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A B S T R A C T   

Moving towards a more sustainable future requires concerted actions, particularly in the context of global 
climate change. Integrated assessments of agricultural systems (IAAS) are considered valuable tools to provide 
sound information for policy and decision-making. IAAS use storylines to define socio-economic and environ-
mental framework assumptions. While a set of qualitative global storylines, known as the Shared Socio-economic 
Pathways (SSPs), is available to inform integrated assessments at large scales, their spatial resolution and scope is 
insufficient for regional studies in agriculture. We present a protocol to operationalize the development of Shared 
Socio-economic Pathways for European agriculture – Eur-Agri-SSPs – to support IAAS. The proposed design of 
the storyline development process is based on six quality criteria: plausibility, vertical and horizontal consis-
tency, salience, legitimacy, richness and creativity. Trade-offs between these criteria may occur. The process is 
science-driven and iterative to enhance plausibility and horizontal consistency. A nested approach is suggested to 
link storylines across scales while maintaining vertical consistency. Plausibility, legitimacy, salience, richness 
and creativity shall be stimulated in a participatory and interdisciplinary storyline development process. The 
quality criteria and process design requirements are combined in the protocol to increase conceptual and 
methodological transparency. The protocol specifies nine working steps. For each step, suitable methods are 
proposed and the intended level and format of stakeholder engagement are discussed. A key methodological 
challenge is to link global SSPs with regional perspectives provided by the stakeholders, while maintaining 
vertical consistency and stakeholder buy-in. We conclude that the protocol facilitates systematic development 
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and evaluation of storylines, which can be transferred to other regions, sectors and scales and supports inter- 
comparisons of IAAS.   

1. Introduction 

Agriculture is exposed to considerable challenges posed by changes 
in climate, environment, demography, policy, technology, consumer 
preferences and trade. Farmers, agricultural policy makers, decision 
makers in international organizations, and supply chain managers need 
evidence and guidance to respond to these challenges and take informed 
decisions (Bruno Soares et al., 2018; Haigh et al., 2018; Hewitt et al., 
2012). Enhancing the understanding of social environmental systems 
and their dynamics is key in order to sustainably manage agricultural 
and natural resources, to effectively utilize synergies and to gradually 
reduce trade-offs (Messerli et al., 2019). 

Integrated assessments of agricultural systems (IAAS), which can be 
defined as a structured, quantitative approach combining theories, data 
and methods from different disciplines to describe, explain and explore 
cause-effect relationships, can improve system understanding and pro-
vide useful information to design policies and guide land use manage-
ment decisions (Hisschem€oller et al., 2001; Laniak et al., 2013; Rotmans 
and Asselt, 2001; van Ittersum et al., 2008). IAAS have been applied at 
various spatial scales to analyze potential changes in land cover and land 
use due to changes in climatic, environmental and socio-economic 
conditions (Helming et al., 2011; Holman et al., 2017; Michetti and 
Zampieri, 2014; Mitter et al., 2015b; Popp et al., 2017; Schaldach et al., 
2011), to quantify the effect of changes in land use management on 
environmental indicators such as water quality, soil erosion, greenhouse 
gas emissions and biodiversity (Gutzler et al., 2015; Kirchner et al., 
2015; Mehdi et al., 2015; Mitter et al., 2014; Popp et al., 2017; Priess 
et al., 2011; Reidsma et al., 2015a; Schaldach et al., 2018; Sch€onhart 
et al., 2018), and to identify effective agricultural adaptation measures 
and their potential environmental impacts (Mitter et al., 2015a; Reidsma 
et al., 2015b). Ex-ante integrated assessments require scenarios, i.e. 
plausible, internally consistent, and recognizable sequences of events 
over a future period of time (Boschetti et al., 2016; Hunt et al., 2012; 
IPCC, 2014; Rotmans et al., 2000). Scenarios can be qualitative ‘story-
lines’ (also referred to as narratives), quantified descriptions of future 
pathways, or anything in between (Reed et al., 2013; Swart et al., 2004), 
and can serve as input to IAAS (Pedde et al., 2018; Rotmans and Asselt, 
2001). Their scope depends on system boundaries, exogenous drivers, 
and endogenous response structures. Scenarios can also be useful to 
challenge stakeholder discussions on potential regional development 
pathways, to increase understanding on cause-effect relationships in 
social environmental systems, and to inform strategy development 
(Wright et al., 2013). 

Researchers working on climate change have developed a set of 
storylines, i.e. the ‘Shared Socio-economic Pathways’ (SSPs, Kriegler 
et al., 2012), to inform integrated assessments at large spatial scales. The 
SSPs are available at global (O’Neill et al., 2017, 2014) and European 
scales (Eur-SSPs; Kok et al., 2018). They have been developed to be 
linked to the Representative Concentration Pathways for climate change 
modeling (RCPs, Moss et al., 2010). The SSPs qualitatively describe five 
contrasting socio-economic pathways into the future and refer to tech-
nological and environmental elements. They are organized along two 
gradients of socio-economic challenges for climate change mitigation 
and adaptation (O’Neill et al., 2017, 2014), but do not explicitly 
describe mitigation and adaptation efforts. The five pathways include: a 
world with great emphasis on sustainability and equality with low 
challenges to mitigation and adaptation (SSP1); a ‘middle of the road’ 
world in which socio-economic and technological development follows 
historical trends and challenges to mitigation and adaptation are me-
dium (SSP2); a fragmented world in which nationalism resurges and 
challenges to mitigation and adaptation are high (SSP3); a world 

characterized by increasing inequality with low challenges to mitigation 
and high challenges to adaptation (SSP4); and a world with rapid 
technological progress and economic growth strongly relying on fossil 
fuels with high challenges to mitigation and low challenges to adapta-
tion (SSP5). 

