder input. Scenario
elements, shaped by existing funding schemes and socioeconomic contexts, vary substantially across scenarios and regions.
Examples include the share of organic farms and the level of payments for agri-environment-climate measures. In
Miinsterland (Germany) and Liine County (Estonia), current agri-environment payments are significantly lower than in
Schwarzbubenland (Switzerland) or the Wienerwald (Austria), and this is reflected in the SSP1 (“..sustainable paths™) and
SSP2 (“..established paths™) scenarios. This study demonstrates the value of regional extensions of the SSP framework,
grounded in participatory processes, to support context-specific BES assessments. It contributes to scenario research by
presenting key challenges and recommendations for nested participatory scenario design and by bridging the gap between
global and continental frameworks and subnational implementation needs.
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Introduction

Biodiversity loss remains one of the most urgent environ-
mental challenges globally, driven by land-use change, cli-
mate change, pollution, and the spread of invasive species
(IPBES, 2019; Jaureguiberry et al., 2022; Keck et al., 2025).
In response, several European strategies, such as the EU
Biodiversity Strategy for 2030, aim to reverse these trends by,
e.g., building a coherent trans-European nature network and
halving pesticide use (European Commission, 2020). Simi-
larly, the EU’s Zero Pollution Action Plan envisions clean air,
water, and soil for all (European Commission, 2021). Despite
these ambitions, the pathways to achieving such goals—and
managing the trade-offs involved—remain unclear.

To effectively safeguard biodiversity and ecosystem
services (BES) in agricultural landscapes, policies must
anticipate future socioeconomic and climate conditions.
Scenario approaches are critical tools in this regard, offering
structured ways to explore plausible futures, inform plan-
ning, and manage uncertainty (Kok et al., 2015, 2006; van
der Hejden, 2005; Walker et al., 2003; Wiebe et al., 2018).

The climate change research community has developed
Shared Socioeconomic Pathways (SSPs) — narratives of
global development that support assessments of climate
change impacts, mitigation, and adaptation, and corre-
sponding private and public decision-making. The SSPs
distinguish pathways regarding the degree of “climate
change adaptation” as well as “climate change mitigation”
and describe respective developments in six topics, i.e.,
demographics, human development, economy and lifestyle,
policies and institutions, technology, environment and nat-
ural resources (SSPs: O’Neill et al., 2017; Eur-SSPs: Kok
et al., 2019; Eur-Agri-SSPs: Mitter et al., 2020). The global
SSPs were so far extended to include details for several
thematic contexts and downscaled to different spatial units,
ranging from individual countries (e.g., Tschumi et al.,
2026) to transnational geographical areas (e.g., Palazzo
et al., 2017). For instance, Kok et al. (2019) adapted and
matched the “CLIMSAVE” scenarios ex-post with the
global SSPs in a participatory manner, leading to SSPs for
Europe (Eur-SSPs: Kok et al., 2019; Pedde et al., 2019).
Mitter et al. (2020) developed ‘“Shared socioeconomic
pathways for European agriculture and food systems (Eur-
Agri-SSPs)”. The authors engaged with diverse stake-
holders across Europe to identify drivers relevant to agri-
culture and food systems and to describe how these drivers
change (increase, decrease, or remain constant) in the
downscaled SSPs. They used the global SSPs as boundary
conditions (Zurek and Henrichs, 2007) and applied a pro-
tocol (Mitter et al., 2019) to ensure consistency between the
global and European scales.

Although the SSPs have become a cornerstone in global
environmental change research (O'Neill et al., 2020), they
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have been criticized for one key limitation: their limited
applicability in BES assessments (Kok et al., 2017; Pereira
et al., 2020; Rosa et al., 2020) due to insufficient detail on
land management practices and their limited representation of
the diverse human values that underpin relationships with
nature (Pereira et al., 2020; Rosa et al., 2020). Although the
Eur-Agri-SSPs extended the SSPs for agriculture and food
systems, including human-nature interactions, they still lack
the spatial resolution and institutional specificity required to
support BES assessments effectively. Thematic extensions of
the Eur-Agri-SSPs so far focused on pest management
(Nagesh et al., 2023). Despite these limitations, the SSP fra-
mework provides a suitable foundation for further extensions
due to its structured logic, cross-scale consistency, and com-
patibility with integrated modeling frameworks that combine
ecological and economic components (such as highlighted by
Engstrom et al., 2016).

Nevertheless, studies often develop their own scenarios or
scenario frameworks when assessing BES (e.g., Martins et al.,
2020; Mosnier et al., 2022; Mouchet et al., 2017; Priess et al.,
2018; Zerriffi et al., 2022). This makes comparisons between,
e.g., impact studies difficult because they do not share the
same or at least similar scenarios or are not based on the same
key assumptions. Exceptions, where the well-established
SSPs and RCPs (Representative concentration pathways,
describing the development of greenhouse gas emissions and
respective global warming; Meinshausen et al., 2011; van
Vuuren et al., 2011) are combined and applied to assess BES
at the global scale, are provided for instance by Powers and
Jetz (2019), Rabin et al. (2020), or Lecleére et al. (2020). Such
global-scale studies are valuable for demonstrating magni-
tudes and relationships among climate change, land-use
policies, and markets, and for confirming that consideration of
both climate and socioeconomic change is required when
assessing BES.

A second key limitation of existing SSP applications is
their marginal connection to the spatial contexts in
which biodiversity-relevant decisions are made and
measured, ie., the farm, landscape, and subnational
regional scales (Cordingley et al., 2015; Karner et al., 2019;
Karner et al., 2022). Most downscaling approaches for
global SSPs are limited to quantitative, top-down methods,
such as statistical downscaling, optimization, or spatial
allocation procedures (e.g., Di Marco et al., 2019; Hoskins
et al., 2016; Schipper et al., 2020). However, such proce-
dures cannot adequately capture the complex farm-to-
regional realities of land-use decision-making. Few exam-
ples exist where SSPs were coupled with BES assessments.
For instance, Harrison et al. (2019) assessed impacts of
SSPs for Europe (Kok et al., 2019) on land-use change,
food production, carbon sequestration, water exploitation,
flooding, and biodiversity (i.e., changes in species abundance)
with integrated assessment models, yet still at a rather coarse
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resolution of approximately 16 km x 16 km. They found that
socioeconomic factors drive greater land-use and food-
production changes than climate change in Europe. In con-
trast, Neff et al. (2022) found that climate warming had a more
significant impact on 40-year changes in insect diversity in
Switzerland than land-use change. However, these down-
scaling approaches rarely involve the regional actors respon-
sible for biodiversity-relevant decisions (with notable
exceptions, e.g. Harrison et al., 2019; Nunez et al., 2020a). This
creates a disconnect between scenario research in the context of
BES and its practical application in environmental planning
and management at the farm-to-regional scale. Yet, the litera-
ture shows that scenario processes involving regional stake-
holders enhance ownership, credibility, relevance, and
legitimacy (Garard and Kowarsch, 2017; Gramberger et al.,
2015; Wiebe et al., 2018).

