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Many urban regions are exposed to rapid growth, leading to vast changes in land use with
diverse ecological, socio-economic, and aesthetical impacts. Regional scenarios are suitable for
identifying possible urban development patterns. However, one challenge of scenario
construction is integrating the knowledge of both science and practice for a better understanding
of the complex interactions between impact factors in the urban fabric.
The objective of this research is to enhance process design for a collaborative scenario analysis
in the context of urban development. The scenarios are constructed for a case study of the
Limmattal region, a suburban agglomeration close to Zurich, Switzerland, and we demonstrate
a functional structure for science–practice collaboration within the process of scenario
building. The types of communication between science and practice are systematically varied,
which leads to four consistent scenarios for 2030.
Our analyses of regional system dynamics reveal the most important feedback loop among five
impact factors within the region, which allows for a better understanding of the systemic
interactions in regional transformation. This process design shows the potential to support
knowledge integration in research processes involving science and practice, and assists
informed planning strategies for urban transformation.

© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

The transformation of an urban region is a complex,
real-world problem. Clear transformation goals for urban
areas often remain ill-defined [1] and research on such
transformations must cope with interactions between human
and environmental factors in a dynamic spatial system. Thus,
newmethodological approaches that support both science and
practice in understanding the possible future development of
the urban fabric are necessary.

Complex interactions are perceptible in suburban regions
of agglomerations in Europe and worldwide [2]. Despite
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significant local differences, suburban regions are characterized
by land consuming settlement development with lower
utilization densities. Spatial patterns in suburban regions have
been debated intensively in the discourse on urban sprawl
phenomena [3,4]. Urban sprawl is associated with diverse
environmental effects, such as the loss of green space,
fragmented land-use divisions, and an increase in site distances,
which, in turn, impacts transportation demands, resulting in
higher energy consumption and traffic emissions [5,6]. The
expansion of urban space at its fringes poses further threats to
the quality of life by increased social segregation, loss of local
identity and the aesthetic degradation of landscape and
architecture [7,8].

These diverse social and environmental factors and the
inherent uncertainties of spatial development exceed the
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1 Research question 1 refers to the methodological aspects of the scenario
process. Thus, the developed process heuristic is presented within the
methods section of this paper (Section 3.2).
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abilities of traditional planning methods [9]; therefore,
decision-making in urban planning has to cope with
diverging preferences and complex interactions, not only
between stakeholder interests, but also between the afore-
mentioned components of urban structure [10,11]. A proce-
dural challenge, Healey refers to as coping with the relational
complexity of spatial transformation [12]. Her particular
concern lies in adequate spatial conceptions and their
subsequent prospective imaginations being articulated in
strategic spatial planning.

Strategic planning frameworks attempt to complement a
more coherent spatial logic in response to socio-spatial
phenomena [13] such as resource protection, urban sprawl,
meaningful land use regulations, and larger infrastructure
investments. These phenomena may stretch beyond local or
national administrative boundaries, interrelated within dy-
namic patterns of social and economic networks. Their spatial
impacts and implications for place quality cannot be under-
stood without taking into account the relationships between
the actual physical places, the interaction of actors, and the
meaning given to the places [14]. Accordingly, this relational
complexity must be reflected in processes of strategic spatial
planning.

Oneway to achieve a better understanding of these complex
interactions (e.g., unintended rebound effects of zoning policies
and new suburban housing developments) is to facilitate
meaningful representations of different scientific disciplines
and specific knowledge by practitioners in urban planning
and design in the research process on spatial planning [15].
Transdisciplinarity makes this possible. It is a specific form of
research setting in which actors from science and society
collaborate in the common process of knowledge production
[1,16,17]. As such, it follows the need to address complex,
real-world problems from diverse knowledge domains, and
facilitates capacity building and consensus formation [18].
Taking into account the diversity of scientific and societal
views on real-world problems, their integration (e.g., knowl-
edge, interests, values) is the main challenge in such research
approaches [19]. Transdisciplinarity is distinguished from
interdisciplinarity, which is defined as a mode of research that
integrates concepts andmethods of two ormore disciplines but
remains within the academic system [20].

Gaining insights into the future paths of an urban region
requires an integrated, comprehensive and systematic meth-
od [9,21]. In this context, scenario development has evolved
as a tool for effectively forming conceptions of an uncertain
future [22–25]. According to Fahey and Randall [26, p.6],
“scenarios are descriptive narratives of plausible alternative
projections of a specific part of a future.” Scenario techniques
are distinct from other future-oriented projection methods
(e.g., foresight, trend analysis, visioning) in their ability to
integrate complexity and uncertainty. The use of scenario
techniques in regional and urban contexts is relevant for
modeling, planning, and learning about alternative spatial
developments with inherent uncertainties [27–31]. They also
help to provide insights into the preferences and decision-
making of urban and regional planning actors [9,32].

Research on scenario techniques has made substantial
contributions in the form of structured typologies and
methodological frameworks [23,33–35]. However, further
methodological enhancement is required for systematic
procedures that integrate different knowledge domains of
practice and science [36] and for adequate formats for
scenario communication [36,37].

Only recently, the integration of stakeholders in scenario
development was reviewed by Wangel [38], emphasizing the
need to explicitly reflect the shaping role of key actors in
scenario studies. Zegras and Rayle [39] examined how
scenario planning is able to enhance science-practice collab-
oration in a regional planning context for Portuguese cities,
and their contribution focused on collaboration effects for
participants in a pre- and post-test experimental design. Yet
the methodological formats to facilitate such a collaborative
scenario process have not been in focus. In fact, Reed et al.
[40] pointed out the importance of structured information
flow as a success factor in multi-actor scenario studies. More
precisely, structural guidance for eliciting and aggregating
information from participants and the provision of informa-
tion to participants is demanded [40]. However, a systematic
procedure guiding communication intensity and format is
missing, and thus one focus of our study. Our first research
question is as follows:

(1) How can we integrate knowledge for regional scenario
building in a collaborative research process among
disparate actors from science and practice?1

Understanding regional transformation requires a profound
system analysis before strategies can be defined, because urban
regions are complex and dynamic systems par excellence. Within
urban systems, we find a multiplicity of interrelated feedback
loops [41], and their detection and interpretation allow for a
better understanding of the adaptive potential and vulnerable
impact structures in the case region [42]. Insights into system
feedback loops to enable complex system understanding can be
considered a “key component of sustainability learning” [18; p.
439]. Previous research provides evidence for the misperception
of feedback principles as individuals tend to interpret contexts as
causally linear [43]; however, individuals can learn to perceive
and understand feedback loops. Meaningful representations of
circular feedback loop models (e.g., verbal, graphical, numerical)
can promote such learning processes [18,44]. Nevertheless, we
did not find a case application that integrates the identification of
regional feedback loops during scenario analysis. In fact, Burt [45]
argued for further development of system analysis techniques
within the scenario methodology to reveal systemic sources of
discontinuities and disruptive events in future system states. We
aim at a better understanding of the interdependent feedback
relations in the case region, together with stakeholders. Thus, our
second research question asks:

(2) How can we reveal major internal dynamics in the
form of intraregional feedback loops in a collaborative
scenario analysis?

