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Abstract  
The complexity of sustainability transitions calls for transdisciplinary dialogue processes 
among different stakeholder groups. When policy options are discussed with decision-
makers, scientists often support them with the help of quantitative outputs provided by 
simulation models. As could be observed in the climate policy process within the European 
Union, the choice of model and its design, which led to the respective outputs, are seldomly 
questioned. With the increasing complexity of models in times of big data and high-
performance computing, making the model and its parameters transparent and integrating 
them into stakeholder dialogues is essential for successful and democratic decision-making 
processes. Furthermore, such integration allows for the discussion of a broader variety of 
pathways or scenarios supplied by models. The combination of digital technologies and large 
computing capacity has led to a new methodological frontier through the possibility of 
interactive visualization of pathways, hence increasing efficiency and impact of stakeholder 
dialogues in decision-making processes. By describing such a process in light of a mobility 
transition towards sustainability, we show how an agent-based model can be applied to 
stakeholder discussions among decision-makers.  
 
1. Introduction: The Sustainable Mobility Transition 
The major challenges of achieving a transition to sustainability – meaning a development 
that balances environmental, societal and economic priorities – have inspired scientists to 
overcome disciplinary and methodological boundaries. Sustainability science (Bettencourt 
and Kaur, 2011, Clark and Dickson, 2003, Kates et al., 2001, Komiyama and Takeuchi, 2006) 
at the forefront has striven to incorporate inter- and transdisciplinary approaches as well as 
to develop a balance of research and action (Matson et al., 2016). On a theoretical level, 
sustainability science has operated within Elinor Ostrom’s socio-ecological systems 
framework (Ostrom, 2009). The latter was designed as an interdisciplinary tool, combining 
the social and ecological science, and explicitly takes into account relationships in complex, 
multi-level systems.1 In practice, sustainability science has expanded the focus of the SES 
framework in several ways: Firstly, by its solution-orientation, which lead to the integration 
of societal actors that have an interest or are impacted by a certain event, decision or 
transformation, namely stakeholders, into the research process. Such co-creation (Cornell et 
al., 2013, Lang et al., 2012)2 leads to the inclusion of other kinds of knowledge such as target 
or transformation knowledge (see Partelow, 2016 on a comprehensive assessment of the 
coevolution of SES and sustainability science).  Secondly, there has been an effort to better 

                                                      
1
 Fischer et al. (2015) describe SES as “complex adaptive systems characterized by feedbacks across multiple 

interlinked scales” (Fischer et al., 2015). Multi-level systems are characterized by a shared authority across 
several levels of government (Hooghe et al., 2001). 
 
 
2
 The methodological terms for integration of stakeholders are manifold, from action research (Action Research 

Manifesto) over use inspired-research (see Clark, 2007 and Arnold, 2008) to stakeholder involvement (Mielke 
et al., 2017).  
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understand the systems dynamics and interactions in SES, essentially addressing “why some 
SESs are sustainable whereas others collapse” (Ostrom, 2009: 420). This effort has led to 
establishment of the field of sustainability transitions (Frantzeskaki and Loorbach, 2010, 
Markard et al., 2012, Van den Bergh et al., 2011) which deals with “the issue of how to 
promote and govern (…) a fundamental transformation towards more sustainable modes of 
production and consumption” (Markard et al., 2012: 955).  
 
Specifically, the multi-level perspective on socio-technical transitions by Geels and Schot 
(2007) is a valuable structure to analyze model-stakeholder-interactions in the context of a 
transition to sustainable mobility. Here, the success of technological innovation which 
happens in niches (namely the micro-level) depends on changes in the institutional, 
regulatory and normative environment shaped by the respective community (regime; the 
meso-level). Both are embedded in a socio-technical landscape beyond the scope of the 
regime actors (namely the macro-level). The behavior of users and institutional structures 
changes with a new technology, while an infrastructure environment is created and new 
business models and products (Markard et al., 2012) emerge. 
 
Based on this reasoning, we develop a model-stakeholder methodology to study 
sustainability transitions in the mobility sector. The latter is currently undergoing a transition 
due to e.g. new technologies, digitalization and corporate scandals. The sector is 
characterized by high levels of greenhouse gas emissions and a large-scale heterogenous 
network of agents with multi-dimensional mobility preferences, including not only time of 
travel or availability of a technology, but also convenience or status.3 Thus, achieving a 
transformation in such a sector requires solutions that rely on a combination of technical 
and societal factors (for definitions and frameworks concerning low-carbon mobility 
transitions, see e.g. Köhler et al., 2009, Geels, 2012, Geels et al., 2011). To contribute to such 
solutions, this paper develops a research process based on the development of an agent-
based mobility model, accounting for the large network and the multi-dimensional 
preferences in the transport sector mentioned above, within a series of stakeholder 
interactions, allowing for a better understanding and acceptance of the transition by users 
(Harris et al., 2015) and its effects.4  
 
A special focus here lies on the transdisciplinary element of this approach, since the 
complexity of sustainability transitions calls for dialogue processes among different 
stakeholder groups (Mielke et al., 2016). Especially when involving decision-makers, the 
normative dimension including individual and collective responsibilities needs to be stressed 
(Tàbara et al., 2017). By using the Mobility Transition Model (MoTMo) in dialogues, which 
connects the behavioral micro-scale and the economic and technical macro-scale, we can 
discuss scenario-based narratives with stakeholders along the dimensions of technology, 
market and regulation, incorporating e.g. infrastructure, business models and prices. By 
designing an iterative research process that allows for feedback between modelers and 
stakeholders, and where a broad range of scenarios5 is provided to decision-makers in 

                                                      
3
 Mercure et al. (2016) define sustainability transitions as involving  ”a highly non-linear, self-reinforcing 

process with lock-ins that drive expectations, propelled by choices of and adoption by diverse agents with 
different perspectives and incomes”. 
4
 For the ambivalent effects of ride-hailing in terms of reduction of CO2 or traffic, see (Clewlow and Mishra, 

2017). 
5
 By the term scenario we refer to possible future pathways generated by a computer model. 
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deliberative discussions (Mielke et al., 2016), plausible scenario-based narratives shall 
emerge.  
 
