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Summary

This study analyzes new forms of combined and integrated scenario methodologies, which are used
to construct exploratory socio-environmental scenarios. It makes conceptual and empirical contribu-

tions to futures studies and to inter- and transdisciplinary environmental and sustainability research.

For 15 years, scenario approaches for the construction of socio-environmental scenarios have been
established, which combine qualitative scenario methods with numerical modeling and simulation.
They have become state of the art by replacing scenario approaches based on modeling alone. Com-
bined scenario approaches are used to explore the future of socio-environmental systems scientifi-
cally, and to supply society and policy makers with the best possible information on possible

alternative future developments in climate, biodiversity, land use, water, resources and energy, etc.

Combined scenarios are characterized by a deep methodological and epistemological hybridity, as
they combine approaches and perspectives from different realms. This makes their appeal but also
raises enormous challenges. At the same time, literature on combined scenarios has thus far provid-
ed little conceptual orientation for the comparison, design, assessment and implementation of dif-
ferent forms of combined approaches. In practice, the so-called Story and Simulation (SAS) approach
is dominant, coupling intuitive scenarios with simulation, and postulating an iterative refinement of

both components.

Against this background, this study explores new avenues: Cross-impact balance analysis (CIB), a
systematic-formalized yet qualitative form of systems analysis, is combined with numerical modeling
and simulation (CIB&S). As yet, this approach was explored neither empirically nor conceptually in a
systematic way. Still, in energy and climate research, the expectation is formulated that this ap-
proach might balance the difficulties of combined scenario approaches of the SAS type, especially
with regard to traceability and consistency. This study asks whether and how CIB can be combined
with numerical modeling and simulation to support inter- and transdisciplinary research teams in
constructing qualitative and quantitative or integrated exploratory scenarios of socio-environmental
systems. It focuses on forms of the combination of CIB&S; on effects on traceability and consistency
as well as on further (unintended) effects of the use of CIB within such combinations; and finally on

factors influencing these effects.

Combined scenario approaches are conceptualized in this study as inter- and transdisciplinary meth-
odologies. Each application is characterized by an individual social, technical and data-related organi-
zation. Based on a review of the literature on combined scenario approaches, central dimensions to
characterize forms of the combination of qualitative and quantitative scenario methods are devel-

oped. In addition, a model of the typical phases of a CIB&S process is designed. To assess effects,
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working definitions of scenario traceability and scenario consistency are proposed and operational-

ized.

This conceptual framework structures the empirical analysis of two exploratory case studies. The first
case studies a method demonstration for the German Federal Environment Agency (UBA). In this
case, CIB is used to analyze societal framework assumptions of environmental models and to con-
struct plausible sets of assumptions until the year 2030. The second case studies a full pioneer appli-
cation of CIB&S in the context of a megacity project for the German Federal Ministry for Education
and Research (BMBF). In the latter case, CIB is combined with a material flow simulator, to construct
integrated scenarios on the possible water futures of Lima, Peru, until the year 2040. Both cases are
qualitatively analyzed and interpreted, based on participant observation, interviews with process

participants as well as process documents.

The study shows that in different (ideal typical) forms of its combination with numerical modeling
and simulation, CIB takes over different functions. The combined form, in turn, is mainly influenced
by the position of both components within the process as well as by their degree of integration.
CIB&S methodologies can successfully support scenario traceability, and contribute to both the in-
ternal consistency of the qualitative scenario component and the consistency between qualitative
and quantitative scenario components. The stronger the degree of integration between CIB and sim-
ulation model, the stronger these effects. However, integration requires that the models underlying
the scenarios, i.e. the conceptual CIB model as well as the numerical modeling and simulation, are
made explicit and accessible, are compared with and, if applicable, adapted to each other. In addi-
tion, CIB&S approaches can create new checks and balances within combined scenario methodolo-
gies, when the definition of scenarios as well as the selection of scenario samples is assigned to the
CIB and to the CIB participants. CIB&S approaches seem to be less suitable for the construction of
explicitly normative or participatory scenarios. Instead, CIB&S approaches do support the participat-
ing experts in better analyzing, structuring and reflecting their knowledge, their assumptions and
their ideas on possible future developments of socio-environmental systems. The external users of
CIB&S-based scenarios can benefit from the improved accessibility of assumptions on uncertainty
and complexity, which underlie the qualitative and quantitative or integrated scenarios, as these

become criticizable in the first place.

Overall, this study makes steps toward more conceptually grounded and more reflective research on

the diversity of possible variants of combined and integrated scenario methodologies.
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Zusammenfassung

Zusammenfassung

Diese Studie untersucht neue Formen kombinierter und integrierter Szenario-Methodologien, die zur
Konstruktion von explorativen Mensch-Umwelt-Szenarien eingesetzt werden. Sie leistet einen kon-
zeptuellen und empirischen Beitrag zur Zukunftsforschung sowie zur inter- und transdisziplinaren

Umwelt- und Nachhaltigkeitsforschung.

Szenario-Ansatze, die zur Entwicklung von Mensch-Umwelt-Szenarien qualitative Szenariomethoden
mit numerischer Modellierung und Simulation kombinieren, etablieren sich seit etwa 15 Jahren. Sie
|6sen allein auf numerischer Modellierung beruhende Szenario-Ansatze als State of the Art ab. Kom-
binierte Ansatze werden eingesetzt, um zukiinftige Entwicklungen von Mensch-Umwelt-Systemen
wissenschaftlich zu explorieren, und um Gesellschaft und Politik bestmogliche Informationen Uber
mogliche alternative Zukinfte von z. B. Klima, Biodiversitat, Landnutzung, Wasser, Ressourcen und
Energie zur Verfliigung zu stellen. Kombinierte Szenarien sind durch eine tiefe methodische sowie
epistemologische Hybriditdat gekennzeichnet, da sie Ansdtze und Perspektiven aus verschiedenen
Bereichen zusammenbringen. Dies macht ihren grofRen Reiz aus, stellt sie aber auch vor enorme Her-
ausforderungen. Gleichzeitig bietet die Literatur zu kombinierten Szenarien bisher wenig konzeptuel-
le Orientierung fiir Vergleich, Bewertung, Design sowie Einsatzbereiche verschiedener kombinierter
Ansatze. In der Praxis dominiert der sogenannte Story And Simulation (SAS) Ansatz, in dem intuitive

Szenarien mit Simulationen gekoppelt und iterativ verfeinert werden.

Vor diesem Hintergrund geht diese Arbeit neue Wege: Die Cross-Impact Bilanzanalyse (CIB), eine
systematisch-formalisierte aber qualitative Form der Systemanalyse, wird mit numerischer Modellie-
rung und Simulation kombiniert (,CIB&S’). Dieser Ansatz ist bisher weder empirisch noch konzeptuell
auf systematische Weise untersuchten worden. In der Energie- und Klimaforschung wird jedoch er-
wartet, dass er die Schwachen kombinierter Szenario-Ansatze vom Typ SAS vor allem in Bezug auf
ihre Nachvollziehbarkeit und Konsistenz ausgleicht. Diese Studie fragt, ob und wie CIB mit numeri-
scher Modellierung und Simulation kombiniert werden kann, um inter- und transdisziplindre For-
scherteams bei der Erstellung von qualitativen und quantitativen bzw. integrierten explorativen
Mensch-Umwelt-Szenarien zu unterstiitzen. Im Fokus der Analyse stehen Formen der Kombination
von CIB&S; Wirkungen auf Nachvollziehbarkeit und Konsistenz sowie weitere (nicht-intendierte) Fol-
gen der Verwendung von CIB innerhalb solcher Kombinationen, und schliefRlich diejenigen Faktoren,

die diese Wirkungen beeinflussen.

Kombinierte Szenario-Ansatze werden in dieser Studie als inter- und transdisziplindre Methodologien
konzeptualisiert, die in ihrer praktischen Anwendung jeweils eine individuelle soziale, technische und
datenbezogene Organisation aufweisen. Aus dem Forschungsstand zu kombinierten Szenarien wer-

den zentrale Dimensionen zur Charakterisierung unterschiedlicher Formen von Kombinationen von
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gualitativen und quantitativen Szenariomethoden abgeleitet. AuRerdem wird ein Modell fiir die typi-
schen Phasen eines CIB&S-Prozesses entwickelt. Zur Bewertung von Wirkungen werden Arbeitsdefi-

nitionen von Szenario-Nachvollziehbarkeit und Szenario-Konsistenz entworfen und operationalisiert.

Dieser konzeptuelle Rahmen strukturiert die empirische Analyse von zwei explorativen Fallstudien.
Der erste Fall untersucht eine Methodendemonstration fir das Umweltbundesamt (UBA). In diesem
wird CIB eingesetzt, um die (gesellschaftlichen) Rahmenannahmen von Umweltmodellen zu analysie-
ren und in sich stimmige Annahmenbiindel bis zum Jahr 2030 zu konstruieren. Der zweite Fall ist eine
vollstandige Pionieranwendung von CIB&S im Rahmen eines Megacityprojektes fiir das Bundesminis-
terium fir Bildung und Forschung (BMBF). In diesem wird CIB mit einem Stoffstromsimulator kombi-
niert, um integrierte Szenarien Gber mogliche Wasserzukinfte von Lima, Peru, bis zum Jahr 2040 zu
erstellen. Beide Falle werden auf Basis von teilnehmender Beobachtung, Interviews mit Prozessbetei-

ligen sowie Prozessdokumenten qualitativ analysiert und interpretiert.

Die Studie zeigt, dass CIB in verschiedenen (idealtypischen) Formen der Kombination mit numeri-
scher Modellierung und Simulation verschiedene Funktionen tGbernimmt. Die Form der Kombination
wird dabei vor allem durch die Position beider Komponenten sowie durch den Grad ihrer Integration
bestimmt. CIB&S-Ansatzen kann es dabei gelingen, die Szenario-Nachvollziehbarkeit zu unterstiitzen,
sowie zur inneren Konsistenz der qualitativen Szenario-Komponenten und zur Konsistenz zwischen
qualitativen und quantitativen Szenario-Komponenten beizutragen. Je starker der Grad der Integrati-
on zwischen CIB und Simulation, desto starker sind diese Wirkungen. Integration setzt jedoch voraus,
dass die den Szenarien zugrundeliegenden Modelle, d.h. sowohl das konzeptuelle CIB Modell als
auch die numerische Modellierung und Simulation, explizit und zuganglich gemacht, miteinander
verglichen und gegebenenfalls aneinander angepasst werden. Weiterhin konnen CIB&S-Ansatze die
,Checks and Balances’ innerhalb kombinierter Szenario-Methodologien verdndern, wenn die Definiti-
on von Szenarien sowie die Auswahl von Szenario-Samples an die CIB und ihre Beteiligten Gbertragen
werden. Zur Erstellung von explizit normativen sowie von partizipativen Szenarien erscheinen CIB&S-
Ansdtze weniger geeignet. Stattdessen unterstlitzen CIB&S-Ansitze die teilnehmenden Experten
dabei, ihr Wissen, ihre Annahmen und ihre Ideen zu moéglichen zukiinftigen Entwicklungen von inter-
dependenten Mensch-Umwelt-Systemen besser zu analysieren, zu strukturieren und zu reflektieren.
Die externen Nutzer von CIB&S-basierten Szenarien kénnen davon profitieren, dass die Annahmen
Uber Unsicherheit und Komplexitat, die hinter den qualitativen und quantitativen bzw. integrierten

Szenarien liegen, besser zuganglich und damit Gberhaupt diskutier- und kritisierbar werden.

Insgesamt geht diese Studie einen Schritt in Richtung einer starker konzeptuell fundierten und reflek-
tierenden Forschung zur Vielfalt moglicher Varianten kombinierter und integrierter Szenario-

Methodologien.
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Reader’s guide

Readers’ guide

Throughout this study, direct quotations from literature are marked by double quotation marks. Sin-
gle quotation marks are used to introduce special terminology. For emphasis, italic type is used. Orig-
inal statements by interviewees al well as quotations from field notes (henceforth referred to as FN)
are marked in “type size 10, italic, double quotation marks.” Quotations from process documents
(henceforth referred to as DOC) are marked in “type size 10, double quotation marks.” References to
interviews, field notes and process documents indicate the number of the quoted paragraph, unless
otherwise stated. In chapter 6, aspects concerning a hypothetical form of scenario methodologoy are

marked in grey and italic type. In text with italic type, for emphasis, words are underlined.

To better protect the anonymity of the case participants, they are all referred to using the masculine

form, even if gender was equally distributed across all actor groups of both cases.
Figures, tables and translations are my own unless otherwise indicated.

Websites and internet sources referred to within the text are not listed within the references, but are
documented in the form of footnotes. For all internet sources, the last visited date is January 12,

2016.
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Chapter 1 Introduction

Chapter 1: Constructing better scenarios?

1.1 Searching for traceable and consistent socio-environmental scenarios

1.1.1 Using combined scenario methodologies to construct socio-environmental

scenarios

It is December 2015, when the world’s leading politicians are meeting in Paris for a UN climate
change conference with the “aim of achieving a legally binding and universal agreement on climate,

"2 Global warming is recognized as being driven by

with the aim of keeping global warming below 2°C.
our human activities and has and will have important effects on the future of our planet. Climate
change impacts our natural living conditions, for instance in terms of biodiversity, sea level rise,
changing patterns of precipitation causing flooding and drought. In turn, these changes also impact
the future or our societies, regarding in particular, but not limited to, social inequalities, conflicts,
migration and well-being. Future co-development of our environment and of our societies, including
their future international organization and the policies in place, are uncertain. To a large degree, the
interaction between and feedback from future social, political, economic, cultural and environmental

developments are complex. Therefore, future climate change and its effects can only be predicted to

a certain extent. Nevertheless, today’s actions—or inactions—have long-term consequences.

To support informed decision making under this type of future uncertainty and complexity (cf. van
Asselt 2000), the scenario approach was developed in the field of futures studies. The climate con-
ferences for example, are informed by the so-called 2°C scenario, published by the Intergovernmen-
tal Panel on Climate Change (IPCC). It anticipates that if global average temperature rises beyond this
2°C-level, up to, for instance, 4°C, this will have dramatic impacts on our living conditions and social
worlds. Scenarios are pictures of possible futures, often comprising the pathways leading to these
(cf. e. g. von Reibnitz 1991, Gausemeier/ Fink/ Schlake 1996, Steinmdiiller 2002). Scenarios are used to
transform future openness and complexity into a set of distinct, internally coherent alternative out-
lines of what might be (cf. also Grunwald 2002). In contrast to prognosis and predictions, which claim
to provide information on alternative future presents (“zukilinftige Gegenwarten” Grunwald 2011),
scenarios are tools to reflect the knowledge, ideas and expectations we have today with regard to

the future (“gegenwartige Zukiinfte” ibid.).

