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Email: christian.sponagel@uni-hohenheim.de 1. Conserving biodiversity, especially in agricultural landscapes, is a major societal

Funding information challenge. Broad scientific evidence exists on the impacts of single drivers on bio-
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diversity, such as the intensification of agriculture. However, halting biodiversity

Handling Editor: Emmeline Topp drivers, which has hardly been achieved so far. Selecting Germany as a case study,
the goal of our analysis is (i) to understand how various socio-economic drivers of
biodiversity in agricultural landscapes interact at the national scale, (ii) to identify
plausible pathways that most likely will lead to an improvement of biodiversity
in agricultural landscapes and (iii) to discuss guiding principles for policy-making
based on the pathways.

2. We applied the expert-based Cross-Impact-Balance (CIB) methodology to the
German agri-food system (target year 2030). Seven descriptors that represent the
most relevant socio-economic drivers of biodiversity (here, we focus on species
richness) in agricultural landscapes in Germany were defined. In three workshops
with different groups of experts, we assessed all the interactions and impacts be-
tween these descriptors. From the workshops, seven overlapping scenarios were
identified and aggregated into four main future pathways for enhancing biodiver-

sity in agricultural landscapes.
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3. These pathways are: (1) ‘Innovation and stricter legislation’, (2) ‘Major change in
protein production and CAP shift’, (3) ‘Major change in protein production and
national legislation’ and (4) ‘Major social changes compensate for a lack of innova-
tion in food production’.

4. Socio-economic drivers interact to varying degrees. Societal values have a strong
active influence on the system, e. g. agricultural policy, whereas the orientation
and objectives of agriculture, e. g. focus on public goods, are rather passively
determined. Conserving biodiversity thus depends upon the evolution of societal
values, European and national nature conservation and agricultural policies,
innovations in plant and protein production as well as on global commodity
markets.

5. A key message for policymakers is that there are generally different,
complementary options for achieving the objective of improving biodiversity.

This is important when specific drivers such as the CAP cannot be steered in a

KEYWORDS

1 | INTRODUCTION

1.1 | Biodiversity loss in agricultural landscapes at
global and local scales

Globally, current agricultural intensification is a major driver of
biodiversity loss (Beaumelle et al., 2023; Campbell et al., 2017,
IPBES, 2019; Kehoe et al., 2017). Unsustainable agricultural practices
with a high input use of fertilizers and pesticides beyond ecological
carrying capacities, the overuse of soil without regeneration,
deforestation, monotonous crops, among others, have globally led to
ecosystem degradation and loss in biodiversity. Similar to European
trends, agricultural landscapes and other ecosystems in Germany are
facing a tremendous decline in biodiversity, in particular habitat loss,
declining populations and species numbers (BfN, 2023; Hallmann
et al.,, 2017, 2021; Kamp et al., 2021; Rigal et al., 2023; Seibold
et al., 2019; Skarbek et al., 2021; Wirth, Bruelheide, Farwig, Marx,
& Settele, 2024).

1.2 | Why policy targets on biodiversity have not
been achieved

Despite international and national targets that have been set
and updated for over two decades, such as the Convention
on Biological Diversity (CBD, 1992) or the German Strategy
on Biological Diversity (BMU, 2007), biodiversity has thus
continued to drastically decline, demonstrating that the actions
are insufficient. The reason for this failure is that these politically

particular desired direction.

agricultural landscape, biodiversity, biodiversity-enhancing scenarios, Cross-Impact-Balance
analysis, future pathways, Germany

agreed targets do not specifically propose in-depth actions for
fundamental change (transformation) and hardly address indirect
drivers such as economic and technological developments (Chan
et al., 2020; IPBES, 2019). The concept of drivers is widely used in
land use change research (Biirgi et al., 2005; Plieninger et al., 2016;
Van Vliet et al., 2015). The aim is to understand the underlying
reasons or driving forces for land use change (Birgi et al., 2005).
Plieninger et al. (2016) speak of proximate and underlying drivers,
which have a more indirect effect on land use change and underlie
the proximate or direct drivers. System knowledge, that is, how
a system works, is gained by understanding the drivers in a
system (Pohl & Hirsch Hadorn, 2007). Indirect drivers (e. g. policy,
legislation and societal values) play a central role in the concepts
of leverages and levers for transformation towards sustainability as
they relate to the root causes of human interactions with nature
(Abson et al., 2017; Fischer & Riechers, 2019). The leverage points
can be classified from shallow to deep, that is, deeper points of
intervention in the system, such as values or world views actors in
a system have a higher transformative impact but are much more
difficult to address through policy measures, for example (Abson
etal.,2017). Levers like economic or agricultural policies can affect
key points for intervention such as more environmentally friendly
management practices through innovative technologies (Chan
et al., 2020; Diaz, Demissew, Carabias, et al., 2015; IPBES, 2019).
Another lever for a sustainable agri-food system would be a
movement of social values in favour of practices that are more
respectful of the environment (Chan et al.,, 2020; McGreevy
etal.,2022). Consequently, indirect drivers should be given priority
over direct drivers that affect nature directly (e. g. pesticide use
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or habitat loss) when analysing future transformation scenarios on
biodiversity in the agricultural landscape (Diaz, Demissew, Joly,
et al,, 2015; Klein et al., 2024).

1.3 | How agri-food systems are shaping
biodiversity

The agricultural landscapes with their biodiversity are shaped
by agri-food systems which include the primary agricultural
production, food distribution and consumption as well as inputs
such as synthetic fertilizers or pesticides (Crenna et al., 2019;
FAO, 2021; Sims et al, 2015). Within agri-food systems,
there are many indirect and direct drivers of change that also
affect biodiversity in agricultural landscapes (Thompson &
Scoones, 2009). Here we focus on socio-economic drivers as
indirect or underlying drivers (Plieninger et al., 2016). Socio-
economic drivers are related to human decisions and include
political-legal, economic-technological and social framework
conditions and developments (Klein et al., 2024; Mupepele
et al., 2019). In the agricultural landscape, many societal interests
and demands for different ecosystem services come together and
must be carefully balanced (Coupe et al., 2012). Beyond potential
synergies in the context of multifunctional land use, there are
often trade-offs (Galler et al., 2015; Samnegard et al., 2019). For
example, trade-offs exist between agricultural production and
land consumption for infrastructure development or renewable
energies (Unger & Lakes, 2023), or between agricultural
production and environmental protection. For instance, water
pollution can be a consequence of agricultural production by high
fertilizer use (Florke et al., 2018; Weik et al., 2022). As all these
land use interests compete for the same land plots, there are
strong interactions which must, therefore, be considered within

agri-food systems (Thompson & Scoones, 2009).

14 Importance of scenarios and pathways for
steering agri-food systems in the future

Whereas scenarios can be understood as plausible possible
future states, pathways aim at specific scenarios with certain
desired target states that can also be supported by respective
narratives (IPBES, 2019; Leach, Scoones, & Stirling, 2010; Zurek &
Henrichs, 2007). Both scenarios and pathways depict potential future
states and are therefore valuable for supporting decision-making
processes by policymakers, such as steering agri-food systems to
be more biodiversity-friendly (Mitter et al., 2020). In this respect,
they provide the required transformation knowledge on how a
certain policy target can be achieved (Pohl & Hirsch Hadorn, 2007).
The pathways approach can advance our understanding of human-
nature relationships by showing different alternatives of how human
activities may or may not be consistent with achieving sustainability
goals. This is also relevant and applicable for dealing with

environmental management conflicts and controversial perspectives
between different societal actors (Beland Lindahl et al., 2016).