Thus, our work can contribute to the stakeholder-model nexus in a threefold way: Firstly, it 
can serve as a methodological guideline for scientists striving to integrate ABMs and 
stakeholder dialogues by providing a framework for such interactions. This includes a 
distinction of dimension of model parameters into those which can be influenced by 
stakeholders (action) and others that describe events which occur without influence, as well 
as those that are primarily value-based and those which are mainly technological. Secondly, 
it can contribute to the effective use of new technologies and data in stakeholder 
involvement. Thirdly, it can enhance the literature on socio-technical sustainability 
transitions, with a special focus on future mobility. 
 
2. Narratives and Scenarios 
Narratives lie at the core of transitions in society6. A well-known example is the Diesel-
motor, once invented to decentralize industry, and associated with modernity and progress. 
Today, our perception of the Diesel is shaped by the recent scandals in the automotive 
industry and the idea of it being a dirty and harmful technology that should be banned from 
cities. In both cases, the narratives are closely linked to the cultural identity of the time.  
 
Narratives are crucial for collective identity, the latter of which Brown (2006) defines as a 
“discursive construct”. For narratives to be effective in fostering transformative (collective) 
action, Pahl-Wostl et al. (2008) define three key elements: they should firstly “support and 
resonate with aspirations, ideals and desires”, secondly be “engaging and empowering” and 
thirdly “resonate with moral authority”.  They can be defined as “simple stories that describe 
a problem, lay out its consequences and suggest (simple) solutions” (Hermwille, 2016). A 
transformative narrative should be telling “a positive story, by articulating a vision of ‘where 
we want to go’” and at the same time offering “solutions for attaining this vision” 
(Autonomous University of Barcelona et al., 2018). Chabay (2015) stresses the need for 
substantive collaboration between science, art, technology and humanities to create and 
reflect on narratives for sustainability.  
 
In the policy context, Roe (1989) advocated for assessing complex and controversial policy 
issues where information is difficult to validate with narrative policy analysis, concluding it 
could alleviate uncertainty. Today, decision-makers are often confronted with scenarios, 
that, with their visionary elements, are closely linked to narratives (Miller et al., 2015, Moss, 
2011).  Kemp-Benedict (2004) and Schmid and Knopf (2012) see scenarios as narratives with 
a quantitative (model) basis, linking both worlds. We instead argue that plausible narratives 
should be based on scenarios stemming from models, making them visionary stories about 
the future with a quantitative core. A scenario-based narrative as the authors here define it 
should have the following components: 
 

I. A scenario from a model, answering the question: Where could we be? 

                                                      
6
 Schapp (2012) goes as far as describing all processes in society as based on stories in which people are more 

or less entangled. Geertz (1973) expands on Gilbert Rye’s distinction of “thin” and “thick” descriptions when 
analyzing behavior in the context of cultural settings, arguing that research in this field is more interpretive 
than observational.  
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II. A surrounding story of a possible future pathway, answering the question: Where 
do we want to be?  
 

The methodology defined here in Section 3 shall lead, through the model-stakeholder 
feedback, to different possible scenario-based narratives in a first step. As a second step, 
these different pathways shall be evaluated in terms of plausibility (Wiek et al., 2013) to lead 
to plausible scenario-based narratives. This approach is intended to achieve two goals 
simultaneously: to co-create scientific knowledge as well as to broaden the decision-making 
space, meaning the number of possible pathways available, of stakeholders.  
 
2.1 The Model-Stakeholder-Nexus  
The use of scenarios has become frequent in stakeholder dialogues concerning complex 
sustainability challenges (see e.g. Van Notten et al., 2003, Miller et al., 2015). On the one 
hand, model outputs are often simply presented to stakeholders who are expected to use 
them in decision-making processes without making the construction and assumptions of the 
model transparent (Rosen and Guenther, 2015).7 On the other hand, many social scientists 
that work with narratives are reluctant to use numbers or computations, arguing they lead 
to a confusion of stakeholders (Shaw and Corner, 2017). To create transparency and use 
model outputs as an enhancement of a dialogue, researchers in sustainability science have 
increasingly tried to integrate stakeholders more actively into the model world. While Czaika 
and Selin (2017) let participants use the model to produce output, the companion modelling 
approach of Étienne (2013) goes as far as letting stakeholders build the models in 
collaboration with the researchers.  
 

In the discourse on climate policy, computable general equilibrium models such as GEM-E3 
or integrated assessment models have been widely used. When it comes to modelling  
sustainability challenges, agent-based models have become more common in recent years 
(Bonabeau, 2002, Filatova et al., 2013). We want to point out two important reasons for this 
development: On the one hand, such models, which describe a system from the perspective 
of autonomous decision-making entities that interact repeatedly (Epstein and Axtell, 1996), 
can address a broad(er) view on societal challenges. The latter call for an integration of 
peoples’ behavior with the ecosystem they live in (Folke et al., 2016). This is especially 
relevant for sustainability transitions of socio-technical systems which show various 
feedback loops between user behavior, technology development and regulation. Here, 
ABMs can describe e.g. rebound effects, where well-intended measures and products lead 
to problematic outcomes. On the other hand, the increase of data availability and computing 
power have enabled researchers to create more realistic agent-based models and synthetic 
populations8. In our field of inquiry – the sustainable mobility transition – these models and 
frameworks have become increasingly popular (Köhler et al., 2009). 
 