This PhD thesis is based on the research project ACCESS “Analyzing social context complexity of environ-
mental simulations” funded by the German Research Foundation (DFG) within the Cluster of Excellence in
Simulation Technology (EXC 310/2) at the University of Stuttgart.
Source: URL:http://www.cop21paris.org/about/cop21
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Scenarios have multiple functions (cf. e. g. Greeuw et al. 2000, Alcamo/ Henrichs 2008, Kosow/
GaRner 2008). Exploratory scenarios are developed to explore what might occur. These scenarios
serve to increase our inter- and transdisciplinary system understanding. Normative scenarios are
developed to deliberate about how we want our futures to be or not to be. Both types of scenarios
are used to raise awareness and to communicate as well as to plan and to develop robust strategies;
strategies of what we need to do now to get where we want to be—or to avoid futures perceived as
undesirable. Finally, scenarios are applied to sharpen and to reflect our present knowledge as well as
currently existing normative visions of our futures. In sum, scenarios have multiple descriptive-

analytical, creative-normative, synthetic and communicative purposes.

Scenarios are produced and used in various fields, such as business, politics, education as well as
science and research (cf. Tourki/ Keisler/ Linkov 2013). Accounting for their multiple purposes, a mul-
titude of scenario methods and techniques was developed. Roughly, scenario methods comprise so-
called qualitative, quantitative and integrated approaches. Qualitative approaches cover a broad
range from intuitive-creative to systematic-formalized techniques. Quantitative approaches comprise
numerical techniques of all sorts including modeling and simulation. Finally both types of approaches
are combined or integrated into qualitative-quantitative approaches. These integrated scenario ap-
proaches are applied to deal with socio-environmental, socio-technological or socio-economic fu-
tures, for example. All three types of approaches structure scenario construction processes in specific
ways and impact the resulting scenarios. They result in text, i.e. in more or less narrative storylines,
or pictures, movies etc.; or in numerical information, i.e. in numbers, graphs; or in forms of combined

or integrated textual, visual and numerical scenario presentations.

Typologies of scenario approaches basically distinguish between exploratory and explicitly normative
scenarios (cf. e. g. Greeuw et al. 2000). But beyond this analytical distinction, exploratory scenarios
are not free of normative elements (cf. e. g. Greeuw et al. 2000) and explicitly normative scenarios
also include descriptive elements anchored in shared knowledge on past, present, and future condi-
tions. Furthermore, one can distinguish between expert approaches carried out by modelers, re-
searchers and experts of all kinds and participatory approaches, including decision makers,

stakeholders, and even laypeople (cf. van Notten et al. 2003).

Scenarios are not shaped by methods and techniques alone, rather, they are developed within often
highly complex methodologies (as in Hinkel 2008), that is specific constellations of methods, tech-
niques and tools; of actors as scenario service providers and clients, the “producer-user” and the
“recipient user” (Pulver/VanDeveer 2009); data in the widest sense, that is information, knowledge,
ideas, hopes, fears, expectations as well as assessments and beliefs. In short, each scenario exercise
is an individual and unique (idiosyncratic) exercise structured not only by methods but by many other

elements. Together they result in “muddling through” activities (cf. van Asselt et al 2010) combining
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very heterogeneous “ingredients” (cf. Grunwald 2011). To underline the constructed character of
scenarios, and because this study focuses on the production side, it uses the term ‘scenario construc-

tion’ instead of the perhaps more commonly used ‘scenario development’, ‘analysis’ or ‘planning’.

Scenarios have become especially important in inter- and transdisciplinary environmental research
and sustainability sciences (cf. Swart/ Raskin/ Robinson 2004, Tourki/ Keisler/ Linkov 2013). In these
fields, environmental sciences meet social sciences and futures studies. Scenarios of future develop-
ments of socio-environmental systems are mainly developed under the labels of ‘future environmen-
tal change’, ‘global change’ (e. g. Parsons 2008), ‘environmental scenarios’ (Alcamo 2008; Mahmoud
et al. 2009) or scenarios of ‘coupled human and natural systems’. Typically, these scenarios consider
mid- to long-term futures, meaning 20 to 50, and sometimes even more years into the future. They
have a thematic scope on coupled social, technological and environmental systems dealing with is-

sues such as climate change, biodiversity, land use, water management, natural resources and ener-

gy-

Classically, future scenarios of environmental systems are developed through numerical systems
modeling. This provides decision makers with numerical information that is based on scientific meth-
ods. In these approaches, societal contexts are classically represented by a few quantifiable model
inputs such as GDP (gross domestic product) or population growth and some model assumptions on
technological change. Further, more qualitative assumptions on future societal development, like the
change—or rather the stability—of values or lifestyles, social acceptance or policy preferences, lie
outside the systems model’s scope and remain rather implicit. The same holds for (economic) beliefs
and worldviews underlying these assumptions. At the same time, these—explicit and implicit—
assumptions on societal contexts drive the model and often have an important impact on model
results. Classically, modelers select this societal input data in internal and intuitive decision process-
es, often with reference to the same sources, such as the OECD or the United Nations, and then carry
out sensitivity analyses for individual parameters. This classical approach does not adequately reveal
(implicit) assumptions on societal futures, nor does it represent the uncertainty (or range) of possible
future societal development and their complexity. Assumptions on different social developments are
usually interrelated, and thus cannot be completely freely combined when logical contradictions and

inconsistencies should be avoided.

In sum, the ‘modeling only’ practice becomes problematic, when societal aspects are not considered
at the margins only, but when scenarios intend to adequately represent uncertain and complex fu-
tures of coupled natural and social systems. Furthermore, the modeling practice becomes problem-
atic, when model-based scenarios are used beyond mere scientific exercises and thought
experiments, but are intended to inform public debate and policy making, too. In such cases, other

approaches are required, in order to provide more interpretable and more usable information.
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Facing these challenges, in the last 15 years combined scenario approaches have been state of the
art, when it comes to developing exploratory scenarios of environmental change (cf. Swart/ Raskin/
Robinson 2004, Rounsevell/ Metzger 2010). These approaches combine qualitative scenario tech-
niques with numerical simulation models. The most prominent approach was developed by Joseph
Alcamo (2001, 2008) and labeled the Story and Simulation (SAS) approach—but combinations are
also called “integrated scenarios” (e. g. DOll/ Krol 2002), “narratives and numbers” (e. g. Kemp-
Benedict 2004), or “hybrid scenarios” (e. g. Winterscheid 2007). To be clear, these approaches not
only combine text and numbers in their scenarios, they also combine qualitative and quantitative
approaches, meaning the methods and techniques for the construction of such scenarios. Also, | con-
sider that integrated is a rather ambitious label: Not every combined approach is automatically a
(deeply) integrated one—nor necessarily strives for deep integration. Therefore, in this study, | dis-

tinguish between the two and use the term combined scenario approaches to name the entire field.?

Combined scenario approaches are hybrid with regard to several dimensions (cf. also Swart/ Raskin/
Robinson 2004, Kosow 2015).” This hybridity stems from several tensions that are inherent to scenar-
ios and futures studies more generally, and these tensions become especially apparent in combined

socio-environmental scenarios.

First, combined scenario approaches combine methods from very different realms and disciplines,
ranging from mathematical modeling and informatics to the facilitation of creativity workshops.
Thus, they combine approaches that are traditionally marked by a methodological divide. In addition,
they are marked by an “epistemological divide” (Hageman et al. 2013) between the perspectives of
those who, from a rather positivist stance, believe in quantitatively calculating the future and those
who, from a more constructivist perspective, believe in qualitatively visioning and creating the future

(cf. also Grunwald 2013).

Second, combined approaches bring together various forms of data, as knowledge, information, as-
sessments, assumptions and beliefs concerning past, present and future developments (cf. Grunwald
2011). To provide relevant orientation and futures knowledge, they must be anchored in accepted
problem definitions and knowledge pools and at the same time, knowledge gaps we have with re-
gard to what might come must be filled with creative elements (cf. also Swart/ Raskin/ Robinson
2004, Kuuri/ Cuhls/ Steinmuilller 2015) — and if not explicitly, then in the form of informed expert

guesses, for example.

For more details on how this study conceives the field of combined and integrated scenarios please see
chapter 2.3.1.

For comparably hybrid constellations, see attempts to combine agent based modeling and ethnographic
research (Yang/ Gilbert 2007).
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Third, combined scenario approaches include different types of actors, such as researchers, experts
and stakeholders—and are at the same time targeted at decision makers, mainly in politics (cf. Alca-
mo 2008). Mostly, these decision makers do not have the resources to be fully included in these ex-
ercises but are mere recipient users of combined scenarios constructed by others. This constellation

is challenging for scenario ownership, credibility, legitimacy, trust, and usefulness.

Fourth, combined scenario methodologies have hybrid purposes and are confronted with a multitude
of expectations at the same time. Scenario exercises, when comprising modeling, have considerable
academic and even scientific shares: They include researchers from the hard sciences, meaning natu-
ral sciences and engineering, in the scenario construction and result in scenarios that are published
and assessed by academic criteria and further used in research contexts. They are expected to pro-
vide the best available knowledge and orientation—facing the uncertainty and openness of our fu-
tures. Thus, academic quality and analytical rigor are called for (cf. Kuuri/Cuhls/Steinmiiller 2015). At
the same time, combined and integrated scenarios are intended (and expected) to serve policy ad-
vice for making decisions. Their fundamental raison d’étre is to be usable and relevant to policy mak-
ing.

Fifth, such approaches also result in hybrid scenario products, comprising qualitative pictures of pos-

sible futures, visions, or storylines as well as quantitative model calculations.

In sum, combined scenario approaches have to bridge methodological and epistemological gaps.
They need to cope with several tensions arising from their hybrid constitution, because they have
multiple scientific and practical purposes and users, because they need to balance knowledge and

creativity, and because they are assessed from different perspectives by different criteria.

The best documented SAS has a specific approach to combined scenarios (Alcamo 2001, 2008). Its
basic idea is to construct a set of qualitative storylines covering a range of possible futures, to then
translate the driving forces of the storylines into quantitative sets of input data for the numerical
model(s), and to use these sets for scenario simulation. The approach relies on the principle of itera-
tion. In other words, it recommends revising the storylines after simulation, adapting the input data
sets to the refined storylines and repeating the simulation. The resulting scenarios comprise qualita-
tive context descriptions and quantitative model calculations of the consequences of the system.
SAS-type approaches have been applied to multiple fields, such as water management (Gallopin/
Rijsberman 2000, Déll/ Krol 2002), biodiversity (Carpenter et al. 2005), sustainability (UNEP 2007),
land use (EEA 2007b, Kok/ Van Delden 2009), and its perhaps best known application in the field of
climate change research, documented in the IPCC SRES report (Nakicenovic et al. 2000). Central ben-
efits of SAS-type approaches, compared with the modeling only practice, are that qualitative factors

are included (cf. also Alcamo 2008, Weimer-Jehle/ Kosow 2011, Kosow 2011, Weimer-Jehle/
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Prehofer/ Vogele 2013, Weimer-Jehle et al. 2016); assumptions on future (social) developments be-
hind model input are made explicit and uncertainty of social developments is addressed through

alternative comprehensive storylines.

This thesis deals with one of the core approaches of futures studies, namely scenarios. Generally
speaking, this approach deals with methods and methodologies that aim to construct ‘good’ scenari-
os. It focuses on combined and integrated qualitative-quantitative scenario approaches that are ap-
plied to explore futures of socio-environmental systems. Thus, this study does not focus on
combined scenario methodologies with primarily explicitly normative or participatory aims. Instead,
it focuses on scenario approaches with descriptive-analytical aims, which are used by applied (fu-
tures) research and future-oriented environmental research. | am aware that, due to their model-
based origin, these approaches have a clear bias towards the academic side of futures studies and
are therefore potentially threatened by positivist as well as technocrat tendencies. At the same time,
exploratory and expert-based prospective analyses are and remain important as policy information
tools, as research on the reception and impact of foresight has shown (cf. Havas/ Schartinger/ Weber
2010). This study focuses on the construction of these scenarios. In the following, the focus of this

thesis is further sharpened and justified.

1.1.2 Relevance of searching for new forms of combined scenario methodologies

— combining CIB with simulation
This study is motivated by five research gaps that are briefly introduced.

First, and this is of academic and practical relevance, the field of combined scenario approaches is
conceptually underexplored. The field is rather broad and fuzzy, and there is little methodological
guidance for those, who want to design and realize their own integrated and combined scenario pro-
cesses. At the same time, the field is dominated by the so-called SAS approach. SAS itself was claimed
to be a framework comprising different combined designs (Alcamo 2008). However, it is not a sys-
tematic or conceptual framework, providing a comprehensive overview of different forms in which
qualitative and quantitative scenario approaches can be combined. It rather is an umbrella term that
was, ex post, created to promote a specific type of empirical approach (cf. Alcamo 2001/ 2008). For
instance, Trutnevyte together with colleagues (e. g. 2011, 2012), showed for the field of energy sce-
narios that further types of combinations are of course possible, going beyond the SAS type. Howev-
er, individual strands developing new combined methods are not conceptually reflecting nor
systematically embedding their approaches. Open questions are, e. g., what role can and should the
two components play with regard to each other and for the overall scenario process? What type and
degree of integration is possible and required, with what aims, and by what means? Furthermore,

combined scenarios require complex forms of cooperation between actors from different cultures
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such as modelers, futurists and experts from various domains, and aim to integrate very different
forms of knowledge (cf. Volkery et al. 2008). How can the social, cognitive and technical integration

(cf. Becker et al. 2000) of these scenario methodologies be supported through their design?

Furthermore, the field of combined scenario methodologies is dominated by an approach that, de-
spite its appeal, is fraught with difficulties. One of the key limits and challenges of SAS-type ap-
proaches—and this is the second research gap motivating this study—is their challenge of
traceability. First, storylines suffer from a lack of transparency, as they are based on “assumptions
and mental models of storyline writers [that] remain unstated” (Alcamo 2008). Second, model-based
scenarios and especially their underlying assumptions are neither accessible nor transparent for non-
modelers either. Traceability of scenario assumptions and construction is seen as an important sub-
stitute for participation during scenario construction exercises (Parson 2008, Grunwald 2011). More-
over, making assumptions on future developments and their interrelation explicit and making
methods of scenario construction and sampling accessible are prerequisites when it comes to allow-
ing external recipient users to assess the quality of scenarios, and to decide in an informed way
whether and how to use these.

Another challenge of SAS—and this is the third research gap motivating this study—is related to is-
sues of consistency. Generally, the SAS approach suggests that modeling and simulation are used to
identify inconsistencies in the storylines (cf. Alcamo 2008 and others). But this consistency check is
limited to those parts of the storylines that are also covered by the numerical systems model (cf.
Schweizer/ Kriegler 2012). Furthermore, there are empirical hints that the promise of consistency by
SAS is difficult to fulfill in practice. (cf. Volkery et al. 2008, Schweizer/ Kriegler 2012). Striving for con-
sistency can be understood as an attempt to strive for academic rigor, to counter the supposed arbi-

trariness of scenarios, which in turn is linked to the fundamental openness of the future.

Overall, the issues of both traceability and consistency do show that the quality of SAS-type ap-
proaches® has room for improvement. This improvement seems advisable from an academic stand-
point but has practical relevance, too. Schomberg, Pereira and Funtovicz argue that policy makers as
recipient-users assess the quality of foresight knowledge in part as a function of its “scientific set up”
(Schomberg/ Pereira/ Funtovitcz 2006: 168). They point out that for recipient-users, the quality of
futures knowledge depends, inter alia, upon accessibility, availability, intelligibility and transparency
of information as well as upon the adequate justification of assumptions and methods (ibid.). In sum,
the highest possible academic quality of combined scenarios can contribute to their perceived credi-

bility, legitimacy and usefulness for policy advice.