SSPs touch upon important elements affecting agricultural emis-
sions, environmental policies, the demand for and supply of agricultural 
products and services (Popp et al., 2017), but remain non-exhaustive. 
Due to their global coverage, they do not sufficiently account for 
supra-national policy agendas nor for national or sub-national sectorial 
characteristics. Such information is, however, key to perform IAAS and 
investigate potential future developments of the agricultural sector and 
its impacts on the environment within the RCP-SSP framework at na-
tional and sub-national scales. The mismatch in spatial scale and the 
insufficient representation of necessary elements can be managed by 
enriching SSPs according to the needs of IAAS. Several concepts and 
procedures have been discussed to interpret global storylines at a 
smaller spatial scale or to include details for particular sectors (Biggs 
et al., 2007; Zurek and Henrichs, 2007). For instance, Alcamo (2001) 
and Bertrand et al. (1999) propose two linked stages of scenario 
development resulting in two independent products, i.e. cross-cutting 
‘global’ and theme-specific ‘partial’ scenarios, to broaden the scope. 
Related to SSPs, Kok et al. (2018) suggest to map existing scenarios at 
different scales in a systematic manner to benefit from previous research 
and participatory work. O’Neill et al. (2014) recommend distinguishing 
between ‘basic’ and ‘extended’ SSPs, whereby extended SSPs are meant 
to build on the basic SSPs and provide more details to support national, 
sub-national, or sectoral analyses. Following this concept, Biewald 
(2016) proposes extended SSPs for European agriculture and identifies 
key elements for IAAS that are missing or are insufficiently described in 
the SSPs including, for instance, European agricultural policy. Rose-
nzweig et al. (2013) and Valdivia et al. (2015) have developed the 
concept of Representative Agricultural Pathways (RAPs) to link global 
RCPs and SSPs with the needs of national and regional IAAS. They 
suggest reframing the scenario matrix by using geo-biophysical and 
socio-economic indicators as contextual factors. Mathijs et al. (2018) 
provide explorative storylines for the food sector in the European Union 
with a particular focus on consumer trends. Their storylines are based on 
the SSPs and are complemented with information from existing sce-
narios on specific topics (e.g. food safety and nutrition) and expert 
knowledge. All these efforts form a solid basis but are limited in their 
applicability for IAAS. They either stay at the conceptual level (Alcamo, 
2001; Bertrand et al., 1999; O’Neill et al., 2014), are not consistent with 
the SSPs (Rosenzweig et al., 2013; Valdivia et al., 2015), or do not 
provide sufficient details with respect to the geo-biophysical, socio--
economic and technological elements of agriculture required in IAAS 
(Biewald, 2016; Kok et al., 2018; Mathijs et al., 2018; O’Neill et al., 
2014). 

So far, researchers have typically developed scenarios for individual 
analyses or spatial units, often in cooperation with stakeholders and 
tailored to the needs of particular models (e.g. Mehdi et al., 2018; Priess 
and Hauck, 2014; Sch€onhart et al., 2018). Recent activities have also 
considered the global SSPs for national or sub-national analyses (see e.g. 
Frame et al., 2018; Nilsson et al., 2017; Reimann et al., 2018; Willaarts 
et al., 2019). However, experience shows that this co-production prac-
tice is resource intensive for researchers and stakeholders (Polk, 2015) 
and often leads to discontinuous stakeholder engagement (Lang et al., 
2012) and consultation fatigue (Reed, 2008). Furthermore, it has 
resulted in a myriad of storylines that aggravate comparisons of IAAS 
and thus confuse policy and decision-makers. The development of 
Shared Socio-economic Pathways for European agriculture 
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(Eur-Agri-SSPs) aims to provide a common framework for operational-
izing global SSPs for the European agricultural sector. Thereby, they 
should reduce misunderstandings and potentially conflicting in-
terpretations of SSPs for sub-European or sub-sectoral analyses and 
provide a common basis for IAAS and the identification of effective and 
efficient mitigation and adaptation measures. Climate change mitigation 
and adaptation are key to the environmental performance of agricultural 
systems with substantial trade-offs and synergies between alternative 
management measures (Kirchner et al., 2015; Mitter et al., 2018). 
Hence, the Eur-Agri-SSPs can become an important component of 
regional to local ex-ante environmental assessments in Europe. 

Here, we present a protocol as a methodology to extend and enrich 
global SSPs and derive Eur-Agri-SSPs. We build on the approaches 
suggested in the literature, while overcoming the above mentioned 
barriers. The protocol contributes to enhance conceptual and method-
ological transparency and rigor as well as scientific credibility of 
storyline development (Carlsen et al., 2017) by combining storyline 
quality criteria and process design requirements. It helps to make 
storyline-based IAAS more systematic and to improve interpretation and 
comparability of research results (Ruane et al., 2017). Transferability of 
the protocol is key to allow researchers with similar needs and facing 
similar challenges to adapt it with minor modifications. Therefore, while 
the protocol is designed to guide the development of Eur-Agri-SSPs and 
increase reproducibility, it is meant to remain generic and flexible 
enough to allow for its use at differing continental, national, 
sub-national, or sectoral scales. 

We address two major research questions: (i) which quality criteria 
should Eur-Agri-SSPs satisfy to form the basis of IAAS at various spatial 
scales? and (ii) how can a typical development process, i.e. protocol, be 
conducted to obtain storylines that are consistent with the global SSPs 
and relevant to scientists and stakeholders? 

The article is structured as follows: in section 2, we describe the 
methodology for developing a protocol; section 3 introduces the work-
ing steps of the protocol; in section 4, challenges of the storyline 
development process are discussed; and in section 5, conclusions are 
drawn. 

2. Methodology to develop a protocol 

2.1. Team and process 

A diverse group of scientists has developed a protocol for extending 
SSPs and developing Eur-Agri-SSPs to support IAAS. The workflow was 
organized in several steps and responsibilities were distributed amongst 
different members of the scientific team. A core group consisting of six 
scientists with multiple disciplinary backgrounds conducted a literature 
review on widely acknowledged standards and methodologies for 
storyline development and incremental procedures (e.g. Alcamo, 2008, 
2001; O’Brien, 2004; Priess and Hauck, 2014; Priess et al., 2018; Rose 
and Star, 2013; Rosenzweig et al., 2016; Rounsevell and Metzger, 2010). 
The literature review served as a basis for defining quality criteria of 
Eur-Agri-SSPs and closely related process design requirements (see 
section 2.2). Both quality criteria and process design requirements 
supported structuring the newly developed protocol (see section 3). An 
internal review process involving scientists from 17 universities and 
research institutes across Europe (i.e. supporting group) aimed to 
ensure that the protocol meets widely accepted storyline development 
standards, satisfies the requirements of IAAS and, at the same time, is 
sufficiently flexible for its application at various scales and (sub-)sectors. 
Further details on the team and the process are provided in the Sup-
plementary data 1 and 2. 

The development of Eur-Agri-SSPs to support IAAS may be under-
stood as both ‘process’ and ‘product’ (Hulme and Dessai, 2008). The first 
refers to the development steps that need to be taken and the actors 
involved and the second to the final storylines that can be used in 
research, agricultural and environmental policy and decision making. 

Based on the literature, we define process design requirements as well as 
quality criteria for the product, i.e. the storylines (Tables 1 and 2). 