Revealing feedback loops is one thing, but making the
knowledge and insights from a scenario analysis accessible to
all involved is another challenge. Providing adequate scenario
formats for communication and interpretation is particularly
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relevant when disparate stakeholder groups are involved [46].
Storylines are an established format in scenario analysis, and
comprehensible language and a clear structure are essential
when illustrating relevant characteristics of scenarios effec-
tively [29]. Specific terminology from different scientific
disciplines and practice domains, including urban planning,
transportation, social work, landscape architecture, and real
estate development, must be presented in a consistent and
comparable format (e.g., aspects of topography, infrastructure,
settlement identity, urban design). The interrelation of
socio-spatial characteristics on different spatial scales de-
mands a representation that integrates implications beyond
the originating scale. However, we could not find a storyline
format for scenario communication in the context of urban
and regional planning. Therefore, our third question is the
following:

(3) How can we describe scenarios with multi-scale
information for territorial futures enabling interpreta-
tion and communication between scientists and
practitioners?

In essence, this paper presents a collaborative process scheme
for scenario analysis in the field of regional development. We
contribute to the current discourse on coping with relational
complexity in the context of regional transformation strate-
gies. We obtained our results from a research project that
aimed at developing quality indicators for future urban living
environments in the Swiss Limmattal region (cf. Section 2).

This paper is structured as follows: we (i) provide
information on the case study area and (ii) the applied
functional-dynamic scenario methods. We then (iii) describe
the resulting impact factors, elements of the system feedback
loops, and the format for scenario presentation. The results
are (iv) discussed with regard to the value and innovative
potential of the implemented approach and in light of current
research on spatial scenario techniques. We then (v) raise
implications for future research and practice options before
concluding.

2. Case study area

The collaborative scenario analysis is carried out for a case
study of the Limmattal region, a suburban settlement belt in
the agglomeration of Zurich, Switzerland. The Limmattal is
selected as a typical suburban region that Schumacher and
colleagues describe as “a miniature of Switzerland” [8, p. 232].
The term suburban refers to the urban territories situated at
the fringes of, and in-between, the core cities with their
compact appearance. Particularly, in the Western European
context, these urban areas have been described ambiguously
as Zwischenstadt [47], an element of urbanscape [48],
postsuburbia [49], and the sprawled periphery [50]. One
common ground of these concepts is a lack of the character-
istic traits of the traditional compact European city; while at
the same time representing urbanity as a form of life,
independent from certain territorial boundaries. Implications
for planning in these urban areas are debated controversially.
Without dissent, though, is the demand for improving the
quality of life in these settlements.
Suburban spaces are both the result and driver of urban
development processes with unintended effects. The negative
effects of urban sprawl are directly perceptible in the reduction of
environmental quality, cultural heritage, and quality of life [7,8].

This holds particularly true for the Limmattal region, which is
comprised of 15 communities, all situated along the Limmat
River. The region extends over 24 kmbetween the cities of Zurich
and Baden, and has an area of 18561 hectares with about 165,210
inhabitants and 117,949 employees (as of 2010) [51,52]. In the
network of Swiss cities, the Limmattal region has an important
position as the western gateway to Zurich [48,53]. Due to its
topography, it is one of the major growth corridors for the
expansion of the largest city in Switzerland.

As Fig. 1 illustrates, the landscape is both dominated and
fragmented by an extensive, (inter-) nationally significant
infrastructure in the form of linear transport axes. It is
characterized by a patchwork of land uses, such as residential
neighborhoods, industrial areas, shopping centers, and areas for
nonproductive industries, as well as agricultural areas of
vineyards, fields, pastures, forests on tops of hills, and natural
areas along the river [8]. Current urban development is affected
by high rates of new inhabitants (+12,200; meaning +10%
from 2000 to 2010) [51,52], comprised of 32.6% non-Swiss
citizens compared to the average of 22.4% in all of Switzerland
[51,52,54]. With lower (but rising) land prices and rental rates
for housing and office space, compared to the central areas of
Zurich, the region currently attracts migration from Zurich and
other regions, and is characterized by a high number of
commuters. The region provides important spatial, economic,
and social buffers, as well as recreational and ecological
capacities for the core city of Zurich.

The structure and development pattern of the Limmattal
region are comparable to other European regions. We considered
regions to be comparable according to structure (e.g., orographic
or legal growth concentrations in suburban growth areas;
patchwork structures situated along major transportation axes)
and the current development patterns challenged by sprawl
phenomena (e.g., growth in population, jobs and subsequent
mobility demand, net migration gains, growth in built-up areas,
rising land prices). According to the structural analyses carried out
by Borsdorf and the European Environment Agency, we found
suburban settlement patterns around Florence in Italy, around the
city of Luxembourg and in the southern development axis of
Vienna (along Vösendorf), in Austria to have similar characteris-
tics [49,50]. This also holds true for the southern axis of
Gothenburg, Sweden, along the Mölndalsån River [55], and for
the outskirts of Talinn, in Estonia and of Bratislava, in Slovakia as
further examples [56].

3. Methods and procedural concept

3.1. Formative scenario analysis

The formative scenario analysis (FSA) was introduced by
Scholz and Tietje [35] and builds on a systematic, impact
factor-based procedure, while fully acknowledging intuitive
contributions. Within the category of systematic-formalized
techniques [57], the FSA does not build on probability
calculations. This distinguishes comparable systematic ap-
proaches such as cross-impact analyses [58] from the FSA,
which can further be distinguished from scenario techniques



Fig. 1. Location of the Limmattal region within the agglomeration of Zurich. (Source of base map: Swisstopo, 2011)

118 T. von Wirth et al. / Technological Forecasting & Social Change 89 (2014) 115–130
such as trend extrapolation and creative-narrative tech-
niques following the method typologies by Kosow [57].
Trend extrapolation techniques strongly depend on quanti-
tative data sets and mainly support projections of single
future states; however, they often neglect interactions.
Methods from the category of creative–narrative techniques
emphasize intuitive logic with less formalized but creative
approaches.