However, the development and use of such models remains a major challenge for scientists 
and stakeholders. Since these behavioral models are inherently rich in the use of 
assumptions, the output that is presented to stakeholders can never consists only of 

                                                      
7
 For a criticism of the model used for the evaluation of climate policy measures in the EU, see Schütze et al. 

(2017). 
8
 E.g. For the purpose of modeling the behavior of early adopters in a statistically accurate way, populations of 

millions of agents are required. 
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absolute “numeric” results, but has to be put in perspective by e.g. embedding them in a 
narrative. The modelers, in turn, need stakeholder interaction to increase validity of their 
behavioral assumptions and to create output that is useful for stakeholders. Thus, both 
scientists and stakeholders require new skills and methodologies to process these behavioral 
modeling concepts. This includes testing a wide range of hypotheses and beliefs concerning 
future developments, but also the interactive discussion of results to develop 
computationally enhanced narratives and policy recommendations.  
 
3. Computation Modeling Approach – MoTMo 
The agent-based model MoTMo used here (Mobility Transition Model) simulates the future 
development of the private mobility sector in the socio-technical context. The following 
section provides a brief overview of the model structure and capabilities. The description is 
focused on the parts that are important for the stakeholder involvement process. 
 
3.1  Model Structure 
The model is implemented as an agent-based model (ABM) of many interacting entities, i.e. 
agents, of different types. The system evolves in discrete time steps and covers the time 
period from 2005 to 2035. A synthetic population of Germany resembles the relevant 
population characteristics like household structure and statistical distributions of age, 
gender, income and mobility demand together with interdependencies. Agents are 
structured in households and spatial-locations and implemented as utility-optimizing 
decision makers. They share information and experiences in their social network and 
therefore form a social learning network that adapts to environmental changes and 
technical innovation. Thus, this model structure allows for behavioral change, feedback 
effects (e.g. rebound-effects) and the spread of innovation and social norms. 
 

 
 
Figure 1: Illustration of the hierarchical model structure including entity types and possible 
data inputs. 
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3.1.2  Agent-based View and Scope of Information 
To resemble the evolution of social norms and diffusion of innovation, agents have only a 
limited scope of information that they can access, thus having to act under uncertainty. The 
agents’ actions are implemented from an agent’s perspective (e.g. "I collect all available 
information about the mobility choices of my friends and decide if I want to change"). 
Consequences of different actions can only be estimated based on past experiences or 
communicated information within the social network. 
 
 

 
 

Figure 2: Conceptual illustration of the information scope of each entity 
 
We distinguish forth on between action agents and passive entities that are important for 
aggregation and statistical analysis. The entity types "location " and “region” are spatial 
components and perform the (local) spatial data, aggregated statistics and influence factors 
like for example the total CO2-emissions within a region. Locations are creating a regular 
spatial grid and are connected with other locations within a defined interaction radius. They 
are later used to illustrate spatial behavior of the output, but also provide input mechanisms 
depending on the location. Entities of the type "households" are characterized by their 
income, location, and the composition of people living in it (household type). That means, all 
households are connected to their respective location and to all persons living within (see 
figure 1). The household step contains all decisions for all persons such that the overall 
utility of the household is maximized. 
 
Agents are part of a heterogeneous population, which differs in age, gender, mobility 
patterns san personal priorities (currently: convenience, ecology, willingness to pay and 
innovativeness). The priorities resemble the importance of four components that contribute 
to the utility function. Furthermore, persons interact with other members of their household 
in the decision-making process and share experiences in their social network. Thus, persons 
are connected to their household and to other persons (their social network outside of their 
household). Within the simulation, agents develop expectations (expected utilities) about 
the available mobility modes, including those, which are only communicated by members of 
their social network. Those expectations are used in a twofold way: First, by comparing own 
experience about a mobility mode with the other agents’ experience in the social network 
where the agent can approximate the similarity to the others and therefore approximate the 
reliability of the information. Second, by considering the experience from the network and 
the reliability of the persons, each agent can evaluate new alternative mobility modes and 
imitate the most promising ones. 
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3.1.3 Mobility Modes 
The model currently distinguishes between different mobility modes: "brown" (high-
emission) cars, "green" (low-emission) cars, "public" (public transport), "shared" (shared 
mobility) and "None" (non-motorized). The mobility modes currently differ in two properties 
(emissions and total cost of ownership/use) and the functions that represent the 
convenience of each mobility type. The convenience is implemented as a function of the 
population density in each location and the current technical progress. Furthermore, 
different modes offer different degrees of innovativeness to resemble the classical roles of 
early adopters in classical innovation approaches (Rogers and Shoemaker, 1971). 
 
3.1.4 Mobility Memes 
A meme can be seen as the corresponding concept to a biological gene in the social context 
that contains a set of information. In MoTMo, a mobility meme (MoMeme, see figure 3) d is 
a set of information that contains all mobility decisions of a person. Each person aims to 
identify a MoMeme dopt  that maximizes the individual and the household utility. 
 

 

 
 

Figure 3: Illustration of a mobility meme for five different modes. 
 
3.2 Building Blocks 
In contrast to describing MoTMo as a temporal sequence of code, this section describes the 
most important building blocks which illustrate the main concepts in MoTMo. 
 