2.2. Storyline product quality criteria 

The product criteria are based on acknowledged guidelines for 
evaluating storylines (Alcamo and Henrichs, 2008; Cash et al., 2003; 
Rounsevell and Metzger, 2010) and comprise plausibility, consistency, 
salience, legitimacy, richness and creativity. The product criteria as well 
as suggestions for their operationalization and interpretation are sum-
marized in Table 1. Plausibility refers to the futures that could happen 
according to our current knowledge and, thus, the images conveyed as 
well as the causality and recognizability of underlying assumptions 
(Alcamo and Henrichs, 2008; Voros, 2003). Consistency can be classi-
fied into vertical and horizontal. Vertical consistency refers to a ‘soft 
link’ of storyline elements across spatial scales meaning that larger scale 
storylines (such as the global SSPs) provide boundary conditions for 
smaller scale storylines. Such boundary conditions inform, for instance, 
major storyline assumptions, the selection of storyline elements and 
their trends (Zurek and Henrichs, 2007). Horizontal consistency spec-
ifies the internal logic of a storyline and addresses inter-sectoral con-
sistency, e.g. between crop and livestock sectors. Salience relates to the 
relevance of storylines for targeted users (including scientists and 
non-scientists) by addressing their needs and concerns (Alcamo and 
Henrichs, 2008; Cash et al., 2003). Legitimacy points to transparency, 
participation and fairness in storyline development and ensures that the 
storylines are respectful of diverse interests, preferences, and 

Table 1 
Quality criteria of storylines and suggestions for their operationalization.  

Quality criteria Operationalization 

Plausibility The storylines present plausible views of the future.  
The storylines are recognizable in the present.  
The causalities described in the storylines are 
reasonable and potential future disruptions are 
considered. 

Consistency (vertical and 
horizontal) 

The smaller scale storylines increase spatial and 
thematic resolution.  
Scaling introduces additional information, which is 
particularly relevant to actors and storyline users at 
smaller scales.  
The storylines respect boundary conditions from larger 
scale storylines.  
The storylines allow for thematic specification.  
The storylines allow for spatial specification.  
The storylines are internally consistent. 

Salience The storylines are clear (accurate verbalization) and 
comprehensible.  
The storylines are accessible to targeted users.  
The storylines can inform the field of duties of targeted 
users. 

Legitimacy Scientific, experiential and bureaucratic knowledge 
represented by persons with multiple backgrounds is 
integrated in the storylines. 

Richness The storylines provide a comprehensive picture of 
potential future developments.  
Multiple geo-biophysical, socio-economic and 
technological drivers affecting the system of interest are 
addressed in the storylines.  
The storylines allow mitigation and adaptation 
challenges to be deduced.  
The storylines provide generic assumptions, which can 
inform further specifications. 

Creativity The storylines are significantly different from each 
other, i.e. they are sufficiently contrasted.  
The storylines provoke visionary thinking and 
incorporate potential feedbacks and surprises.  
The storylines address the wide range of plausible 
futures. 

Note: The operationalization of the quality criteria was informed by Alcamo and 
Henrichs (2008), Girod et al. (2009), and Priess and Hauck (2014). 
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worldviews (Cash et al., 2003; Girod et al., 2009; Rounsevell and 
Metzger, 2010). Richness refers to the comprehensiveness, and the level 
of detail of a set of storylines (Alcamo, 2008). Creativity refers to the 
difference between, and diversity of, storylines. Hence, they do not only 
cover current trends but also consider weak signals, non-linear and 
surprising developments, uncertainties as well as a plurality of visions 
and perspectives and thus challenge current beliefs and views about the 
future (Alcamo and Henrichs, 2008; Rotmans et al., 2000; Tietje, 2005). 

Previous analyses have shown that quality criteria for storylines are 
tightly coupled suggesting that synergies and trade-offs may occur (Cash 
et al., 2003; Rounsevell and Metzger, 2010). For instance, ‘rich’ story-
lines that address multiple future drivers are likely to consider different 
interests and worldviews, i.e. legitimate. High vertical consistency may 
reduce creativity and salience for policy and decision makers and, thus, 
stakeholder buy-in (Zurek and Henrichs, 2007). 

2.3. Process design requirements 

The design of the storyline development process is closely related 
to the quality criteria. For instance, a science-driven process is proposed 
in order to enhance plausibility. Science-driven means that any as-
sumptions made are scientifically corroborated. Scientists plan, conduct, 
document and evaluate major steps, and choose scientifically adequate 
methods. An iterative process shall increase vertical and horizontal 
consistency of the storylines. Iterative refers to a systematic and re-
petitive process, which is characterized by sequential action and 
reflection. Internal and external feedback loops are introduced in critical 
steps of the process and documented for reasons of quality control. A top 
down approach has been recommended to translate storylines from 
larger to smaller spatial scales while maintaining vertical consistency 
(Biggs et al., 2007). Absar and Preston (2015) differentiate between 
downscaling and nesting approaches, whereby downscaling refers to the 
generation of quantitative scenario elements with smaller spatial reso-
lution than the original data source (Abildtrup et al., 2006; van Vuuren 
et al., 2010, 2007). Nesting implies that qualitative storylines are 

enriched at increasingly smaller scales. Further information on the 
top-down, nested approach is given in the Supplementary data 3. 

Consecutive refers to the timing of storyline development suggest-
ing that storylines are first finalized at one spatial scale before storylines 
at another spatial scale are designed, while the original ones remain 
unaltered (Zurek and Henrichs, 2007). A consecutive development is 
reasonable because global SSPs have been published (O’Neill et al., 
2017), their structure meets current demands of the research community 
and selected storyline elements have already been quantified (e.g. 
change in global demand for crops and livestock products; Popp et al., 
2017) and can inform the new Eur-Agri-SSPs. Furthermore, developing 
global and European storylines iteratively (in contrast to consecutively) 
would be very demanding due to the complexity and interactions of 
global and European processes. A consecutive development of global 
SSPs and Eur-Agri-SSPs facilitates achieving vertical consistency (Kok 
et al., 2018). A participatory and interdisciplinary process should be set 
up to increase salience, legitimacy, richness, and creativity. A partici-
patory process focuses on co-production of knowledge through part-
nerships between scientists and stakeholders, i.e. people affected by or 
responsible for action on the issues under study (Cornwall and Jewkes, 
1995; Jagosh et al., 2012). A broad, balanced, and professional 
engagement of stakeholders stimulates discussion and helps to address 
their interests, preferences, needs, and concerns as well as on-going 
projects and professional activities. Interdisciplinary refers to the 
cooperation of scientists from at least two disciplines who aim at inte-
grating their insights and modes of thinking to acquire a more 
comprehensive understanding (Defila and Di Giulio, 1999; Repko et al., 
2016). Interdisciplinary cooperation is key such that various aspects of 
the agricultural and related human environment systems can be thor-
oughly discussed, and the final storylines meet the needs of scientists 
applying different methods to answer new research questions. The 
process design requirements as well as suggestions for their operation-
alization and interpretation are summarized in Table 2. 

3. Protocol to develop Shared Socio-economic Pathways for 
European agriculture (Eur-Agri-SSPs) 

The protocol consists of nine major working steps for developing 
Eur-Agri-SSPs (Fig. 1). The working steps build on widely accepted 
standards for storyline development and documented experience from 
previous storyline development processes (e.g. Alcamo, 2008, 2001; 
O’Brien, 2004; Priess and Hauck, 2014; Priess et al., 2018; Rose and 
Star, 2013; Rosenzweig et al., 2016; Rounsevell and Metzger, 2010). 
They have been adapted such that the Eur-Agri-SSPs respond to the 
needs of IAAS, deepen the understanding of the interlinkages between 
social and environmental changes and related synergies and trade-offs. 