The FSA was chosen because, first, it allows the analysis of
direct variable impacts and internal scenario consistency in
matrix based approaches. Therefore, the relational complex-
ity of influencing factors in an urban region can be analyzed.
Second, the FSA particularly supports the exploration of
possible and plausible states with multiple alternative
futures, in contrast to narrow trend predictions. And third,
the FSA allows for the combined integration of qualitative
and quantitative information.

The FSA procedure originally consists of nine steps in four
phases (i–iv) as illustrated by Fig. 2. The goal & scope
formation (Fig. 2, steps 1.1–1.2) is the initial stage (i) of the
process, in which the functional goal and the spatial and
temporal system boundaries are determined, defining the
context that is addressed with the scenario study [29]. During
the system analysis (ii) the current system properties are
represented by a set of impact factors di (i = 1, …, F). These
impact factors (also referred to as descriptors) are defined
(Fig. 2, step 2.1) as decisive system elements that influence
current and future system behavior and are likely to impact
other elements [59]. With the formation of an impact matrix,
the assessment of direct mutual impacts among the defined
factors is carried out, resulting in ranks for activity and
sensitivity (also named passivity) (Fig. 2, step 2.2). A
thorough analysis of the resulting activity and passivity
ranking is done (preferably) with graphic representations,
such as a system grid (cf. Section 4.1) and system graph.
Visual representations of direct impacts allow further
understanding of the dynamic potential and structure of the
examined system (Fig. 2, step 2.3). We integrated a loop
analysis of critical system dynamics into the FSA to identify
the logic of system feedback loops between two or more
impact factors (Fig. 2, step 2.4).

Following the final selection of a sufficient set of impact
factors, (iii) the actual scenario construction starts with the
definition of future levels for each impact factor (Fig. 2, step
3.1). Each impact factor is described by at least two discrete
levels. A level ni can be either quantitative or qualitative.
Assuming that impact factor di represents energy consumption
per capita in the Limmattal region, we assigned three possible
future levels: di1 = 1 for a strong reduction in the individual
energy usage of 31%; level di2 = 2 for a solid reduction of 19%;
and di

3 = 3 for rather low decrease of 3%. The formal
description of a resulting scenario s is a specific, consistent



Fig. 2. Procedural steps in formative scenario analysis [adapted from 35]. Variations in type and format of communication between science and practice from the
perspective of the academic team [cf. 62].
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combination of levels n for a full set of each impact factor d
[35]. In Eq. (1), k is the total number of scenarios, while F
denotes the number of impact variables.

sk ¼ dnlk
i ; :::;d

njk

j ; :::;dnFk
F

� �T
: ð1Þ

Scenario construction and selection in the FSA contains
the calculation of internal consistency for all level combina-
tions. Internal consistency refers to the selection of only
logically possible scenarios. Our scenario selection followed a
concept-driven, top–down procedure [35], where we first
created future narratives for the Limmattal region based on
qualitative inputs from a group of practitioners and discus-
sions among the scenario analysts. The produced scenario
narratives were then described by the set of impact factors
and their respective, previously chosen levels, followed by a
formal assessment of their internal consistency (Fig. 2, step
3.2). Similar to the impact assessment, the consistency
analysis draws upon a matrix approach, and for all of the
impact factors, each specific combination of future levels is
rated according to its logical consistency. In the final phase
(iv), the scenario interpretation, results are described by
qualitative storylines in a structured form and interpreted
collaboratively by scientists and practitioners (Fig. 2, step
4.1). The interpretation and communication of the scenarios
were performed using a functional perspective and were
facilitated in a moderated group workshop (Fig. 2, step 4.2).
3.2. Systematic science–practice collaboration in scenario
development

The scenario study was carried out jointly by a research
group consisting of scientists from the disciplines of land-
scape and environmental planning, social sciences and
architecture, and the practice actors representing urban
designers, investors, and representatives of public authorities
from the case region. The actors in science and practice that
participated in the three workshops are shown in Table 1.
The practice actors were invited according to the degree that
they are affected by or are able to affect the research topic
due to their professional background, as well as their possible
regional knowledge.

Each procedural step of the FSA method has a specific and
adequate type of communication (Fig. 2), which depends on
the goal of the individual steps throughout the research
process. Hence, a functional-dynamic approach is used, as
introduced by Kruetli et al. [60] and Stauffacher et al. [61].
We distinguish three major types of communication (Fig. 2),
namely information, consultation, and collaboration. These
types vary in the directional flow of information [62],
intensity of commitment, and formats for interaction.

Information describes a unidirectional flow of information,
such as when academics inform practitioners about the
scientific procedures applied and findings obtained. An
example is when practitioners are informed about the
calculation of feedback loops that were conducted entirely
by the research team.

image of Fig.�2


Table 1
Overview of participating actors from science and practice during scenario workshops I, II and III.

Workshop I (N = 15) Workshop II (N = 24) Workshop III (N = 28)

Science–practice
interaction

5 urban designers from established
architecture offices;
9 scientists: Modeling group of
5 disciplines (architectural-,
environmental-, transport-,
and economic modeling, and
environmental decision-making)
interested in the scenarios as input
for spatial modeling systems;
1 moderator/process observer

6 representatives of authorities
(Federal administration, Canton of Zurich,
City of Schlieren and Dietikon);
2 representatives of regional planning
associations (Zürcher Planungsgruppe
Limmattal (ZPL), Limmattalbahn);
2 representatives of small and medium
enterprises conducting projects in the
Limmattal in the sectors infrastructure
planning and building technology;
1 scientist focusing on the analysis of the
Limmattal's spatial structure and potentials;
12 scientists: Modeling group of 5 disciplines;
1 moderator/process observer

4 urban designers from established
architecture offices;
6 representatives of authorities (City of
Zurich, Baden, Dietikon and Schlieren);
1 representative of regional planning
associations (Limmattalbahn);
2 representatives of small and medium
enterprises conducting projects in the
Limmattal in the sectors infrastructure
planning and real-estate development;
2 scientists focusing on the analysis of the
Limmattal's spatial structure and potentials
and on planning process design;
12 scientists: Modeling group of 5 disciplines;
1 moderator/process observer
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By consultation, we also refer to a form of one-way com-
munication, in which practitioners contribute their specific
knowledge. This is the case when stakeholders report on the
strengths and weaknesses of the case region to the academic
team.

Collaboration is a bi-directional type of communication of
the process and common findings. It includes binding
commitments, such as the jointly defined goal and guiding
questions of the scenario study.