This study addresses the two key limitations by developing
Agri-SSPs for four case study regions across four European
countries with contrasting biophysical conditions and climate
change impacts, applying a novel protocol-driven participa-
tory approach that integrates quantitative and qualitative
scenario elements tailored to BES assessments. We offer a
methodological advancement that improves scenario usabil-
ity, enhances stakeholder legitimacy, and extends the SSP
framework toward actionable, biodiversity-relevant scenarios at
regional scales consistent with the large-scale Eur-Agri-SSPs
and comparable across each case study region. The scenario
approach, hence, goes well beyond the definition of land-use
drivers typical in participatory scenario processes. We define
the following innovative scenario components: potential new/
novel land-use and management practices (LUMPs) and land-
use-biodiversity actions (LBAs), i.e., private and public actions

Fig. 1 Overview of the
conceptual framework A the
scenario boundary conditions
determine scenario components
that form ready-to-use scenarios
or model input data (not
considered). The scenario
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triggering biodiversity-friendly land-use. Both components
allow for capturing land-use choices (LUMPs) triggered by
policy instruments and behavioral change mechanisms at the
farm level (LBAs) — a gap typically neglected in larger-scale
scenario applications. To our knowledge, this is the first pre-
sentation of a protocol-based approach for multi-regional sce-
narios that operationalizes the Eur-Agri-SSPs. The presented
scenarios form the basis for subsequent BES assessments,
which, however, are not part of this article.

Methods and Data

In this section, the development of regional SSPs for four
European case studies is presented. The regional SSPs are
referred to as XX-Agri-SSPs in this manuscript (XX being
an acronym for the respective case study region). The four
case studies are the Liine district (Lddnemaa) in Estonia
(LE), the Miinsterland in Germany (ML), the Schwarzbu-
benland in Switzerland (SB), and the Wienerwald in Austria
(WW). All case studies are at the subnational level with
details included in supplementary materials (SM B). The
following subsections first describe the conceptual frame-
work (2.1) and, secondly, summarize the scenario devel-
opment process (2.2), with full methodological details
provided in the supplementary materials (SM A).

Conceptual Framework
The conceptual framework of this study is depicted at the top

of Fig. 1. In its center are the scenarios for each case study,
comprising the reference situation (REFobs) and future
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scenarios. XX-Agri-SSPs are vertically downscaled derivatives
of the Eur-Agri-SSPs. They are complemented by new land-
use and management practices (LUMPs) and land-use-
biodiversity actions (LBAs) to form the future scenarios in
this study (for details on these concepts, see section ~~ Working
Step 2: Define Key Scenario Components”).

Two major boundary conditions determine the structure and
expression (i.e., content) of the scenarios. First, we adopted a
nested scenario approach to ensure vertical consistency across
spatial scales. The Eur-Agri-SSPs provided the boundary con-
ditions to develop corresponding XX-Agri-SSPs at the regional
scale. Boundary conditions ensure that the main structure and
expression of scenario elements (i.e., drivers) as well as the
scenario logic are maintained at regional scales. Deviations
from the trends in the Eur-Agri-SSPs are permissible, provided
they do not impair the scenario logic (Zurek and Henrichs,
2007). For example, the pace of urbanization is increasing in
Eur-Agri-SSP1 (Mitter et al., 2020) but this general European
trend with its corresponding trend in rural marginalization may
not hold for a specific region such as the WW, which is located
adjacent to a metropolitan area prone to urban sprawl (Karner
et al., 2024), thus facing an even faster pace of urbanization.

The second set of boundary conditions results from
demand-side factors. Additional or more detailed scenario
elements that complement the XX-Agri-SSPs, i.e., LUMPs
and LBAs, were selected based on the input data require-
ments of integrated bio-economic models to assess BES, as
well as on stakeholders’ information needs.

Similar to the Eur-Agri-SSPs, the system boundaries for the
scenarios are defined by a broad and detailed specification of
scenario elements that determine land-use decisions. However,
the directions and levels of land-use change, and their corre-
sponding effects on BES, are neither part of the scenario pro-
tocol nor determined in this article. Instead, the scenarios focus
on the drivers of land-use change and BES change.

To develop the XX-Agri-SSPs, LUMPs, and LBAs, we
adapted the protocol used to develop the Eur-Agri-SSPs
(Mitter et al., 2019). It includes the regional downscaling
and thematic extension of the Eur-Agri-SSPs as shown at
the bottom of Fig. 1. The adapted protocol comprises ten
iterative working steps, with feedback loops among some
of them. Specifically, the consistency check and stake-
holder review may lead to revisions to the scenarios. Five
working steps are to be taken solely by the researchers,
and five working steps engaged regional stakeholders.

Scenario Protocol Working Steps

Working step 1: Define Key Characteristics and
Analytical Scales

We identified a mismatch between the scale of existing
scenario studies within SSP contexts, typical BES
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assessments, and decision-making regarding land-use and
land-use policies (see section " Introducation”). The pri-
mary goal of the scenarios in all case studies was to
engage with and deliver results to regional stakeholders
and to support quantitative assessments of BES. The main
target groups were regional stakeholders with expected
statistical and practical knowledge of the regional land-use
characteristics that extend beyond single-field and farm
management and can support the development of LUMPs
and LBAs. The required knowledge of the land-use system
determines the scale of the case study region. It is located
between field, farm, and landscape scales, which are too
small for land-use policy considerations, and may include
BES applications and large-scale applications at the
national level. Stakeholders included decision-makers
(like mayors), regional managers (e.g., from the EU
LEADER rural development program), farmers and other
land managers (e.g., biosphere reserve managers), actors
from education and extension services, as well as interest
groups and NGOs from agriculture and BES in each case
study. The thematic foci were the regional agricultural
land-use systems with a special emphasis on drivers of
regional agricultural land-use and BES. The temporal
scale was the year 2050 in all case studies. This choice
was determined by both the nested process that embedded
the scenarios within a scenario hierarchy and the research
interest.

Working Step 2: Define Key Scenario Components

The research consortium defined the scenario components
in each region to ensure a shared understanding and com-
munication of key terms between researchers and stake-
holders. This step defined meta-information for each
scenario component but did not specify its expression in any
particular scenario; this is addressed in steps 6 to 8.