The working steps are described in more detail in the following sub- 
sections. Each sub-section explains the aim of a particular working step, 
refers to the storyline product quality criteria (section 2.2) and the 
process design requirements (section 2.3); defines key responsibilities in 
the team for conducting the work; suggests levels of stakeholder 
engagement; and provides a selection of methods that can be used to 
achieve the aims of the respective working step. Where applicable, in-
dications are given as to how the steps have been operationalized in 
order to develop the Eur-Agri-SSPs. 

The working steps are designed to be transferable to other sectors 
and scales and the defined storylines should finally help to illustrate 
potential future developments of social environmental systems, to 
address environmental problems and to identify sustainable manage-
ment options. 

3.1. Defining key characteristics of the storylines 

The key characteristics of the storylines need to be clearly defined in 
the first working step. The process may be science- or stakeholder- 
driven, i.e. driven by interests and information needs of researchers or 

Table 2 
Process design requirements and suggestions for their operationalization.  

Process design 
requirements 

Operationalization 

Science-driven The storyline development process is systematically 
planned, carefully documented and evaluated.  
State-of-the-art methods are applied, and their strengths 
and weaknesses are discussed.  
Assumptions in the storylines are in accordance with the 
literature and made explicit. 

Iterative Reviews and feedback loops are  
(i) introduced at critical steps of the storyline 

development process, and (ii) repeated until an 
acceptable result of the working step(s) is achieved. 

Top down, nested Storylines at large spatial scales represent boundary 
conditions for storylines at smaller scale, and potential 
deviations are justified.  
Storylines at large spatial scale specify major storyline 
assumptions, storyline elements, and development 
trajectories. 

Consecutive Storylines at large spatial scale are finalized and serve as a 
basis for developing smaller scale storylines.  
Storylines at smaller spatial scale do not feed back to large 
scale storylines. 

Participatory There is a broad and balanced engagement of scientific 
and non-scientific actors for developing storylines.  
Inputs from all actors (e.g. interests, perceptions, needs 
and concerns) involved are treated openly and unbiasedly.  
The storyline development process encourages creative 
thinking. 

Interdisciplinary An interdisciplinary team is coordinating the storyline 
development process. 

Note: The operationalization of the process design requirements was informed 
by Alcamo and Henrichs (2008) and Girod et al. (2009). 
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stakeholders (Henrichs et al., 2010). The key characteristics include the 
major goal and purpose of the storylines, main target groups, thematic 
foci, spatial and time scales as well as the type of storylines. Clarity 
about the goal, purpose and targeted users helps to define thematic foci, 
spatial and temporal scales that serve the interests of the main target 
groups in order to ensure salience. Furthermore, they are a crucial 
prerequisite for specifying the protocol-driven process. 

Key characteristics of the Eur-Agri-SSPs are specified below because 
they influence further steps of the protocol. The core and supporting 
groups have been involved in defining the key characteristics of the new 
storylines, i.e. science-driven. Collaboration between the core and sup-
porting groups is reasonable for this step in the case of the Eur-Agri- 
SSPs, because they are responsible for initiating and coordinating the 
process and represent the main target group of the new storylines. 
Moderated group discussions, which can take place virtually, e.g. via 
video conference, or in person, have proven to be appropriate to achieve 
the targets of this working step. 

Goal and purpose. The major goal of developing Eur-Agri-SSPs is to 
extend the SSPs and Eur-SSPs such that they provide the required in-
formation to perform IAAS. Furthermore, Eur-Agri-SSPs aim to stimulate 
research, agri-environmental and climate policy ideas, education and 
training as well as communication and discussion among stakeholders. 
The major purpose of developing Eur-Agri-SSPs is closely related to the 
major goal. The Eur-Agri-SSPs should increase comparability of results 
from IAAS across sectors and spatial scales and save research resources 
and stakeholder endeavor through cooperation and collaboration. 

Target groups. The main target group of the new storylines are 
scientists working on climate change, environmental protection or in-
tegrated assessments who are interested in providing research results 
that are useful for scientific and non-scientific actors. Additionally, the 
Eur-Agri-SSPs should inform supply chain managers as well as European 
policy and decision makers working on agricultural or environmental 
issues. 

Thematic foci, spatial and time scales. We define system bound-
aries in terms of thematic foci, spatial scale, and time horizon of the Eur- 
Agri-SSPs according to the interests and needs of the main target groups. 
The Eur-Agri-SSPs thematically focus on potential developments of Eu-
ropean agriculture in the next decades. In particular, they describe 
which geo-biophysical, socio-economic, and technological conditions 
will potentially affect farm structure, land cover, land use, and agri-
cultural production and how various actors in the agricultural supply 

chain (including suppliers of inputs, farmers, food and feed industries) 
are interrelated. Related sectors such as forestry, energy, water or nat-
ural resource extraction are considered if they directly affect agricultural 
development. The spatial scale of the Eur-Agri-SSPs is Europe, with 
differentiation between nations or agri-environmental zones kept at a 
minimum level. Links to other parts of the world are only considered for 
specific drivers of future development such as international trade. With 
respect to the time horizon, the Eur-Agri-SSPs focus on the next three 
decades, i.e. until 2050. Even though the SSPs cover the period until 
2100, the first half of the 21st century is chosen for the Eur-Agri-SSPs. 
This time period has been successfully addressed in previous stake-
holder collaborations, and coincides with several policy objectives of the 
European Union (e.g. European Commission, 2011) and other storyline 
and scenario exercises (e.g. Gramberger et al., 2011; Mylona et al., 2016; 
Vervoort et al., 2016). 

Type of storylines. We design the Eur-Agri-SSPs as problem- 
focused and qualitative storylines. Problem-focused storylines 
emphasize and explore drivers and their interactions that shape future 
developments (Henrichs et al., 2010). The Eur-Agri-SSPs shall focus on 
drivers of the European agricultural sector that are given priority by 
scientists and non-scientists and are deemed to be highly uncertain in 
the future. It is about balancing richness and salience for subsequent 
IAAS and non-quantitative applications by stakeholders. Qualitative 
refers to the text-based and graphical presentation format, which allows 
to highlight relationships between drivers and the dynamics of their 
evolution (Alcamo, 2008; IPCC, 2014; Rotmans et al., 2000). 

3.2. Establishing a team and setting-up a stakeholder group 

Developing storylines that meet the quality criteria, being adopted 
by integrated assessment researchers and accepted by stakeholders, 
implies to integrate experts with different academic and non-academic 
backgrounds and professional knowledge and expertise in the process. 