These three types of communication varied throughout
the scenario procedure. During the phases of goal and scope
formation, and in the early steps of the regional system
analysis, the analysts relied on the integration of knowledge
from regional practice actors (Fig. 2, Steps 1.1–2.1). In order
to form relevant perceptions of future urban developments, a
common guiding question was jointly accepted in the
workshop; therefore, the type of communication used was
collaborative. The common guiding question reads:

“What are plausible regional qualities of the Limmattal
region in 2030 and 2050 with regard to the following
areas:

• urban and architectural design
• the aesthetics and perception of public space
• the adaptability, flexibility and possibility of spatial
conversion

• ecological sustainability
• social sustainability
• economic productivity requirements of a society based
on services and knowledge?”.

During the second workshop, the participating practi-
tioners conducted an analysis of strengths, weaknesses,
opportunities, and threats [SWOT-analysis; cf. 63,64]. In
addition to the workshop format, case encounters in the
region were carried out among the participants to improve the
understanding of the regional impact factors on-site. Based on
the outcomes of the SWOT-analysis, we determined regional
impact factors in five major domains for structuring the
descriptors: politics, economy, society, technology, and envi-
ronment (P-E-S-T-E). The definition of impact variables
benefited from consulting the practitioners to contribute to
crisp variable definitions. This first set was further evaluated
and reduced by scientific experts with regard to its sufficiency
and validity for representing the regional system (Fig. 2, steps
1.2 and 2.1). With the reduced set of 18 factors, an analysis of
direct mutual impacts (4-point ordinal scale from 0 = no
direct impact at all to 3 = strong causal impact) was carried
out by five scenario analysts. The set of impact factors then
was concentrated to 11 factors (d1–d11) in order to maintain a
manageable degree of complexity (Appendix Table 1).

Communication during the later stages of the system
analysis phase was mainly characterized by procedural
information provided from scientists to practice partners
(Fig. 2, steps 2.2–2.4). This procedural information contained
basic information on applied methods and planned
timeframes, such as that used for the analysis of feedback
loops and the expected format of the results. The phase of
scenario construction started with a consultation of the
practitioners on the suggested definitions of future levels
(Fig. 2, step 3.1). During the scenario analysis and selection, a
more intense consultation proved to be useful for collecting
the stakeholders' feedback on the scenarios' plausibility and
contextual relevance (Fig. 2, step 3.2–3.3). During the final
phase of the scenario interpretation, the participants from
academia and practice collaborated on the semantic profiles
of the storyline details. The results and possible practice
implications of the scenario study were then discussed in a
large group workshop (Fig. 2, steps 4.1–4.2).
3.3. Revealing crucial system dynamics

In order to cope with the relational complexity of urban
systems and their future dynamics, insights into feedback
loops are considered important [18]. We analyzed system
feedback loops through the direct mutual effects between
two or more impact factors. A feedback loop can be defined
as a causal, unidirectional relationship between at least two
impact factors in a system; therefore, it represents a circular
causality [42]. Within the logic of the FSA, a feedback loop is
given whenever an impact factor influences other factors
affecting back on the first one.
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For the loop analysis, we calculated the frequency of loops
in each impact relation between factors that were part of a
single loop. The analysis differentiated among loop classes for
impact factor relations, and was carried out with standard
system analysis software extended by a feedback analysis
module [65]. The maximum length of loops included in the
analysis was r = 7, as longer loops were assumed to have a
weaker impact [65]. Loops were calculated based on the
direct impact strengths of the descriptors used to identify the
most important loop, which was defined as the loop whose
impact relationships were involved in the highest number of
other loops [66].

We define a feedback loop L with a length r when it
combines r different impacts vi (i = 1,…,r). With every
single impact v, the number q denotes the frequency of
loops that contain the impact, and we calculate the mean
number q Lð Þ of all impacts in the loop L. We focus our analysis
on the most important loop Lmi, which can be described as the
loop that entails the highest q of all loops P in the system
(Eq. (2)).

q Lmið Þ ¼ max
L∈P

q Lð Þð Þ: ð2Þ

3.4. Guiding scenario interpretation with multi-scale narratives

When a scenario analysis is used to identify territorial
futures, the choice of spatial scale matters, and a storyline
format for a scenario communication in the context of urban
and regional planning demands a meaningful representation
of socio-spatial characteristics and their implications beyond
the originating regional scale. Therefore, we constructed
scenarios on a regional scale. Graymore et al. [67] argued
for the regional scale as the most appropriate scale for
learning about sustainability criteria in strategic planning
and assessment. This type of scale allows for identifying
preferences, values, and future expectations, which form
crucial factors in urban transformations [68,69]. However, a
regional scale level is embedded in a hierarchy of multiple
scales.

Relational impacts from and to other scale levels, such as
the national or the supranational level, can be considered as
exogenous factors. Such factors (e.g., the economic develop-
ment in Switzerland and Europe) can significantly affect
regional development; therefore, the interaction among scale
levels was acknowledged twofold. First, to ensure consisten-
cy with current national and European scenarios, two recent
scenario studies were taken into account: (i) the scenarios
developed by the European Spatial Planning Observation
Network (ESPON) at the European level [70]; and (ii) the
“Scenarios for sustainable settlement and infrastructure
development in Switzerland 2005–2030” [71]. The overall
logic of the superordinate scenarios was acknowledged
within the descriptor set, whereas the variables had to be
defined according to the specific conditions at the regional
level. Second, small-scale developments on a municipality
level were covered with the initial SWOT-analysis.

In order to illustrate the Limmattal region as it might be in
2030, we complemented the multidimensional, but rather
abstract, scenario table (Appendix Table 1) with qualitative
scenario storylines. Three major dimensions were chosen to
compare scenario storylines across scales and to facilitate
communication among different scientific disciplines and
with practitioners.

The first dimension describes functional characteristics
which are essential for illustrating the situation of a region
[72]. Thus, the scenario descriptions start by specifying the
functional area and the role of the Limmattal region in
Switzerland. Each alternative situation in the year 2030
is explained with regard to inter-/national relationships,
functional associations, connectivity, dynamics of develop-
ment, predominant societal values, culture of planning
(e.g., participative and cooperative), and the community
structure.

The second dimension depicts place qualities. The quality
of a place is affected by the interplay of existing physical
entities, their perception through diverse actors, and by a mix
of governing regulations on different spatial scales [14].