3.2.1 Consequences 
Consequences comprise of all direct or indirect feedback that is considered to be important 
related to the agent’s mobility decisions. They represent the satisfaction with the mobility 
mode related to the priorities and are normalized between 0 (non-fulfilled) and 1 (fully 
satisfying). The vector of consequences x consists of the entries convenience (x1), ecology 
(x2), willingness to pay (x3) and innovativeness (x4).  
The consequence "convenience" (x1) measures the overall convenience that a mobility mode 
provides. It depends on the current (technological) state and the related infrastructure in the 
surroundings. A useful and simple approach is to model the convenience as dependent on 
population density, and if necessary later with more specific interactions such as actual 
infrastructure development. Section 3.2.2. describes the functional forms for each mobility 
mode in more detail. The consequence "ecology" (x2) relates to the CO2-emissions produced 
by the mobility mode. The emissions of each mobility mode depend on the technological 
progress at the time of purchase. The consequence "willingness to pay" (x3) is the remaining 
budget for the household. The total cost of ownership (TOC) or the use of a service for all 
mobility modes are changing with the technological progress at the time of purchase, which 
is a function of sectoral growth rates. Expenses of all persons in the household are summed 
up, and the sum is used to compute the remaining share of that money. The consequence 
“innovation” (x4) exemplifies how much the agent feels like using a new innovative 
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technology and is, thus, related to a degree of technical progress. According to “Wright’s 
law”, the technical progress is proportional to overall production numbers of a good. 
 
3.2.2 Convenience 
Modeling the convenience of different mobility modes and comparing these requires to 
make assumptions, e.g. based on expert judgment.9 Figure 4 shows how one single 
functional form is currently used to express various assumptions for the convenience that 
people experience when using a certain mobility mode. Two states are defined to account 
for the technical progress of each technology. The “init” state represents the technological 
state at the start of the simulation, whereas the “final” state represents the technical limit 
that can possibly be reached in infinite time. For both states, the modeler defines minimum 
and maximum of the convenience function, the population density for which the highest 
function value is reached and the width (spread) of the function for the two states. 
Depending on the market share, the function transforms within the simulation from the 
“init” state towards the “final” state. 
 

 
 

 
Figure 4: Schematic illustration of the convenience function including all parameters. 
 
Figure 5 exemplarily shows the assumed development considering various influence factors. 
For example, for brown and green cars. the convenience is assumed to decrease with 
increasing population density since parking becomes difficult, travel speed decreases and 
traffic conditions become more challenging. The convenience for green cars is additionally 
decreasing for low population densities, since we assume missing charging infrastructure 
and longer travel distances for which the range limitations of electric cars matter more. In 
contrast, the convenience of public transport, car sharing and none motorized mobility is 
increasing with the population density, however for different reasons. The peak values, 
minima and maxima, are calibrated on the existing data from 2005 to 2017 so that the 
model matches the past development. 
  

                                                      
9
 Comparing model output under different assumptions helps to understand the system dynamics. 
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Figure 5: Assumptions about the convenience of mobility type over population density and 
the development with technical change (black to green). 
 
The definition of the shapes of the convenience functions will allow stakeholders to 
represent different technological developments that they believe to be most plausible. 
 
3.2.3 Utility Evaluation 
The actual utility is a function that consists of four components that correspond with the 
person’s priorities p and the consequences x  of the mobility choice. Currently, two possible 
forms can be used for the computation of the utility function, the Cobb-Douglas and the CES 
function. 
 
3.2.3 Social Evolution 
Social evolution is used to model how innovation and expectations about new technologies 
spread within social networks. We currently employ basic mechanisms that are transferred 
from evolutionary algorithms for optimization problems. Within the social network of each 
agent, many different mobility memes are exchanged together with an expected utility. In 
addition, each person is rated by other persons through a reliability measure that accounts 
for the usefulness of the recently provided information (meme + utility). For each meme, the 
expected utility and reliability are multiplied and normalized to compute a selection 
probability. Based on this probability, a defined number of memes are selected as 
candidates for potentially improving the person’s utility. The list of all candidate mobility 
memes of all persons is used to create all possible combinations for each household (see 
figure 6). In an optimization step, the combination with the highest utility for the household 
is identified. In case a combination is accepted, all persons in the household take action to 
obtain the new mobility mode. 
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Figure 6: Illustration of the different parts that resemble the evolution of memes in the 
social context. In later stages not only imitation processes, but also other components like 
mutation and crossover of mixed strategies can be implemented for the evolution of 
memes. 
 
Overall, the framework allows for the evolution of social behavior that adapts to changing 
environmental and technical forcing. By weighting, the social network can change so that 
more useful interactions between agents are strengthened and sources of unreliable 
information are reduced. The local scope and a social network structure dependent on 
similarity allows for different niches for certain socio-technical transitions.  
 
 
4. Research Design 
By discussing input parameters, model outputs and assumptions about future developments 
within a broader context of the mobility transition in an iterative process, we establish 
narratives for an urban sustainable future. The development of these narratives will take 
place in a “decision theater”, an interactive environment where groups of stakeholders can 
directly visualize the consequences of their choices.  
 
Observing the reactions of the model based on a change of inputs and, thus, gaining insight 
on the model, will enhance transparency. Moreover, scientists can change their primary role 
as information providers for policy makers to a co-designed approach (Moser, 2016) that 
aims at exploring future pathways with stakeholders. The focus on the mobility transition in 
Germany serves as an example for intermodal, electrical and digital mobility concepts. The 
model, which is a consumer ABM extended by macro-scale technical change and 
infrastructure development, investigates the diffusion of innovative technologies in social 
networks. Through the inclusion of individual preferences such as environmental and 
consumer attitudes as well as financial constraints, agents learn and alter their decisions 
concerning different mobility modes.  
 