> | use the term 'SAS-type approach’ for the mainstream type of combined scenario approaches used in the

field of environmental scenarios.
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Fourth, there is the ongoing debate in futures studies on standards and quality criteria.® Facing the
mixture of scientific and policy applications of and expectations for socio-environmental systems
scenarios, questions arise as to the assessment of whether, in what cases, and with what aims a sce-
nario approach can be defined as a good approach, and how to choose from the possibility of differ-
ent designs and forms of combined scenario methodologies. These questions are relevant to the
scenario practitioner, who needs to make design decisions and also for the ‘recipient-user’, who is
confronted with readymade scenarios without having experienced their construction. The scenario
literature does not yet sufficiently answer the question of how to decide what good (integrated) sce-
narios and appropriate scenario approaches are. In current material written by scenario practitioners
there seems to be an agreement that the quality of scenario approaches can be judged only in rela-
tion to the aim and function at stake and not absolutely.” Even if lists of quality criteria by different
authors have been circulating for decades (cf. e. g. Heinecke/ Schwager 1995, Wilson 1998, Greeuw
et al. 2000), criteria often are—if at all—only poorly defined and operationalized; different under-
standings are covered by apparent consensus (cf. e. g. van Asselt et al. 2010), or they are openly con-
tested (cf. e. g. O’'Mahony 2014). Different schools of scenario construction seem to have different
criteria as a function of the priority they give to policy relevance (e. g. Cash et al 2003), to esthetics

and creativity (e. g. GaRner 1992, GaRner/ Steinmiiller 2006) or to scientific requirements.

Fifth, in the field of climate change, a critical discussion of the SAS-type approach is ongoing, and
ways to take it forward are being developed.? In response to the perceived weakness of the storyline
part (e. g. Garb et al. 2008), one strand of the discussion recommends the use of more systematic
and formalized approaches when constructing storylines (e. g. Girod et al. 2009, Rounsevell/ Metzger
2010, Kemp-Benedict 2012), meaning approaches that go beyond the typical ‘intuitive logics’ (IL)
technique (cf. Wack 1985a, 1985b). Currently, for the purpose of “telling better stories” (Kemp-
Benedict 2012), cross-impact balance analysis (CIB) by Weimer-Jehle (2006) was proposed by several
authors as just such a potential alternative or complement for developing the qualitative part of
combined scenarios (cf. Kosow 2011, Schweizer/ Kriegler 2012, Kemp-Benedict 2012, Weimer-Jehle/
Prehofer / Vogele 2013, Weimer-Jehle et al. 2016).

CIB is a systematic yet qualitative form of systems analysis.’ It shares with other forms of systematic-

formalized scenario approaches that systems are characterized through qualitatively defined ele-

Recent book publications (e. g. Gerhold et al. 2015) and conference themes hint at this debate. For exam-
ple, the program of the World Conference of Futures Research 2015 suggested differentiating between
criteria from a scientific, a practical and an educational perspective

URL: https://futuresconference2015.wordpress.com.

See for instance URL:http://www.foresight-platform.eu/community/forlearn/how-to-do-foresight/.

The following paragraph draws from the section written by me in Weimer-Jehle et al. (forthcoming) titled:
“Learning from other fields.”

The following paragraph draws from Kosow 2015, and refers to Weimer-Jehle 2006, Weimer-Jehle 2014.
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ments displayed in the form of a matrix. The CIB analysis more specifically constructs an impact net-
work on future (societal) developments, i.e. a form of conceptual model. This impact network is
based on expert judgments on the direction and strength of influences between alternative devel-
opments of system elements. System elements and their alternative developments are considered in
their double role as influencing factors and as factors undergoing influence. Impacts are assessed
pairwise by using a semi-formalized scale (from strongly hindering to strongly promoting impacts).
These assessments are underpinned with textual justifications. The assumptions stored in the CIB
matrix make explicit the mental model(s) of those who use the method. The specific methodic core
of CIB is a form of balance analysis. It serves to identify internally consistent network configurations,
meaning raw CIB scenarios. The balance analysis is based on the information on the impact relations
between the alternative developments of system elements. Constellations are defined as internally
consistent when they are in accordance with the impact arguments of the impact network. This func-

tion of CIB can be used to support the construction and selection of qualitative scenarios.

The recent proposal to use CIB in combination with simulation was labeled ‘CIB and simulation’
(Kosow 2011) or ‘context scenarios’ (Weimer-Jehle/ Kosow 2011, Weimer-Jehle/ Prehofer/ Vogele
2012, Weimer-Jehle et al. 2016). For instance, it was proposed to use CIB for constructing global so-
cio-economic pathways for climate change research (Schweizer/ O’Neill 2014) within the new IPCC
framework of shared socioeconomic pathways (SSP) (O’Neill et al. 2014). Overall, due to the specific
characteristics of CIB, this new approach is expected to enhance combined scenario methodologies,
especially as concerns their difficulties when it comes to traceability and consistency.™ Still, the ap-
plication of CIB in combination with modeling and simulation has neither been conceptually ground-

ed nor empirically explored in a systematic way yet.

In sum, this study touches upon a field with a multitude of open questions. To provide orientation in
a rather uncharted domain, it uses the difficulties of current combined scenario approaches to ex-
plore the possibilities of new forms. It focuses on new combined approaches of a specific type,
namely exploratory forms combining systematic and formalized yet qualitative scenario approaches
with simulation. More specifically, the issue of this study is the use of the qualitative systems analysis
CIB together with numerical modeling and simulation (in the following, abbreviated as ‘CIB&S’). The
central motivation of the study is to explore, what actually happens, when CIB is used in combined
scenario approaches; what functions CIB can fulfill; and what these combination look like. With re-
gard to the expected beneficial effects of CIB on traceability and consistency, this study seeks to find

out where the use of CIB helps—and where it does not help; and what effectively changes, compared

1 cIBand the expectations linked to this approach are further described in chapters 3 and 4.
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with SAS-type approaches, when this new approach is used. Finally, it aims at learning how CIB&S

processes can be (most) effectively designed.

1.2 Research questions, approach and contribution

The initial research question of this study is:

(How) can the use of CIB within combined scenario methodologies support inter- and
transdisciplinary research groups to construct qualitative and quantitative or integrated exploratory

scenarios of socio-environmental systems?

In principle, thinking CIB and combined scenario approaches together opens a broad field of possibili-
ties of using CIB within these combined approaches. The literature review shows that little guidance
is available regarding combined scenario approaches beyond those of the SAS-type. Therefore, this
study uses the SAS framework as a starting point to conceptualize new forms of combined scenario
methodologies, using combinations of CIB with modeling and simulation (forms of CIB&S). This deci-
sion narrows the focus of this study, focusing mainly on combinations of CIB with numerical simula-
tion models (type CIB&S). This permits the study to deal with a manageable topic in the necessary
depth. But we keep at the back of our minds that the field of combined scenario approaches is larger
and more diverse than what is proposed under the SAS umbrella.'

In the course of the study, the initial research question is further specified into the following three
questions.

1. In what forms can CIB be combined with numerical simulation models to support interdisci-
plinary research groups to construct qualitative and quantitative or integrated scenarios of
socio-environmental systems? (forms of CIB&S)

2. What effects does the use of CIB in combination with simulation models have on scenario
traceability and scenario consistency? What are other (unintended) effects? (effects of
CIB&S)

3. How are these outcomes of the use of CIB influenced by other factors, namely by the charac-

teristics of the scenario methodology and by the form of CIB&S? (influencing factors)

To answer these questions, | explore the use of CIB within combined scenario methodologies concep-
tually and empirically. This leads to two contributions to futures research and future oriented envi-

ronmental research, namely a conceptual and an empirical one.

1 This focus is further justified in chapter 2. The consequences linked to this choice are discussed in chapter

8. There, | also attempt to look beyond this frame(work), sketching the use of CIB within combined sce-
nario methodologies more broadly.
28




Chapter 1 Introduction

Based on a review of the literature addressing combined scenario approaches and CIB, | have recent-
ly developed a pragmatic conceptual framework on CIB&S methodologies. This framework proposes
to differentiate between different forms of CIB&S approaches through a small set of dimensions.
Furthermore, it provides an ideal process model specifically tailored to describe typical phases of a
CIB&S process and the different scenario products resulting from such a process. To allow the as-
sessment of the effects of CIB&S methodologies, the framework proposes working definitions and
operationalization of scenario traceability and scenario consistency and characterizes different types
of effects. The framework thus supports a form of method(ology) assessment of CIB within combined
scenario methodologies: It enables the search for the expected and unintended effects of CIB on
combined scenario processes and scenarios vs. the effects of other elements of these scenario meth-
odologies, namely the interplay of actors, methods and data, in the broadest sense. In this study, the
conceptual framework is empirically applied to two case studies; it is then reflected and discussed

with regard to its usability and transferability and is finally further refined.

The conceptual framework on CIB&S was used to structure the empirical exploration of two specific
CIB&S methodologies in the form of exploratory case studies (Yin 2009). In both cases, CIB is com-
bined with numerical simulation models to construct socio-environmental scenarios within inter- and
transdisciplinary research projects.

e C(Case |, in the following called the UBA case, is a first demonstrator application of CIB&S. The
UBA case is based on the research project ‘Consistent framework assumptions informing
model- and scenario-analysis at the German Federal Environment Agency (UBA). In this case,
CIB is used in the role of an analyst and provider of societal input data sets (‘Germany 2030’)
for a group of environmental models.

e Case ll, in the following called the Lima Water case, is a full pioneer application of CIB&S. It is
based on the research project, “Sustainable water and wastewater management in urban
growth centers coping with climate change, concepts for metropolitan Lima (Peru)” (LiWa).
CIB is used to steer a combined scenario process leading to integrated scenarios of Lima’s
water futures in the year 2040, combining qualitative descriptions and numerical information

from simulation inputs and outputs.

The two unique cases, a demonstrator and a pioneer application of CIB&S, have been chosen be-
cause they were, at the time when this study began, the only ongoing (and accessible) CIB&S cases.™
Both cases can be considered typical cases with regard to their aim and their form, in which CIB is

combined with simulation: The UBA case represents the use of CIB&S to harmonize societal input

2 Meanwhile, further applications are ongoing, see Weimer-Jehle et al., Prehofer et al., both forthcoming.
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assumptions of model groups; the Lima Water case represents the use of CIB&S to construct inte-

grated scenarios.

| attempt to take over the research perspective of a reflective foresight practitioner (cf. van’t
Klooster/van Asselt 2006, van Asselt et al. 2010).13 I had access to both cases in the role of a research
team member and was, albeit to different degrees, involved in the design and implementation of
both methodologies in the role of a ‘CIB scenario expert’. | am using this insider perspective to gain
insight into this specific new scenario practice, to take a step back to reflect and conceptualize these,
using the results to inform scenario practice. To support a conscious and systematic reflection within
this thesis, additional evidence on both cases was collected and analyzed. This evidence allows the
(perceived) traceability of the scenario construction processes to be assessed, mainly based on the
analysis of interviews with process participants and on participant observation. Furthermore, it al-
lows the consistency of scenario products to be assessed, mainly based on content analysis of pro-
cess documents. The detailed analysis of the methodologies—individually for each case—makes it
possible to plausibly interpret their internal dynamics and to trace the respective degrees of tracea-
bility and consistency of each case back to CIB and/or to effects of further factors in the methodolo-
gies. Then, overall, and across cases, the insights are synthesized as follows.

e On the different functions of CIB in different (ideal type) forms of its combinations with nu-
merical simulation models in combined and integrated scenario methodologies.

e On first and second order effects of the use of CIB within combined scenario methodologies
on scenario traceability, scenario consistency and further phenomena, namely on the checks
and balances within and the effort, flexibility and creativity of combined scenario methodol-
ogies.

e On factors influencing these effects, namely the social organization, technical design and da-
ta-related characteristics of the methodology as well as the form of combination, especially
with regard to the position (CIB first vs. model(s) first) and the degree of integration between

both (high vs. low).

The recommendations that can be deduced from these insights can orient future research in design-
ing and applying combined and integrated scenario methodologies using CIB. Learning from this spe-
cific new approach also allows generalizing insights relevant for the entire field of combined and

integrated scenario methodologies.

13
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1.3 Structure

Figure 1 gives an overview of the structure of this thesis.

Figure 1: Overview of the structure of the thesis

[Chapterl: Introduction ]
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DESIGN

FINDINGS

Chapter 8: Cross-case synthesis and discussion

[ Chapter 9: Conclusion ]

In a first step (chapter 2), against the general contexts of futures studies and scenario approaches,
the state of research on the ideas in and practice of combined scenario approaches is established. A
review of the empirical variety of combined scenario approaches serves to learn about the typical
forms of the combination of qualitative scenario methods with simulation as well as the typical phas-
es of combined scenario construction processes. Research gaps with regard to the current practice of
combined scenario construction are identified, showing that issues of scenario traceability and con-

sistency are central threats to the quality of the combined scenario approaches of the SAS type.

Then, (chapter 3) the state of research on CIB as a qualitative form of systems analysis and qualita-
tive technique is established and the current proposal to combine CIB with simulation is detailed.
Furthermore, | give an overview of empirical experiences with CIB and then specify what properties
of CIB are expected to improve combined scenario approaches with regard to given dimensions of

scenario traceability and consistency.

Based on the state of research, a conceptual framework is developed to support the analysis of sce-
nario methodologies, combining CIB with simulations and, more specifically, to make it possible to
search for the effects of CIB within combined scenario methodologies (chapter 4). Its basis is the
understanding of (combined) CIB&S scenario approaches as (idiosyncratic) inter- and
transdisciplinary scenario methodologies. Further conceptual elements on CIB&S methodologies,
processes and products are added, derived from the analysis of the current practice of SAS. In addi-

tion, working definitions of scenario traceability and scenario consistency are proposed as central
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assessment criteria used in this study. The research question is further refined for the empirical anal-
ysis and expectations with respect to effects of CIB&S on scenario traceability and consistency are

made explicit.

Then, the research perspective of this study and the use of case study research are explained and the
empirical design of two exploratory case studies is described (chapter 5). The UBA case permits an in-
depth analysis of the effects of CIB on the construction of societal input data sets for a group of
models. The Lima Water case permits an in-depth analysis of the effects of CIB throughout a full
combined scenario process resulting in integrated scenarios. Case study data was collected by partic-
ipant observation, interviews with process participants and collection of process documents. The
individual cases are analyzed by means of qualitative data analysis and content analysis; results are
reviewed and cross-checked by key informants. Then cases are compared across cases to synthesize
generalizing insights. This is supported by validation through experts and practitioners. Finally, the

guality of the design and the data, as well as the validity of the findings is discussed.

Central results from both case studies are presented individually, case by case. First, central results
from the demonstrator application of CIB&S in the UBA case (chapter 6) are described and then in-
terpreted. This chapter focuses on the effects of CIB on the construction of societal input data sets
for a model group. Then, central results from the pioneer application of CIB&S in the Lima Water
case (chapter 7) are described and interpreted. This chapter focuses on the first- and second-order
effects of CIB throughout a full combined scenario process, which results in integrated systems sce-

narios.