Bölling and Christ decode place qualities according to
networks, spaces, and places [73] in the discourse on the
Zwischenstadt concept. Oswald and colleagues [53] present
knots, relational flows, and boundaries as essential entities
in their theoretical conceptualizations on the Netzstadt.
Kurath [74] argues that the lack in place qualities, for
instance in the urbanscape of Switzerland, is a result of an
insufficient transfer of these “ideal-world” planning con-
cepts into applicable “real-world” interventions. A mean-
ingful format to communicate characteristics of socio-spatial
futures should, therefore, address different related layers of
intervention into place quality. Such intervention layers
integrate the urban environment on different spatial scales
including region, town, and parcels. They should also include
policy and actor aspects, pointing to possible sets of planning
instruments. The categories Structure, Gestalt, and Form,
outlined by Schaefer [75], provide our basic structure for the
scenario presentation according to the idea of interventional
layers:

- We interpret structure as determined by topographical
patterns, the allocation of land uses and land use densities
(zoning), and the infrastructure systems. Interventions
are guided by spatial and infrastructure planning on the
regional scale.

- Gestalt comprises the culturally perceived qualities of
villages and city districts and their potentials for trans-
formation on the city or district scale. This transformation
potential is given, for instance, by the reserves of building
zones. Communal and district plans are possible instru-
ments for intervention.

- Urban design, architecture, and the design of open spaces
generate a physical form, which makes objects and
ensembles spatially characteristic and recognizable. It
has historically evolved and refers to the local scale with
small-scale interventional plans.

A meaningful representation of future regional qualities
requires not only considering the physical environment and
its interaction with perceptions of actors and policy inter-
ventions at a variety of scales, but also to cover all dimensions
of the urban quality of life [76].

Thus, the third dimension includes the specific social,
economic, and environmental potentials of the region, and
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addresses them in the scenario storylines. The described
potentials entail the quality of living conditions (a mix of
social milieus and their place attachment); the attractiveness
of the business location (specified by local public infrastruc-
ture, economic structure, functional mix, and synergies of
value chains); and the quality of ecosystem services (ecolog-
ical and recreational connectivity, biodiversity, options for
recreation, and options for identification).

4. Results

In the following section, we first present the main
outcomes of the application of formative scenario analysis
in systematic science–practice collaboration. We then pres-
ent the most important feedback loop in the regional system.
Finally, we conclude the results section with structured
regional scenario outlines.

4.1. Regional impact factor assessment

Fig. 3 depicts the resulting system grid of the impact
analysis (Appendix Fig. 1) including mean values for the
activity and passivity of the variables. It shows the culture of
planning and planning instruments as active impact factors with
disproportionately high activity scores and relatively lower
Fig. 3. FSA system grid of direct variable impacts. Dotted lines indicate the mean valu
impact matrix above average of all variables, whereas the passivity rank is below av
above or below average in both activity and passivity sums are labeled ambivalent an
factor dimensions: : Politics, : Economics, : Society, : Technology, : Environ
passivity rankings. The culture of planning has the highest
impact on the case system, which is given by the ratio of
the activity and passivity scores. We identified a cluster of
ambivalent regional impact factors with disproportionately
high activity and passivity. These are economic and demo-
graphic development, relatedness to place, transport infrastruc-
ture, and density of uses, of which economic development
showed the highest activity scores. Although they are highly
sensitive, ambivalent impact factors strongly influence other
system elements; therefore, ambivalent factors show high
system embeddedness.

Three impact factors have disproportionately high pas-
sivity and relatively low activity scores. Social structure,
spatial appearance, and energy efficiency are passive, although
energy efficiency is the most reactive system element. The
realization of optimal energy demand and supply patterns is
strongly influenced by the diverse characteristics of other
system elements, such as the demographic development,
density of uses, or transport infrastructure.

The remaining group of eight impact factors shows below
average activity and passivity. System factors such as comm-
unity structure, ecological connectivity, and segregation are
buffering factors, each ofwhich has a low tomoderate influence
on the system. They can be considered to be stabilizing the
system.
e of activity and passivity ratings. Active variables score activity ratings in the
erage; passive variables are impacted by other variables and score. Variables
d buffering variables, respectively [35]. Icons illustrate the determined major
ment (natural and built).

image of Fig.�3


Fig. 4.Most important system feedback loop. Displayed are direct impacts ≥2. Color of impact factors indicates factor type according to activity (left number) and
passivity (right number) scores. Colors of loop relations indicate frequencies of loops involved in this impact conjunction. The loop whose impact conjunctions are
involved in the highest number of other loops is considered the most important loop in terms of the system's internal dynamics.
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4.2. Crucial system dynamics in the region

As illustrated in Fig. 4, the most important feedback loop
spans the factors of demographic development, social structure,
transport infrastructure, community structure, and spatial
appearance, relating again to demographic development. It
describes a core process of socio-spatial interaction that can
either be positive, thus reinforcing the system dynamics
in the Limmattal region, or negative, predicting a stabilizing
characteristic for the region. Demographic development is
assumed to be the emanating factor, which is strongly
driven by further extra-regional impacts, such as immigra-
tion into the greater Zurich agglomeration, its economic
development, and the housing market. Alteration in the
regional demographic development of the Limmattal region
determines the social structure of the population in the case
region.

Behavioral patterns of mobility choices are impacted by
changes in the social structure. This can lead to differing
modal splits, which set the demands on transportation
infrastructure, and changes in transportation infrastructure
affect the community structure. Steering mobility flows and
planning future transportation infrastructure exceeds the
boundaries of single communities, such as regional commuter
flows or the financing of major investments in transpor-
tation infrastructure. Such region-wide characteristics of
transportation infrastructure demand the common engage-
ment of communities, and they enlarge the need for concerted
planning among communities. Combined with common op-
erating institutions and possible cost efficiencies in region-
wide operations, the need for concerted action can trigger
changes in community structure, such as the amalgamation
of communities.

Currently, an integrative process among communities can
be observed in the Limmattal region with the possible amal-
gamation of the communities of Killwangen and Spreitenbach
in 2015. With significant changes in community structure, the
spatial appearance of the region in terms of the functional and
visual quality of the quarters is affected. Amodified community
structure will result in differing political and planning foci with
subsequent spatial development interventions (e.g., zoning).
Ultimately, the overall spatial appearance influences demo-
graphic development by attracting more (or less) migration
from outside the region.
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4.3. Scenario descriptions2

The four resulting scenarios are presented here with their
key characteristics. The scenario “Character City” (i) presents
the Limmattal region with a strong identity, achieved through a
clear sequence of attractive centers and a mix of contrasts in
land uses and architecture. Traditions are preserved and current
transformation dynamics are deployed as opportunities. In the
scenario “Smart City,” (ii) the Limmattal region is positioned as a
clean-tech pioneer. It is characterized by the highest possible
energy efficiency through high densities of services and short
distances, the implementation of cutting-edge technology in
buildings, open spaces and transport infrastructure, and an
optimal, attractive modal split infrastructure design. The market
steers the development in the scenario, “Pure Dynamic,” (iii)
resulting in a fuzzy mix of commercial areas, settlements,
green spaces, and transport areas, without creating a character
specific to the Limmattal region, as there is no overall regional
development concept. “Charming Valley” (iv) presents the
region as a human-nature ecosystem with a strong interpene-
tration of a dense city with small-town values in amodern form,
and a productive and resource-rich landscape. In this scenario,
the region is characterized by a robust and cross-linked system
of green spaces, which guides settlement development.