The XX-Agri-SSPs consist of two key components. A
narrative is a qualitative description of the development of
the scenario elements in the respective SSP. A scenario
element is defined as a driver of the regional land-use
system. We differentiated between socioeconomic drivers
(like farm structure, market conditions, policies, and tech-
nology) and biophysical drivers (e.g., soil, slope). Climate
change is not among the biophysical drivers; instead, it is
complemented by climate change scenarios as described in
working step 6.

The levels of a scenario element in each XX-Agri-SSP
were specified both semi-quantitatively and quantitatively.
The former is a verbal expression with terms like (medium
or strong) increase/decrease for the time frame considered in
the scenario. A quantitative development is expressed as a
numeric relative or absolute change from a reference for the
time frame considered in the scenario.
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The XX-Agri-SSPs were complemented by LUMPs and
LBAs to form the final scenarios. A land-use and man-
agement practice (LUMP) is a new land management/
farming practice that has not been, or has been applied only
rarely, in the region, with the potential to be applied in the
future under a certain XX-Agri-SSP. Hence, a LUMP may
include innovations not fully rolled out in the market (e.g.,
robots for weeding) or practices common in other regions
but not yet applied in the case study. A detailed specifica-
tion of LUMPs is required if models shall quantify the
effects of the scenarios on BES.

Land-use-biodiversity actions (LBA) are private or
public instruments that influence land-use decisions,
including the selection of a particular LUMP, thereby
enhancing the supply of BES. LBAs can be distinguished
into three categories: information & institutions, legal
standards, and economic instruments.

LUMPs and LBAs represent detailed specifications of
selected scenario elements on top of an XX-Agri-SSP.
Hence, different bundles of LUMPs and LBAs can be
attributed to an XX-Agri-SSP as long as it remains con-
sistent. LUMPs and LBAs reveal potential innovations in a
region and complement the reference land-use system
database to enable ex-ante BES, such as integrated models.

Working Step 3: Define Joint Scenario Elements

In the scenario context, drivers of agricultural land-use and
BES are scenario elements in both the reference situation
(REFobs, working step 5) and the XX-Agri-SSPs (working
step 7). The research team defined a list of scenario ele-
ments to ensure comparability of scenarios and quantitative
scenario results across case studies, using the Eur-Agri-
SSPs as the initial set of scenario elements. We agreed on a
small set of economic and political scenario elements that
typically serve as quantitative inputs to bio-economic farm
models. We deliberately limited the number of common
scenario elements, as the participatory quantification of
future developments is a time-intensive and complex task
(see e.g. Karner et al., 2024). Each case study team was free
to select additional scenario elements within their partici-
patory processes.

Working Step 4: Map Stakeholders

Different stakeholder groups were involved in specific
working steps of scenario development (for details, see
SM A). We define stakeholders as individuals who are either
affecting the regional land-use system in the case study, are
affected by it, or both (Freeman et al., 2010). Each case study
team was responsible for identifying relevant stakeholders
and inviting them to engage in the participatory process,
following the Prospex-CQI method (Gramberger et al.,

2015). Here, criteria and categories for stakeholder identifi-
cation are defined, followed by quotas for each category and
the identification of individuals (see SM A). The consortium
also defined interviews (see also working step 5) and two
stakeholder workshops as the minimum level of stakeholder
interaction for the scenario process.

Working Step 5: Develop Reference Situation

The observed reference situation (REFobs) is presented as a
qualitative and quantitative description of the present
regional agricultural land-use system. It is meant to (i)
provide an agreed-upon, shared system boundary of the
regional agricultural land-use system, (ii) inform the case
study team about regional key issues related to land-use and
BES, (iii) stimulate participation and stakeholder interac-
tions, (iv) build a shared knowledge base and understanding
on the regional land-use system and (v) provide a reference
for scenario results. The design of REFobs was guided by a
simple conceptual model of the agricultural land-use sys-
tem, including drivers (such as climate, policies, prices,
labor supply, or soils), major land-use categories (e.g.,
intensive or extensive cropland or grassland, forests, land-
scape elements, water bodies, infrastructure), major land-
use effects in the past (i.e., related to BES), and land-use
decision-making processes (i.e., the administrative level
regarding land-use planning and the farm level). Semi-
structured interviews (published in Suskevics et al. 2023)
and desk research using statistical databases, official docu-
ments, and geodata sets, as well as grey literature, were used
to derive REFobs. The initial versions of REFobs were
presented at the first stakeholder workshop and subse-
quently revised.

Working Step 6: Develop XX-Agri-SSPs

Each XX-Agri-SSP consists of two components: (i) (semi-)
quantitative developments of the scenario elements, which
are the basis for (ii) a scenario narrative. The Eur-Agri-
SSPs describe average European developments and provide
the boundary conditions. First, the consortium matched the
region-specific scenario elements (working step 3) to those
of the Eur-Agri-SSPs. Second, it selected scenario elements
of the Eur-Agri-SSPs under strict boundary conditions at the
regional scale, i.e., assuming that certain developments are
given at the European level. Third, each case study team
identified the scenario elements relevant to the regional
context. These are the elements whose development is
likely to deviate from the European average described by
the Eur-Agri-SSPs, reflecting regional drivers and condi-
tions. The preliminary list of scenario elements and their
semi-quantitative developments were presented to stake-
holders in stakeholder workshop 1 to validate REFobs and
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develop preliminary versions of the XX-Agri-SSPs. In
general, workshop 1 followed the same structure across all
case studies. As a starting point, the process was introduced,
and results on identified climate-analogue regions were
presented (Conradt, 2021). Climate-analogue regions today
have climates comparable to those projected for each case-
study region at a given time (e.g., 2050 or 2080), as iden-
tified using statistical distance methods (Mahony et al.,
2017). After discussing the REFobs, the Eur-Agri-SSPs
were presented in the plenary. Stakeholders discussed the
different SSPs (for details and deviations in the workshop
agenda across the cases, see supplementary material (SM)
A). They were asked about the completeness and relevance
of the list of scenario elements. Then, stakeholders dis-
cussed how the scenario elements, which are likely to
develop differently in the case study, may develop in the
discussed SSPs. Stakeholders were therefore asked to
identify the development directions (i.e., directions of
change) of these scenario elements using the provided
background information. The case study teams then com-
piled the information from the workshop and prepared
preliminary versions of the narratives.