Therefore, the second step deals with establishing a storyline 
development team, whereby the role of stakeholders is key and effort 
needs to be devoted to stakeholder identification, categorization and 
exploring relationships between stakeholders. Engaging a broad variety 
of stakeholders in a storyline development process has been suggested to 
increase salience, horizontal consistency, richness and creativity of 
the storylines (Alcamo and Henrichs, 2008). It is crucial in order to 
ensure coverage of relevant storyline elements and potential directions 

Fig. 1. Overview of the protocol for devel-
oping Eur-Agri-SSPs. Notes: The protocol 
consists of nine major working steps, as 
indicated by the rectangles and the broad 
arrows. The thin arrows indicate that the 
process design is iterative and that some 
working steps need to be repeated until final 
storylines are available. The team who de-
velops the protocol and the Eur-Agri-SSPs 
consists of three working groups: CG ¼
Core group; SP ¼ Supporting group; ST ¼
Stakeholder group. The responsibilities 
differ by working steps and are presented in 
the circles. Color intensity in the circles 
(shade of green) indicates the involved 
working groups. The more working groups 
involved, the darker the color. Color in-
tensity in the rectangles (shade of grey) in-
dicates the suggested level of stakeholder 
engagement ranging from level 0 to level 3. 
The higher the suggested level of stake-
holder engagement, the darker the color. 
(For interpretation of the references to color 
in this figure legend, the reader is referred to 
the Web version of this article.)   
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of change, internal logic of storylines as well as widespread adoption of 
the storylines (Kriegler et al., 2012; Reed et al., 2013). A balanced 
representation of different stakeholder groups, as well as professional 
facilitation in stakeholder engagement activities, helps to reduce ten-
sions between potentially opposing interests, preferences, disciplinary 
approaches and worldviews and thus to increase legitimacy and 
decrease bias (Ernst et al., 2018; Garard and Kowarsch, 2017). 

A variety of methods exists for identifying, categorizing and 
exploring relationships between stakeholders. Stakeholder identifica-
tion can, for instance, be informed by literature and document analysis 
as well as via professional networks. It can also take place via asking 
gatekeepers and by applying the snowball sampling approach (Biernacki 
and Waldorf, 1981). A combination of the suggested methods is rec-
ommended. Defining criteria for stakeholder categorization is neces-
sary to reach and obtain a diversity of people. Suggestions for potential 
criteria have been given by Alcamo and Henrichs (2008) and can 
address the need to integrate stakeholders with a wide spectrum of 
knowledge types (see e.g. Raymond et al., 2010), interests and topical 
expertise, academic and non-academic backgrounds, roles in policy- and 
decision-making, nationalities, cultures, gender and age. Analytical 
techniques can be applied to identify stakeholders with similar interests, 
concerns, and power to explore relationships between stakeholders. 
Examples include an interest-influence matrix, rainbow diagram, actor 
linkage matrix or social network analysis. An overview of established 
methods, their field of application and strengths and weaknesses is 
presented, for instance, in Durham et al. (2014) and in Reed et al. 
(2009). 

For developing Eur-Agri-SSPs, we have established three working 
groups, i.e. core group, supporting group, and stakeholder group, 
with varying interests, backgrounds and responsibilities (Table 3). 
Differentiating between working groups with specific tasks has proven 
effective in previous storyline and scenario exercises (see e.g. Alcamo 
and Henrichs, 2008; Le Mou€el et al., 2018; Rose and Star, 2013). 
Furthermore, it may be beneficial to consider more than one stakeholder 
group in storyline development processes (see e.g. Bergez et al., 2011; 
Mitter et al., 2014; Priess and Hauck, 2014). 

The core and supporting groups should contribute to setting-up a 
stakeholder group because actors from both groups can provide access to 
diverse stakeholders. Even though a large number of stakeholders may 
be interested in storyline development or provide relevant insights, 
stakeholder engagement should follow a coherent strategy in order to 
reach defined goals and, at the same time, avoid consultation fatigue. 

Therefore, we distinguish between four levels of stakeholder 
engagement, defined by (i) the number and heterogeneity of persons 
contributing to the storyline development process, (ii) the degree of 
interaction, and (iii) the preferred format of stakeholder engagement 
(Table 4). A high level of stakeholder engagement is characterized by 
integrating a large number of persons with diverse perspectives, in-
terests, experiences, knowledge and skills. The degree of interaction may 
vary between information, consultation, and collaboration (Durham 
et al., 2014; Krütli et al., 2010; Wiek, 2007). Information is character-
ized by a unidirectional information flow between the core, supporting 
and stakeholder groups. Consultation can be a bi- or multi-directional 
exchange of ideas, perceptions and information. Collaboration occurs 
when members from the supporting and stakeholder groups contribute 
with data or resources, and co-determine the research direction and 
process. The level of engagement needs to be adjusted to the aim and 
timing of the respective activity and requires an adequate format. In 
most working steps, information and consultation may be adequate. 
However, collaboration may be desirable in critical phases of the 
research process. 

The boundaries between the four levels of stakeholder engagement 
may be blurred. For instance, scientists contributing to the storyline 
development process in the supporting group (Level 1) may sometimes 
act as ‘scientific stakeholders’ (Level 2-3). Even though a high level of 
stakeholder engagement may be desirable in several phases of the 

storyline development process, resource constraints by members of the 
core, supporting, and stakeholder groups may limit the level of stake-
holder engagement, the number of contributors or the scope of their 
backgrounds. 

3.3. Defining storyline elements 

In the third step, storyline elements are identified, clustered and 
prioritized. Considerable effort should be devoted to this step because 
the elements define the storyline structure and content and thus the 
relevance for targeted users (i.e. salience). Defining storyline elements 
is also important for attaining fair treatment of different views, interests, 
and preferences (i.e. legitimacy), maintaining consistency across 
scales, and achieving richness and creativity. 

Thus, a high level of stakeholder engagement (Level 3) is suggested 
for this working step, i.e. the core, supporting and stakeholder groups 
should contribute. Engaging stakeholders and scientists is essential to 
ensure that selected storyline elements are legitimate, of priority, 
pertinent and useful for guiding research as well as policy- and decision- 
making. 

We suggest a three-step procedure to define storyline elements, 
starting with the identification of boundary conditions given by the 
global SSPs, followed by enriching and refining these boundary con-
ditions to satisfy the goals and purposes of the new storylines, and 
finalized by clustering and prioritizing the storyline elements. Several 
methods and analytical frameworks can be applied to ensure solid re-
sults from this working step. Boundary conditions from the SSPs can be 

Table 3 
Characteristics of the three working groups developing the Eur-Agri-SSPs.   