4.1  Model-Stakeholder Interactions 
The aim of our interactive methodology is to combine model and narrative with a feedback 
between modelling work and stakeholder dialogues as described in Figure 7. Theoretical 
reflection will help to specify our agent-based model MoTMo, construct scenario-based 
narratives and interpret our stakeholder dialogues. MoTMo will provide input scenarios as a 
quantitative element of the narratives of possible futures of low-carbon mobility.  
 
The scenario-based narratives, including its model assumptions, will be discussed in 
dialogues to gain different types of knowledge from stakeholders from all parts of society, 
e.g. scientists, policy-makers, non-governmental decision-makers as well as entrepreneurs. 
The guiding research questions will be: 1. Where could we be? (referring to the scenario) 
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and 2. Where do we want to be? (referring to the narrative). The goal is to reach plausible 
results, leading to the selection of different possible future narratives.  
 

 
 
Figure 7: A research process of model-stakeholder interactions. 
 
We adhere to the concept of science-based stakeholder dialogues presented by Welp et al. 
(2006), defined as a „structured communicative process of linking scientists with selected 
actors that are relevant for the research problem at hand”. Thus, stakeholders are actively 
engaged in the research process instead of being merely treated as objects of scientific 
research. Through the use of focus groups, they will be able to provide input for the research 
design as well as evaluate and modify the resulting narratives (Kasemir et al., 2003). This 
allows actors to develop ownership of the results and to communicate their constraints 
(Welp et al., 2006). 
 
The iterated process will have three phases: An exploratory phase where research on the 
test region is conducted by establishing a network of  important stakeholders, finding 
controversial topics and political goals concerning mobility. This way, ideas for possible 
scenarios and narratives are generated. The preliminary results from the dialogues are then 
evaluated in Analysis 1 to refine the guiding hypothesis, improve the model, the narratives, 
and the stakeholder dialogue design. The testing phase repeats the process and Analysis 2 
specifies key results. In the synthesis phase, all co-created knowledge will be used to 
disseminate and assess the data, creating plausible scenario-based narratives for sustainable 
mobility in Germany as a synthesis. 
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Table 3 specifies the different steps of the research process: 
 

Exploratory 
Phase 

Reflection 1 
 

- describe the current mobility 
situation in the respective 
area and the projects that 
are being planned (regional 
assessment) 

- analyze the stakeholder 
network 

Inputs 1 
 

- create scenarios based on 
reflection (model output) 

- identify parameters for the 
model discussion 

 
Narratives 1 
 

- prepare a scenario-based 
narrative to be discussed 
with stakeholders 

Dialogues 1  
 

- discuss scenarios-based 
narratives, model 
parameters and further 
topics with stakeholders in 
line with the dimension cube 
(market, technology, 
regulation) 

Analysis 1 
 

- transcribe and analyze 
results 

- feed them back into the 
model scenarios and the 
narratives 

Testing 
phase 

Repeat the process  

Synthesis 
Phase 

Synthesis  
 

- develop plausible scenario-
based narratives after 
iterated model-stakeholder 
dialogues 

 
 

 
4.2 Visualization 
A key element of the mixed methodology that combines quantitative and qualitative 
elements is visualization (Bagnoli, 2009, Nind and Vinha, 2016). By using digital tools, we 
want to make numbers more accessible to stakeholders. With this approach, we relate to 
three desired effects of visualization defined in the companion modelling approach (Étienne, 
2013), aiming for: creation of knowledge; help in interacting with others and a creation of a 
forum for discussions between participants. Thus, we choose visualization through diagrams 
and maps as well as real-time simulations on multiple screens. After a brief introduction of 
our work, stakeholders will be able to analyze different concepts and parameters of the 
model, based on the choice of scenario. Stakeholders can then alter the parameters and see 
their influence on the output. After a playing period, stakeholders have to fill in their choices 
in a survey. The results will be used to then alter our scenario-based test narrative by 
incorporating stakeholders’ knowledge. 
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5. Scenario-based Narratives  
We aim for a two-step process. In the first workshops, we want to discuss parameters and 
their influence on the model output with stakeholders engaged in the field of mobility, 
namely decision-makers, mobility service companies (bike, car, public transport), energy 
companies, unions, chamber of crafts, mobility industry companies and scientists. 6-8 
participants would discuss the parameters and, linked to these, their priorities and 
expectations concerning the future of mobility. The topical focus shall include infrastructure 
development, the integration of renewables and mobility via digital technologies and the 
future of the transforming industries around mobility. These results shall flow back into the 
model, offering the unique opportunity of aligning stakeholder information needs with 
model development. We will derive narratives from these workshop results, which will help 
to prepare the second round of dialogues in a “decision theatre”. Then, in a second step, 
stakeholders shall be able to alter model assumptions in the form of parameters, namely 
“play” with them to achieve different outputs that are visualized for them. On the basis of 
these outputs and the narratives, we want to achieve more plausible mobility scenarios. 

 
5.1 Narratives for a Sustainable Mobility 
The development of the narratives is based on three dimensions in the model – market, 
policy and technology. These dimensions resonate with the theory of socio-technical 
transitions (see Section 1). In a first step, they are broken down to three topics that can a) be 
utilized in the model and b) are important in the public debate (see Schmid and Knopf, 2012 
for a similiar selelction approach). The timeframe is until 2035, the scale is national 
(Germany). Figure 8 shows these dimensions in a “decision cube” and shows the Business-
As-Usual-Narrativ (BAU) that is explained in the following section.  
 

 

 
 
 

Figure 8: Dimensions for the scenario-based narratives  in a “Decision Cube”. 
 