Many scenario analyses in agri-food systems exist on the inter-
action between biodiversity and selected drivers, such as urban-
ization (Di Pirro et al., 2021; Simkin et al., 2022), economic growth
(Otero et al., 2020), agricultural management intensity (Jeanneret
et al., 2021; Kleijn et al., 2009; Zabel et al., 2019), as well as socio-
economic scenarios on a global scale considering consumption,
access to food, waste, agricultural productivity, protected areas
and forestry (Visconti et al., 2016). Still, research gaps remain.
First, to gain more advanced system knowledge (Pohl & Hirsch
Hadorn, 2007), it is not enough to look only at specific isolated in-
teractions between indirect drivers of a system, but a more holis-
tic perspective is required to tackle biodiversity loss (Jaureguiberry
et al., 2022). Second, the studies mentioned above did not explicitly
focus on the agricultural landscape and thus neglected the role of
agricultural policies like the Common Agricultural Policy (CAP) or in-
novations in agricultural production. Third, scenarios on biodiversity
at the global level often pose challenges when it comes to transfer-
ring them to the local level, for example, due to cultural differences
or insufficient spatial resolution of regional land use (IPBES, 2019;
Rosa et al., 2020).

Consequently, pathways need to be developed for enhanc-
ing biodiversity in agricultural landscapes that provide system and
transformation knowledge at the national or local level, from which
concrete policy measures can be directly derived, while also ac-
counting for global developments and the relationship between bio-
diversity and different socio-economic policy objectives (Hermoso
et al., 2022; Perino et al., 2022). This is important because the trans-
lation of policy objectives into concrete actions can be a challenge
(Boix-Fayos & De Vente, 2023; Perino et al., 2022).

In the literature on transformation, the concept of pathways
often serves to explore how defined sustainability goals can be
achieved (IPBES, 2019; Rosenbloom, 2017). In line with this, we un-
derstand pathways as a set of potential future changes in agri-food
systems that lead to the politically desired outcome to enhance bio-
diversity, that is, defining in which direction agri-food systems need
to evolve over time (Leach, Stirling, & Scoones, 2010). In this context
and in this study, pathways represent plausible future states (scenar-
ios) achieving a specified target with a focus on the required actions
to get there (Aguiar et al., 2020; Van Vuuren et al., 2012).

The goal of our analysis is to (i) understand how different socio-
economic indirect drivers (=descriptors) of biodiversity in agricul-
tural landscapes interact at the national scale, (ii) derive plausible
pathways that most likely will lead to an improvement of biodiversity
in the agricultural landscapes and (iii) discuss guiding principles for
policy-making based on the pathways.

As outlined above, current pathway developments in this area
have missed the interaction between multiple drivers. We adopted
a more holistic and systematic approach: The novelty of our study
lies in the focus on the interaction between multiple socio-economic
drivers of biodiversity in agricultural landscapes during pathway
development. Using a new conceptual framework, we applied the
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Cross-Impact-Balance (CIB) methodology as a qualitative yet sys-
tematic approach which integrates interdisciplinary expertise and
investigates any interactions between drivers in a formalized pro-
cess. By presenting and applying this framework through the CIB
methodology to a specific case study, Germany, our study makes a
novel contribution to the literature on drivers of biodiversity loss
and pathways for improving biodiversity in agricultural landscapes.
To the best of our knowledge there is no comparable study that
focused on the interactions and impacts between multiple socio-
economic drivers of biodiversity in agricultural landscapes, using the
example of Germany.

In the following, we first give a brief description of the study
region, then we introduce the methodological approach of the
Cross-Impact-Balance analysis as a structured qualitative scenario
development tool. From the results, we derive guiding principles for

policy-making.

2 | MATERIALS AND METHODS
2.1 | Description of the case study region

Germany was selected as a case study for three reasons: It is a
major agricultural producer in terms of output value and produc-
tion volume for many crops like cereals, oilseeds or sugar beet in
the European Union, and arable land use in general is characterized
by a comparatively high management intensity (Eurostat, 2024a,
2024b; Rega et al., 2020; Silva et al., 2019), accompanied by a sub-
stantial accumulation of pesticides even in non-crop areas (Brthl
et al., 2024). Furthermore, Germany is facing high biodiversity
loss, especially in agricultural systems (Wirth, Bruelheide, Farwig,
& Marx, 2024). Against this backdrop, the trade-offs between ag-
ricultural production and the promotion of biodiversity become
particularly clear in this country. At the same time, although
Germany has implemented various policies and initiatives aimed
at promoting biodiversity in agricultural landscapes such as agri-
environmental measures or biosphere reserves, a persistent bio-
diversity decline in agricultural landscapes can be observed (Klein
et al., 2024).

The development of biodiversity in the agricultural landscape
of Germany has been influenced by various factors and framework
conditions. Historically, traditional agricultural practices tended to
support higher levels of biodiversity through mixed cropping, ro-
tational grazing and diverse landscape features such as hedgerows
and small woodlots (Assandri et al., 2018; Spulerova et al., 2018).
However, the intensification of agriculture in the 20th century as a
direct driver has led to widespread habitat loss, monoculture farm-
ing, large fields and increased use of pesticides and fertilizers, result-
ing in a significant decline in biodiversity also in Germany (Nationale
Akademie der Wissenschaften Leopoldina et al.,, 2020; Rigal
et al., 2023). Today, agricultural land encompasses over 50% of the
entire area of Germany, with 70% of it dedicated to arable farming
(BMEL, 2022). Only 13.4% of this area can be categorized as having
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High-Nature-Value (BfN, 2023). Likewise, about 69% of open habi-
tats in Germany are endangered, including half of the arable fields
and fallow biotopes (BfN, 2017). Through monitoring programmes, it
is possible to assess the status and trends of the habitats, along with
the plant and animal communities in these areas. On average, the
majority of trends that have monitored species richness and abun-
dances of plants and animals in German agricultural landscapes have
observed no change over the last century (Klein et al., 2024). Rather,
there have been sharp declines in species richness and abundances
for specific groups, such as arable weed species, various insect
groups (e. g., butterflies, grasshoppers and hoverflies) and farmland
birds (Klein et al., 2024; Nationale Akademie der Wissenschaften
Leopoldina et al., 2020).

2.2 | Cross-impact-balance analysis

In order to assess the interaction between socio-economic drivers as
descriptors of biodiversity in the agricultural landscape in Germany
and to identify pathways to enhance biodiversity, we chose the Cross-
Impact-Balance (CIB) analysis methodology (Weimer-Jehle, 2006). The
CIB is a structured qualitative method for analysing systems and de-
riving future scenarios (Figure 1) (Weimer-Jehle, 2006). These future
scenarios are based on the most relevant descriptors of a system and
their potential developments, which are defined as trend alternatives
(details in Sections 2.3 and 2.4 and Appendix S1). Experts from differ-
ent disciplines and sectors are invited to qualitatively assess the in-
fluence relationships between individual descriptors and their future
trend alternatives (details in Section 2.5 and Appendix S2). The final
aim of the analysis is to identify consistent future scenarios in the form
of plausible combinations with regard to the development of the sys-
tem descriptors (details in Section 2.6). More details and information

on the methodology can be found in Weimer-Jehle (2023a).