Stakeholder group Supporting group Core group 

Actors Non-scientific (e.g. 
representatives from 
governmental bodies 
and policy making, 
private and public 
organizations and 
institutions, private 
and public 
enterprises, and civil 
movements) and 
scientific 

Moderate number 
of scientists 

Small number 
of scientists 

Interests Potential users of 
storylines  
Potential users of 
IAAS results  
Interested in 
contributing to 
research activities 

Potential users of storylines, e.g. for 
IAAS  
Interested in developing storylines at 
smaller scales or for other (sub-)sectors 

Composition Broad variety of 
interests, 
perspectives, 
viewpoints, 
knowledge, non- 
academic and 
academic 
backgrounds, 
expertise, skills, 
cultures, and 
countries 

Multiple disciplinary backgrounds  
Diverse methodological skills and 
demands (e.g. integrated assessments)  
Diversity in universities and research 
institutes  
Diversity in countries  
Trained in participatory processes 

Responsibilities Provide insights from 
different perspectives 
on the future of 
European agriculture 
and the storylines, e. 
g. by identifying and 
prioritizing drivers, 
checking for 
consistency of 
storylines, and 
reflecting on 
presentation formats 

Advise the process 
of developing 
storylines, 
provide input and 
feedback at 
critical stages, 
provide access to 
stakeholders 

Lead and 
coordinate 
development of 
storylines  
Draft storylines  
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derived from the relevant literature (e.g. O’Neill et al., 2017; Popp et al., 
2017). Enriching and refining storyline elements can also be based on a 
literature review of regional and sectoral SSPs, recent storyline and 
scenario exercises related to the spatial scale and sectors of interest, and 
documents of relevant organizations and institutions, e.g. on future vi-
sions for the agricultural sector, the environment and related (sub-) 
sectors. Including grey literature from relevant organizations and in-
stitutions may reduce stakeholder fatigue (Dilling and Berggren, 2015). 
Furthermore, participatory methods can be applied to directly engage 
stakeholders. Adequate methods include personal interviews, focus 
groups and workshops. To structure the results of the previous steps and 
to cluster and prioritize the storyline elements, analytical frameworks 
such as the Factors-Actors-Sectors (FAS) Framework (Absar and Preston, 
2015; Kok et al., 2006; Rotmans et al., 2000), the 
Driver-Pressure-State-Impact-Response (DPSIR) Framework (EEA, 
1999) or a combination of frameworks (e.g. Ness et al., 2010) can be 
helpful. Furthermore, recoding and structuring storyline elements in a 
database can help to compare storyline elements across SSP assumptions 
and spatial scales, as suggested by Absar and Preston (2015). The 
database may be updated continuously, e.g. with insights from storyline 
development processes at national, regional and sub-sectoral levels. 

3.4. Drafting storylines 

The fourth step is about proposing a structure and developing a draft 
of the new storylines by combining individual storyline elements and 
potential directions of change. Thereby, the focus is on plausibility, 
richness, creativity, and salience. Particular attention should be paid 
to the narrative flow such that clear, understandable and useful story-
lines are provided that describe potential future developments in an 
interesting and informative way (Alcamo et al., 2008). We suggest that 
the core group develops storyline drafts that are discussed with and 
reviewed by scientists and stakeholders in an iterative process (see 
working steps five and seven described in sub-sections 3.5 and 3.7). 

With respect to the structure, we propose that storylines that aim at 
enriching global SSPs – such as the Eur-Agri-SSPs – should follow a 

similar structure and cover the two key parts suggested by the global SSP 
narratives, i.e. sketch (summary) and additional information (extended 
storylines; O’Neill et al., 2017). They should be complemented by a third 
part providing visualizations of storyline elements or storyline-based 
future outcomes. The first part, the sketch, summarizes key storyline 
elements in a purposefully short manner. It shall be prepared in coop-
eration with stakeholders, which can positively affect stakeholder 
buy-in and may help to build a sense of ownership (Garard and 
Kowarsch, 2017). 

The second part on additional information shall be structured 
along the storyline elements identified as most relevant for future 
development and should discuss drivers, i.e. what could initiate change, 
why changes could occur and which direction of change could be ex-
pected. Examples may be population and urbanization as well as envi-
ronment and natural resources. The third part aims at visualizing the 
processes underlying the different storylines, dynamics of key storyline 
elements, and storyline-based future outcomes. Thereby, the differences 
between and the nuances of the storylines should be made clear. Visu-
alization formats can be developed during the sixth working step (see 
sub-section 3.6). 

3.5. Consistency checks 

The fifth working step deals with consistency checks of the drafted 
storylines including the evaluation of vertical and horizontal consis-
tency and the coverage of major stakeholder views (i.e. legitimacy). 
Consistency checks form part of quality control, which has been 
identified as an important component in the storyline development 
process (Priess and Hauck, 2014). The storyline elements and drafts 
need to be revised until an acceptable level of consistency is achieved as 
indicated by the iterations in Fig. 1 (thin arrows). 

The core and supporting groups shall be involved in this step (Level 1 
of stakeholder engagement) in order to ensure that different perspec-
tives and views are considered. Members of the core and supporting 
groups can be asked to focus on different aspects in the review process, 
according to their varying knowledge and expertise. For example, ex-
perts on environmental management would focus on whether or not 
storyline elements on demographics, consumption patterns, and envi-
ronmental policies are consistent, sufficient in detail, and contrasting 
among the different storylines to frame alternative futures. 

Different methods have been suggested for conducting consistency 
checks. Prominent examples are morphological analysis originally 
developed by Zwicky (1969) and Zwicky and Wilson (1967) and suc-
cessfully applied by, e.g., Johansen (2018), Mora (2018), and Ritchey 
(2011); compatibility matrices and causal loop diagrams related to 
system dynamics (e.g. Mathijs et al., 2018; Vervoort et al., 2016); and 
cross impact balance analysis dating back to Weimer-Jehle (2006), with 
recent applications in climate change research by Ernst et al. (2018), 
Schweizer and Kriegler (2012), and Schweizer and O’Neill (2014). 
Another option is to organize an open review process, referring to the 
procedure for the publication of reports by the Intergovernmental Panel 
on Climate Change (IPCC). Finally, a combination of methods can in-
crease plausibility of the storylines (Trutnevyte et al., 2014). 

3.6. Developing presentation formats 

In the sixth step, presentation formats for the storylines are devel-
oped. They are targeted at scientific and non-scientific stakeholders and 
should follow the ‘three dimensions of communication’, i.e. saliency, 
robustness and richness (Stephens et al., 2012). Accordingly, visualiza-
tion of storylines implies to synthesize key dimensions and potential 
directions of change, to summarize underlying processes, and to illus-
trate major differences and commonalities. Defining a meaningful title is 
also part of this working step. 

We suggest that the core and the supporting group contribute to 
developing presentation formats, while members of the stakeholder 

Table 4 
Suggested levels of stakeholder engagement.  