Based on a comparison of the individual case results, cross-case results are discussed and mirrored
against the initial expectations (chapter 8). To answer the research questions of this study, overall
results are synthesized in the form of insights into functions of CIB in different ideal forms of its com-
bination with simulation models; on the effects of CIB on scenario traceability and scenario con-
sistency and on other (unintended) effects; and on factors influencing these, namely characteristics
of the methodology and the form of combination. Then, the conceptual framework is discussed, re-
fined and in part transferred. Finally, my findings are confronted with the state of research on CIB
and on combined scenario methodologies, considering SAS-type and other approaches; and the place

of CIB&S in futures studies is precisely defined.

To conclude, the approach of this study and its central findings are summarized; the limits and ave-

nues of further research are indicated (chapter 9).
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Chapter 2: State of research I: Combined scenario approaches

In this chapter, | sum up the state of research on combined scenario approaches. As the state of re-
search is spread over various fields, this chapter is based on a literature review and supported by
open and exploratory expert interviews (cf. Bogner/ Littig/ Mentz 2005) with scenario experts and

modelers;'* and through the use of European compendia on scenario studies.”

This summary focuses on scenario approaches combining qualitative scenario techniques with mod-
el- and simulation-based techniques. To be clear, this chapter is not primarily about ‘qualitative-
quantitative scenarios’, meaning scenarios as products mixing numbers and text.’® Instead, it deals
with the approaches, meaning the methods and techniques used for the construction of such scenar-
ios. Furthermore, this chapter focuses on scenario techniques mainly used in the field of socio-
environmental systems analysis and asks: What do we know about the use of combined scenario
approaches to construct socio-environmental scenarios? Where do these approaches come from,
what are their benefits, what are their limitations? | briefly describe scenarios as the central tech-
nique of futures studies, a field in tension between practical and academic expectations (2.1). Quali-
tative and quantitative scenario approaches are linked to quite different traditions and paradigms
(2.2). Combined scenario approaches are the state of the art in environmental scenario studies,
mainly in the form of the SAS approach (2.3). Despite having plenty of appeal, this hybrid approach is
also fraught with difficulties. Two main challenges of the combined scenario approaches of the SAS
type are related to traceability issues and to their promise to ensure consistency between storylines

and numerical scenarios (2.4.). Finally, | sum up central lessons and research gaps (2.5).

2.1 Futures studies

Scenarios are one of the core methods of the field of futures studies, an inter- and transdisciplinary,
participatory, and explicitly future oriented field. (2.1.1). This field is characterized by tensions be-
tween scientific credibility and practical usefulness that are also reflected by current discussions on

its quality (2.1.2).

¥ Both scenario practice and environmental modeling are fields with important degrees of tacit knowledge

that is not published in official papers and textbooks, and the literature relevant to my issue is spread
across several communities. A list of the n= 11 experts interviewed in the USA and in Germany in 2010 can
be found in Annex A.

An early overview and assessment was given by the European Environmental Agency (Greeuw et al.
2000). This was complemented by further EEA reports (EEA 2007a, 2009 and 2011).

It is current practice to add quantitative information to qualitative scenarios, if available—and model-
based scenario results require some verbal description to make sense.

15
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2.1.1 Characteristics of futures studies

Facing the uncertainty of future developments of societies, technologies and their natural environ-
ments and the complexity within and between each of these domains, futures studies, sometimes
also labeled ‘foresight’, ‘forward looking activities’ or “futures research’ have been under develop-
ment in the USA since the 1950s. Their development started with applications in the military (e. g. by
RAND) and business (e. g. SHELL) and were then extended to policy advice as well as to technology
and environmental research (e. g. Forrester 1971)." Since then, the field has developed various
schools (cf. Bradfield et al. 2005; Amer/ Daim/ Jetter 2013)*® and has undergone important paradigm

shifts.*

“The purposes of futures studies” as defined by Bell (1997: 73) “are to discover or invent, examine or
evaluate and propose possible, probable and preferable futures” (ibid, cf. also Kreibich 2006). The
ambitions of the more practice oriented foresight, as for instance currently defined by the European
Union, are even larger®® and consist in “thinking the future”, “debating the future” and “shaping the
future”.”* More currently, the label futures research was introduced to distinguish the academic side
of the field (cf. Kuuri/ Cuhls/ Steinmiiller 2015: 61).%* In sum, the field stretches from corporate (stra-

tegic) foresight in business over rather academic futures research to forms of policy advice for gov-

ernments.

Despite these differentiations in more practice oriented and more academic branches, and despite
the different social systems that are (mainly) targeted (as economy, politics, academia), the underly-
ing raison d’étre of the entire field is to support present decisions and decision makers, that is those,
who are in the role and responsibility to take decisions and action, with long term consequences —

and to do so despite the uncertainty of our future (cf. e. g. van Asselt 2010).

v Neighboring approaches developed for similar purposes are, e. g., the fields of sustainability research and

technology assessment (TA). For an overview of historical developments of futures studies especially in
Germany, see e. g. Seefried 2014, Kreibich 2006.

The authors centrally distinguish between the intuitive logic school, the probabilistic modified trend
school and the French school (la Prospective founded by Gaston Berger).

Centrally, these were the paradigm shifts from forecasting to foresight (see e. g. Cuhls 2003, Seefried
2014) away from planning and prediction optimism to the recognition of future contingency. The curren-
tly competing and changing labels might be a sign for ongoing shifts in the identity of the field. For a pro-
posal to define these different labels, see Kuuri, Cuhls and Steinmdller (2015: 61).

“Foresight is a systematic, participatory, future-intelligence-gathering and medium-to-long-term vision-
building process aimed at enabling present-day decisions and mobilizing joint actions” URL:
http://www.foresight-platform.eu/community/forlearn/what-is-foresight/.

URL: http://www.foresight-platform.eu/community/forlearn/what-is-foresight/. For a quite similar defini-
tion see e. g. the World Future Society (WFS):"research, envision and create potential futures”;
URL: https://www.wfs.org/Upload/WFS_Org%200verview_m4.pdf.

The EU currently proposes to distinguish between more academic ‘futures studies’” and more action-
oriented ‘foresight’; URL: http://www.foresight-platform.eu/community/forlearn/what-is-foresight/
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Chapter 2 Combined scenario approaches

There is a consensus that to support such decision making effectively, interdisciplinary and participa-
tory approaches are required, approaches that bring together various actors, such as experts of all
kinds, stakeholders and decision makers. Due to their inter- and transdisciplinary character, futures
studies share the challenges and the approaches of other applied, problem-oriented and inter- and
transdisciplinary fields (cf. e. g. Becker 2000 and Bergmann 2010). This more general phenomenon
has also been analyzed under the labels of “post-normal science” (Funtowicz/ Ravetz 1993, Ravetz/

Funtowicz 1999) and “mode 2 knowledge production” (Gibbons et al. 1994; Nowotny et al. 2001).

The specificity of futures studies, then, is its explicit future orientation. Its basic assumption is the
openness of the future, which is often emphasized by the use of the plural “futures’. Actors doing
futures studies® assume that the future is neither completely predictable and calculable nor com-
pletely random or chaotic, but at least to a certain degree shapeable by our decisions.** Scenarios are
the field’s core approach to transforming the openness of the future into a (small) set of distinct,

alternative pictures of the future, including the dynamics leading to these scenarios (cf. section 2.2.).

Interdisciplinary environmental research (cf. e. g. Scholz/ Tietje 2002) is a neighboring field of futures
studies, in which scenario approaches are used and also developed. At the same time, futures studies
have been influenced by ideas on sustainable development originally developed in the field of envi-

ronmental research.

In sum, futures studies, and their core approach scenarios, are always situated between research and
practice. They constitute an inter- and transdisciplinary field that defines its raison d’étre in providing
support in dealing with the uncertainty of the future. But how to assess whether the support is

good?

2.1.2 Whatare good futures studies?

Expectations of good futures studies are characterized by several tensions. Generally, there are ten-
sions between academic and practical expectations. Some actors emphasize the practical usefulness
as primary quality criteria.”> Others see themselves rather as scholars working in an (increasing insti-

tutionalized) academic discipline with a system of peer-reviewed journals,”® conferences and univer-

2 These actors sometimes are summarized under the label ‘futurists’ (cf. e. g. Kuuri/Cuhls/Steinmuller 2015:

61).

With regard to conceptions of the future, see e. g. Grunwald 2002, Kosow/ GaRRner 2008.

This certainly has to do with the search for legitimization and concretely, funding. For instance, the EU
currently proposes to distinguish between more academic ,futures studies’ and more ,action oriented
foresight (URL: http://www.foresight-platform.eu/community/forlearn/what-is-foresight/)

With international peer-reviewed journals as, e. g., Futures (since 1968), Technological Forecasting and
Social Change (since 1969), more currently Foresight (since 1999) and rather new European and German
Journals: European Journal of Futures Research (since 2013) and Zeitschrift fiir Zukunftsforschung (since
2012).
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Chapter 2 Combined scenario approaches

sity posts, striving for academic standing and follow rather academic quality criteria.”’ In this posi-
tion, futures studies are confronted with (and generate) multiple, and at times conflicting, expecta-
tions. More concretely, there is a tension between the expectations of “creative imagination” on the
one hand and “fact based justifications” on the other hand (cf. Kuuri/ Cuhls/Steinmdller 2015: 60).
Underlying this dynamic, there are tensions between different epistemological positions (cf. Hage-
man et al. 2013). Ethnographic research on foresight by van Asselt and colleagues (2010: 141) has
shown that through the “academic ambition” in foresight, old rather positivistic ideals are (re-)
introduced, which are in sharp contrast to the (necessary) constructivist position that is constitutive
for a field concerned with future openness: “In foresight, positivistic ideals are active as results of the

academic ambition.”

These tensions are reflected by the current quality discussions in the field, discussing standards and
quality criteria. As different paradigms, traditions and methods from different disciplines, from aca-

demia and practice come together; different quality criteria meet and at times come into conflict.

Overall, there is no established consensus on quality criteria (cf. Tourki/Keisler/Linkov 2013 and
Kuuri/ Cuhls/ Steinmdller 2015). Many of the criteria in use are defined only weakly and no consen-
sual or shared understanding is given.” Often, criteria are imported from neighboring fields, e. g.,
criteria initially developed by Cash and colleagues (2003) for the field of sustainability research.”
Potentially due to missing established alternatives, these are repeatedly applied to (environmental)

scenarios>*—but they are not specific to futures studies or scenarios.

Authors seem to agree that procedural standards and criteria are necessary when assessing the qual-
ity of futures studies, e. g. transparent and clear methodologies and understandable procedures (cf.
e. g. Gerhold et al. 2015) or the rigorous application of principles (Asselt et al 2010: 145). Philoso-
phers of science argue that scenarios cannot be judged as outputs but only by their ingredients (e. g.

Grunwald 2011, Dieckhoff et al. 2014, cf. also Hulme/ Dessai 2008), and these ingredients need to be

7 Also linked to the search of legitimization and concretely, funding.

See for instance the criteria of consistency, robustness (van Asselt et al. 2010: 59), and plausibility (Selin
2011).

Cash and colleagues argue for science and research becoming useful for sustainability, and in order for
knowledge to be transferred into action, the information a knowledge system produces needs to be a) sa-
lient, b) credible, and c) legitimate. The authors argue that “scientific information is likely to be effective
in influencing the evolution of social responses to public issues to the extent that the information is per-
ceived by relevant stakeholders to be not only credible, but also salient and legitimate" [...]"In the sense
used here, credibility involves the scientific adequacy of the technical evidence and arguments.” “Salience
deals with the relevance of the assessment to the needs of decision makers."; "Legitimacy reflects the
perception that the production of information and technology was respectful of stakeholders’ divergent
values and beliefs, unbiased in its conduct, and fair in its treatment of opposing views and interests." "Our
work shows these attributes are tightly coupled, such that efforts to enhance any one normally incur a
cost to the others” (Cash et al. 2003: 8086).

See for instance Alcamo/ Henrichs 2008, Girod et al. 2009, Rounsevell/ Metzger 2010 and Kunseler et
al.2013, albeit each with slightly diverging definitions.
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Chapter 2 Combined scenario approaches

revealed through a hermeneutic approach (Grunwald 2013a). For instance, Grunwald (2011, 2015)
stresses that futures studies need to be evaluated with regard to two dimensions, the ingredients
they use and their composition.>* But there seems to be no consent on the question of the degree to

which substantial criteria are appropriate.

Van Asselt and colleagues (2010) have shown that, in practice, there are many tensions between
ideal typical textbook representations on the one hand and the effective “foresight in action” (the
title of their book) on the other hand. First of all, activities are often “muddling through” activities,
sometimes strongly based on the tacit and experiential knowledge of practitioners. In a negative
definition, the authors qualify those activities as bad foresight that fall into “positivism,”
“certainification” and “historical determinism”, that is those approaches that are oriented toward

classical academic quality criteria (cf. van Asselt et al. 142-144).

The authors plead for a more reflective approach to foresight (cf. van Asselt et al 2010: 142 ff.):

The reflexive practice of foresight could start by accounting for not only the different anticipated but
also the unanticipated steps that were taken throughout the project in their publications. Or by ac-
knowledging that formal rhetoric may not be sufficient to account for explaining how the mission ac-
tually was accomplished. (van’t Klooster/ van Asselt 2006: 28)

The authors recommend that, instead of propagating myths, we should learn from each other to

improve our "capacity to structure the unknown" (van't Klooster/ van Asselt 2006: 29).

Very recently, on the more academic side, that is in the field of futures research, a group of authors
(Gerhold et al. 2015) presented a list of standards and criteria discerning between three groups of
criteria, a first group that applies specifically to futures studies with their specific issue, namely ‘the
future’, a second group that corresponds to criteria of good research practice also valid in other
fields and a third group of criteria that focuses issues of relevance. Another recent paper by Kuuri,
Cuhls andSteinmdiller (2015) proposes to discern internal validity, which is mainly process- and
method-related; and external validity, mainly fact- and theory-related, of what they call “future

. 2
maps’, i.e. outcomes of futures research.’

In sum, the debate on the quality of futures studies and of their core approach, scenarios, is ongoing.
Important questions remain concerning how to balance the—sometimes contradictory—

expectations when it comes to their practical usefulness and their academic soundness.

' Furthermore, he proposes distinguishing between three different modes of orientation that futures stu-

dies seek to provide (Grunwald 2013a): mode 1, based on the paradigm of historical determinism, dedu-
cing logical and reliable consequences from past developments, e. g. in the form of numerical point
predictions; mode 2, based on the paradigm of future openness providing ‘diversity’, e. g. in the form of a
set of possible scenarios; and mode 3, based on the ‘hermeneutics of the present’ seeking to explain ‘di-
vergence’ among present ideas on the future.

As these proposals were only available towards the very end of this study, at this point they had not yet
influenced the development and application of my framework (chapter 4). Their relation to the criteria
used in this study is discussed in section 8.4.3.
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2.2 Qualitative and quantitative scenario approaches
To foreground the field of combined scenario approaches, | first give an overview of scenarios and

scenario approaches (2.2.1).Then, and more specifically, | introduce the so-called qualitative (2.2.2)

and quantitative scenario approaches (2.2.3).

2.2.1 Scenarios

Figure 2 gives an example of four alternative global scenarios on the future of sustainable develop-

ment.