The storylines depict four different foci of possible trans-
formations in the region, emphasizing design, technological,
economic, or ecological aspects. Within those possible trans-
formation states, the role of planning interventions is assumed
to differ significantly. At the level of the most active variable,
culture of planning (d1) the scenarios can be distinguished from
the intense cooperation among planning actors and high levels
of participation in the Character City scenario, to no coopera-
tion among communities in the market-driven Pure Dynamic
scenario. The intense cooperation among the communities in
the Character City scenario is reflected by a full amalgamation
of the current communities. The level of the impact factor,
community structure is described as one administrative unit
called Limmattal City. The full amalgamation of all existing
communities describes a radical yet possible shift in adminis-
trative structures, which would also be realized in the Smart
City scenario. The development towards a highly innovative
clean-tech region would require bundling the community
structure (e.g., financing and spatial capacities) for the highest
energy efficiency in dense suburban structures. In the scenarios
Pure Dynamic and Charming Valley, the existing 16 commu-
nities would remain as they are currently.

The Charming Valley scenario describes a future state in
which a well-balanced human–environment ecosystem leads
the overall development of the valley. A new light rail train, the
Limmattalbahn, then plays one crucial role in the system's
characteristics. Significant development projects in the regional
transportation infrastructure are also assumed for Character City
and for Smart City in particular. For the Pure Dynamic scenario,
further investments into public transport would be low.

Transportation infrastructure and community structure, as
identified elements of themost important feedback loop (Fig. 4),
are factors within the loop on which planning can have a direct
influence. However, the effects of such planning interventions
2 The full scenario descriptions are given as supplementary material in the
web version of this paper.
remain subject to the influences of further factors, and remain to
be discussed.

5. Discussion

In the following section, we first discuss the procedural
findings to integrate knowledge for scenario building among
actors from science and practice. Second, we interpret our
results for the regional impact dynamics in the Limmattal
region. This includes reflecting on the most important
feedback loop identified. Third, we consider the value of the
presented structuring of scenario narratives.

5.1. Science–practice collaboration in scenario building:
procedural orientations

There is a vibrant discourse on how territorial scenarios can
represent spatial complexity in a meaningful way by integrat-
ing knowledge between actors from science and practice
[9,39,40]. We extend the current discussion by presenting a
functional-dynamic approach for the scenario development
and analysis process. During this process, we alter (dynamic
aspect) the type and format of communication according to
the aim of the respective process step (functional aspect).
We postulate that applying the presented approach eases
the collaboration and advances meaningful representations
of knowledge sources for scenario construction. Our approach
leads tomore transparency, and clarifies, which knowledge from
whom should be taken up during which phase of the scenario
process. A clarity in roles and responsibilities of science and
practice actors,whichwas also found by Eames and Egmose [77],
who present a five-phase procedure of community foresight.
They conclude that a key success factor of their procedure is the
“clear distinction over the respective roles and responsibilities
of the different participant groups, which recognized and valued
the differing knowledge and expertise of those involved”
(p. 778). In providing systematic guidance on the information
flow and collaborative intensity, our presented scheme goes
beyond other applications of formative scenario analysis ob-
served thus far [32,35,78]. The approach may be suitable to alter
the commitment among the different disciplines and practice
actors.

A systematic evaluation of the beneficial effects has yet to be
carried out. Currently, our first evaluation builds upon personal
process experiences and feedback given at the end of the
scenario project, and points in a positive direction: stakeholders
welcome the greater clarity about what is expected from them
and how their input was taken into account. For future research,
we suggest a systematic evaluation to be carried out in a
comparative study between different types of process guidance
for scenario development.

The resulting scenarios are seen as a socially robust
outcome [18], able to attract societal consensus on future
development. The choice of practitioners that participated in
the study should, however, be considered critically. In line
with Wangel [38], we observed the relationship between the
choice of participants and the outcomes of scenario analysis;
both the process and its result depend on their backgrounds of
knowledge, values, and goals. Thus, the potential consensus
might not be fully realized. Yet the participants certainly
could profit from the exercise by gaining an improved insight
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into the relational complexities of the case. The degree to
which this kind of scenario study facilitates capacity building
among key practice partners within the region has yet to be
understood.

We interpret scenario planning as a learning space to explore
plausible future states of regional development. Meissner and
Wulf [79] recently examined cognitive impacts of scenario
planning on framing bias and decision quality. In contrast to
Meissner and Wulf, who conclude that scenario planning may
increase the decision quality, we ask for cautionwhen observing
scholars claiming scenario analysis as a tool for direct decision
support. From our perspective, scenario techniques are suitable
to facilitate the process of opening up for future orientations,
for example, between practitioners and scientists. Thus, we
emphasize that the formative (“forming”) capacity of the chosen
scenario approach is heuristic only.

5.2. Interpretation and reflection on regional impact dynamics

In this research work, we first identified a set of 18 impact
factors according to their activity and passivity within the
Swiss Limmattal region. In addition, based on the outcomes of
the regional system analysis, we presented themost important
regional feedback loop.

Although the factors of planning instruments and the
culture of planning are both active system elements, the
culture of planning showed the highest impact strength of all
factors in the analysis. The factor of economic development
had the highest activity scores, whereas energy efficiency
was the most reactive system element. In addition, we found
ambivalent factors such as demographic development and
transport infrastructure with high activity and passivity
levels (above average). These highly embedded factors suggest
that regional development in the Limmattal region is driven by
economic and demographic development. This rather obvious
finding is supported by previous research describing economic
and demographic development as the crucial driving forces of
regional urban development [80,81].

It is essential to ask in which way regional development can
be influenced by planning interventions. Although economic and
demographic development are not steerable directly, Friedman
[82] emphasized the influence of the culture of planning. In
line with Keller [83] regarding differences in the culture of
planning,we observed disparate planning cultures, expressed in
preferences for zoning regulations, and theweighing of possible
interventions to reach future states, within ourworkshop series.
In contrast to Keller and colleagues, the culture of planning is
understood in a wider context in this study. It refers to the
form and level of collaboration and participation of planning
actors, and further involves the mode by which meaningful
planning instruments are applied. We postulate that with a
more concerted culture of planning across municipal and
disciplinary boundaries, actors will be more likely to affect
the spatial appearance of the whole region.