To allow for an interactive discussion with stakeholders, the model has to be adapted to 
parameter changes in real time, or access a database of model variations and corresponding 
outputs. Examples are: 
 
Infrastructure: Variation: Number of charging stations over time, convenience of e-cars. 
Output: Distribution of charging stations and e-cars that change with infrastructure 
investment. 
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Prices. Variation: Stakeholder assumptions concerning global e-car sales that lead to 
different technological progress rates and prices. Output: Effects on price level and technical 
progress of e-cars.  
 
Digitalization. Variation: Convenience and emissions of e-cars and car sharing, innovation 
capacity of agents, feedback-mechanisms. Output: emission reduction due to digitalization 
in the energy and automotive sector, changes in the electricity mix, brown mobility niches, 
potential of new mobility modes,  development of public transport networks.  
 
This framework includes a distinction of model parameters (see Table 4) into those which 
can be influenced by stakeholders (action) and others that describe events which occur 
without influence, as well as those that are primarily value-based and those which are 
mainly technological. Certain parameters can be more successfully discussed with technical 
experts, while others are prone to be assessed by decision-makers. 
 
Table 4: Exemplary distinction of model variants and parameters 
 

Expansion of charging 
stations (CS) 

Action Event 

technological number of CD  Price of CS 

Value-based location of CS Governmental support 
of CS 

 
 
The “decision cube” leads to the following first round narratives for a sustainable mobility in 
Germany. They are based on MotMo scenarios, the latter being dots in the range of model 
variations.  
 
a) Business as Usual (BAU) 
Infrastructure: The expansion of charging infrastructure for e-cars continues in a linear way, 
but remains uncoordinated (see Figure 9). A network of superchargers is slowly built along 
highways. Until 2035, the lack of infrastructure, among other reasons, leads to Germany 
missing its targets of 6 million electric cars until 2035. Intermodal mobility modes are 
realized through pilot projects. 
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Figure 9: Scenarios for the expansion of charging infrastructure in Germany as a starting 
point for a  discussion of policy measures. 
 
Prices: The global prices are slowly reduced due to technical progress of cars and batteries in 
China and the EU (see Figure 10). This allows for a higher diffusion of e-cars, but does not 
push other technologies out of the market. The range of electric cars improves to 400 km 
per charging. 

 
 
Figure 10: Pathways of global prices for electric and combustion cars (Weiss et al 2012). 
 
Digitalization: Digital mobility applications for carsharing und ride-hailing take up 15% of the 
mobility mix, which is composed of 60% motorized private transport, 5% public transport, 
15% bikes and 5% of people walking. Some businesses offer services for smart charging and 
vehicle2grid, leading to a slightly higher share of renewables in the transport sector.  
 
b) Smart Green Mobility  
Infrastructure: Charging infrastructure for e-mobility is massively expanded in pilot regions 
(Rhine-Ruhr, Hamburg, Munich and Berlin), leading to 10 million e-cars in Germany by 2035. 
The country is integrated into a European network of superchargers along the highways. The 
share of renewables in the mobility sector reaches 45%. All urban centers supply the 
infrastructure for intermodal modes, allowing new business models and companies to 
emerge.  
 
Prices: The global prices of e-cars decrease rapidly due to technical progress of cars and 
batteries in China and the EU. This allows for a high diffusion of e-cars and pushes other 
technologies out of the market. 
 
Digitalization: Digital applications such as carsharing und ride-hailing alter the mobility mix. 
Prices are low since these companies use autonomous cars. Motorized private transport is 
reduced to 20%, digital mobility modes are used by 45% of the people due to their high 
flexibility and low prices. Public transport is reduced to 5%, while 25% of people use bikes 
and 5% travel by foot. Intermodal mobility is supported massively by the government. Due 
to the establishment of a smart transmission and distribution power grid, renewables power 
up to 350.000 e-cars. This electricity would have been lost in the BAU-scenario due to a lack 
of flexibility and sector integration.  
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c) Brown Mobility 
Infrastructure: Motorized private transport remains the main mode. The car industry focuses 
on more efficient combustion and diesel engines, the low wages in the transport and 
logistics sector lead to an increase of goods being transported on the road. Electromobility 
does not succeed on a broad scale, instead, several technologies such as hydrogen and gas 
compete in a niche market. Investments in charging infrastructure for e-mobility are 
reduced. In 2035, there are 1,5 million e-cars on the road in Germany, manly in urban 
centers. The share of renewables in the mobility sector remains at ten percent.  
 
Prices: The US and Germany succeed in keeping up their combustion car industries. E-cars 
remain expensive and due to accidents and low mileage are considered inconvenient by 
many users.  
 
Digitalization: Automatic combustion cars are used to increase convenience on the road 
while leading to more traffic and congestion. Motorized private transport remains high 
(70%), digital technologies are used by 10% of the people while public transport, bikes and 
walking each remain at 5%.  
 
6. Conclusion 
To tackle the complex sustainability challenges of our times, scientists have to find new ways 
to bridge the gap between the real world and the scientific realm. Often, models are used to 
give decision makers numerical results. We argue that in times of big data and increasing 
global interconnectedness, a new methodology that combines model work and stakeholder 
involvement is needed. We propose a framework that allows decision makers to understand 
and use the model that produces results, and to integrate their choices into the model 
development. By using an agent-based model for the mobility sector in stakeholder 
dialogues with interactive tools, we show that such a methodology can create meaningful 
plausible narratives based on scenarios that can be influential in society and politics.  
  



 17 

References 
 

Action Research Manifesto (2011) Action Research: Transforming the generation and 
application of knowledge. 

Arnold, D. (2008) 'Cultural Heritage As a Vehicle for Basic Research in Computing Science: 
Pasteur's Quadrant and a Use‐Inspired Basic Research Agenda', Cultural Heritage Stream 
of Eurographics 2007, 27(8), pp. 2188-2196. 