The quantification of scenario elements and their devel-
opment were based on literature review, modeling, and
stakeholder and expert assumptions regarding agricultural
input prices, output prices, and technology. Future yield
levels were quantified with a statistical yield model (Con-
radt, 2022). Thus, the case study teams had to quantify
developments for the farming system, farm structure, and
policy measures within the scenario process. Each case
study team selected a slightly different approach, driven by
available time resources. The WW team used participatory
quantification with fuzzy set theory for national-scale sce-
narios (the AT-Agri-SSPs; see Karner et al., 2024) and
subsequently downscaling to the regional scale. The other
case study teams, within their research groups, discussed
how the scenario elements would develop quantitatively for
each SSP, based on historical trends and expert
assumptions.

Working Step 7: Develop LUMPs

Narrative validation and LUMPs specification for cropland
and grassland were achieved in workshop 2. Stakeholders
received the narratives for preparation before the workshop.
First, the workshops began with a presentation of crop-yield
changes, modeled under different climate scenarios (Con-
radt, 2022), to stimulate subsequent discussions on the
LUMPs. The climate-analogue regions, previously pre-
sented in workshop 1, were briefly revisited to stimulate
discussion of future crop alternatives. Second, the key
features of each SSP were presented and discussed in the
plenary. Third, LUMPs were identified and prioritized for

@ Springer

each SSP. Discussions were structured along the three
categories of the LUMPs (new crops, livestock and land-
use; technology; and biodiversity measures). The case study
teams compiled an initial list of LUMPs, incorporating
discussions from workshop 1 and findings from literature
reviews. Stakeholders were asked to (i) discuss which
LUMPs are generally not relevant or redundant for the
region, (ii) add missing LUMPs that would be relevant for
the region, and (iii) prioritize and allocate the LUMPs to the
different SSPs. Following workshop 2, the case study teams
compiled the information, finalized the narratives, and
selected LUMPs for each SSP.

Working Step 8: Develop LBAs

An initial list of LBAs was developed by the research
consortium. Each case study team assessed the applicability
in models, the expected impact on biodiversity, the case
study’s priority, the relevance to each SSP, and the
responsible governance level or institution, drawing on their
expert judgment and the literature. Each criterion was
assessed by the case study teams on a three-point scale to
prioritize LBAs for workshop 2. In this workshop, LBAs
were presented to stakeholders. Stakeholders could add
missing LBAs, specify which LBAs were not relevant for
the case study, and re-prioritize the LBAs.

Working Step 9: Check Consistency

Final XX-Agri-SSPs were developed through iterative
consistency checks to increase vertical (external) and hor-
izontal (internal) consistency (Mitter et al., 2019). Vertical
consistency ensures that XX-Agri-SSPs align with their
corresponding Eur-Agri-SSP. Horizontal consistency is
achieved when all scenario elements within an individual
XX-Agri-SSP are internally consistent. In addition, inter-
scenario (scenario set) consistency ensures that differences
between XX-Agri-SSPs are logically ordered and system-
atically reflect the intended contrasts between scenario
narratives (e.g., stronger environmental ambition in SSP1
than in SSP2). Changes to the assumed development of
individual scenario elements in an initially consistent sce-
nario could require further adjustments to maintain
consistency.

Horizontal and inter-scenario consistency were primarily
checked by the case study teams, whereas vertical con-
sistency across all case studies was assessed by a cross-case
review team. This involved several rounds of communica-
tion with the case study teams and, where necessary,
regional stakeholders. In general, XX-Agri-SSPs were
considered vertically consistent when the quantitative
change of a scenario element aligned with the correspond-
ing semi-quantitative change (i.e., increase, decrease,
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constant/no change) defined in the Eur-Agri-SSPs. Limited
deviations were accepted when justified by the regional

context and valid assumptions. For example, while Eur-
production—a widespread agricultural practice in the

Schwarzbubenland. Additionally, the cross-case review
studies. For instance, consistency checks addressed cases in

Agri-SSP1 assumes a constant pace of agricultural struc-
tural change, regional stakeholders and the case study team
specified increasing numbers of farms in SB-Agri-SSP1,
reflecting attractive financial compensation for orchard
team examined inter-scenario consistency across all case
which scenarios with contrasting development logics (e.g.,
SSP1 vs. SSP2, or SSP2 vs. SSP5) showed only marginal
differences in the development of scenario elements,
prompting discussion of whether such limited divergence

was plausible given their differing underlying assumptions.
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workshop were sent to the stakeholders in time so that they
were aware of the expectations for their roles and could
narratives and, thus, requiring additional consistency checks.
This section presents summaries of the narratives of the
XX-Agri-SSPs, quantitative scenario results, LUMPs, and
LBAs. The full scenario dataset, including the observed

reference situation (REFobs) and the case study XX-Agri-
SSPs, is presented in the supplementary materials (SM B

and SM C).
Table 1 summarizes the commonalities and BES-specific

prepare for the workshop discussions. Feedback from stake-
holders was then incorporated by each case study team,
potentially leading to changes to quantitative developments or
developments in the scenario narratives of the XX-Agri-

Summaries of the XX-Agri-SSPs

Results

a1qeL

SSPs. It was designed to provide a quick overview of each
XX-Agri-SSP to understand its inherent scenario logic,
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while presenting developments absent from European SSPs,
such as the Eur-Agri-SSPs. General developments descri-
bed here are in line with developments described in the Eur-
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Agri-SSPs. Differences between case studies are presented
in the remaining results section. Table 1 was built using the
narrative of each XX-Agri-SSP as input.
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<« Fig. 2 Relative changes compared to the reference situation REFobs or

average data of six scenario elements in each SSP in 2050 (SSP1 in
black, SSP2 in pink, and SSP5 in yellow) for each case study (LE —
Lidnemaa in Estonia, ML - Miinsterland in Germany, SB -
Schwarzbubenland in Switzerland, WW — Wienerwald in Austria):
a changes of the total number of farms in the region, b share of organic
farms of all farms in the region (shown because of very high relative
changes), ¢ changes of the average farm size in the region, d changes
of available farm labor in the region, e the level of average agri-
environment premiums in €/ha (shown because of very high relative
changes in ML), f the level of income support for farmers in €/ha (for
comparability with e). Please note: if no bar is shown, the respective
value is zero

Quantitative Developments of the XX-Agri-SSPs

Figure 2 presents quantitative developments of farm struc-
ture and agricultural policies. Developments for farming
systems, as well as all quantitative SSP data, are shown in
SM C. The total number of farms decreases (Fig. 2a) in
nearly all XX-Agri-SSPs and all case studies (except for
LE-Agri-SSP1 and 2, SB-Agri-SSP1) compared to the
reference situation in 2020. In particular, the number of
farms changed between -9% (ML) and +4% (SB) in XX-
Agri-SSP1, -26% (WW), and no change (LE) in XX-Agri-
SSP2, and -68% (WW) and -10% (LE) in XX-Agri-SSP5.