2.3 | Literature review and identification of
descriptors used in the cross-impact-balance analysis

The CIB analysis was an outsourced scientific activity of the project
‘Faktencheck Artenvielfalt’ or ‘German Biodiversity Assessment”
(Wirth, Bruelheide, Farwig, Marx, & Settele, 2024), in particular of the
working group for the chapter ‘Agricultural and open landscapes’. The
German Biodiversity Assessment reports on the status, trends and
drivers of biodiversity in Germany. As part of this project, a compre-
hensive literature review was conducted on the most relevant drivers
(direct and indirect) of biodiversity in German agricultural landscapes
within the agri-food system. Drivers were categorized as being direct
or indirect according to the classifications provided by the

“Faktencheck Artenvielfalt’ (German Biodiversity Assessment) is a joint project
involving over 150 authors from various institutes that aims to create a national
assessment of biodiversity in Germany. It is funded by the German Federal Ministry of
Education and Research (BMBF) as part of the Research Initiative for the Conservation
of Biodiversity (FEdA) and was published in October 2024.
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* Method: Literature * Method: Literature « Method: Workshops * Method: Software
review review, expert with expert groups ScenarioWizard 4.4
* Output: 8 descriptors knowledge * Output: 3 assessment * Output: 19 consistent
(Figure 2) * Output: 3-4 trend or CIB matrices scenarios improving
alternatives (Table 2) biodiversity
. . Assessment of the
Identification of interaction between
descriptors descriptors

FIGURE 1 Graphic representation of the Cross-Impact-Balance (CIB) analysis methodology with its different elements or methods

applied in this study.
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FIGURE 2 Economic and social drivers for biodiversity in the agricultural landscape (conceptual framework) with links between indirect
drivers (indicated by the dashed arrows) and links between indirect and direct drivers in the middle (indicated by the solid arrows).

Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES, 2019). We used the results of the literature
review from the German Biodiversity Assessment on indirect drivers
and respective internal discussions in the chapter group as a starting
point for the CIB analysis to define the descriptors and their respective
trend alternatives. The CIB descriptors were thus based on the most
relevant socio-economic drivers for biodiversity in the agricultural
landscape and can be classified according the framework of the
German Biodiversity Assessment into (a) political and legal, (b) techno-
logical and economic as well as (c) societal developments (Klein
et al., 2024; Wirth, Bruelheide, Farwig, Marx, & Settele, 2024). Finally,
seven socio-economic drivers were selected for consideration as CIB

descriptors in the scenario analysis, which form our conceptual
framework for the development of the pathways (Figure 2).

The first descriptor is land use pressure (1) (Table 1), which rep-
resents the level of land scarcity and covers the uptake of agricultural
land for settlement, infrastructure, renewable energies, nature con-
servation as well as rewetting of peatlands (Osterburg et al., 2023).
As a second descriptor, the demand for agricultural products (2) was
chosen to consider the interactions between agricultural production
and the national or global market (HaB et al., 2022). Moreover, policy
instruments like the CAP (3) as well as national nature conservation
policy and law were included. The CAP can be regarded as one of
the most relevant policy instruments on EU as well as national level
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TABLE 1 Overview and brief description of the descriptors and their respective trend alternatives for the agri-food systems in Germany
(scenarios for the target year 2030).

Descriptor

A. Land use pressures

B. Demand for
agricultural goods

C. Common
Agricultural Policy
(CAP)

D. Nature
conservation policy
and law

E. Societal values

F. Biodiversity in
agricultural landscapes

G. Role of agriculture

H. Technological
and economic
developments ‘shocks’

Trend alternative
Al. Strong increase in land use
pressures

A2. Moderately sustained land
use pressures (BAU)

A3. Decrease in land use
pressures

B1. Stable supply situation
B2. Thiinen Baseline 2032 (BAU)

B3. Global food crisis

C1. Loss of importance of the
CAP

C2. Update of the current CAP
(BAU)

C3. Focus on environmental
performance

D1. Strong legal tightening

D2. Moderate legal tightening
(BAU)

D3. Market-oriented nature
conservation

D4. Withdrawal of the state from
nature conservation policy

E1. Sustainability and
post-materialism

E2. Continuation of social
complexity (BAU)

E3. Dominance of materialism
F1. Improvement

F2. Constant (BAU)

F3. Deterioration

G1. Extensification and public
goods

G2. Business-as-usual (BAU)

G3. Intensification of production

H1. Innovations in plant
production

H2. Innovations in protein
production

H3. National economic slump

H4. Global recession

Brief description
Decrease in agricultural land in the range up to 5% by 2030 compared to 2022,
because of increasing competition between land use interests

Decrease in agricultural land in the range up to 2% by 2030 compared to 2022

Decrease in agricultural land in the range of up to 1% by 2030 compared to 2022

A stable supply situation at the global market and decreasing domestic demand

The demand for agricultural products remains globally on current level, whereas
domestic demand for meat decreases by about 10%

Strong increase in the global population as well as bad regional harvests and high
world market prices for agricultural goods

The financial and substantive role of the CAP will decline significantly by 2030. In
2034, the CAP will still account for 15% of the EU budget

Current development of the CAP, such as the stronger environmental focus, is
continuing with moderately decreasing financial resources

The focus of the CAP is on public goods. The financial budget remains at the
current level

Strong increase in regulatory law for pesticide use and interventions in
ecosystems, for instance from urban development

Slight tightening of regulatory requirements. Achievement of the farm-to-fork
strategy goals regarding pesticide reduction

Nature conservation at the retail point via marketing and compensation
instruments instead of legal tightening

No new legal requirements and implementation deficits in nature conservation as
well as a lack of framework conditions for market-orientated nature conservation

Nature conservation is gaining in importance in public perception and also
shapes consumer behaviour (e.g. lower meat consumption, higher use of regional
products)

There is no consensus on the environmental policy direction within society

Consumer decisions are price-orientated and material things have priority
Recovery of populations of many species at all taxonomic levels

No further decline of biodiversity; biodiversity status quo

The drastic decline of biodiversity until 2030

Extensification of agricultural production in favour of other ecosystem services
and provision of public goods

The type and extent of land utilization continues in the current productivity, with
a slight decline in the use of inputs

Intensification of production with increasing use of inputs per unit area. There is
hardly any extensive land utilization

Indoor farming will be of considerable importance by 2030. Yield increases
through the use of new breeding technologies (NBTSs)

In 2030, cellular meat will have established itself on the market and will replace
approx. 25% of the protein from meat

Industry in Germany is losing its competitiveness in the long term. The resources
of the state budget are limited

There are temporary regional economic crises and disruption to international
supply chains