Based on the outcomes of the regional system analysis, we
identified the most important feedback loop. Aiming at a
better understanding of feedback relations in the case region,
our results demonstrate that we can initiate feedback thinking
together with stakeholders. Feedback loops, reinforcing or
balancing, are major drivers of development throughout
cities [84,85].Within themethod used, the polarity of feedback
loops is not included, since polarity refers to the positive
(reinforcing) or negative (stabilizing) character of the loops.
Polarity may deliver important qualitative information about
the loop effect on the originating factor and, hence, back on the
system itself. However, Kim [86] points to a major weakness
when analyzing the polarity of feedback loops. It does not
answer which loops are most dominant.

The most important loop represents the main loop for the
system's internal dynamic, and the loop's importance can be
described as the intensity of the relational embedding within
the system. In fact, Tietje [66] argues that the number of
loops passing through an impact depicts the intensity of the
feedback; however, detecting the most important loop
should be clearly distinguished from the overall functioning
of the system, as other important loops exist. These other
important loops can be as crucial for the functioning of the
system as the most important one [cf. 66]. Still, it is essential
to retrieve loops by importance to facilitate the stakeholder
discourse.

The nature of feedback loops implies a significant time
lapse until impacts occur, which creates a challenge in
communicating the implications of loop findings to regional
stakeholders and decision-makers. Our graphical represen-
tation of system dynamics proved to be useful, particularly
to represent the most important loop. However, we ob-
served very controversial perceptions of the presented loop
by the participants. While some practice actors agreed on
the usefulness of the feedback loop with respect to learning
about current regional dynamics, others questioned its
applicability to specific local contexts. We critically empha-
size the sensitivity of the loop factors over time as they
reflect the internal dynamics perceived today. Future changes
in the region (e.g., a major disruptive event) might lead to
significant changes in the relationship of activity and passivity
scores, or the overall composition of the set of relevant
variables.

In our study, the most important loop appears among the
five variables: demographic development, social structure, trans-
port infrastructure, community structure, and spatial appearance.
Our findings describe a mechanism of socio-spatial interre-
latedness, and we interpret this mechanism as an additional
systemic driver of sprawled and fragmented land use patterns
in suburban Switzerland.

Demographic development has already been identified as
a major force in shaping regional transformation. With a
population growth of +10% between 2000 and 2010 [51,52],
and the number of jobs at +40% from 1985 to 2005, the
social structure within the valley has changed significantly
[87]. Not surprisingly, transport infrastructure solely offers
the potential for direct interventions by urban and infra-
structure planning. The mode of transportation has, without
doubt, been found to be associated with regional settlement
structures [6]; although, the interpretation of impact causali-
ties between transport infrastructure and fragmented land use
patterns remains circular. Still, we can argue that interventions
in the transport infrastructurewill impact regional development
either towards more concentrated and compact or towards
disperse and fragmented structures.

Our loop findings now demonstrate that besides the
obvious effects, we can expect additional systemic relation-
ships in community structure and spatial appearance back at
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demographic development. Changes in community struc-
tures in Switzerland are common in the form of community
amalgamations [88] which influence the spatial appearance
of a region, as planning nuclei and spatial clustering
(e.g., zoning) occur in a new administrative framework.
The question of place quality would then be debated in a
different administrative and spatial context. Yet, the inter-
ferences among different scale levels on feedback loops are
still subject to further research.

In essence, with the analysis of themost important feedback
loop, we observe a representation of the relational complexity
that goes beyond direct or indirect variable impacts on place
quality in the Limmattal region. Our procedure highlights the
necessity for integrating such representations into strategic
planning processes for urban regions. This type of procedure is
in line with Sieverts [47], asking to better incorporate the
plurality of factors and their interrelatedness for a rearticulation
of regional development strategies.

The reflection of the most important feedback loop aims at
a better understanding of systemic forces for transformation
within an urban region. This illustrates the idea of an “urban
transformation involving a host of factors operating over a
long period of time” [89, p. 50], by Pacione. Feedback loops
point actually to such long-term developments. In his
theoretical reflection on urban origins Pacione refers further
to the essential roles of “social stratification and individual
and group decision-making underlying the complex reality
of the transformation” [89, p. 50]. We find the social
stratification represented in the most important feedback
loop with our variable social structure. Individual and group
decision-making are in our view represented as inherent
process characteristics in the interaction of all loop elements,
referring to the central role of the diverse actors in urban
transformation.

Within our transdisciplinary research setting we jointly
develop orientations on urban futures among a group of
actors from science and practice. Our findings substantiate
thus the theoretical concept of useful knowledge in urban
geography brought up by Pacione [90], who describes
academic research alone as no longer sufficient to provide
orientation for transformations of the contemporary urban
environments [76; p. 29]. In fact, both the integration of
feedback thinking and the collaboration of science and practice
in a transdisciplinary research process can be understood as
an essential step towards meaningful representations of the
urban realm.

5.3. Reflecting on adequate formats for communicating spatial
scenarios

With research question 3 we raised the issue of present-
ing territorial scenario narratives in a consistent and
systematic manner. The guiding dimensions of Structure,
Gestalt, and Form integrate functional and quality charac-
teristics with information across scales. By this, we are able
to describe the future images of a region, representing their
relational implications beyond the regional scale. Structure
depicts the level of spatial planning on the regional scale;
Gestalt focuses mainly on the district and quarter level;
and specifications of Form address architectural design
on a project or parcel level. Our resulting scenario format
eases the translation of qualitative narratives into spatially
explicit data formats required as input for extensive spatial
modeling systems. Thus, it offers not only an interface to
practice, but also to other scientific disciplines that can join
the scenario process for more in-depth analysis of regional
interrelationships. The involved practitioners emphasized
the usefulness of the format to compare the scenarios;
however, we clearly acknowledge the need to systemati-
cally evaluate the impacts of communication with different
scenario formats.
6. Conclusions

Scenario development in an urban region shows the
potential to support coping with relational complexity and
actor diversity when asking for guidance on possible future
developments. We demonstrated a scenario procedure with
a functional-dynamic cooperation among actors from sci-
ence and practice. This approach allows for knowledge
integration and the construction of a common representa-
tion of plausible future system states. By analyzing feedback
loops, we deepened system understanding with an explicitly
relational component and opened up discourses on adapting
hidden loop dynamics in a region. We postulate that the
analysis andmutual interpretation of important feedback loops
with regional stakeholders can enhance feedback thinking
during the scenario study. It, therefore, is a means to generate
better strategies to cope with the relational complexity of
spatially explicit systems in urban planning. However, the
expected time lapses within feedback loop dynamics and
their interference with different scale levels have yet to be
analyzed. The dimensions of Structure, Gestalt, and Form offer
a consistent and clearly structured format for presenting
scenario narratives, and ease translation into quantitative
descriptors for further urban system modeling. Whether or
not the transformed societies described in the scenarios are
desirable and probable has to be the subject of further
analysis; therefore, itmust be reflected criticallywhen scenario
analysis is presented as a tool for direct decision support. From
our perspective, scenario techniques are suitable in facili-
tating the process of opening up for future orientations
between practitioners and scientists. Thus, our presented
scenario approach should be regarded as heuristic only.
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Appendix Table 1
Scenario matrix: Definition of impact variables (d1–11); their levels in the current reference state of 2010 and the four scenarios in 2030.