Farm size increases in nearly all XX-Agri-SSPs except
for SB-Agri-SSP1, where it declines (Fig. 2c). The average
farm size increase is the largest in LE-Agri-SSP1 (84 ha),
LE-Agri-SSP2 (93 ha), and LE-Agri-SSP5 (112 ha). Aver-
age farm size varies between 42 and 47 ha between the ML-
Agri-SSPs, between 23 and 59 ha in SB-Agri-SSPs, and
between 37 and 68 ha in WW-Agri-SSPs.

Figure 2b shows the share of organic farms among total
farms in 2050. In XX-Agri-SSP1, the share of organic farms
increases from 16% (LE), 2% (ML), 14% (SB), and 17%
(WW) in REFobs to 17% (LE, +4%), 20% (ML, +836%),
100% (SB, +638%), and 100% (WW, +471%). In XX-
Agri-SSP2, the share of organic farms ranges from 10%
(ML) to 45% (WW). In SB/WW-Agri-SSP5, the share of
organic farms declines to zero. In LE-Agri-SSP5, a relative
reduction of 41% was specified, resulting in an 11% share
of organic farms. In ML-Agri-SSP5, no change in the very
low share of organic farms in 2020 was described.

Available farm labor (Fig. 2d) is expected to increase in
XX-Agri-SSP1 in most case studies, varying between +5%
to +15% compared to REFobs. In ML-Agri-SSP1, no
change was specified. In SSP2 and SSP5, a decline was
specified in all case studies. In LE, ML, and SB, the largest
declines are specified for XX-Agri-SSP5, whereas in WW,
they are specified for SSP2.

Nominal agri-environmental premiums, i.e., mean pre-
miums per hectare, increase in two SSPs and all case studies
compared to REFobs except for SSP5. The largest relative
increases were specified for LE (+ 160% in SSP1, +116%

in SSP2) and ML (16 times higher in SSP1) in general.
However, these increases still result in lower absolute levels
than those of SB and WW (Fig. 2e). Agri-environmental
premiums increase by 25%/38% in SB/WW-Agri-SSP1,
respectively, and by 10%/29% in SB/WW-Agri-SSP2,
respectively. All case studies specified a phase-out of agri-
environmental premiums in XX-Agri-SSP5, except for
WW-Agri-SSP5, where stakeholders expected some pre-
miums (150 €/ha, -56% compared to REFobs) due to its
important role as a recreation area and for the provision of
other ecosystem services for the Viennese population.
Income support for farmers is phased out in ML/WW-
Agri-SSP1 and in all XX-Agri-SSP5 (Fig. 2f). Nominal
income support declines by 25% in SB-Agri-SSP1 and
increases by 33% in LE-Agri-SSP1, given the low overall
financial support in LE in 2020. No changes were specified in
ML/SB-Agri-SSP2, while an increase of 81% was specified
for LE-Agri-SSP2 and a decline of 40% in WW-Agri-SSP2.

LUMPs

LUMPs describe management measures that are new to the
case study region, even if they are already common in other
regions. LUMPs complement the bundle of regionally
established management practices documented and described
in the reference scenario REFobs. LUMPs include the adop-
tion of novel crops, livestock, and land-use, as well as new
technologies or measures to enhance BES. New crops spe-
cified as LUMPs include, for example, soy in all XX-Agri-
SSPs (Table 2). New technologies include, among others,
robots in LE/WW-Agri-SSP1 and SB-Agri-SSP2 and 5, agri-
PV (photovoltaic systems) in ML/WW-Agri-SSP1, and con-
ventional ground-mounted PV in ML/WW-Agri-SSP2. Agri-
PV refers to photovoltaic plants that are installed in such a
way that agricultural production is still possible. By contrast,
ground-mounted PV refers to photovoltaic plants installed at
ground level and that do not allow agricultural production. In
ML, new technologies include slurry application, biogas plant
expansion, and photovoltaic systems. New biodiversity mea-
sures include, e.g., 10% (5%, 1%) planting of landscape
elements and additional greening measures per farm in ML-
Agri-SSP1 (SSP2, SSP5) and in the respective WW-Agri-
SSPs, or 3% in arable fields in SB-Agri-SSP1 and 2.

LBAs

Table 3 summarizes the most relevant LBAs and provides
information on their general applicability in models, their
expected impact on biodiversity, as assessed by the research
team, their priority for each case study, their relevance for
each SSP, and the required governance level or institution for
introducing the LBA in a region. Table 3 shows only the three
LBAs per category with the highest evaluation score. The

@ Springer
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evaluation score, presented in SM B, is calculated by the
arithmetic mean of the three components: the applicability
index, impact on biodiversity, and the average of the regional
priority indices. SM B provides an overview of all mentioned
LBAs and their respective evaluation scores. For instance,
certification and labeling of high biodiversity value products
were evaluated as highly relevant to LE/WW-Agri-SSP1 and
LE/WW-Agri-SSP2, but difficult to represent in the models.
An example of an LBA that was evaluated as relevant to the
case studies and XX-Agri-SSPs due to its high impact on
biodiversity, but appeared less applicable to the models, is
raising consumers’ and producers’ awareness of their social
and ecological responsibilities toward nature. Other high-
ranked LBAs include civil engagement in landscape main-
tenance, guidelines for compiling landscape management plans
at the farm level, and public championships among farmers for
land-use actions, which may be used to raise awareness and
increase marketing potential. Legal standards include, for
instance, management standards, spatial planning, and long-
term biodiversity monitoring, the latter of which is already
established in Switzerland (Weber et al., 2004). Economic
instruments, which can be implemented by governments and,
to a lesser extent, by private companies or organizations,
include, for instance, input and output taxes or subsidies for
biodiversity-friendly production, higher crop and livestock
diversity, and improved financial support for protected areas.

Discussion

The discussion is structured into two parts. The first section
compares scenario results across the four case studies and
synthesizes general insights and policy implications beyond
the level of individual case studies. The second section reflects
on the methodology for nested participatory scenario design, is
structured around six key challenges identified during scenario
development, and provides corresponding recommendations.