Note: One trend alternative of each descriptor represents a business-as-usual development (BAU) (source: own presentation).
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to foster sustainable agricultural production. Typical CAP policy
measures comprise regulation of agricultural management practices,
economic instruments like subsidies or information and education
(Mohring et al., 2020). In addition, national regulatory law (4) has
a considerable influence on the type of land use. This includes,
for example, instruments for the protection of areas (e.g. Habitats
Directive and nature conservation areas) (Hering et al., 2023), min-
imum requirements for agriculture (e.g. Fertilizer Ordinance, Plant
Protection Act), the approval of pesticides, but also regulations on
biodiversity offsets in terms of settlement and infrastructure devel-
opment (Mupepele et al., 2021). In addition, the role of agriculture
for preserving biodiversity (5) was included as a descriptor. The role
of agriculture refers to the paradigms of agricultural production in
terms of the general orientation or role assigned to it within society.
It therefore includes also aspects of structural change and ongoing
transformations: for example, a stronger focus on the provision of
multiple ecosystem services or a high transformation pressure to-
wards the intensification of biomass production. The role of agri-
culture referring to the objectives and preferences of the actors in
the sector can thus be regarded as an indirect driver. For details see
Appendix S1. Societal values (6) form the framework for the pop-
ulation's attitude towards nature and species conservation. These
values largely determine people's behaviour and therefore also their
consumption decisions for or against sustainable food products
(Bieling et al., 2020; Mupepele et al., 2021). Hence, they were also
included as indirect drivers. As we are analysing future scenarios,
developments that are unlikely or uncertain from today's perspec-
tive, but which may have disruptive effects on agri-food systems
and thus foster change, are also relevant (Meuwissen et al., 2019).
Hamilton et al. (2020) identified together with stakeholders four
potential future shocks to global agri-food systems within the next
25years: technological, financial, climatic and biological shocks. As
we focus on the socio-economic drivers of biodiversity, we therefore
included technological and economic shocks (7) in the analysis, for
instance, innovations in plant production including new plant breed-
ing technologies (NBTs) (Qaim, 2020). The selected descriptors are
also in line with other literature sources on the main drivers of biodi-
versity loss (IPBES, 2019; Nationale Akademie der Wissenschaften
Leopoldina et al., 2020). In contrast to IPBES (2019), we did not
explicitly include conflicts and wars as geopolitical crises or health
problems such as epidemics. However, these aspects are implicitly
covered by the potential future development options of respective
descriptors like the global demand for agricultural goods.

In a next step, potential future development alternatives regard-
ing the descriptors were derived, which will be explained in more

detail in the following section.
2.4 | CIB descriptors and their respective trend
alternatives

The socio-economic drivers identified in Section 2.3 represent
seven descriptors related to the most relevant indirect drivers of

biodiversity in German agricultural landscapes within the agri-food
system. According to the focus of the analysis we included the de-
velopment of biodiversity as a dependent descriptor. This means
that biodiversity absorbs the influences of the other descriptors,
but does not itself influence them. For each of the eight descrip-
tors, three to four trend alternatives were derived (Table 1) based
on literature and expert knowledge generated in the ‘Faktencheck
Artenvielfalt’ project (Klein et al., 2024). These trend alternatives
were derived in such a way that there was usually an intermediate
alternative, representing a continuation of the status quo and two
‘extreme’ changes in opposite directions, representing a deviation
from the status quo. Our target year for the definition of trend alter-
natives and developing pathways was 2030.

In each case, one trend alternative was related to the continua-
tion of the status quo, that is, business-as-usual (BAU). The others
were defined in such a way that they contrast with each other, for
instance a stable supply situation at the global market (B1) and global
food crisis (B3) in terms of demand for agricultural products. Table 1
provides an overview of the descriptors with their trend alternatives
and a brief description of them. A more detailed explanation of the
descriptors and the associated trend alternatives as well as the con-

sidered literature can be found in Appendix S1.

2.5 | Assessment of the interaction between
descriptors

The assessment of the interaction between the descriptors and their
respective trend alternatives was carried out between April and
June 2023 as part of three workshops lasting around three to 4h
with experts from the fields of nature conservation and agricultural
sciences who work either in academia or in practice in Germany
(Table 2). Twenty experts were selected and invited via email by the
Faktencheck Artenvielfalt project, all of whom were known by mem-
bers of the agricultural and open landscapes working group to be
actively working at the interface of agriculture and biodiversity and
to have in-depth knowledge in this area. Six agreed and attended
the workshop. Three suggested colleagues to us who also agreed
and attended. The different workshops allowed a comparison across
group results and to identify overlapping scenarios. The first work-
shop was conducted with eight people from nature conservation
and agricultural sciences (mixed group). The second workshop was
held with a group of four people from nature conservation (nature
conservation group) and the third workshop was conducted with a
group of eight people from agricultural sciences (agricultural group).

For the interpretation of the results, it is important to reflect
on the positionality of the represented experts. For instance, the
expert for agronomy in the agricultural group represented an inter-
nationally operating NGO in the field of nature and environmental
protection, but with a focus on German agriculture and thus a wide
spectrum of different farm types and farming practices. In the mixed
group the expert from the agricultural NGO represented a German
NGO that focuses on knowledge transfer from science to practical
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TABLE 2 Detailed overview of the disciplinary background and type of experts that participated in the three workshops.

Workshop group Disciplinary background Type

Mixed group (n=8) Agricultural economics
Landscape ecology
Agricultural economics
Biology

Biology

Social science in agriculture

Nature conservation
(n=4)

Vegetation ecology
Environmental science
Agriculture (n=8) Agricultural economics
Agricultural markets and policies

Agronomy NGO

farming and the experts from the environmental NGO represented
a German organization that mainly operates at the national level, for
example, implementing model projects and aims to connect agricul-
ture, forestry, nature conservation and policy. The representatives
of science were selected because they have a strong research focus
on biodiversity conservation in the context of transformations of
agri-food systems such as pesticide-free agriculture or development
of the Common Agricultural Policy, either from an economic or na-
ture conservation perspective.

The three workshops were organized in the form of moderated
group discussions (O.Nyumba et al., 2018). Two researchers were
present to moderate and document the workshops. All data was col-
lected in an Excel spreadsheet, which was shared with participants
during the workshops. At the beginning of the workshop, all partic-
ipants gave their verbal consent to voluntary participation and to
the anonymized processing of their statements and the publication
of the results.

Each individual interaction between two trend alternatives of
the respective descriptors was discussed in turn. Participants were
given the opportunity to speak and give a reasoned judgement on a
semi-quantitative scale: ‘favourable’ (1), ‘inhibiting’ (-1) or ‘neutral
or everything is plausible’ (0). Counter-arguments for alternative as-
sessment proposals could then be provided by the other participants
(Figure 3). This was repeated until a consensus was reached. The
next interaction was then discussed in the same way. As a result,
three assessment or cross-impact-matrices were generated that are

given in Appendix S2.
2.6 | Deriving consistent scenarios and associated
pathways

The three assessment matrices generated during the expert work-

shops were now analysed separately for each group with the

Academic staff at universities or research centers
Academic staff at universities or research centers
Agricultural NGO

Environmental NGO

Academic staff at universities or research centers
Academic staff at universities or research centers
Academic staff at universities or research centers
Academic staff at universities or research centers
Academic staff at universities or research centers

Academic staff at universities or research centers

Amount of
representatives

B WA W R R, R R R W R

software ScenarioWizard 4.4 (Weimer-Jehle, 2023b) in order to
identify consistent scenarios. For this purpose, the descriptors and
trend alternatives were defined in the software and the ratings en-
tered in table form. In total, 14,580 combinations of descriptors and
respective trend alternatives would have been possible in one as-
sessment matrix and were proofed for consistency by the respective
software algorithm as explained below.