Figure 2: ,,A tale of four futures”- The GEO-4 scenarios up to 2050

My illustration based on UNEP 2007.

Markets First pays lip service to
sustainable development in terms
of the ideals of the Brundtland
Commission, Agenda 21 and other
major policy decisions. There is a
narrow focus on the sustainability
of markets rather than in the
context of the broader human-
environment system.

Policy First introduces some measures
aimed at promoting  sustainable
development, but the tensions between
environment and economic policies are
biased towards social and economic
considerations.

Sustainability First gives equal weight to
environmental and  socio-economic

policies, accountability, and it stresses
transparency and legitimacy across all
actors. It emphasizes the development

Security First focuses on the
interests of a minority: rich, of
national and regional. It
emphasizes sustainable develop-
ment only in the context of
maximizing access to and use of
the environment by the powerful.

effective  public-private  sector
partnerships not only in the context of
projects but in the area of governance,
ensuring that stakeholders across the
environment-development discourse
spectrum provide strategic input to
policy making and implementation.

Even if a multitude of scenario definitions (co-)exists,>> most authors do agree that scenarios can be
understood as pictures of alternative futures, including the pathways leading to these futures (cf. e.
g. von Reibnitz 1991, Gausemeier/ Fink/ Schlake 1996, Steinmiiller 2002). Whereas some definitions
put more emphasis on the (static) pictures of possible futures (e. g. EEA 2009),** others instead stress
the roads and pathways towards them (i.e. their dynamics) (e. g. Kahn/ Wiener 1967) and speak of
storylines.™ In contrast to prognosis and predictions, claiming to inform about alternative presents
that might occur in the future—future presents (“zukiinftige Gegenwarten”)—scenarios are tools to
reflect present futures: the ideas and expectations we have today with regard to the future

(“gegenwartige Zuklnfte”, cf. Grunwald 2011). Following the basic assumption of futures studies or

3 Foran overview, see e. g. Mietzner/ Reger 2004, Kosow/ GaRner 2008.

A scenario is (EEA 2009: 6): ”[...] a consistent_and plausible picture of a possible future reality that informs
the main issues of a policy debate,” sometimes also-called a snapshot scenario.

Accordingly one can distinguish between more static and more sequential scenarios (e. g. Schweizer
2010).
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foresight, not one scenario, but several alternative scenarios are constructed to represent future
openness or uncertainty.*® Scenarios are constructed during so-called scenario processes. Ideally,
these can be split into different phases (cf. e. g. Kosow/ GaRner 2008: 17 ff., Kosow/ Leon 2015):*’
Phase 1, framing and scoping; phase 2, identification of scenario (key) factors (also-called scenario
elements, drivers or descriptors); phase 3, analysis and selection of alternative future developments
of these factors (also-called variants) and of their dynamics over time; and phase 4, bundling of vari-
ants into comprehensive scenarios and selection of a (small) set of scenarios (sampling). Once sce-
narios are constructed, diverse analysis steps, also-called scenario transfer, can follow in phase 5. In
different schools of scenario construction, these phases are designed in very different, more or less
explicit forms, and sometimes carried out in a different order (see sections 2.2.2 and 2.2.3). As the
core approach of futures studies, scenarios are produced and used in its diverse fields (cf. e. g. Van
Notten et al. 2003, Alcamo/ Henrichs 2008,. Currently, environmental scenarios on the one hand (cf.
Rothman 2008) and business scenarios on the other hand are seen as main fields of application (cf. e.

g. Tourki/ Keisler/ Linkov 2013).

Scenarios are constructed for various aims and functions (cf. e. g. Greeuw et al. 2000, van Notten et
al. 2003, Alcamo/ Henrichs 2008, Kosow/ GaRRner 2008):
a) To explore possible alternative futures (cognitive or explorative function).
b) To support decision making, e. g. by testing policies, formulating normative goal scenarios
and building strategies.
c) To learn, e. g. to develop a shared, inter- and transdisciplinary understanding of problems
and of complex systems.

d) To communicate and to raise awareness.

Scenarios are used by different groups of actors; e. g. decision makers (cf. Parson 2008, who distin-
guishes different types of decision makers), researchers, journalists, etc. Pulver and van Deveer
(2009) propose to distinguish between those actors who were included in the scenario construction

itself, e. g. “producer-users” (internal users) and other (potential) “recipient-users” (external users).

Scenarios perform through what is called boundary work (cf. Jasanoff 1990), linking different social
worlds such as science and humanities, the natural and social sciences, and even the different sub-
disciplines and styles within natural science communities (Garb/ Pulver/ VanDeveer2008: 3). Parson
(2008: 5) stresses that scenarios are always under critique and contested because they are tools in

political discourse.

36 . . . . . T
| chose to use the term ‘scenario construction’, and not its alternatives (development, analysis, building

and so on) to stress the socially constructed and crafted character of scenarios.
The number and name of these phases differ across authors (see e. g. Gausemeier et al. 1996 vs. Wilson
1998 vs. Steinmller 2002).
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For their various aims, a multitude of different scenario methods and techniques was developed. Var-
ious classifications and typelogies of scenario approaches are proposed in the literature (see e. g.
Greeuw et al. 2000, van Notten et al. 2003).3® One can distinguish between forecasting approaches,
that is developing exploratory scenarios (e. g. by asking “what-if” questions, vs. backcasting that is
developing normative scenarios by asking “Where do we want to go?” and then “How do we get
there?”) But beyond this analytical distinction, exploratory scenarios are not free of normative ele-
ments (see e. g. Greeuw et al. 2000) and explicitly normative scenarios also include descriptive ele-
ments anchored in shared knowledge of past, present and future conditions. Furthermore, one can
distinguish between expert approaches carried out by modelers, researchers and experts of all kinds
and participatory approaches, including decision makers, stakeholders or even laypeople (cf. van

Notten et al. 2003).

These scenario methods comprise so-called qualitative approaches, covering a broad range from very
intuitive-creative to systematic-formalized techniques; and so-called quantitative’approaches, nu-
merical techniques of all sorts including modeling and simulation; and finally so-called combined, or
integrated qualitative-quantitative approaches. All three types of approaches structure scenario con-
struction processes in specific ways and impact the resulting scenarios. That is to say, the three result
in text (more or less narrative storylines, pictures, movies etc.), or in numerical information (num-
bers, graphs), or in forms of combined or integrated textual, visual and numerical scenario presenta-

tions, respectively.

A current overview of the growing scenario literature is provided by Tourki, Keisler and Linkov (2013).
The authors have analyzed n= 342 peer reviewed papers on scenario analysis from 2000-2010. Their
meta-analysis shows first that most papers focus on exploration but that decision making is increas-
ingly stressed as an explicit goal. Second, that environmental applications are dominant (ca. 60%),
and that one third of these environmental papers deals with climate issues, and “more than 70 per-
cent of the environmental papers refer to the SRES by IPCC 2000.” (Tourki/ Keisler/ Linkov 2013: 8).
Third, the number of scenario papers per year has strongly increased, mainly due to environmental
and business applications. Finally, the authors observe a trend towards more formalized (in contrast
to intuitive) approaches,® which might be linked to the scientific, data- and model-oriented (i.e.
more positivist) scenario culture predominant in environmental research—that also dominates the

type of academic publications sampled by their study.

Cf. also Rotmans et al. 2000, Bradfield et al. 2005; Mieztner 2009, Schweizer 2010, Amer/ Daim/ Jetter
2013 and many others.

“As for the trend, only a handful of the SA papers implementing formal approaches was published be-
tween 2000 and 2003; the number of such papers increased significantly in 2004—2007, and over 20 for-
mal SA papers were published in the last 2 years under review.” (Tourki/ Keisler/ Linkov 2013: 8).
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2.2.2 Qualitative scenario approaches

So-called qualitative scenario approaches comprise a large variety of approaches that use fairly ‘soft’,
meaning intuitive and less formalized (and clearly non-numerical) techniques. They construct possi-
ble futures and pathways leading to those futures mainly in qualitative, textual or visual form, e. g. in
the form of storylines. Note that the field of qualitative approaches is itself very heterogeneous, cov-
ering a continuum of narrative, intuitive, creative, evolutionary and participatory approaches at one
end of the spectrum, and analytic, systematic and (semi-) formalized but still qualitative key factor

approaches at the other end (cf. also e. g. Mietzner/ Reger 2004, Kosow/ Leon 2015).

The more narrative-creative, intuitive and participatory approaches comprise normative-narrative
scenarios (GaBner/ Steinmiller 2006, 2009); the ‘scenario axes’ (Schwartz 1991; van der Heijden
1996) working with two (independent) centrally important uncertainties, of which two extreme de-
velopments are defined and combined to span a four field matrix structuring a scenario sample (cf. e.
g. Henrichs et al. 2009)*; and finally, and central to this study, the approach called intuitive logics (IL)
(Huss/ Hunton 1987, Wack 1985a,b, Wilson 1998), which has its origins in the business context. Its
central feature is that the scenario builder works with the experts who know best about the issue
being studied, using all sorts of available knowledge, including intuitive forms (Wilson 1998). The
scenario logic is built around the main uncertainties in the form of narrative texts with “compelling
storylines” (Morrison/ Wilson 1997)” and “highly descriptive titles” (ibid.). IL is sometimes used in
combination with the scenario axes approach. Some of the most famous examples of qualitative
scenarios are the early scenarios by SHELL (cf. e. g. Wack 19854, b; van der Heijden 1996, Bradfield et
al. 2005).

The more systematic-analytic approaches comprise morphological analysis (e. g. Ritchey 2007), im-
pact analysis (IA) (Vester 2002), and consistency analysis (CA) (Rhyne 1974, Reibnitz 1991), all of
them belonging to the more general field of soft systems thinking and qualitative systems analysis
(cf. Churchman 1970; Ackoff 1974; Checkland 2000). Some varieties of cross-impact analysis (CIA) (e.
g. Gordon/ Hayward 1968), are in a family of approaches that fall into either the qualitative or the
quantitative (cf. e. g. Weimer-Jehle 2014). Often, these systematic-analytic approaches are support-
ed by scenario software and can result in rather high numbers of scenarios. These systematic ap-
proaches are associated with the French scenario school following Berger and Godet (e. g. 1999) as
well as with the German-speaking scenario school of the Battelle institute (e. g. Reibnitz 1991,

Geschka 1999). These have been bundled into the so-called formative scenario analysis (FSA) (Scholz/

" For an ethnographic study revealing different functions this approach fulfills in scenario processes, see

van’t Kloosters/ van Asselt 2006.
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Tietje 2002).*! As stated above, Tourki /Keisler/ Linkov (2013) noted a current trend towards—or
rather a revival of—more formalization in the scenario world, linked to the next group of approaches,

the quantitative ones.

2.2.3 Quantitative scenario approaches

So-called quantitative scenario approaches comprise those that use fairly hard, systematic and for-
malized techniques to construct possible futures and the pathways leading to them—mainly in nu-
merical form (e. g. through numbers, indicators, and graphs). First, there are those approaches from
the cross-impact family that fall rather onto the (semi-)quantitative side (cf. again Weimer-Jehle
2014); second, there are approaches using (single) trend analysis, trend extrapolation and trend im-
pact analysis (e. g. Gordon 1994) to calculate future developments; and finally—and these are the
ones that are of further relevance to this study—so-called model-based scenario approaches using
hard systems thinking (e. g. Forrester 1958, 1971) and formal systems analysis as mathematical mod-
eling and simulation to construct scenarios. To describe how these models are used to build e. g.
environmental scenarios, | need to clarify first what | understand by a model?** Following
Baumgartner et al. (2008: 8): ,,A model is an abstract representation of a system under study, explic-
itly constructed for a certain purpose and based on the concepts within a scientific community’s ba-
sis construction of the world that are considered relevant for the purpose.” During model building,
actors need to take several decisions (cf. e. g. Imboden/ Koch 2008: 4 ff. and very similarly also
Baumgartner et al. 2008):

e What is the system? What is taken into account and what not, what is in- what is-outside?

(Establishing boundaries between the system and its environment.)
¢ What elements of the system (system variables) are considered?
e What are the interactions within the system (internal relations)?

e What are the interactions of the system with its environment (external relations)?

L For an overview of the different schools, c.f. Mietzner/Reger (2004), Bradfield et al. (2006),

Amer/Daim/Jetter (2013), Seefried (2014).
A large variety of definitions and types exists, an early classification was tried by Kornbluh and Little
(1976: 9), see below, a more current classification was proposed by Borshchev and Filippov (2004).

TIIL NATURE OF A COMPUTER SIMULATION MODEL
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Source: Kornbluh/ Little 1976: 9
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These decisions define the type of model that is built and are taken in response to the purpose of the
model (cf. Baumgartner 2008, Giere 2004, Imboden 2008: 7 f.). As Frank (2008) puts it “you cannot
construct a model for a system but only for a question.” There is a large variety of models and model-
ing approaches. Models that are relevant for quantitative scenario construction are formal and nu-
merical (or mathematical) and (unlike conceptual models) consist of formalized relations of abstract
entities and empirical models (as opposed to theoretical models). Depending on the kind of interrela-
tions that are represented, one can distinguish static and dynamic models with dynamic modeling
focusing on the causal relations driving the processes of a system (cf. Imboden 2008: 16 ff.). Depend-
ing on the rules and laws assumed for interrelations, one can distinguish between deterministic and
stochastic models (cf. Imboden 2008: 16 ff.).* In environmental scenario analysis, mathematical
models (and model groups) are used to simulate possible future system developments of environ-
mental systems. Simulation, means, very roughly, to do as if. In science and research, (computer)
simulation is used to imitate or to replicate one kind of process (e. g. a natural one) in another kind
(e. g. a numerical one) (cf. e. g. Spath 2009) to gain knowledge about dynamics and interrelations and
or about possible future system states. Simulations, very broadly speaking, aim to explain, make
prognoses and control a system. More specifically, they aim to identify system levers, analyze system
stability and test policy interventions.** (Computer) simulations can be understood as ‘(numerical)
modes that are put into motion’.* An environmental simulation often involves calculating how envi-
ronmental systems develop over time, for instance by assuming a specific level of human activity

driving this system development. Environmental simulation is used to explore possible future system

3 Furthermore, the levels or ‘scales’ (global, regional, local, e. g.) and the degree of abstraction is distin-

guished (Borshchev/ Filippov 2004) with regard to the direction of integration. There are ,bottom up“ vs.
L»top down” models, with the top down perspective working on the macro level of aggregate values and
the bottom up perspective constructing a model from the micro level, including elements that have em-
pirical correspondences. Borshchev and Filippov (2004) state that, outside of academe, there are four
modeling paradigms with different user communities:

e  System Dynamics, mainly used in management that represents processes through ,Stocks, flows and
their causal relationships”; based on interacting feedback loops.

e Discrete Events, mainly used by industrial engineers), creating representation through “entities and
resources (passive objects), flowchart blocks (queues, relays etc.).”

e  Dynamic systems used by control engineers e. g., representing processes through ,blocks (Integrator,
Gain, Delay...); Block diagram with feedback loops”. These three are “Three practitioners’ communities
(three different worlds) that never talk to each other” (Borshchev/ Filippov 2004: 4).

e  Finally, they see a fourth paradigm emerging (which has by now been established), namely Agent
based modeling, in which “individual objects with local behavior rules drive the model. Objects
interact with each other and the environment” (ibid. 7), agents act according to specific rules on the
micro level, and the overall model represents system behavior.