Differences and Commonalities Across Case Study
Scenarios and Policy Implications

Our results reveal that European policy targets for organic
farming—such as those articulated in the Farm-to-Fork strat-
egy—are unlikely to be met uniformly across the case study
regions even under the sustainability-oriented scenario XX-
Agri-SSP1. This suggests that ambitious EU-level organic
targets may overestimate the transformative capacity of market
demand and agri-environmental payments in regions with
unfavorable starting conditions, such as limited market
maturity and weak value-chain development (e.g., ML), lim-
ited purchasing power, or already saturated organic markets
(e.g., LE). This is somewhat in contrast to recent studies
indicating that organic expansion can be substantial when

@ Springer

market development and policy support align (Kremmydas,
2025; Mohring et al., 2024). Across our four case studies,
organic farming expansion under XX-Agri-SSP1 is shaped by
the interaction of consumer demand, policy incentives, and
baseline land-use structures: regions with strong niche markets
and favorable demand patterns can approach full conversion,
whereas others show only modest increases due to structural
or market constraints. This aligns with European land-use
scenario studies showing that even under strong sustainability-
oriented policies, only some normative visions are matched by
plausible pathways, due to regional baseline conditions and
path dependencies (Verkerk et al., 2018).

Differences in labor supply and farm structure further
illustrate how the Eur-Agri-SSP1 scenario translates into
divergent regional outcomes. Organic and biodiversity-
friendly farming systems are generally associated with
higher labor requirements (Bieniek-Majka and Guth, 2021;
Crowder and Reganold, 2015). In XX-Agri-SSP1, higher
labor demand is mostly met through an increased attractive-
ness of farming careers and a higher social status and valua-
tion of farming. These findings align with Helfenstein et al.
(2024), who emphasize that sustainable transformation
requires an environment in which farmers are valued eco-
nomically and socially. Yet, our study reveals that the ongoing
structural shift toward fewer, larger farms continues to dom-
inate long-term trajectories, meaning that the higher social
status and attractiveness of farming in SSP1 are insufficient to
counteract consolidation dynamics. This pattern is consistent
with empirical evidence in LE, where rapid structural change
has already occurred: farm numbers declined from ~56,000 in
2001 to ~11,000 in 2020, while average farm size increased,
and the utilized agricultural area even increased (Rasva and
Jiirgenson, 2022; Statistics Estonia, 2020). Only in SB, higher
attractiveness and social status — together with attractive
financial compensation for orchard production — coincide with
more stable farm numbers. Overall, these findings suggest that
sustainability transitions tend to operate within ongoing
structural change. Political objectives to stabilize farm num-
bers or rural employment typically require complementary
structural and rural development policies.

The XX-Agri-SSP2 results across case studies indicate that
the magnitude of agricultural change is driven less by over-
arching European policy ambitions than by national or sub-
national (including regional) implementation and its
interaction with regional conditions. Specifically, public
payments increase most in LE due to low 2020 baselines
(European Commission, 2022) and national strategies to
strengthen agri-environmental support (Regionaal- ja Pollu-
majandusministeerium, 2022). In WW, income support
declines by 40%, while LE sees an 80% increase. The decline
in WW is attributable to a shift in public payments from direct
income support to agri-environmental premiums. ML and SB
expect no major changes in income support.
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XX-Agri-SSP5 outcomes further emphasize path depen-
dencies, i.e., the importance of reference structural conditions
in shaping agricultural futures. Regions with less consolidated
agricultural structures experience accelerated farm exits (SB,
WW) under this market- and technology-driven development
pathway. Rega et al. (2019) confirm that such framework
conditions might lead to large-scale abandonment of agri-
cultural areas in Europe. Yet, according to our results, already
consolidated systems show more limited additional change
(LE). Regions with medium- to large-sized farm structures
and intensive systems remain viable and relatively stable,
where long-standing farming traditions and capital endow-
ments prevail (ML). In most case studies, the share of organic
farming decreases sharply under SSP5, reflecting strong price
competition in globalized markets and the withdrawal of
regulatory frameworks and public support. An exception is
LE, where well-established organic markets and high sunk
conversion investments create path dependencies that stabilize
organic production despite an overall productivist trajectory.
In WW, agri-environmental payments are not fully phased
out, reflecting the region’s functional role in providing
recreation and other ecosystem services to the Vienna
metropolitan area. These patterns are consistent with findings
from Helfenstein et al. (2024) showing that farm-level deci-
sion-making remains largely dominated by productivist
principles, while multifunctionality tends to emerge primarily
at the landscape level, mainly by regulatory necessity or little
intensification opportunities - even under current framework
conditions. This supports the interpretation that under SSP5-
type futures, market-driven dynamics favor production-
oriented systems unless multifunctional practices are either
structurally locked in (as in LE) or supported by place-specific
societal demand for ecosystem services (as in WW).

In the absence of regulatory frameworks and public
support instruments, family farming becomes less attractive,
particularly in regions with strong off-farm employment
prospects in XX-Agri-SSP5 (e.g., Basel for SB and Vienna
for WW). However, some part-time farms remain in these
regions near cities. Although digitalization and high-tech
agriculture increase productivity and attract some highly
skilled, younger entrants, these developments do not offset
the overall decline in family-operated farms. These devel-
opments stand in clear contrast to current EU policy
objectives aimed at supporting family farms and promoting
generational renewal, illustrating that such goals are often
incompatible with market-driven pathways in which public
support instruments and land-use regulations are largely
absent under SSP5.

The key findings from the development of LUMPs and
LBAs across different case studies emphasize the critical role
of integrating innovative practices with biodiversity-promoting
measures in shaping future agricultural land-use. For example,
the potential adoption of soy production, as indicated by results

from climate-analogue regions, suggests some homogenization
of agricultural land-use across Europe, which can be mitigated
by regionally tailored biodiversity measures. These results
emphasize the need for region-specific, integrated strategies in
which technological, policy, and market instruments work
together to foster resilient agricultural systems.

Challenges, Methodological Reflections, and
Recommendations on Nested Participatory Scenario
Development

We now discuss the difficulties we encountered during
scenario work by identifying six major challenges in nested
participatory scenario design and by formulating recom-
mendations to address them (Fig. 3).

Challenge 1: Abstract SSP Narratives Can Limit Meaningful
Stakeholder Engagement

The integration of land-use and management practices
(LUMPs) and land-use-biodiversity actions (LBAS) repre-
sents a key methodological advancement by making sce-
narios more tangible, actionable, and grounded in real-
world decision-making contexts. LBAs also explicitly
address the institutional compatibility of potential inter-
ventions, a dimension that has been highlighted as critical
yet often underrepresented in scenario research (Hauck et
al., 2019). Combined with a structured participatory sce-
nario process, this approach enabled the development of
region-specific pathways that are both consistent with the
overarching Eur-Agri-SSPs and relevant for the planning
and management of BES protection. Its applicability and
usefulness for integrated modeling have been demonstrated
through case studies in the Schwarzbubenland and Liéne
County (Nishizawa et al., 2024, 2023, 2022).