Ideally, a fully consistent scenario would always refer to the
trend alternatives with the highest impact balance for all descriptors.
There are therefore no contradictory influencing relationships be-
tween the trend alternatives in a consistent scenario; ideally, there
are mutually supporting relationships. This is not the case in the ex-
ample in Figure 4, as the impact balance for descriptor A (Land use
pressures) is not highest for alternative A3 (-1), but for alternative
A1 (+1). Also, for descriptor C (CAP), the impact balance is negative
(-1). In this respect, the scenario would be rejected as inconsistent.
In a consistent scenario, the arrows for the maximum impact balance
for the trend alternatives of a descriptor would always refer to the
arrows of the included trend alternative in the scenario (Figure 4).
Hence, a future scenario including a decrease in land use pressures,
a global food crisis and a loss of importance of the CAP was regarded
as not plausible by the software algorithm. Individual negative in-
teractions do not necessarily lead to a rejection of the consistency
of the scenario; the decisive factor in the end is the impact balance
(Weimer-Jehle, 2021).

In the output of the software algorithm, all consistent scenarios
were in text form and they were filtered in respect to the inclusion of
the trend alternative F1 (improvement of biodiversity) as outlined in
Table 1. The individual scenarios identified were finally aggregated
according to their similarities into pathways that can lead to an im-
provement in biodiversity in agricultural landscapes, that is, the sce-
narios only differ in individual trend alternatives or several similar
combinations are possible. The similarities were identified qualita-

tively within a group discussion by the authors.
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FIGURE 3 Schematic representation of the interaction assessment within the stakeholder workshops (example) with paraphrased

arguments from participants in the bubbles.

3 | RESULTS

We found that the interactions between the respective descriptors or
socio-economic drivers of biodiversity in agricultural landscapes are
highly differentiated and can be regarded as complex. This complexity
is also reflected in the fact that the three expert groups assessed
some of the relationships differently. Figure 5 shows the range of
relative impacts between the respective descriptors as a result of
the three workshops. In this context, a zero means that no effect was
seen between the potential developments of a descriptor in the row
and the development of the descriptor in the corresponding column.
For example, all expert groups concluded that there is no impact of
land use pressure on demand for agricultural products or on social
values. However, there are impacts in the opposite direction, that
is, the demand for agricultural goods has an impact on land use
pressure. Figure 5 also shows that some descriptors are more passive
and others more active, that is, they either receive impacts from
other socio-economic drivers or have impacts on them. For example,
societal values are a rather active driver, as they strongly influence
other descriptors, but their developments are rather independent of
them. In contrast, the role of agriculture is a rather passive driver, as
it is strongly influenced by land use pressure or the CAP, for example,
but does not directly influence the other descriptors.

While none of the descriptors is dependent on the development
of biodiversity according to our results, biodiversity is very actively
affected by the other descriptors. However, compared to other de-
scriptors, technological and economic shocks have a more indirect
impact on biodiversity.

Based on the analysis of the interactions between the descrip-
tors or socio-economic drivers, we identified four pathways leading
to animprovement of biodiversity in German agricultural landscapes:
‘innovation and stricter legislation’, ‘major change in protein produc-
tion and CAP shift’, ‘major change in protein production and national
legislation’ and ‘major social changes compensate for a lack of inno-
vation in food production’ (Figure 6).

These were based on the analysis of the three CIB matrices gen-
erated within the expert workshops, where a total of 19 consistent
scenarios were identified with the software algorithm that included
an enhancement in biodiversity in German agricultural landscapes
(trend alternative F1 was present in the scenarios). The individual
analyses of the three CIB matrices also revealed overlaps in terms
of consistent scenarios. Independently of each other, two identical
consistent scenarios were identified from the CIB matrices of each
of the three groups. In addition, five of the 19 scenarios were identi-
fied by at least two groups when analysing the respective CIB matrix
(Table 3). We thus selected seven core scenarios based on the as-
sumption that these are particularly robust compared to the others,
as they were derived from the assessment of at least two different
groups of experts. This means that all other scenarios did not end
up in respective pathways as we cannot regard them as being suffi-
ciently robust.

These seven core scenarios were then aggregated into four
major pathways leading to biodiversity improvement in agricultural
landscapes in Germany in the following way. Scenarios 1-4 are very
similar, as they differ only in descriptors E and H, although any com-
binations of E1, E2 with H1 and H2 are possible. The constellations
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FIGURE 4 Schematic representation of an evaluation matrix of a cross-impact balance analysis with the reciprocal influence relationships
in the evaluation levels favourable (+1), inhibiting (1) and neutral or everything is plausible (0) and the impact balance for the combination
of alternatives A3, B3 and C1. The impact balance is then calculated column by column across the selected rows A3, B3 and C1 (within black
frames). In the first column, therefore, 1+0=1. In an ideal consistent scenario, the arrowheads would meet in each case. This means that the
impact balance of the scenario reaches the maximum value for the respective descriptor (after Weimer-Jehle (2006)).

of scenarios 5 and 6, on the contrary, are only possible with H2,
but not with H1, and represent independent pathways with differ-
ent narratives, since there are different political needs for action.
Scenario 7 can also be clearly distinguished because, unlike all the
others, it contains no shock at descriptor H.

All of the four pathways (Figure 6) include the prerequisites of
decreasing land use competition (A3), a stable supply situation on
the global market (B1) and a stronger orientation of agriculture to-
wards the provision of public goods (G1).

Pathway 1 (‘Innovation and stricter legislation’) depends on
technological innovations in plant or protein production. In ad-
dition, there is a strong focus of the CAP on public goods as well
as a stricter national nature conservation legislation. However, in
contrast to pathway 4 a societal change towards sustainability and
post-materialism must not necessarily take place, but would be also
consistent with overall framework conditions.

Pathway 2 (‘Major change in protein production and CAP
shift’) has strong similarities to pathway 1. However, in contrast
to adjustments in national nature conservation legislation, there is
a shift of the CAP orientation towards provision of public goods.

Hence, any CAP policy premiums to farmers are therefore exclu-
sively dependent on the provision of public services. The major
prerequisite of this pathway are innovations in protein production,
which means that about 25% of meat can be replaced by cellular
protein.

Pathway 3 (‘Major change in protein production and national
legislation’) is, in contrast to Pathway 2, not dependent on a CAP
shift. Hence, the current CAP is continued with a slight shift to-
wards environmental services (C2). However, in this path, there
is a strong legal tightening in the nature conservation law, which
includes, among other things, a ban on pesticides in protected
areas (D1). In addition, there is a continuation of societal com-
plexity without any dominant behavioural principles (E2). As with
pathway 2, innovation in protein production is a fundamental
requirement.