For more detail on the multiple aims of simulation and their justification, cf. Grams 2008, Baumgartner
2008, Arnold 2008.

VDI-guideline 3633: ,Simulation is the imitation of a system with its dynamic processes in the form of a
model that allows for experimentation, in order to gain insights that can be transferred to reality.” (The
German original reads: ,,Simulation ist das Nachbilden eines Systems mit seinen dynamischen Prozessen in
einem experimentierfahigen Modell, um zu Erkenntnissen zu gelangen, die auf die Wirklichkeit Gbertrag-
bar sind.”)

a4
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behavior in the form of mathematical experiments by exposing the modeled system to a specific
stimulus and observing what happens (cf. also Dieckhoff 2015). Concretely, models are built (or
adapted); model runs are executed based on specific input data sets, that is assumptions on external
influence that are fed into the model. These are drivers of the processes that change the system,
which is represented by the model; and the model calculates indicators, i.e. model output. *® To give
a simple example from the field of climate change scenarios (that is in the general sense of the IPCC
Third Assessment Report 2001), assumptions on e. g. future GDP development and population
growth are used to drive so-called emission models that allow future greenhouse gas emissions to be
calculated. To represent the future uncertainty of human activity, GDP and population growth rates
are varied, commonly through sensitivity analysis. Then, greenhouse gas emissions calculated using
the first model(s) are used as input to further environmental models, such as atmospheric, earth and
ocean models, to calculate future temperature developments of the atmosphere, the so-called ‘cli-

mate scenarios’. The same basic principle is also used in other environmental fields.

Model-based environmental scenarios are intended primarily for scientific research (cf. Alcamo und
Henrichs 2008, Alcamo 2008), that is to explore the future state of the environment (“What if?”), but
they can also be used to support decision making and planning through the identification of emerg-
ing problems and of the future consequences of current policies, and to support the search for poli-
cies to prevent negative future effects. These two motivations are also seen by Baumgartner (2008:
8), who distinguishes between a cognitive interest to understand the world and future vs. an action

interest to manage the world, based on an idea of how it might turn out to be.

2.3 Combined scenario approaches

A brief sketch of the field of combined scenario approaches sharpens the perspective and wording
used in this study (2.3.1). Then, | present the state of the art on combined scenarios: | introduce the
concept of the dominant SAS approach (2.3.2) and review empirical experiences with combined sce-

nario approaches (2.3.3).

2.3.1 Focusing the field

In environmental scenario analysis, combined scenario approaches have been developed in the last
15 years that propose to combine storylines—meaning qualitative, textual or even literary descrip-

tions of societal (political, institutional, etc.) futures—with numerical modeling and simulation. In the

46 . . . . .
For an overview of how a software based (modeling and) simulation process are carried out, see e. g.

Grams (2008: 11), who makes a rough distinction between four phases: phase 1) problem definition,
phase 2) model building (including validation and verification), phase 3) simulation experiments and phase
4) presentation of results. For more details, cf. also Banks (1995), and Frank (2008).
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Chapter 2 Combined scenario approaches

following, the field of combined and integrated scenario approaches, as understood in this study, is

more specifically defined.

When looking at its boundaries, the field appears large and fuzzy, covering various combined forms
of qualitative and quantitative scenario elements in various fields of application. This fuzziness has
two central reasons. First, the field touches on larger and older debates that go far beyond the con-
struction of futures scenarios. For instance, the issue of combining quantitative or hard systems
thinking (cf. e. g. Forrester 1958, 1971) with qualitative or soft systems thinking (Churchman 1970;
Ackoff 1974; Checkland 2000) was debated in systems thinking. Also, how to bridge the “qualitative-
quantitative divide” (Tarrow 1995), was discussed for decades in the social sciences. *’ The central
lines of these debates are first, whether one of these approaches—the qualitative or the qualita-
tive—is of higher value; and second, what role both perspectives should play for each other and for
the overall research process (cf. e. g. Andersson 1974, Kelle 2007, Tarrow 1995). Across these differ-
ent fields, ideal typical positions can be summarized as comprising those favoring integration by striv-
ing for quantification and mathematization; and those emphasizing the unique strengths of both

approaches, favoring combinations in which both components maintain their specific characters.

Often the first position underlies neighboring approaches, as in System Dynamics modeling (SD),
Agent Based modeling (AB), and Integrated Assessment modeling (IA). As combined scenario ap-
proaches, these approaches are all concerned with the challenges of combining and integrating qual-
itative and quantitative knowledge and of translating qualitative information into model-relevant
information (cf. e. g. Yang/ Gilbert 2008, Seidl 2015). Still, these approaches are not the focus in this
study, as long as they are not explicitly used to construct future scenarios—and in addition, com-

bined with qualitative techniques of scenario construction.

Second, the boundaries of the field of combined scenario approaches are rather blurry, because
many scenario processes and presentations (model-based ones as well as those based on creativity
workshops, for example) do, at some point, combine textual and numerical elements. Still, combined
scenario approaches like the ones analyzed in this study are only those which do combine qualitative
and quantitative approaches to scenario construction — and not only to scenario presentation. Look-
ing at the center of the field, the literature on combined scenario approaches in environmental re-
search clearly appears to be dominated by Alcamo’s SAS approach. This is a specific approach
combining intuitive logics to derive input data sets for simulation runs to construct exploratory sce-
narios (cf. 2.3.2). But, next to the label SAS, combined scenario approaches are also-called “integrat-

ed scenarios” (e. g. D6ll/ Krol 2002), “narratives and numbers” (e. g. Kemp-Benedict 2004), or “hybrid

* Please consider the method dispute in the empirical social sciences between the more positivist, quantita-

tive and the more constructivist, qualitative research.
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scenarios” (e. g. Winterscheid 2008). When it comes to the practice of combined environmental sce-
narios, whether realized within or outside the framework of SAS, there is a rather large spectrum of
empirical designs (cf. also 2.3.3).”% In this study, | use the term combined scenario approach when |
refer to the entire field. This is in my view the most neutral and least ambitious term, as not every
combined approach is or strives to be a (deeply) integrated one. | use the term 'SAS-type approach’
for the mainstream type of combined scenario approaches used in the field of environmental scenar-

ios.

In the following sections, | present the SAS-type approach, because it is the best documented ap-
proach, and, to my knowledge, the only one providing conceptual considerations going beyond indi-
vidual applications (2.3.2).* The later review of empirical experiences also provides a glimpse of

combined scenario approaches more generally (2.3.3).

2.3.2 The SAS-type approach

In the following, | start by briefly summarizing the basic idea of combined scenario approaches of the
SAS type; | then sum up the expected functions of this approach; finally, | sum up what the literature

says about how to carry out SAS processes.

2.3.2.1 What are combined scenario (SAS-type) approaches?

The basic idea of combined scenario approaches is to explore futures of coupled human-
(technological)-natural systems by combining numerical simulation models with qualitative storylines
(or narratives). Under the label of SAS, the approach was successfully promoted by Alcamo (e. g.
2001, 2008) in the fields of environmental change and integrated environmental assessments. In
parallel, methodological reflections on this type of combined scenario—without using the label SAS—
have also been formulated, e. g., by Raskin and colleagues (2002), Swart, Raskin and Robinson

(2004); Kemp-Benedict (2004) and Winterscheid (2007).

The basic idea of combined scenario approaches type SAS (cf. Alcamo 2001, 2008, Raskin et al. 2005)
is to first construct a broad set of qualitative storylines,™ to translate the driving forces of the story-
lines into quantitative sets of input data for the numerical model, and to use these sets for scenario
simulation, see Figure 3. The SAS methodology results in hybrid scenarios, comprising qualitative

context descriptions and quantitative model calculations of system consequences. The input data

* Combined scenario approaches have been developed in fields other than the environmental, e. g. in eco-

nomics. For instance, a very early approach can be found with Fontela and Gabus (1974, see also Fontela
1976, 1977), who propose to use a formative and semi-qualitative scenario approach that provides input
parameters for an economic input-output model.

The risks related to this focus on SAS-type approaches are discussed in chapter 8.

Storylines are often constructed together with experts in the form of workshops.
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sets, also-called driving forces, build the “first half” of the numerical scenarios; and the outputs, also-
called indicators, build the “second half” of the numerical scenarios (D6ll/ Krol 2002: 310).
Figure 3: Vizual summary of the SAS approach
My illustration, based on Alcamo 2008.
_.5 method
) ink
iterativei process

quantification
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(numerical
modeling)
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The approach relies on the principles of consistency control and iteration: The authors suggest that
modeling and simulation are used to identify inconsistencies in the storylines (Alcamo [2008] and
others), and thus recommend revising the storylines after simulation. Iteration may then become

necessary, adapting the input data sets to the refined storylines and repeating the simulation.

2.3.2.2 Why use combined scenario (SAS-type) approaches?

There are several assumptions underlying the use of combined scenario approaches of the SAS-type,
that hint at far older ideas of systems and future thinking and of inter- and transdisciplinary integra-
tion. In the literature, across authors, | have identified three main arguments that are used to justify,

why to use these combined scenario approaches:

The combination benefits from the advantages of both, qualitative and quantitative ap-
proaches

The first assumption is that so-called qualitative- and quantitative-scenario approaches have specific
advantages and disadvantages (cf. also section 2.2 above), and that their combination could benefit
from the advantages of both and counterbalance their respective weaknesses (e. g. Raskin et al.
2005: 36; Alcamo 2008: 124; Kemp-Benedict 2004:1; Winterscheid 2007: 54, Swart/Raskin/ Robinson
2004: 140). A summary of the respective advantages of the two types of scenario approaches, as

seen by Alcamo and Raskin, is given in Table 1.

Kemp-Benedict (2004) argues that complexity, especially of social systems, is best dealt with by nar-
ratives, ,complicatedness”, meaning ,keeping track of the numerous influencing factors“ (Kemp-
Benedict 2004: 2) is better represented by computer models that are able to calculate standardized

operations in a timesaving manner. Raskin and colleagues (2005: 37) summarize: “A central challenge
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[...] is to unify these two aspects by blending the replicability and clarity of quantification with the
richness of narrative.” In sum, the combination is assumed to allow for a more appropriate represen-
tation of complexity and uncertainty and thus for a deeper and more comprehensive understanding
of the system under study (cf. e. g. Alcamo 2008, Winterscheid 2008, Kemp-Benedict 2004). The as-
sumption is that this is realized by combining qualitative and quantitative data and information,
combining knowledge of detail and knowledge of synthesis, and by allowing reflection and cross-
checking of more than one (namely the model-based) perspective, which is explained in the follow-
ing.

Table 1: Advantages of qualitative vs. quantitative scenario approaches, as seen by Alcamo (2008: 124 ff.) and Raskin and
colleagues (2005: 36 ff.).

Qualitative scenario approaches Quantitative scenario approaches

Ideal type: storyline or narrative text Ideal type: based on computer models

Represent heterogeneous perspectives of diverse Provide numerical information and satisfy demand
stakeholders and experts. for quantitative scenarios from environmental sci-
More interesting and comprehensive than ,,dry tables ence and policy.

of numbers or confusing graphs“(Alcamo 2008). Assumptions are—at least in principle and for ex-
Useful to collect experts' and policy makers’ views on perts—transparent (equations, inputs, etc., docu-
future social developments and their environmental mented).

implications. Based on published models (quality control via peer
Support for considering the bigger picture, including review).

long time horizons and great geographical scales. Useful for exploring what assumptions have what
Useful when communicating issues and raising aware- environmental effect.

ness. Useful for policy test and policy advice.

Useful for the development of strategies.

Combined approaches allow getting out of the dominance and specific perspective of nu-
merical models

The second assumption is that through the use of qualitative scenario approaches in combination
with numerical modeling, we get out of the diagnosed dominance (Kemp-Benedict 2004: 1)>* and
specific perspective (Rounsevell/Metzger 2010: 608)°* of using numerical models alone and instead,

obtain a more balanced perspective (Kemp-Benedict 2004: 1).>

Combined approaches allow us to make implicit models explicit
The third assumption underlying SAS is that through the combination of approaches, underlying

models can be made explicit. This assumption is based on the perspective that both qualitative and

> "Modelers, in particular, have cast themselves as the guardians of rigor in a field struggling to gain legiti-

macy, and it can perhaps be stressed that in the past decade with the increasing use of Integrated As-
sessment (IA) models and Computable General Equilibrium (CGE) models, quantitative models have
dominated." (my emphasis). See in the same line of argumentation for sustainability research Swart,
Raskin and Robinson (2004: 138).

“The Global scenario-group (GSG), convened in 1995, realized that complementing quantitative modeling
techniques with qualitative scenario exploration would provide a broader perspective than is possible
from mathematical modeling alone.”

"(...) the weaknesses of quantitative models have once again become apparent [...], there are increasing
calls for balancing qualitative and quantitative approaches in future work."
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guantitative scenario approaches operate with a sort of “system model” (Walker et al. 2003: 7),
namely with hard models (numerical computer models, formalized models) and or soft models (ver-
bal or conceptual models). Kemp-Benedict (2004: 2, my emphasis) differentiates: "In the mathemati-
cal approach, the model is explicit, as a set of mathematical formulae, a computer program, a
diagram in Stella or some other formal representation that can be translated into a sequence of nu-
merical calculations." Still, the explicit, hard and quantitative component itself is based on further
implicit assumptions (e. g. on contexts that impact decisions on inputs and/or parametrization), or as
n54

Winterscheid (2008: 37) turned it: “Hard system models always interact with soft system models

as every formalized element and relation is linked to a qualitative understanding.

On the other hand, "in the narrative approach, the model is generally implicit in the form of the nar-
rative which reflects the shared mental model of its authors" (Kemp-Benedict 2004: 2, my emphasis).
Qualitative scenarios and narratives mirror these mental models and make them, at least in part,
verbally explicit and accessible for reflection, discussion and critique. Thus, both types of model are
based on implicit assumptions that, such is the expectation, could become more visible through the

combination of storylines and simulation models.

Considering these three assumptions, some questions arise: Are they actually fulfilled by SAS-type
approaches? Or is it rather the case that the combination suffers from the limits of both approaches?
And does the combination not allow the continued dominance of model-based thinking, including a
rather positivist perspective when, so to say, calculating the future? And, finally, do assumptions and

mental models behind storylines and behind numerical models not rather remain implicit?

2.3.2.3 How does one carry out combined (SAS-type) scenario processes?

Overall, the methodological combination is not a consolidated out-of-the-box method (cf. Doll
2003/2004: 398). There is no consensus about how to do the combination (cf. Kemp-Benedict 2004:
1), and SAS is a rather general methodological framework that is conceptually rather weak. The con-
struction of hybrid scenarios was conceptualized by different authors as a process in several steps.
For instance, Alcamo (2001 and 2008) proposes an idealized SAS process in ten steps based on sever-

.>> D6ll (2003/2004) presents her version of the process to

al empirical applications on the global leve
construct “qualitative-quantitative scenarios” in seven steps based on two applications in the field of
water management. Winterscheid (2007) drafts a detailed concept for a process to construct “hybrid
scenarios” for flood risk management in four phases. For an overview of the different process mod-

els, see Annex B.*®

> The original German reads: "Harte Modelle interagieren stets mit weichen Modellen.”