Autonomous University of Barcelona, Global Climate Forum and JJaeger (2018) 
Transformative narratives for climate action: win-win strategies linking climate and 
sustainable development goals. 

Bagnoli, A. (2009) 'Beyond the Standard Interview: The Use of Graphic Elicitation and Arts-
Based Methods', Qualitative Research, 9(5), pp. 547-570. 

Bettencourt, L. M. A. and Kaur, J. (2011) 'Evolution and structure of sustainability science', 
108(no. 49), pp. 19540-19545. 

Bonabeau, E. (2002) 'Agent-based modeling: Methods and techniques for simulating human 
systems', Proceedings of the National Academy of Sciences, 99(suppl 3), pp. 7280-7287. 

Brown, A. D. (2006) 'A Narrative Approach to Collective Identities', Journal of Management 
Studies, 43(4), pp. 731-753. 

Chabay, I. (2015) 'Narratives for a Sustainable Future: Vision and Motivation for Collective 
Action', in Werlen, B. (ed.) Global Sustainability: Springer, pp. 51-61. 

Clark, W. C. (2007) 'Sustainability science: a room of its own', Proceedings of the National 
Academy of Sciences, 104(6), pp. 1737-1738. 

Clark, W. C. and Dickson, N. M. (2003) 'Sustainability Science. The Emerging Research 
Program', Proceedings of the National Academy of Sciences USA, 100, pp. 8059-8061. 

Clewlow, R. R. and Mishra, G. S. (2017) Disruptive transportation: the adoption, utilization, 
and impacts of ride-hailing in the United States: Research Report–UCD-ITS-RR-17. 

Cornell, S., Berkhout, F., Tuinstra, W., Tàbara, J. D., Jäger J. Chabay, I., de Wit, B., Langlais, R., 
Mills, D., Moll, P., Otto, I., Petersen, A., Pohl, C. and van Kerkhoff, L. (2013) 'Opening up 
Knowledge Systems for Better Responses to Global Environmental Change', 
Environmental Science and Policy, 28, pp. 60-70. 

Czaika, E. and Selin, N. E. (2017) 'Model use in sustainability policy making: An experimental 
study', Environmental Modelling & Software, 98, pp. 54-62. 

Epstein, J. M. and Axtell, R. (1996) Growing artificial societies: Social Science from the Bottom 
Up. Washington, DC: Brookings Institution Press. 

Filatova, T., Verburg, P. H., Parker, D. C. and Stannard, C. A. (2013) 'Spatial agent-based 
models for socio-ecological systems: challenges and prospects', Environmental modelling 
& software, 45, pp. 1-7. 

Fischer, J., Gardner, T. A., Bennett, E. B., Balvanera P., Biggs, R., Carpenter, S. R., Daw, T., 
Folke, C., Hill, R., Hughes, T., Luthe, T., Maass, M., Meacham, M., Norström, A. V., 
Peterson, G.,Queiroz, C.,, Seppelt, R., Spierenburg, M. and Tenhunen, J. (2015) 'Advancing 
sustainability through mainstreaming a social–ecological systems perspective', Current 
Opinion in Environmental Sustainability, 14, pp. 144-149. 

Folke, C., Biggs, R., Norström, A., Reyers, B. and Rockström, J. (2016) 'Social-ecological 
resilience and biosphere-based sustainability science', 21(3). 

Frantzeskaki, N. and Loorbach, D. (2010) 'Towards governing infrasystem transitions: 
reinforcing lock-in or facilitating change?', Technological Forecasting and Social Change, 
77(8), pp. 1292-1301. 



 18 

Geels, F., Kemp, R., Dudley, G. and Lyons, G. (2011) Automobility in transition?: A socio-
technical analysis of sustainable transport. Routledge. 

Geels, F. W. (2012) 'A socio-technical analysis of low-carbon transitions: introducing the 
multi-level perspective into transport studies', Journal of Transport Geography, 24, pp. 
471-482. 

Geels, F. W. and Schot, J. (2007) 'Typology of sociotechnical transition pathways', Reseach 
Policy, 36(3), pp. 399-417. 

Geertz, C. (1973) The interpretation of cultures. Basic books. 
Harris, I., Wang, Y. and Wang, H. (2015) 'ICT in multimodal transport and technological 

trends: Unleashing potential for the future', International Journal of Production 
Economics, 159, pp. 88-103. 

Hermwille, L. (2016) 'The role of narratives in socio-technical transitions—Fukushima and 
the energy regimes of Japan, Germany, and the United Kingdom', Energy Research & 
Social Science, 11, pp. 237-246. 

Hooghe, L., Marks, G. and Marks, G. W. (2001) Multi-level governance and European 
integration. Rowman & Littlefield. 

Kasemir, B., Jager, J., Jaeger, C. C. and Gardner, M. T. (eds.) (2003) Public Participation in 
Sustainability Science. Cambridge, United Kingdom: Cambridge University Press. 

Kates, R. W., Clark, W. C., Corell, R., Hall, J. M., Jaeger, C. C., Lowe, I., McCarthy J. J., 
Schellnhuber , H. J., Bolin , B., Dickson , N. M., Faucheux , S., Gallopin , G. C., Grübler , A., 
Huntley , B., Jäger , J., Jodha , N. S., Kasperson , R. E., Mabogunje , A., Matson , P., 
Mooney , H., Moore III , B., O'Riordan , T. and Svedin, U. (2001) 'Sustainability Science', 
Science, 292(5517), pp. 641-642. 

Kemp-Benedict, E. (2004) 'From narrative to number: a role for quantitative models in 
scenario analysis'. 

Komiyama, H. and Takeuchi, K. (2006) 'Sustainability Science. Building a New Discipline', 
Sustainability Science, 1(1), pp. 1-6. 