Pathway 4 (‘Major social changes compensate for a lack of in-
novation in food production’) is in contrast to all other pathways
dependent on a major change of societal values towards sustain-
ability and post-materialism as consensual orientation. There are no
innovations in food production, i. e. protein or plant production and
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C.Common Agricultural Policy (CAP) 0-0.22 0 - 0.08-0.25 0 0.78 0.67-0.88 0 0.22-0.30
D. Nature conservation law and policy 0.17-0.89 0 0-0.33 - 0 0.5-0.92 0.58-0.67 0 0.18-0.40
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F. Biodiversity 0 0 0 0 0 - 0 0 0
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FIGURE 5 Mutual relative influence of a descriptor in the row on a descriptor in the column. A zero means that the experts saw no
influence (neither +1 nor -1) between all trend alternatives of the row descriptor and the alternatives of the column descriptor. The range
refers to the ratings of the three groups. Cells with no impact (0) are marked in white, cells with a slight to medium impact (maximum up to
0.5) are marked in light green and cells with a strong impact (>0.5) are marked in dark green. The average active impact of a descriptor or
average passive impact on a descriptor is based on the average range for technological and economic shocks.
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FIGURE 6 Schematic representation of future development pathways (with the target year 2030) based on the seven identified scenarios

with biodiversity enhancement in the agricultural landscape in Germany
(source: own presentation).

major changes in terms of stricter nature conservation legislation
(D1) and orientation of the CAP towards public goods (C1). Societal
change was considered by all expert groups to favour a shift towards

stricter nature conservation legislation and a focus of the CAP on
public goods. Hence, societal values can be regarded as one key
component of the respective pathway.
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TABLE 3 Overview of the consistent scenarios for the improvement of biodiversity in German agricultural landscapes that have been
derived from the expert-based assessments within the three groups and the aggregation of overlapping scenarios between the groups to
four pathways (‘X' means that a scenario includes the respective trend alternative) (source: own presentation).

Scenarios from the mixed (M), nature conservation (N) and agricultural (A) group

M,A,N M,N A,N M, A N N N N N A A A A A M M

Descriptor 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19

A. Land use pressures

Al. Strong increase in X
land use pressures

A2. Moderately
sustained land use
pressures (BAU)

A3.Decreaseinland X X X X X X X X X X X X X X X X X X
use pressures
B. Demand for agricultural goods
B1. Stable supply X X X X X X X X X X X X X X X X X
situation
B2. Thiinen Baseline X X
2032 (BAU)
B3. Global food crisis
C. Common Agricultural Policy

C1. Loss of X X X X
importance of the
CAP

C2. Update of the X X
current CAP (BAU)

C3. Focus on X X X X X X X X X X X X X
environmental
performance

D. Nature conservation policy and law
D1. Stricter legal X X X X X X X X X
tightening
D2. Moderate legal X X X X X X
tightening (BAU)
D3. Market-oriented X X X X

nature conservation

D4. Withdrawal of
the state from nature
conservation policy

m

. Societal values

E1. Sustainabilityand X X X X X X
post-materialism

E2. Continuation of X X X X X X X X X X
social complexity
(BAU)

E3. Dominance of X X X
materialism

G. Role of agriculture
G1. Extensification X X X X X X X X X X X X X X X X X X X
and public goods
G2. Business-as-usual
(BAU)

G3. Intensification of
agriculture
(Continues)
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TABLE 3 (Continued)

Scenarios from the mixed (M), nature conservation (N) and agricultural (A) group

M,A,N M,N A,N M, A N

N N N N A A A A A M M

Descriptor 1 2 3 4 5 6 7 8

H. Technological and economic shocks
H1. Innovations in X X X

plant production

H2. Innovations in X X X X
protein production

H3. National
economic slump

H4. Global recession

No shock (BAU)

Pathway 1 1 1 1 2 3 4 —

We also found that some of the trend alternatives (that were not
shown as pathways in this analysis) appear only in line with a higher
decline of biodiversity (F3) across all scenarios based on the assess-
ments from the three groups. This refers to a global food crisis (B3),
the government withdrawal from nature conservation policy (D4)
and the intensification of agricultural production (G3). Moreover,
economic shocks (H3 and H4) were found to occur mainly in line
with a decline of biodiversity (F3). However, from the assessment of
the nature conservation group, two scenarios were also identified
with an enhancement of biodiversity (F3). The main argument here
was that economic shocks such as the loss of competitiveness of
German industry might hinder the intensification of agriculture (G3)
and favour a reduction in land use pressures (A3). In contrast to the
other two groups, no inhibiting relationship was seen here between
the economic shocks (H3 and H4) and the orientation of the CAP
towards public goods (C3) or a legal tightening of national nature
conservation law (D1). In general, the impacts of the two economic
shocks on other trend alternatives were rated quite equally within
one group.

4 | DISCUSSION

4.1 | Discussion of the results

We applied the CIB analysis to the agri-food system in order to un-
derstand how different socio-economic drivers of biodiversity in
German agricultural landscapes interact (i) and to derive plausible
pathways that will lead to enhanced biodiversity (ii). Finally, we dis-
cuss guiding principles for policy-making (iii).

There are more or less pronounced relationships of influence be-
tween the socio-economic drivers considered (i). While some driv-
ers, such as societal values, are rather independent and have strong
active impacts, others, such as the role of agriculture, are more pas-
sive in nature and are comparatively strongly influenced by other
drivers. In addition, global demand for agricultural goods is rather

9 10 11 12 13 14 15 16 17 18 19

independent from the development of the other socio-economic
drivers; however, it has a comparatively high impact on the CAP,
the role of agriculture or land use pressure. National trends in agri-
cultural land use are therefore strongly linked to global trends and
thus to shifts in the global market for agricultural goods, which is
in line with the literature (Klebl et al., 2024; Mupepele et al., 2021).
In the context of a global food crisis, for example, due to failed
harvests as a result of climate change, more extensive agriculture
seems hardly conceivable. In such a situation, price signals on the
world market would, according to experts, lead to strong export
pressures that are unlikely to be absorbed by policy measures in the
CAP (Timpanaro et al., 2023). Such intensive management could also
conflict with soil conservation, particularly the retention of organic
matter content, which is important for long-term productivity and
biodiversity (Eisenhauer et al., 2024; Kopittke et al., 2019; Tsiafouli
et al., 2015). We also found that institutional drivers such as the CAP
or environmental legislation play a pivotal role in the development
of paradigms for agricultural production, for instance, towards the
provision of public goods by means of a stronger legal tightening
or focus of the CAP on environmental performance. This is in line
with Van Vliet et al. (2015) who conclude that agricultural land use
change is influenced by a wide range of underlying factors such as
economic, socio-cultural and, in particular, institutional factors such
as subsidies.

Societal values especially interact with the development of na-
ture conservation law and policy. All expert groups concluded that
a transition of societal values towards enhanced sustainability and
post-materialism will favour a legal tightening of regulatory law such
as stricter regulations on the use of pesticides or synthetic fertiliz-
ers. Chan et al. (2020) also stress the importance of societal values
in achieving legal changes for nature conservation.