Level of 
stakeholder 
engagement 

Description and preferred format of 
stakeholder engagement 

Degree of 
interaction 

Level 0 The core group manages the respective 
research phase. 

No interaction 

Level 1 The core group involves the 
supporting group in the respective 
research phase via different 
communication channels, e.g. through 
email or telephone. 

Mainly information 
or consultation 

Level 2 The core and supporting groups 
integrate up to ten members from the 
stakeholder group with different 
academic, non-academic and 
professional backgrounds in the 
respective research phase. The 
stakeholders are mainly integrated via 
bilateral communication, e.g. face-to- 
face discussions or through email and 
telephone contact, and potentially via 
workshops or focus group discussions. 

Mainly information 
or consultation 

Level 3 The core and supporting groups 
integrate a large number from the 
stakeholder group, i.e. more than 10, 
with different academic, non- 
academic and professional 
backgrounds in the respective research 
phase. Interaction modes are 
workshops, focus group discussions, 
qualitative interviews or standardized 
surveys. 

Mainly consultation 
or collaboration  
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group may express preferences and could check and evaluate if the 
presentation reflects their understanding of the storyline. As such, 
stakeholder engagement may increase legitimacy of the storylines 
(Level 2 of stakeholder engagement). 

Presentation formats may include tabular information (e.g. Busch, 
2006; McBride et al., 2017), influence chains (e.g. Volkery et al., 2008), 
causal loop diagrams (e.g. Mathijs et al., 2018), morphological tables (e. 
g. Mora, 2018), scenario maps (e.g. Priess and Hauck, 2014), mind maps 
and other visualizations of storyline-based future outcomes (e.g. Palazzo 
et al., 2017; Saito et al., 2018; Vervoort et al., 2014). Furthermore, the 
emerging literature on climate services (see e.g. Hewitt et al., 2012) may 
also stimulate the development of presentation formats. 

3.7. Peer and stakeholder review and revision of storylines 

Storylines are developed in an iterative process where the seventh 
step of peer and stakeholder review plays an important role for 
increasing plausibility, consistency, salience, richness and crea-
tivity. The peer and stakeholder review shall focus on the quality 
criteria for developing storylines, which have been operationalized (see 
Table 1) to allow for a qualitative or quantitative assessment of goal 
achievement. The suggestion for operationalizing the defined quality 
criteria can be transferred into an evaluation sheet to structure and 
enhance the quality of the peer review process. The results of the review 
process should be documented and made available to the involved 
partners and storyline users upon request. Several rounds of reviewing 
and revising may be necessary (see also Priess and Hauck, 2014), which 
is indicated by the iterative process in Fig. 1. 

The supporting group and members of the stakeholder group should 
review the drafted storylines in a structured written or oral form (Level 3 
of stakeholder engagement). The reviewers can be instructed to focus on 
different aspects, i.e. quality criteria, in the review process, according to 
their varying knowledge, interest and experience. However, the core 
group has to make sure that all quality criteria are sufficiently addressed 
in the review process. Finally, external experts and laypeople should 
review the storylines to ensure clarity and readability. 

3.8. Dissemination of storylines 

In the eighth step, the revised storylines are disseminated to inform 
action and potential follow-up activities. Dissemination formats shall 
be adjusted to the target groups in order to increase the relevance and 
use of the storylines (i.e. salience). Dissemination activities comprise of 
scientific and non-scientific formats. They may include scientific arti-
cles, conference and workshop presentations, policy briefs, fact sheets 
and online summaries. An option is to present the newly developed 
storylines in an online platform where readers and potential users are 
encouraged to comment and discuss strengths, weaknesses and potential 
extensions. This feedback could then support follow-up activities and 
could also stimulate potential (sub-)sectoral extensions. 

Ideally, the scientific publications are compiled by the core and the 
supporting groups, and the non-scientific summaries are produced in 
cooperation with stakeholders (Level 2 of stakeholder engagement). Co- 
production of summaries has been proposed as a promising option to 
improve comprehensibility and general adoption (Garard and 
Kowarsch, 2017). Referring to the ‘climate services’ approach (Hewitt 
et al., 2012), this working step may shift to Level 3 of stakeholder 
engagement if storylines are mostly targeted at policy and decision 
makers. 

Dissemination can also be seen as a more general procedural step in 
scientific and non-scientific projects. However, the specificity in the 
context of disseminating storylines is the complexity of the process and 
the diversity of actors potentially interested (e.g. with varying cross- 
sectoral and cross-scale perspectives). Only recently, have cross- 
sectoral and cross-scale dissemination and communication activities 
and formats gained in importance. 

3.9. Evaluating collaboration for storyline development 

The ninth step of evaluating collaboration between the core, sup-
porting and stakeholder groups is relevant over the entire period of the 
storyline development process. Formal evaluation of the storyline 
development process should help to continuously improve collaboration 
and thus ownership of the newly developed storylines. The evaluation 
process shall finally consider if and to what extent the process design 
requirements are reached (see sub-section 2.3), and what lessons can be 
drawn from this experience. Suggestions for operationalizing the 
defined process design requirements are given in Table 2. 

Feedback regarding the storyline development process shall be 
collected informally after crucial working steps or stakeholder contacts 
in written or oral, e.g. via written or oral form. Topics of interest could 
be the usefulness of the interaction or event for the respective partici-
pant, the clarity of the targets, the adequacy of the format of collabo-
ration and engagement, and the professionalism of facilitators (see e.g. 
Reed, 2008). At the end of the project, collaborators shall be asked for a 
more formal feedback, e.g. via a questionnaire or evaluation form. This 
step may provide valuable insights on how to improve the storyline 
development process in general, and stakeholder engagement in 
particular. Similar to dissemination, evaluation is an important step in 
any research project, in particular if stakeholder engagement plays a 
role. Therefore, lessons learned from a storyline development process 
can be useful for projects with a different focus as well. 

4. Major challenges of developing new storylines 

The protocol provides a reproducible procedure for developing and 
evaluating new storylines that are consistent with the global SSPs (i.e. 
Eur-Agri-SSPs). The protocol helps to increase transparency as well as 
systematic development and evaluation of storylines (Carlsen et al., 
2017). Furthermore, it may support the development of Agri-SSPs for 
other world regions, the development of storylines nested into the 
Eur-Agri-SSPs, and the development of additional sectoral-SSPs. For 
example, environmental management concerns that are related to 
aquatic or systems may require alternative storylines. While the working 
steps of the protocol can be easily transferred to other sectors, 
sub-sectors and scales, modifications may be necessary to ensure that the 
storylines to be developed are relevant and useful to the respective 
target groups. Challenges remain to meet the defined quality criteria, 
minimize trade-offs, and design a successful process. 