Impact variables (di) Current state Character city Smart city Pure dynamic Charming valley

Culture of planning (d1)
Form and level of collaboration
and participation of
planning actors.

Medium level of public
participation; poor
collaboration with other
communities

Higher level of public
participationa; cooperation
within/good connections to
other communities

Medium level of public
participationa; good
collaboration within/
connections to other communities.

Medium level of public
participationa; no cooperation
within the community

Medium level of public
articipationa; good
collaboration within/good
connections to other communities.

Community structure (d2)
Amount, size and administrative
responsibilities of the communities.

16 Limmattal City Limmattal City 16 16

Economic development (d3)
Economic performance and
the population's economic wellbeing.

117,949 employeesb 138,000 employeesc

(growth: +17%)
138,000 employeesc

(growth: +17%)
138,000 employeesc

(Growth: +17%)
138,000 employeesc

(growth: +17%)

Population development (d4)
Demographic development.

165,210 inhabitantsb 196,600 inhabitantsc

(growth: +19%)
196,600 inhabitantsc

(growth: +19%)
196,600 Inhabitantsc

(growth: +19%)
196,600 inhabitantsc

(growth: +19%)
Life style groups (d5)
Standard of living, social structure
and population groups' main
characteristics

Life style diversity, market
driven

Dynamic life style diversity,
steered by planning

Focusing on different lifestyle
groups

Dynamic life style diversity,
steered by socio-economic
market drivers

Dynamic life style diversity,
steered by planning

Segregation (d6)
Intensity of polarization
and spatial disaggregation
of different population groups.

Mixed society within the valley,
rather separated within the
community, building blocks
and buildings

Mixed society within the valley
and community, separated in
building blocks and buildings

Mixed society within the valley,
separated within the community,
building blocks and buildings

Mixed society within the valley,
separatedwithin the community,
building blocks and buildings

Mixed society within the valley,
mixed within the community,
mixed in building blocks,
separated in buildings

Energy efficiency (d7)
Efficiency of buildings and transport.

Reference year BFE scenario IIId

(−19%)
BFE scenario IVd

(−31%)
BFE scenario Id

(−3%)
BFE scenario IIId

(−19%)
Transport infrastructure (d8)
System characteristics of traffic
infrastructure for all transport modes.

No light train “Limmattalbahn” With “Limmattalbahn” “Limmattalbahn”, further public
infrastructure, cross connections
in the region

Without “Limmattalbahn” “Limmattalbahn”, further public
infrastructure, cross connections
in the region

Local identity (d9)
Identification of the population
with the region.

No own character Developing a strong own
character

Developing a strong own
character

Developing no own character Developing a strong own
character

Ecological connectivity (d10)
Connectivity of green and open spaces
as well as their design and age.

Poor connectivity crossing
the Limmattal and poor regional
connectivity

Connectivity is enhanced but
bad on a regional level

Connectivity is enhanced but
bad on a regional level

No active enhancement of
connectivity

Optimal on regional level

Density of uses (d11)
Concentration of uses and functions
per area and intensity of uses.

Core centers Utilization
Factor (UF) = 1.2e

Living areas Utilization Factor
(UF) =0.5e

Moderate densification in core
centers;mild densification in living
areas; higher multifunctionality
Core centers UF = 1.9 e,f

Living areas UF = 0.9 e,f

Strong densification in core
centers; moderate densification
in living areas; very high
multifunctionality
Core centers UF = 2.3 e,f

Living areas UF = 1.3 e,f

Moderate densification in
core centers; mild densification
in living areas; higher
multifunctionality
Core centers UF = 1.9 e,f

Living areas UF = 0.9 e,f

Mild densification in the core
centers; higher multifunctionality
Core centers UF = 1.6 e,f

Living areas Uf = 0.6 e,f

References.
a S.R. Arnstein, A Ladder of Citizen Participation, J. of the Am. Plan. Assoc., 35(4), (1969) 216–224.
b Statistical Office Canton Zurich, Cantonal and communal statistics, 2010. Statistical Office Canton Aargau, Cantonal and communal statistics, 2010.
c ZPL, Entwicklung der Region 1985–2005, in, Facts and Figures ZPL, Sennhauser, Werner & Rauch AG, Schlieren, 2007. RZU, Regional planning Zurich and the surrounding area, Available online: http://www.rzu.ch
(accessed: June 11th 2011). Association on location marketing Limmattal, 2011, Available online: http://www.standort-limmattal.ch (accessed: June 12th 2011).
d Bundesamt für Energie, Energiestrategie 2050, Available online:http://www.bfe.admin.ch/themen/00526/00527/index.html?lang=de&dossier_id=05024 (accessed: June 05th 2011).
e City of Zurich, Bau- und Zonenordnung der Stadt Zürich (BZO), Available: http://www.stadt-zuerich.ch/hbd/de/index/staedtebau_u_planung/planung/bzo.html (accessed: June 12th 2011).
f Personal communication with Patrick Schirmer on zoning densities in the Canton Zurich; EU-project SustainCity (http://www.sustaincity.org).

Appendix A
127

T.von
W
irth

et
al./

TechnologicalForecasting
&

SocialChange
89

(2014)
115

–130

http://www.rzu.ch
http://www.standort-limmattal.ch
http://www.bfe.admin.ch/themen/00526/00527/index.html?lang=de&dossier_id=05024
http://www.stadt-zuerich.ch/hbd/de/index/staedtebau_u_planung/planung/bzo.html
http://www.sustaincity.org


Appendix Fig. 1. Impact matrix: Direct impacts of each variable on individual system variables (rounded means of all rating scores); ratings are based on a 4-point
scale (0 = no causal impact at all; 1 = low causal impact; 2 = medium causal impact; 3 = strong causal impact).
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Appendix B. Supplementary material

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.techfore.2013.08.030.
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