In summary, our analysis showed complex interactions and im-
pacts between drivers and their respective future trend alternatives,
which is in line with the literature (Diaz & Malhi, 2022). To enhance
biodiversity in agricultural landscapes, it is not enough for individual
drivers to move in a favourable direction, for example, decreasing
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land use pressures, but it requires the interplay of multiple drivers
(Jaureguiberry et al., 2022; Mupepele et al., 2021).

All four pathways supporting biodiversity depended on decreas-
ing land use pressures, a stable supply on the global market as well
as on a stronger orientation of agriculture towards the provision of
public goods (Grethe et al., 2018). Habitat loss due to urbanization
is also acknowledged by other studies as a major threat to biodi-
versity conservation in the future (McDonald et al., 2019; Simkin
et al., 2022). Busse et al. (2021) stressed that economic pressures
induced by global trade of agricultural goods pose a risk to biodiver-
sity protection, which is in line with our findings. Similar to our re-
sults, Probstl et al. (2023) found the need for increased valuation of
multifunctional agriculture in terms of public goods. Each pathway
contains at least the tightening of the national nature conservation
law or an orientation of the CAP towards environmental perfor-
mance (Pe'er et al., 2022), which demonstrates the close political in-
terlinkages. It also became clear that although the CAP is sometimes
criticized regarding its performance in nature conservation (Pe'er
et al., 2019; Probstl et al., 2023), it is highly relevant for biodiversity
in agricultural landscapes in all pathways.

Three out of the four pathways involved innovations in plant or
protein production. Without these innovations, an improvement in
biodiversity seems less likely. This is in line with Ewert et al. (2023),
stating that innovations in plant production such as NBTs can fos-
ter the transformation towards more sustainable agri-food systems.
Only pathway 4 did not involve such innovations but depends,
among other things, on a major change in societal values towards
sustainability and biodiversity-oriented consumer choices. Such a
change in societal values with corresponding changes in diet can
contribute, for example, to reducing pressure on land use and will
probably favour political decisions to focus CAP payments on en-
vironmental objectives or to tighten national nature conservation
legislation, depending on the experts' assessments. The importance
of dietary changes, including reduced meat consumption and strong
legislation for nature conservation and sustainable agricultural pro-
duction, was also identified in Visconti et al. (2016) and Parlasca and
Qaim (2022) as important for global biodiversity improvement. Meat
consumption and land use associated with livestock farming for feed
production are considered a key factor influencing biodiversity in
agricultural landscapes (Crenna et al., 2019).

Although Chan et al. (2020) also highlight innovations and so-
cial values as leverage points for a transformation to sustainability in
general, they did not analyse their interactions and the results were
derived from a global perspective and thus are not specific to differ-
ent national framework conditions.

Using the example of Germany, the pathway concept provides
us with a strategic perspective, showing different options for
achieving a desired goal with respect to the relationship between
human activities and biodiversity. The pathways revealed strong
interconnections between the social, economic and ecological
dimensions and encourage us to re-think human-nature relations
in agri-food systems with a focus on biodiversity, also beyond
the German case. The concept's holistic perspective enables a
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constructive dialogue between actors from different sectors and
disciplines, for example, the public, farmers and policymakers, on
controversial perspectives regarding biodiversity conservation
(Beland Lindahl et al., 2016). This is because the pathways clearly
show the options and related trade-offs for achieving a specific
goal, such as preserving biodiversity. They emphasize the respon-
sibility of society as a whole, rather than focusing on individual
actors such as farmers, who frequently feel blamed by society for

the decline in biodiversity (Busse et al., 2021).

4.2 | General guiding principles for policy-making
to enhance biodiversity

It is not possible to derive concrete recommendations for specific
policy instruments from the results of our analysis, given the ap-
plied CIB methodology and the required level of abstraction in the
explanation of the descriptors. Nevertheless, the following guiding
principles (iii) can be derived that policymakers at different spatial
scales, for example, actors in regional planning or members of the
federal parliament, should take into account if they want to enhance

biodiversity in agricultural landscapes in Germany.

4.2.1 | Reduce land use pressures

Reducing land use competition remains a major lever for address-
ing biodiversity loss in the future (IPBES, 2019). The seven core
scenarios and 14 of the total of 15 scenarios are based on the
assumption that land pressure will decrease with the achieve-
ment of the target set in the German Sustainable Development
Strategy of land consumption of less than 30ha by 2030 (Die
Bundesregierung, 2021). However, there could also be conflict-
ing objectives at this point, as large-scale rewetting of peatlands
would represent a significant use of agricultural land in terms of
spatial dimensions. Innovative and multifunctional land use sys-
tems are therefore particularly important for peatland protection.
Potential synergies between climate protection and biodiversity
should be exploited here (Wiistemann et al., 2017), but also in the
field of renewable energies such as agrivoltaics instead of ground-
mounted systems on agricultural land (Feuerbacher et al., 2022;
Sponagel, Weik, et al., 2024).

4.2.2 | Create value for biodiversity within society

Creating value for biodiversity within society can have substantial
effects on the development of biodiversity in the agricultural land-
scape. This refers to the appreciation of environmental services
provided by farms and related consumption behavior. Education
and information about the value of biodiversity on the consumer
side play a major role in this context (Boix-Fayos & De Vente, 2023).
Although biodiversity has gained attention in response to the
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publication of the study by Hallmann et al. (2017) and medial dissem-
ination (Felgentreff et al., 2023), it still remains challenging to im-
pact consumer choices by sustainability labels, for instance (Gorton
et al., 2021; Majer et al., 2022). In addition, financing biodiversity-
friendly farming practices solely via the market and respective price
surcharges is still rather unlikely in Germany (Sponagel, Witte, &
Bahrs, 2024).

4.2.3 | Adapt agricultural policy and nature
conservation legislation

According to the results, the CAP should be strongly focused on
improving the ecosystem functions of agri-food systems in the fu-
ture, which can also favour the necessary transformation of agri-
culture with regard to the stronger promotion of biodiversity and
ecosystem services (other than only food provision) and the provi-
sion of public goods (see also Mupepele et al. (2021)). Based on
the results, a stronger legal tightening of nature conservation and
compliance/control for agri-environmental funding schemes can
also be recommended. This includes, for example, the reduction
of synthetic chemical pesticides in protected areas and greater
avoidance of structural interventions in the ecosystem. Stricter
legislation on the use of pesticides should be accompanied by a
supportive legal framework, as this is important for the accept-
ance of the measures in agriculture and ultimately also for their
ecological effectiveness (Busse et al., 2021). Also, the coherence
between the CAP and nature conservation legislation should be
improved, for instance funding of the Natura 2000 network by
means of the CAP (Hodge et al., 2015). In general, also a policy mix
of legislation and funding schemes can be suitable to achieve spe-
cific environmental objectives. In addition, considerable need for
further research exists on the effects on large-scale pesticide-free
crop production in particular because, currently, yields can only be
estimated with a high degree of uncertainty for many crops (Mack
et al., 2023).