This study refers to this SAS definition as the ‘ideal type’ or ‘classical SAS'.
The authors also refer to each other and integrate the work of the others.
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First of all, the three approaches share the basic ideas of : a) building qualitative scenarios on possi-
ble future developments (storylines); b) quantifying these; and c) using the quantified assumptions
as input data sets for model runs (simulation) to calculate indicators (that is output parameters of
the models). With regard to the quantification or translation of storylines into numerical input data
sets, different intuitive or formalized conversion techniques have been proposed.’’ Second, all au-
thors share the idea that the process needs iteration, meaning that the process is not linear; rather,
loops are necessary in which both components are compared, used to inform each other, and to
refine  the qualitative and the quantitative formulations of the scenarios.
The description by Alcamo is most explicit and detailed with regard to the definition of the social
organization of the process and the distribution of tasks. He proposes (2008: 137 ff.) to compose a
scenario team, that is a small core group responsible for the coordination between the scenario pan-
el and the modeling team. The scenario panel, often also-called scenario group, is a bigger group,
responsible for the qualitative storylines and which can include additional stakeholders and experts;
the modeling team is responsible for the quantification of the assumptions and the modeling. Alca-
mo stresses that in the scenario team, experts are required, who know what quantifications are nec-
essary and what quantifications are possible (cf. Alcamo 2008: 138). He gives an explicit role to
decision makers in the phase of the process when the scenarios are distributed for general review.
Doll’s description is more specific with regard to the technical level. She points to the need to define
indicators of system states, depending on the mathematical models available for quantification very
early in the process, namely before the definition of qualitative scenarios. Winterscheid (2008) adds
two aspects, namely the simulation of interventions and the evaluation of scenarios with regard to
predefined (sustainability) criteria, both aspects further define the phase of usage or assessment of

the scenarios.

2.3.3 Empirical experiences with combined scenario approaches

In the following, | sum up my literature review about empirical applications of combined scenario

approaches in the field of socio-environmental scenarios.

2.3.3.1 Aims and sampling of the literature review

The aims of this review were to learn from the experiences of others; to learn what different types of
combination already have been empirically tried out; and more specifically, to look for dimensions
that might be important in the design of such approaches. Thus | did not aim for a comprehensive

catalogue of all existing applications, but focused on learning about the range and characteristics of

>’ Alcamo (2008) as well as Kok and colleagues (2015) proposes using fuzzy logic; Kemp-Benedict (2010)

proposes using Bayesian statistical reasoning, both approaches are rather systematic Winterscheid (2008)
proposes verbal argumentative logic, a rather intuitive approach. Still, all of them, in the end, rely on ex-
pert judgments. For a more detailed comparison, see Annex C.
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currently used methodologies. Therefore, | started to review the four prototype applications of SAS
on which Alcamo explicitly bases his approach (in chronological order). These are the World Water
Vision (Gallopin/ Rijsberman 2000, in the following abbreviated as ‘WWV’); the perhaps best-known
application in the field of climate change research are the emission scenarios documented in the
IPCC SRES report (Nakicenovic et al. 2000 ‘SRES’); the Millennium Ecosystem Assessment on biodiver-
sity (Carpenter et al. 2005 ‘MEA’); and the Global Environmental Outlook, with the GEO-4 scenarios
on sustainability (UNEP 2007, Rothman/ Agard/ Alcamo 2007 ‘GEO-4’). These four are applications
on a global scale and in the form of fairly large exercises in terms of actors, resources, and time. Each
of these four projects reveals an individual methodological design that deviates from the ideal typical

SAS approach (cf. also Alcamo 2008).

To broaden the view beyond these SAS-prototypes, | have included further examples of combined
scenario exercises. The examples chosen go beyond those explicitly referring to the apparently dom-
inant SAS-type approaches and also comprise studies from neighboring fields. Mainly based on a
snowball-system of asking experts in the field and on cross-references, | found diverse other com-
bined scenario exercises on different scales (geographically and in terms of resources) and in differ-
ent socio-environmental fields.”® These were mainly in the fields of water management (e. g. Déll/
Krol 2002 and D&ll 2003/2004 ‘WAVES’; van Asselt et al. 2001a and 2001b ‘IRMA’, Government office
for Science 20014,> Wheater/ Evans 2009 ‘FFCD’; Kamiri/ Alcamo et al. 2008, Vliet/ Kok 2008, Vliet
et al. 2012 ‘SCENES’) and land use (e. g. PIK 2004 and Rounsevell et al. 2005 'ATEAM', EEA 2007b and
Volkery et al. 2008 ‘PRELUDE’, Westhoek/ van den Berg/ Bakkes 2006 'EURURALIS'; Kok/ Van Delden
2009 ‘MedAction’), but also sustainability (Gallopin et al. 1997 and Raskin et al. 2002 ‘GSG’, Rotmans
et al. 2000 ‘VISIONS’). In addition, | Included combined scenario approaches that have been devel-
oped and applied in neighboring fields such as industrial ecology (cf. e. g. Hilty et al. 2006 ‘ICT’), eco-
nomics (cf. e. g. Bohringer/ Ldschel 2005 ‘EMF’) and more recently also in energy research
(Trutnevyte/ Stauffacher/ Scholz 2011 ‘URNASCH’, Trutnevyte et al. 2012 ‘APPENZELL’). Annex D

gives more detailed information on this sample of studies.

2.3.3.2  Characteristics of different empirical designs
The studies show a large variety of approaches combining numerical models with qualitative story-

lines (see Annex E for their individual characterization).

*® " Inthe end, | included only those examples for which | could obtain a minimum of information (and where

possible also some reflection) on the methodology that was used. In total, | reviewed a selection of n= 18
scenario studies using a combined scenario approach. Some of them group themselves under the SAS
umbrella, others do not.

¥ URL: https://www.gov.uk/government/publications/future-flooding
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The designs share several characteristics. First, they require time: Projects take no less than two
years and can take up to five years or longer. Often, they require more resources than initially
planned. Many researchers report that there was too little time and resources, leading to adapta-
tions of the initially planned design (e. g. GEO-4). Almost all of the studies have the explicit double
aim of scientific exploration and policy advice. Some also explicitly intend to foster communication
and awareness (e. g. GSG, VISONS, MedAction) and a few also explicitly focus on method develop-

ment (e. g. SCENES).

Furthermore, the qualitative scenario techniques used in almost all of these exercises belong to the
creative-intuitive end of the spectrum. Many can be identified as forms of the intuitive logics (IL)
approach (cf. Schweizer 2010: 7 ff.), even if not always labeled as such. Often, ‘scenario-axes’ are
used to select and construct scenario samples (e. g. SRES, FFCD, EURURALIS). Another approach is to
use normative archetypes (e. g. GSG, IRMA) and visions (e. g. URNASCH, APPENZELL). The only study
using a systematic formalized approach, namely a probabilistic form of cross-impact analysis (CIA), is
EMF. Also, most qualitative storylines, scenarios and visions have been developed in participatory
approaches including experts and stakeholders. Only a few were based on desk research by experts
(e. g. ICT, EURURALIS). Furthermore, qualitative scenarios are often heavily based on an existing

storyline developed by others (e. g. on those of the GSG, the SRES, GEO-4 etc.).

In contrast, approaches diverge with regard to the type and number of numerical model(s) that are
used. They range from large integrated ecosystem modelling groups (e. g. MEA) through individual
small system dynamics models (ICT) to decision support systems (MedAction). In most studies, mod-
els pre-exist the scenario exercises (e. g. SRES, MEA, GEO-4) and are only rarely completely newly

built (e. g. ICT, WAVES in part).

Furthermore, approaches implement different forms of division of labor across storylines and math-

ematical models; these are stylized in Table 2.5

® |n Alcamo’s SAS approach, storylines cover qualitative aspects, models cover the quantitative or quantifi-

able aspects of the system under study. This division of tasks can go hand in hand with a division between
social sciences aspects vs. natural sciences aspects, suggested by the division in socio-economic storylines
and natural sciences models, as in the case of the SRES (2000). However, theoretically, a combination of
quantitative projections made with an econometric model with a qualitative model of environmental sys-
tems, such as by a Syndrome Approach model (WBGU 1998), is imaginable, too. Also, this division does
not have to follow disciplinary lines, since some social-sciences aspects are easily quantifiable and thus
representable by numerical models. Some natural sciences aspects, for example, the ecological features
of a system can only be described qualitatively (see MEA, where the storylines have covered explicitly the
non-quantifiable aspects of the natural systems representation, too). Along these lines, but more ex-
treme, is the division between science vs. the uncertain and messy: Numerical models deal with the scien-
tific facts (and are calibrated and validated by historical data), qualitative scenarios take over the burden
of filling knowledge gaps and representing uncertain futures, which always depend—at least to a certain
degree—on qualitative expert assessments, fears, hopes (cf. Grunwald 2011) and normative positions. Al-
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Table 2: Division of labor — foci of the two components (stylized summary)

Qualitative storylines Numerical models Example(s)
Socio-economic-institutional (etc.) System changes Ideal typical SAS, MEA

% @ | contexts (drivers) g

E g Policy regimes g v | Evaluation of effects EMF

§, ® | Normative visions § § Multiplicity of technology APPENZELL, URNASCH
3 ® | portfolios

Social sciences aspects Natural sciences aspects SRES

Assumptions, fears, hopes (the future) Objective analysis, facts, truth (the MedAction, WAVES
past)

Social scientists, stakeholders, laypeople Natural scientists MEA

Intuitive and holistic thinking Analytic and rational thinking URNASCH

Furthermore, the overlap between what is represented by the qualitative and the quantitative com-
ponents diverges across studies. It ranges from little overlap, with storylines limited to model con-
texts (e. g. SRES), to higher degrees of overlap, with storylines also roughly covering the internal logic

of the system represented by the model(s) (e. g. GSG, MEA).

Studies can be distinguished with regard to the timely succession of both components: consecutive,
in which qualitative scenarios are developed first and then numerically evaluated by the model(s)
(e. g. PRELUDE, WAVES and many others); in parallel, in which two distinct perspectives on the sys-
tem under study are developed simultaneously, a narrative and a numerical one (e. g. GEO-4,
APPENZELL); and iterative, in which scenarios and models are linked through input-output coupling

and feedback loops (e. g. MEA, ICT).

Furthermore, combined scenario processes differ with regard to the dominance of the process: in
several cases, the (mostly pre-existing) models dominate and frame the process (e. g. SRES, ATEAM)
in others, the storylines are dominant and frame the process (e. g. WWV, GEO-4), or equal weight is
given to both (MEA, PRELUDE, MedAction).®* Kemp Benedict (2004: 3) argues that it is beneficial,
when the narratives drive the process and the quantitative models are developed in response to the
narratives: “Note that this salutary outcome [the clarification and sharpening of the qualitative anal-
ysis provoking discussions between modelers and scenario group] is not reached, when the quantita-
tive model drives the analysis and the narrative follows from it." Only then are models seen to have

beneficial effects.®? Instead, Trutnevyte et al. (2011, 2012) argue that independent and equal devel-

so, the qualitative side is associated with laypeople, such as stakeholders and communities, whereas the

models are associated with the natural scientists (see MEA as an example).

Alcamo reports that in the MEA process, an equal amount of time and effort was invested in both parts of

the process (cf. Alcamo 2008: 130 ff.).

This form of combination, in which the storylines lead, is conceptually described by Kemp Benedict as a

steersman or leadership approach, with ,the modeling team following the narrative team’s lead”

(2004:2).He explains that in this form of combination, the models fulfill the task of bookkeeping and ,,as-

sist the scenario developers in making a consistent and coherent narrative.” The model’s role then is to

provide solid scientific ground, i.e. "to identify the model implicit in the narrative, and interpret it in a
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opment of both components is most beneficial, so that one does not limit the other a priori; instead

multiple quantitative interpretations of one qualitative vision are allowed for, e.g.

This issue certainly also has a social component linked to the weight and dominance of actors in the
process. The texts, e. g. by Alcamo (2008), and especially the paper by Volkery and colleagues (2008)
“Your vision or my model?”, suggest that the modelers often have more impact, credibility and
standing in the process than the scenario group. D6ll (2003/2004: 397) points out that the fraction of
the quantitative and the qualitative parts can strongly vary, depending on three factors: the problem

at stake, the scale and the resources available.

Furthermore, designs differ with regard to the structure and degree of coupling. Some combinations
are coupled through input-output coupling (e. g. MEA, ATEAM, SCENES). Others show, either in addi-
tion or instead, a soft form of coupling of both components through verbal (or normative) embed-
ding of numerical scenario results (URNASCH, APPENZELL) or through numerical underpinning of
narrative results (e. g. GEO-4, WWV). Some approaches have realized iterative refinements of both
components (e. g. MEA, ICT, WAVES). In others, iteration is either not documented (e. g. ATEAM,
EMF, SRES), or was planned but not realized, due to resource restrictions (e. g. GEO 4). lteration is
considered crucial by Alcamo for the ideal type of SAS, but not by Trutnevyte et al. (2011, 2012),

working with pre-existing normative visions.

The scenario products resulting from these different processes are very different, too. They range
from model results (data) with explicit verbal assumptions (e. g. SRES), through scenario texts with
selected quantitative indicators (e. g. WWV), to scenario presentations where narratives and model
results merge into one representation (e. g. MEA). Sometimes publications are split into the docu-

mentations of the combined process and of the modeling.

The approaches vary with regard to the inclusion of actors in the scenario building (from modelers,
and technical experts to scenario groups of local stakeholders), and the organization of responsibility.
Volkery and colleagues (PRELUDE, 2008) focus especially on the social interaction in their participa-
tory scenario processes, in which—in contrast to classical SAS, as the authors emphasize—the full
responsibility to develop the narratives was given to a group of stakeholders (and not to the re-
searchers or modelers). With regard to focusing the design of the social interactions, they stress:
"Scenarios can be developed without restrictions of existing models and data limitations in mind,

include issues that science may not be able to model in quantitative terms, while simultaneously

formal mathematical model" (Kemp-Benedict 2004: 4), to ,explore a numerical neighborhood of possibili-
ties that is consistent with its narrative” (Kemp-Benedict 2004: 4), to reflect temporal and spatial cons-
traints, to offer several levers. This idea was taken up by Winterscheid (2008), who considers the
storylines to be central, because they represent the underlying mental models more explicitly and more
comprehensively and thus should frame and drive the development of the numeric models.
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benefiting from the rigor and consistency check that models can provide.” (Volkery et al. 2008: 465,
my emphasis). They warn: "The participatory development of long-term environmental scenarios is a
challenging process. Therefore, it is important to think carefully why and to which extent stakehold-
ers should be involved and to clarify the roles and responsibilities of modelers and stakeholders be-

fore starting the overall process." (Volkery et al. 2008: 460).

In sum, this review of empirical experiences with combined scenario approaches shows a great varie-
ty of designs. Especially, opening up the review beyond approaches gathering explicitly under the
SAS-umbrella, has shown that further forms of combined approaches are possible. Furthermore, the
review hinted at the dimensions that characterize the different designs. At the same time, it showed
that there is not much conceptual work reflecting these. There is a need to better understand differ-

ent forms of designs and their effects.