Köhler, J., Whitmarsh, L., Nykvist, B., Schilperoord, M., Bergman, N. and Haxeltine, A. (2009) 
'A transitions model for sustainable mobility', Ecological economics, 68(12), pp. 2985-
2995. 

Lang, D., Wiek, A., Bergmann, M., Stauffacher, M., Martens, P., Moll, P., Swilling, M. and 
Thomas, C. (2012) 'Transdisciplinary Research in Sustainability Science. Practice, 
Principles, and Challenges', Sustainability Science, 7(1), pp. 25-43. 

Markard, J., Raven, R. P. J. M. and Truffer, B. (2012) 'Sustainability transitions: An emerging 
field of research and its prospects', Research Policy, 41, pp. 955-967. 

Matson, P., Clark, W. C. and Andersson, K. (2016) Pursuing Sustainability: A Guide to the 
Science and Practice. Princeton University Press. 

Mercure, J.-F., Pollitt, H., Bassi, A. M., Viñuales, J. E. and Edwards, N. R. (2016) 'Modelling 
complex systems of heterogeneous agents to better design sustainability transitions 
policy', Global environmental change, 37, pp. 102-115. 

Mielke, J., Vermaßen, H. and Ellenbeck, S. (2017) 'Ideals, Practices and Future Prospects of 
Stakeholder Involvement in Sustainability Science', Proceedings of the National Academy 
of Sciences, Preprint, pp. 201706085. 

Mielke, J., Vermaßen, H., Ellenbeck, S., Fernandez   Milan, B. and Jaeger, C. (2016) 
'Stakeholder Involvement in Sustainability Science—A Critical View', Energy Research and 
Social Science, 17, pp. 71-81. 

Miller, C. A., O'Leary, J., Graffy, E., Stechel, E. B. and Dirks, G. (2015) 'Narrative futures and 
the governance of energy transitions', Futures, 70, pp. 65-74. 



 19 

Moser, S. C. (2016) 'Can Science on Transformation Transform Science? Lessons from Co-
design', Current Opinion in Environmental Sustainability, 20, pp. 106–115. 

Moss, R. (2011) 'Developing Narratives for Next-Generation Scenarios for Climate Change 
Research and Assessment.', in Holmes, K.J. (ed.) Modeling the Economics of Greenhouse 
Gas Mitigation: Summary of a Workshop. Washington, D.C.: The National Academies 
Press, pp. 143-149. 

Nind, M. and Vinha, H. (2016) 'Creative interactions with data: using visual and metaphorical 
devices in repeated focus groups', Qualitative Research, 16(1), pp. 9-26. 

Ostrom, E. (2009) 'A General Framework for Analyzing Sustainability of Social-Ecological 
Systems', Science, 325(5939), pp. 419–422. 

Pahl-Wostl, C., Tàbara, D., Bouwen, R., Craps, M., Dewulf, A., Mostert, E., Ridder, D. and 
Taillieu, T. (2008) 'The importance of social learning and culture for sustainable water 
management', Ecological economics, 64(3), pp. 484-495. 

Partelow, S. (2016) 'Coevolving Ostrom’s social–ecological systems (SES) framework and 
sustainability science: four key co-benefits', Sustainability Science, 11(3), pp. 399-410. 

Roe, E. M. (1989) 'Narrative analysis for the policy analyst: A case study of the 1980–1982 
medfly controversy in California', Journal of Policy analysis and management, 8(2), pp. 
251-273. 

Rogers, E. M. and Shoemaker, F. F. (1971) 'Communication of Innovations; A Cross-Cultural 
Approach'. 

Rosen, R. A. and Guenther, E. (2015) 'The economics of mitigating climate change: What can 
we know?', Technological Forecasting and Social Change, 91, pp. 93-106. 

Schmid, E. and Knopf, B. (2012) 'Ambitious mitigation scenarios for Germany: A participatory 
approach', Energy Policy, 51, pp. 662-672. 

Schütze, F., Fürst, S., Mielke, J., Steudle, G. A., Wolf, S. and Jaeger, C. C. (2017) 'The Role of 
Sustainable Investment in Climate Policy', Sustainability, 9(12), pp. 2221. 

Shaw, C. and Corner, A. (2017) 'Using Narrative Workshops to socialise the climate debate: 
Lessons from two case studies–centre-right audiences and the Scottish public', Energy 
Research & Social Science, 31, pp. 273-283. 

Tàbara, J. D., Clair, A. L. S. and Hermansen, E. A. T. (2017) 'Transforming communication and 
knowledge production processes to address high-end climate change', Environmental 
Science & Policy, 70, pp. 31-37. 

Van den Bergh, J. C. J. M., Truffer, B. and Kallis, G. (2011) 'Environmental innovation and 
societal transitions: Introduction and overview', Environmental innovation and societal 
transitions, 1(1), pp. 1-23. 

Van Notten, P. W. F., Rotmans, J., Van Asselt, M. B. A. and Rothman, D. S. (2003) 'An updated 
scenario typology', Futures, 35(5), pp. 423-443. 

Welp, M., de la Vega-Leinert, A., Stoll-Klugeemann, S. and Jaeger, C. C. (2006) 'Science-based 
Stakeholder Dialogues. Theory and Tools', Global Environmental Change, 16(2), pp. 170-
181. 

Wiek, A., Withycombe Keeler, L., Schweizer, V. and Lang, D. J. (2013) 'Plausibility indications 
in future scenarios', International Journal of Foresight and Innovation Policy, 9(2-3-4), pp. 
133-147. 

Étienne, M. (2013) Companion modelling: a participatory approach to support sustainable 
development. Springer Science & Business Media. 

 
 