Across the four case studies, stakeholders contributed to
defining the development directions of scenario elements,
specifying LUMPs, and reviewing and prioritizing LBAs.
Their input was crucial for capturing regional specificities,
including local governance settings, land-use histories,
socioeconomic conditions, and the perceived attractiveness
and feasibility of agricultural innovations. Consistent with
previous research e.g., Tengd et al. (2017), place-based
knowledge proved essential for identifying realistic LBAs
and implementation barriers, thereby increasing the sce-
narios’ contextual relevance.

Stakeholders showed a stronger interest and greater
confidence in discussing LUMPs and LBAs than in shaping
rather conceptual socioeconomic scenario elements (chal-
lenge 1, Fig. 3). This may be due to their direct experience
with farming practices and local policy instruments, which
made these components more tangible and relevant. To
support the engagement process, we presented results from
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Nested Participatory Senario Design
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Ensure efficient labor division between

f:on'::le);llectsstiZihﬁ:i:::a:\:igllli‘ne' 2235 researchers and stakeholders, align tasks to
9 9 expertise, diversify stakeholder

to engage & quality of outcomes

Explorative scenarios can conflict
with stakeholders’ values
and policy expectations i

composition, and balance workshop inputs

Fig. 3 Overview of the identified six key challenges and corresponding recommendations for nested participatory scenario design

an assessment of climate analogue regions (Mahony et al.,
2017) at the first workshops. These climate analogues
(Conradt, 2021)—which show the potential land-use future
of each case study area by mirroring regions that currently
face the expected climate conditions—proved particularly
effective in stimulating discussions and improving partici-
pants’ understanding of potential changes. In the Austrian
case study, this even prompted stakeholders to organize an
excursion to the climate-analogue region of the Wienerwald
to raise awareness among farmers and the public. Based on
our experience from the cases, we recommend making
scenarios tangible by linking SSPs to concrete aspects sta-
keholders can “anchor” themselves, e.g., land-use man-
agement practices, land-use-biodiversity actions, and
illustrative and intuitive examples such as climate analogue
regions (Fig. 3). Future scenario development processes
could further strengthen this approach by extending the
definition of LUMPs to also include management options
that are expected to be reduced or phased out in individual
scenarios, thereby capturing both transformative adoption
and deliberate discontinuation pathways.

@ Springer

Challenge 2: Spatial-Scale Mismatches Can Constrain
Meaningful Outcomes

Another challenge arose from mismatches between the
spatial scale of scenario frameworks and stakeholders’
expertise. Across the case studies, challenges related to
spatial scale highlight a broader issue in participatory sce-
nario design: stakeholders’ expertise is typically anchored
in regional or sector-specific contexts, whereas scenario
frameworks (e.g., the SSPs) operate primarily at national or
supranational scales. Such mismatches cannot be resolved
solely through technical downscaling of variables but
require explicit translation mechanisms that connect higher-
level assumptions to regionally meaningful processes and
decision spaces. There is a risk that when such translation is
insufficient, stakeholder engagement becomes reactive
rather than explorative and progressive. Multi-scale, possi-
bly bottom-up, scenario-building approaches could be one
way to address this (Kok et al. 2017). We found that
structuring participatory processes to anchor discussions,
after a thorough introduction of the SSP concept, first in
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land-use and management practices, then in land-use -
biodiversity actions, i.e. policies, and subsequently linking
them to higher-level socioeconomic assumptions, was very
useful to break down the scenarios to the stakeholders’
regional realities and ensure constructive engagement
(recommendation 2, Fig. 3). This may justify the partial
switch of the process logic, which would rather suggest that
higher level framework conditions determine regional land-
use and policy reactions than vice versa. In short, we
recommend translating higher-level scenario assumptions
into regionally meaningful processes and decision spaces.
Nevertheless, it is essential to align the study’s purpose,
expected outcomes, and the competencies of the stake-
holders involved with the spatial scale of the case study.
Rather than prescribing an optimal case-study size, scale
selection depends on factors such as farm structure, gov-
ernance levels, knowledge systems, heterogeneity of farm-
ing systems, and bio-physical conditions, and often also on
pragmatic considerations such as access to stakeholder
networks. While the protocol presented here was developed
for subnational regional scales with a focus on BES support,
it can be adapted to larger or smaller spatial units with
appropriate modifications.

Challenge 3: Participatory Inputs Risk Undermining Cross-
scale Consistency

A key methodological insight concerns the interaction
between participatory inputs and the need to maintain vertical
(external), horizontal (internal), and inter-scenario consistency
(challenge 3, Fig. 3). Iterative consistency checks conducted
jointly by case study teams and a cross-case review team were
essential to ensure that stakeholder-driven adaptations did not
undermine alignment with the Eur-Agri-SSPs, internal con-
sistency, or the intended contrasts between scenarios. Main-
taining vertical consistency across multiple case studies
proved particularly challenging, as it required balancing
adherence to the overarching SSP framework with sufficient
scope for regional differentiation when stakeholders demanded
it. Maintaining stakeholders’ interest despite such constraint
decision space appears to be a key focus.

Hence, we recommend establishing an independent
cross-scale consistency review process with iterative checks
and multiple communication rounds between a cross-case
review team, case study teams, and stakeholders. Such an
independent consistency review process proved indis-
pensable in our case (recommendation 3, Fig. 3). While
consistency checking itself is necessarily researcher-led due
to its conceptual complexity across scales, communicating
resulting revisions to stakeholders was important both for
transparency and critical discussions, as well as for
enriching the scenarios with additional arguments under-
pinning region-specific developments.

Challenge 4: Reference Situation Implicitly Shapes
Perceived Feasibility of Future Actions

Stakeholders draw on different experiences and inter-
pretations of their reference situation (REFobs)—includ-
ing current biophysical conditions, status of biodiversity
and ecosystem services, policy baselines, and land-use
structures (challenge 4, Fig. 3). As a consequence, they
may implicitly assess future developments against dif-
ferent starting points. This can impede the comparability
of scenario outcomes within a region unless a shared
reference situation is defined. The reference situation also
appeared to shape stakeholder preferences for LUMPs and
LBAs, as well as perceptions of feasible future actions.
For example, regions with historically high agri-
environmental payments or strong organic farming sec-
tors tended to assume more ambitious biodiversity actions
in SSP1 and SSP2. At the same time, stakeholders found it
difficult to envision a technology-driven SSP5 future in
these regions. In these cases, the case study teams were
required to actively stimulate out-of-the-box thinking, for
instance, by referring to technological developments that
have already transformed these regions over the past, e.g.,
50 years, and by highlighting emerging opportunities
available today, such as virtual fencing. These observa-
tions reinforce the need to define and communicate the
reference clearly, to explicitly reflect how baseline situa-
tions shape stakeholders’ preferences, and to con-
textualize scenario processes within regional realities
rather than assuming uniform drivers across regions
(recommendation 4, Fig. 3).