Major challenges emerge from effective stakeholder engagement as 
well as consistency requirements. Engaging stakeholders throughout the 
full storyline development process has been suggested to create 
‘ownership’, increase relevance and robustness of storylines, raise the 
level of precision, widen the spectrum of topics addressed, and help to 
bring certain futures to fruition (Beck and Mahony, 2017; Kunseler et al., 
2015; Reed et al., 2013; Volkery et al., 2008). Difficulties and trade-offs 
may be encountered in participatory storyline development processes 
(Alcamo and Henrichs, 2008; McBride et al., 2017). For example, a high 
level of engagement is typically characterized by actively involving a 
large number of diverse stakeholders in several phases of the research 
process, which may be useful for achieving thought-provoking outputs. 
Such regular interactions are, however, resource demanding and limit 
the likelihood of stakeholder participation and diversity (McBride et al., 
2017; Polk, 2015), in particular in continental-scale storyline develop-
ment processes. If few assertive stakeholders participate in a multi-phase 
process, this may distort the focus areas in the discussions and limit the 
acceptance of the storylines. Furthermore, stakeholder processes typi-
cally reveal conflicting interests such as between agricultural production 
orientation supported by farmers and environmental protection and 
maintenance pursued by environmentalist organizations. In such situa-
tions, researchers have to take a facilitating role in order enhance 
communicative processes between varying interests (Pohl et al., 2010). 

Linking global storylines with regional perspectives is another 
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important challenge (Wardropper et al., 2016), that is to develop a 
participatory process in a top-down approach. Global boundary condi-
tions given by the SSPs and stakeholder views should both be included in 
the new storylines, i.e. the Eur-Agri-SSPs. Even though SSPs and 
Eur-Agri-SSPs differ in scale, scope and detail, the risk of low stake-
holder buy-in remains, especially with non-scientific stakeholders. This 
is mainly because stakeholders are confronted with the SSP logic that 
they did not contribute to and may disagree with or because they are 
challenged by high complexities of multi-level interactions of drivers (e. 
g. Karner et al., 2019). To deal with stakeholder views that diverge from 
the global SSPs, we suggest bilateral and group discussions on whether 
some elements in the global SSPs should be outlined in more detail, or if 
all five global pathways are of relevance for the future of European 
agriculture and whether one global pathway covers, e.g. two alternative 
pathways for European agriculture. Potential trade-offs between vertical 
consistency and salience become evident in this context. To deal with 
such trade-offs, Alcamo and Henrichs (2008) have suggested to give 
weights to the quality criteria which are related to the major goals of 
building and the major purpose of applying storylines. For developing 
new storylines it is, however, important to remain nested within the 
global SSPs in order to ensure comparability of results from integrated 
assessments. 

An aspect that needs further attention is the incorporation of estab-
lished storylines and policy strategies into a new storyline product. Some 
methodological advances have been made in order to map existing 
storylines to the global SSPs or consider them in storyline development 
(Harrison et al., 2019; Kok et al., 2018; Palazzo et al., 2017; Rohat et al., 
2018). Timing the storyline development process and adjusting its major 
goals to the policy process may also help to increase its relevance and 
usability for stakeholders. A prominent example of concern to policy and 
decision makers globally is the UN 2030 Agenda for Sustainable 
Development and its 17 Sustainable Development Goals (SDGs; United 
Nations, 2015). The SDGs entangle socio-economic and environmental 
targets. Their interdependence has rarely been described but is crucial 
for organizing evidence and setting priorities (Nilsson et al., 2016). 
Plausible, internally consistent descriptions of alternative futures such 
as the SSPs and the Eur-Agri-SSPs may inform social and environmental 
management decision and may thus support implementing the SDGs, in 
particular if the storylines advance the understanding of social envi-
ronmental systems which help to identify development pathways that 
enhance socially desirable interactions and reduce trade-offs (Messerli 
et al., 2019). While Messerli et al. (2019) emphasize the success of 
interdisciplinary and participatory approaches to bridge the gap be-
tween research and policy making, Schneider et al. (2019) ask re-
searchers working on social environmental systems to make their 
sustainability values explicit in order to increase scientific credibility. 
The protocol aims to support both, interdisciplinary and participatory 
research as well as transparency. 

Another trade-off is between a high degree of transparency of the 
storylines and the limited articulation of stakeholders’ mental models, 
cognitive styles and underlying assumptions that drive storyline devel-
opment (Alcamo and Henrichs, 2008; Boschetti et al., 2016; Priess and 
Hauck, 2014). In order to overcome these difficulties and trade-offs, 
effort needs to be devoted to a structured, goal oriented and 
time-efficient dialogue between scientists and stakeholders and to 
methodological and contextual transparency, which can – at least partly 
– be achieved by applying the protocol. 

Finally, it is an important though challenging task to encourage out- 
of-the-box thinking, consider dynamic processes and potential non- 
linear transformative changes, identify and address uncertainties, and 
deal with the complexity of interactions and relationships between 
drivers and their development over time. Drivers and impacts may be 
hard to distinguish and context-specific (Flick, 2009) even if boundary 
conditions are derived from the literature and development pathways 
are based on scientific theory, system understanding and intuitive logics. 
The iterative storyline development process combined with 

participatory and creativity methods can help to disentangle in-
terrelations between drivers, pressures and impacts, to explore less 
likely or even surprising developments, and to make uncertainties and 
related implications explicit. Bearing in mind the complexity of agri-
cultural systems embedded in broader social environmental systems, the 
defined scope of the Eur-Agri-SSPs as well as identified drivers and 
impacts limit completeness of storylines. However, a systematic and 
structured identification and prioritization of storyline elements estab-
lish a basis for agricultural and environmental management. 

5. Conclusions 

Advancing global SSPs for sectoral applications at European, na-
tional and sub-national levels represents a welcome opportunity to in-
crease consistency and comparability of integrated assessments across 
sectors and scales. IAAS describe, explore and explain how socio- 
economic and environmental developments affect and are affected by 
changes in the agricultural sector. Such integrated assessments would 
benefit from a more systematic and transparent development and eval-
uation of their underlying storylines. Hence, we have developed an in-
cremental procedure, i.e. a protocol, for developing Shared Socio- 
economic Pathways for European agriculture – the Eur-Agri-SSPs. 
Environment and natural resources will be a cluster of storyline ele-
ments in the Eur-Agri-SSPs. Thereby, future concerns of environmental 
management can be considered systematically in IAAS. However, 
protocol-based storylines of alternative sectors may be required to 
respond to environmental concerns outside the agricultural domain. The 
protocol can be used to develop such storylines, and to enrich and refine 
the SSPs and the Eur-SPPs because it is transferable to other sectors, 
world regions, and scales. In a next step, the protocol is operationalized 
and implemented to develop qualitative storylines. The development of 
nested storylines involves a certain share of subjectivity, which comes at 
the cost of full replicability. Thus, a comprehensive documentation of 
the process – as suggested by the protocol – is key in order to ensure that 
major conclusions are robust and transparent. 
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