4.2.4 | Foster innovations in agri-food systems

Technological innovations in crop and protein production consid-
erably increased the scope for action with regard to a transfor-
mation towards improving biodiversity in agricultural landscapes.
Hence, more emphasis should be placed on putting innovations
in plant and protein production into practice. This includes the
consideration of digitalization and new breeding technologies in
agroecological transformation as they can potentially improve
crop yields and/or reduce the use of pesticides, for instance
(Ewert et al., 2023; Qaim, 2020), but also the promotion of hy-
brid approaches that draw on the combination of human and ar-
tificial intelligence (Berger et al., 2024). However, at this point
there are numerous challenges and trade-off decisions to be
made between societal interests and the consequences for rural

areas and questions such as how cellular meat and traditional pas-
ture farming can coexist to preserve extensive grassland (Moritz
et al.,, 2022).

4.2.5 | Enhance the resilience of global agri-food
systems

In addition to policy instruments, such as the nature conservation
law, the global food situation also plays a decisive role with regard
to the development of biodiversity in Germany. In this respect, all
seven core scenarios and 14 of the 15 scenarios overall assume a
stable situation on the global market with consequently moderate
prices for agricultural goods and rather low export pressure from
the perspective of agriculture in Germany. None of the consistent
scenarios with an improvement in biodiversity contain the trend
alternative of a global food crisis and consequently increasing ex-
port pressure. Similarly, none of the scenarios are consistent with
an intensification of agricultural production and an increase in input.
Hence, effort should be made to foster the development of resilient
agri-food systems, for instance by fostering research in the context
of climate change mitigation and adaptation (Nationale Akademie
der Wissenschaften Leopoldina et al., 2020).

4.3 | Critical reflection on the applied methodology

Qualitative methods such as the CIB approach can broaden our
understanding of systems and help to identify hypotheses or exist-
ing research gaps, and therefore provide a valuable foundation for
further quantitative analyses. In particular, analysing the impact
of abrupt shocks to a system can be challenging with quantitative
models as they are often not designed for such purposes (Elsawah
etal., 2020).

In contrast to other approaches that rely on formative scenario
analysis with similar expert-based consistency matrices between
different future states of system variables (e. g. Walz et al. (2014)),
the CIB methodology allowed us to analyse the two-way interac-
tions and impacts between multiple drivers of biodiversity in the
German agri-food system. In this way, the developed pathways are
based on a comparatively holistic perspective and can thus contrib-
ute to a systemic understanding of the trade-offs and synergies be-
tween multiple drivers, which would not have been possible if only
individual relationships had been considered. In our experience, the
major benefit of the method is that it provides a formalized process
for experts from different backgrounds to exchange arguments,
leading to better mutual understanding and ultimately consensus in
a time-efficient manner. Due to the experts' tight schedules, time ef-
ficiency was also relevant for selecting the method. In this context,
we also received positive feedback from the invited experts that the
discussions were perceived as stimulating because of the exchange
among disciplines and stakeholder groups. Hence, the methodologi-
cal approach is able to bring researchers or stakeholders to re-think
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their perceptions and concepts. The interactive exchange format
also helped to clarify some of the initial critical feedback from indi-
vidual experts regarding their understanding of the method and the
descriptors.

Although the invitation to the workshops was widely distrib-
uted, a selection effect cannot be ruled out and other experts could
arrive at different assessments (Kaiser, 2021). A large share of ex-
perts had a scientific perspective. We have to acknowledge that
the perspective of small-scale farming, including approaches such
as community-supported agriculture or solidarity-based agricul-
ture (Parot et al., 2024) might have been rather underrepresented
by the selected experts. In addition, the perspective of social sci-
ence was underrepresented in the group of environmental experts.
However, as the results from the three separate groups differed only
slightly, we are confident that our results are sufficiently robust.
Nevertheless, it might be useful to include an even broader range
of non-scientific stakeholders in subsequent studies, for example,
from the food industry, policymakers or administration and farmers.

The assessment of the influencing relationships was not differ-
entiated in terms of strength, as this was perceived as too complex.
If more data and knowledge on the mutual relationship between
individual descriptors become available in the future, the assess-
ment carried out here could be further differentiated and refined,
for instance by coupling quantitative models with the CIB (Kosow
et al., 2022). In addition, the definition of the descriptors and trend
alternatives must be critically reflected upon. Focusing on socio-
economic drivers, climate change was not considered. Climate
change in particular is a significant influencing factor as interactions
between land use intensity and biodiversity impacts have been
demonstrated (Outhwaite et al., 2022; Raven & Wagner, 2021).
However, the target year for the analysis was 2030, and the effects
of climate change on biodiversity and agriculture are expected to in-
crease over time and have a much greater impact in the more distant
future (Hasegawa et al., 2022; Newbold, 2018). Increasing the num-
ber of descriptors and/or trend alternatives could also reduce the
practicability of the method, as the increasing complexity may make
it more difficult for experts to grasp the context and may therefore
have reduced the willingness of experts to participate in this activity.

Workshop discussions also revealed a need for future research,
for example into the aspect of market-orientated nature conserva-
tion. This was only included in the scenarios of the nature conser-
vation group (Table 3). The relationship between market-oriented
nature conservation and biodiversity was rated as zero for F1 to
F3 in the agricultural group, which indicated that the experts were
probably unsure about the causal relationships. One practical ex-
ample for market-oriented nature conservation is the ‘Agriculture
for Biodiversity’ product label, however, the area effect is currently
still limited and a majority willingness to buy biodiversity-friendly
products has so far been identified for a few organic products only
(Runge, 2020). Sponagel, Witte, and Bahrs (2024) showed limited
potential for price premiums for biodiversity-friendly labelled food
products, up to 10%, according to a survey of food industry compa-
nies. In addition, possible leakage effects, that is, negative impacts
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on biodiversity in other parts of the world due to the extensification
of agriculture and a focus on public goods were not considered and

should be analysed in following studies (Wesseler, 2022).

5 | CONCLUSIONS

In this paper we applied the CIB methodology to derive four dif-
ferent future pathways leading to enhanced biodiversity in German
agricultural landscapes. Although some aspects of the pathways'
content, such as the need to reduce land use pressure, are not en-
tirely new, the added value of our analysis primarily lies in the ap-
plication of the conceptual framework to a specific case study for
identifying concrete pathways. The comparatively holistic and sys-
tematic approach with a strong focus on the interactions between
multiple socio-economic drivers of biodiversity in agricultural land-
scapes is a unique feature of the study.

Societal values are a strong leverage point to improve biodi-
versity and need thus to be given high priority in public perception
for this purpose. Interaction between society, policy and science is
needed, as demonstrated by the potentially high relevance of innova-
tions. The innovations need to go hand in hand with the acceptance
of society. Once more, the results re-emphasize the importance of
a strong legal framework in environmental legislation and the rele-
vance of the CAP to improve biodiversity in agricultural landscapes.
A key message to policymakers is that there is not just one pathway,
indicating that the goal of enhancing biodiversity in agricultural land-
scapes can be achieved through different mechanisms. This seems
important in the case of the CAP, for example. If a stronger focus
on environmental goods cannot be achieved at the European level,
then a main entry point for improving biodiversity would be through
nature conservation legislation at the national level.

In future research, our framework can serve as a template that
aims at developing pathways for enhancing biodiversity in other
countries within the European Union. This would also allow testing
for differences and similarities in pathways across countries. The
pathways presented here can further form the basis for quantitative
economic modelling of the agricultural sector, particularly regarding
the impact of innovations in protein and plant production, in order to

better understand and classify them in the future.
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