Challenge 5: Complexity, Stakeholder Fatigue, and Framing
Effects Can Reduce the Willingness to Engage and the
Quality of the Outcomes

The scenario development process was demanding for
stakeholders both intellectually and in terms of time
resources. It required contributions during workshops,
interviews, and individual exchanges (challenge 35,
Fig. 3). Stakeholders were invited to contribute to several
complex tasks, including defining relevant drivers at the
case study level, discussing development directions for
regional scenario elements, participating in the quantifi-
cation of selected variables, and co-designing LUMPs as
well as LBAs. The well-documented problem of stake-
holder fatigue (Gramberger et al., 2015) limited the the-
oretical engagement potential and necessitated pragmatic
decisions. For example, the researchers decided to
quantify certain scenario elements themselves, with sub-
sequent stakeholder validation. In some cases, scientists’
familiarity with the regional agricultural systems, gov-
ernance structures, and policy debates even enabled more
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grounded discussions, which may constrain the
comparability across regions. However, this division of
labor proved necessary and has been in line with
recommendations from Karner et al. (2024), who
suggest aligning quantified elements with the domain
knowledge of participants (recommendation 5, Fig. 3).
Stakeholder fatigue in participatory scenario processes
tends to emerge from a combination of cognitive over-
load, normative tension, power asymmetries, limited
perceived impact, and cumulative time and emotional
burdens (e.g., Reed 2008; Gramberger et al. 2015; Mitter
et al. 2019).

In addition to insufficient participation, the composition
of stakeholder boards, including the range of attitudes,
professional backgrounds, and experience levels, likely
influenced the scenario content—particularly in the speci-
fication of LUMPs and LBAs. These components are
inherently more subjective than the core SSP-aligned sce-
nario elements, which were more tightly guided by the Eur-
Agri-SSPs. Additionally, scientists’ role in structuring
workshops and selecting workshop inputs can unin-
tentionally frame discussions and bias the options con-
sidered. This challenge was addressed by deliberately
presenting balanced information across crops, livestock and
grassland-management, and technologies not yet prevalent
in the region (e.g. virtual fences), alongside crop suitability
and climate-analogue information (recommendation 5,
Fig. 3). In summary, we recommend that future applications
of the presented protocol should diversify stakeholder
composition and transparently document framing choices
and the considered alternatives, ensure efficient labor divi-
sion between researchers and stakeholders, and align tasks
to stakeholders’ expertise.

Challenge 6:Explorative Scenarios Can Conflict with
Stakeholders’ Values and Policy Expectations

Finally, the explorative nature of the SSP scenarios posed
challenges for engagement and trust-building between
scientists and stakeholders (challenge 6, Fig. 3). Across the
cases, we observed that trust in scenario processes emerged
primarily from perceived procedural fairness and reflex-
ivity rather than from methodological sophistication. Ear-
lier literature suggests that credibility is built on
transparency about the normativity of science, particularly
in future studies (e.g., van der Hel 2018). The SSP fra-
mework encompasses a wide range of futures, from
sustainability-oriented (SSP1) to those that pose significant
challenges for climate change mitigation (SSP5). Some
stakeholders struggled to engage meaningfully with SSP5
trajectories, particularly when they appeared to contradict
current climate policy commitments at the regional,
national, or EU levels, or when they did not align with
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stakeholders’ normative visions. In our cases, translating
such scenarios into regional realities often required
several rounds of discussion, supported by illustrative
examples, to clarify uncertainty, the explorative nature of
the scenarios, and their underlying assumptions (recom-
mendation 6, Fig. 3).

These experiences suggest a need to further develop
stakeholder-compatible scenario frameworks that allow for
normative diversity without undermining credibility
(recommendation 6, Fig. 3). One promising direction
combines SSP-based narratives with alternative frameworks
such as the Nature Futures Framework (NFF, Pereira et al.,
2020), especially when co-developing sustainable or desired
futures, while still retaining more critical, explorative tra-
jectories for analytical completeness.

Conclusions

This study developed and applied a protocol to develop
nested scenarios, linking regional participatory scenarios to
the Shared Socioeconomic Pathways (SSPs) by aligning
them with the Eur-Agri-SSPs. A key innovation is the
definition of new land-use and management practices
(LUMPs) and land-use-biodiversity actions (LBAs).
Another innovation is the simultaneous application of the
protocol across multiple regional case studies, which
ensures cross-scale and cross-case consistency and enhan-
ces policy relevance for supporting biodiversity and eco-
system services (BES) assessments and decision-making on
land-use and land-use policies.

This coordinated approach enabled meaningful compar-
isons of scenario outcomes across European regions, high-
lighting the value of regional case work in complementing
continental-scale assessments. While the Eur-Agri-SSPs offer
single, generalized directions of change at the European level,
our regionally grounded scenarios revealed both shared trends
and important divergences. For example, scenario elements,
shaped by existing funding schemes and socioeconomic con-
texts, vary substantially across scenarios and regions. Exam-
ples include the share of organic farms or payments for agri-
environment-climate measures. From our findings, we draw
the following general conclusions, which may be validated by
further case studies conducted in other regions of Europe.

First, national and regional policy design and imple-
mentation have shown to be key leverage points that might
critically mediate European ambitions. Divergent outcomes
under similar European policy frameworks underscore that
national and regional choices regarding the design, target-
ing, and sequencing of support instruments play a decisive
role in shaping agricultural pathways. In this regard,
translating EU-level sustainability targets to the regional
level is critical, as regionally differentiated implementation
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pathways should enable scaling and sequencing of targets
according to starting conditions, market capacity and
maturity, and socioeconomic context.

Second, findings from SSPS5 indicate that once market
structures, investment patterns, and land-use systems are
consolidated, policy leverage becomes limited. Early inter-
vention and long-term policy stability are therefore crucial
to avoid undesirable lock-ins and potentially irreversible
losses of multifunctionality.

Third, as sustainability transitions unfold within complex
rural systems, agri-environmental measures alone are unli-
kely to govern regional agricultural and rural outcomes such
as changes in farm numbers or rural employment, high-
lighting the need for integrated policy mixes that combine
environmental, structural, and rural development instruments.

Overall, this study offers a participatory methodology for
downscaling global scenarios to the regional level in a way
that is both engaging and applicable for stakeholders. By
bridging global scenario logic with regional realities and
incorporating innovative scenario components, the approach
helps close the persistent gap between science, policy, and
practice in regional planning and management to protect BES.
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