2.4 Traceability and consistency as central challenges to combined sce-

nario approaches
In the following, | sum up the overall critique of the SAS approach that can be found in the literature
(2.4.1). Then, in more detail, | discuss its traceability challenges (2.4.2) and its promise of consistency

(2.4.3), as they are the focus of this study.®

2.4.1 Overall critique of the SAS-type approach

In the scenario literature, SAS-type scenario approaches are critically discussed in different communi-
ties. First, there have been reflection and evaluation activities in the field of scenarios of global envi-
ronmental change, understood as combinations of narratives and quantitative modeling. An initiative
brought together scenario practitioners and users during a high level workshop 2007 and resulted in
a special issue in the journal Environmental Change Letters 2008 (with contributions, among others,
by Parson, O’Neill, Pulver, VanDeveer and Garb). Second, these approaches have been intensely dis-
cussed in the climate change community, with a special focus on the IPCC SRES scenarios and on the
development of new approaches to be used from the 5™ IPCC assessment report (AR5) on (cf. e. g.
Girod et al. 2009, Moss 2010, Schweizer/ Kriegler 2012, Rounsevell/ Metzger 2010). Third, self-
critique can be found in texts by the SAS authors themselves (cf. e. g. Alcamo 2008) also reflecting

individual empirical applications (e. g. D6ll/ Krol 2002 and D6ll 2003/2004, Volkery et al. 2008).

Since the year 2000, SAS-type approaches have come to be seen as state of the art in scenarios of

environmental change (cf. Rounsevell/ Metzger 2010: 2010). It is now a general methodological

% Note that the following subsections draws from earlier publications by me as e. g. Kosow 2011, Kosow

2015 and in Weimer-Jehle et al. 2016.
55



Chapter 2 Combined scenario approaches

framework to combine numerical models and qualitative scenario techniques to develop scenarios of
global change that was adapted to a variety of issues and project realities (cf. 2.3.3 above). Still,
though it has plenty of appeal, the SAS-type approach is also fraught with difficulties. Its central ben-
efits, especially when compared with modeling only approaches to environmental scenarios, are (cf.
also Alcamo 2008, Weimer-Jehle/ Kosow 2011, Kosow 2011, Weimer-Jehle/ Prehofer/ Vogele 2013)
are as follows: 1) Qualitative factors are not ignored and excluded, but are taken into account and
included through the storylines;** 2) assumptions on future (social) developments behind indicators
and time series used as model input do not remain hidden but are made explicit; 3) instead of assum-
ing only one possible social future (e. g. with regard to population growth), the uncertainty of social
developments is addressed through a range of storylines covering different future alternatives—and
this not only for single developments but for several developments in form of comprehensive pic-

tures.”

The key difficulties of SAS-type approaches, some of them recognized by their authors (e. g. Alcamo
2008), are the following: First, there are practical problems, as the approach is rather resource inten-
sive: SAS processes are costly endeavors, mainly in terms of personnel and time because of the many
workshops and meetings necessary, the time needed for iteration, and the necessary degree of en-
gagement and commitment by participants. Volkery and colleagues give the following estimation,
which matches the indications given by Alcamo (2008):

Depending on the complexity of the issue it can take up to two or three iterative rounds to come to a
common understanding about driving forces, uncertainties and final scenario logic, establishing a good
working relationship between facilitator, stakeholders and modelers and finally arriving at consensus
about the qualitative scenario content and its effective translation into quantitative model inputs.
(Volkery 2008: 465)

Furthermore, the approach depends on model and data availability: To use SAS-type approaches, the
models that are needed also have to be available, along with personnel with the knowledge to run

them (cf. Alcamo 2008 and others). D6l and Krol remark (2002: 319): “The scenario development

o SAS-type approaches allow to open future spaces not only in quantitative ways by using (model-based)

trend projections of available indicators, but that in addition, they are able to process qualitative infor-
mation. Especially when mid- and long-term futures are concerned, qualitative descriptions often are
more appropriate. SAS furthermore allows combining qualitative with quantitative knowledge and thus to
integrate both in a field normally dominated by quantitative approaches. SAS allows including a) different
types of knowledge; b) heterogeneous participants, e. g. experts from different disciplines and also—at
least in principle—non-scientific stakeholders as, e. g., decision makers.

65 The first strength of SAS consists in representing the uncertainty of future social developments by using
the scenario concept in its primary sense: Possible future developments of the system under study are not
driven by isolated external parameters, but are contextualized by plausible, coherent and alternative pic-
tures of futures. System change is not driven by single predictions or projections (and varied via sensitivity
analysis), but by meaningful bundles of future developments of the system and its context. Considering
the fact that predictive model results strongly depend on their assumptions on uncertain external drivers;
an appropriate representation of these drivers and of their uncertainty can enhance the quality of the
model results in a significant way.
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process is retarded, when pertinent mathematical models do not already exist for the system com-
ponents or the geographical area of interest.” They add that the calculation of appropriate system
indicators is critical for the use of the results by external users, but that it is limited by the availability
of suitable models, which in turn are limited by available data. Furthermore, these models need to be
linkable to the qualitative storylines, which is not always easily and possible 1:1—as for example in
the case of econometric models that are themselves based on the analysis of past trends (Alcamo
2008: 141). Literature remains silent with regard to what types of model are suitable for this kind of

approach and what types are not (one exception is Kemp-Benedict 2004.)%

Second, the conversion, that is the translation of qualitative into quantitative knowledge, remains
“one of the weakest links in the SAS procedure” (Alcamo 2008: 139, cf. also Volkery et al. 2008). Fi-
nally, it is always reliant on expert judgment, even in the application of formalized translation or con-
version techniques.®’ Classically, this discursive conversion is done by expert assessments that in-
include expert guessing and some rule of thumb-estimates (cf. Henrichs et al. 2009, Winterscheid
2007, Alcamo 2008). Overall, translation rarely allows a perfect fit between the ideas expressed by
the storylines and the data required and provided by the models. For instance, Parson stresses that

mismatches between the storylines and the input needed by the modelers can occur (2008: 3).

Third, the combination of storylines with numerical modeling and simulation needs to deal with a
sort of clash of cultures. This clash of cultures is rooted in the deep methodological and epistemolog-
ical hybridity of combined approaches. Van Notten stresses that “the fusion of quantitative and quali-
tative data in scenarios remains a methodological challenge" (2003: 431). Volkery and colleagues
report (2008: 459, 460): "However, this task is all but easy as it requires a careful balancing of ap-
proaches and an acceptance of different levels of knowledge and trust in different methods across
disciplinary borders", and requires "the conscious acceptance of trade-offs between modeling capa-
bilities and human reasoning." This clash of cultures also plays out on a social level that requires mu-

tual understanding, respect and trust between the very diverse participants in such processes.®®

66 Kemp-Benedict (2004: 4) lists that a model appropriate for exploratory scenario analysis requires to:

"1. Represent the narrative; 2. Reflect fundamental constraints (e. g. land and energy balances, economic ba-
lances); 3. Reflect the spatial and temporal scales of the key processes; 4. Offer several "levers" (although
not too many) for the narrative team and other users; 5. Implement likely correlations; 6. Reflect kno-
wledge of the relevant literature."

See section 2.2 and Annex C for a comparison of different translation approaches.

One of my interview partners told me, that “the process is one of raising and deflating mutual expecta-
tions,” with the typical dialogue at the beginning between scenario (S) and modelling team (M) running
something like the following.

S: “Population growth?”

M: “No problem.”

S: “Economics?”

M: “No problem.”

S: “Governance?”

M: “Go away!“

67
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Underlying the methodological hybridity, there is also hybridity of the epistemological perspectives
within SAS-type approaches. Numerical modeling and simulation on the one hand and storylines on
the other hand stem from different scenario schools and from positivist vs. constructivist paradigms
(cf. also Van Asselt et al. 2010). In the words of Grunwald (2013a), they introduce the heritage of the
mode 1 type of orientation provided by futures studies, namely: predict and control the future. On
the other side, storylines, which are rooted in the constructivist paradigm of futures diversity, are
seen as a means to integrate qualitative ideas on future developments, along with a large variety of
actors beyond modelers, into a scenario process. Grunwald (2013a) claims that they reveal the mode
2 type of orientation provided by futures studies, namely: design and create the future. In sum, com-

bined scenario approaches need to find solutions to methodological and epistemological tensions.

Fourth, authors report a dominance of models and modelers, leading to the fact that the qualitative
part gets lost over time, specifically in the field of scenarios of global change: “Qualitative and narra-
tive elements, if present at all, are less developed, less prominently reported and only weakly linked
to quantitative elements. Even when scenario exercises have begun with narrative scenarios, these
have faded in significance as the exercise proceeded" (Parson 2008: 3, my emphasis). Parson bases
his explication of this phenomenon on the characteristics of the exercises that produce and use sce-
narios, namely approaches dominated by quantitatively oriented analysts and modelers that are
using approaches that are familiar to them,

First, assessments undergo intensive review processes closely modeled on scientific peer review. Sce-
narios that appear more scientific in character and are more familiar to participants and reviewers
pose fewer risks in such a review process. On the other hand, assessments are not usually linked to
any specific decision or decision maker, despite their mandate to inform decision making in general.
While experience in other domains suggest users want scenarios to include uncertainties that can only
be represented in qualitative or narrative terms, the weak relationship to particular users, means that
such a preference finds little voice in global-change scenario exercises. Rather, the capabilities, needs,
and familiar methods of scenario producers, usually quantitatively oriented analysts and modelers are
likely to dominate. (Parson 2008: 3, my emphasis)

One could also argue that the effective dominance of the numerical side is one solution to the inher-

ent tension resulting from the hybridity of these combined approaches.

Finally, but along the same lines, there is a critique of the intuitive approaches, which are predomi-
nantly used to construct storylines, leading to what is perceived as an imbalance between highly
sophisticated mathematical modeling and less systematic approaches to qualitative scenarios. For
example Garb et al. (2008: 1) write: “Indeed, there is a growing imbalance between the increasing
technical sophistication of the modeling elements of scenarios and the continued simplicity of our
understanding of the social origins, linkages, and implications of the narratives to which they are
coupled.” This critique seems to be formulated mainly from the modeling side and out of academic

ambition. The scientific credibility of combined results is perceived as being hampered due to the
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imbalance between the intuitive component (the storylines) and the analytical component with sci-
entific ambitions. In response, the recommendation was formulated (e. g. Girod et al. 2009,
Rounsevell/ Metzger 2010, Kemp-Benedict 2012) to use more systematic and formalized approaches
to construct storylines (cf. also 3.3). In the following, two more difficulties of SAS-type approaches

are detailed, as they are central to the focus of this study.

2.4.2 The traceability challenge

Integrated scenarios are challenged by what | would like to call issues of traceability. First, | identify
traceability as a standard for scenario communication (2.4.2.1) and second, | discuss the traceability

challenges inherent in combined approaches (2.4.2.2) (cf. also Kosow 2015).

2.4.2.1 A standard for scenario communication

Traceability of scenarios refers to what in the literature also is called transparency, explicitness, ac-
cessibility, documentation, or reproducibility. Even if there is little conceptual precision, literature
shows that the idea of traceability is an agreed-upon and fundamental standard in futures research
(Parson 2008, Grunwald 2011). With regard to scenarios, traceability is considered a substitute for
participation during scenario construction (Parson 2008). The central idea is that traceability allows
those actors, who have not been included in the production of scenarios, meaning the “recipient
users” (Pulver/ VanDeveer 2009), to “make an informed choice, whether and how to use them” (Par-
son 2008: 4).° When engagement of users is not possible "[t]he only alternative is for developers to
provide fully detailed and explicit accounts of scenarios underlying reasoning and assumptions

[...].”(ibid) and of embedded values.

This standard is "widely advocated" but rarely achieved (Parson 2008: 4) as it "requires such a
'traceable account' of how each scenario was produced including areas of weakness, low confidence
and disagreement" (ibid.). This in turn requires the scenario builders to honestly reveal all ingredients
and their mixture, according to Grunwald (2011), behind a scenario process; including the use of
expert guesses, tacit knowledge, errors and detours, and to go beyond textbook presentations or
idealized design descriptions (cf. van Asselt et al. 2010, Hinkel 2008). Thus, in sum, it is the traceabil-
ity of both—of scenario assumptions and of the scenario construction process—that are seen as pre-
requisites enabling external recipient users to assess scenario quality and to decide whether and how

to use these scenarios.

69 . .
Parson recommends: "When feasible, [...] engagement ensures that scenarios are useful, and that as-

sumptions and values embedded in them are understood and accepted by the users.” When engagement
of users is not possible, "how are users to understand what each scenario means, how closely its assump-
tions match their needs and how they might use it?" (Parson 2008:4).
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2.4.2.2 Traceability of combined scenarios

In combined scenario approaches, both components, qualitative storylines as well as numerical
model-based scenarios, are criticized for not being traceable.

With regard to the storylines, Alcamo himself (2008: 142) considers one of the key limits and chal-
lenges of SAS to be that qualitative storylines suffer from a lack of what he calls “reproducibility””,
because they are based on “assumptions and mental models of storyline writers [that] remain un-
stated”. As these assumptions are not transparent and not explicitly documented, the storylines are
difficult or impossible to access, to criticize and to reproduce. In consequence, storylines are per-
ceived as being unscientific (ibid).”* In addition, the missing accessibility of the assumptions and men-
tal models underlying qualitative storylines hinders the use by and the usability of these scenarios for
external users (cf. Parson 2008: 4).

But numerical models—and the scenarios based on them—have issues with regard to transparency,
explicitness and accessibility, too. Parson (2008: 5) and Grunwald (2011) warn that especially model-
and simulation-based scenario studies do suggest scientific quality, but are very difficult to use by
external users as these do not easily understand what is behind their results. Grunwald (2011) criti-
cizes, with reference to model-based energy scenarios, the fact that the underlying models are often
not public.”” Van der Sluijs (2002) found that even publically accessible numerical models are based
on hundreds of implicit (internal) assumptions, as well as modeling and simulation decisions that are
often only partially documented and accessible to externals.” Thus, even those numerical simulation
modeling results that are traceable in theory often are not so in practice—at least not to externals

and to those who are not modeling experts.

The critiques of both components of integrated scenarios can be summed up in accusations from the
one side that they are unscientific and non-transparent vs. accusations from the other side that they

are black-boxed and technocratic. But considered jointly, both parts of combined scenario approach-

7 By the way, this is a term from a positivist perspective, not necessarily appropriate in the realms of scena-

rio studies or post-normal science in general.

As a possible solution, Alcamo proposes to use visualizing techniques as causal loop diagrams or cognitive
maps that depict system elements and, most important, the relations between these elements. He states
,Once such a clear visual map is available for a storyline, then its basic content should be re-
constructible.” (Alcamo 2008: 142). The challenge of such visualizations then is that they easily become
very complex, when picturing all interrelations. Therefore, research on new approaches is needed (cf. Al-
camo 2008: 143).

Grunwald (2011: 827/828, my emphasis) pleads for "creating transparency in comparing them with re-
spect to their premises and presuppositions and with respect to the consequences of different assump-
tions and methodological approaches as well," and for the "creation of transparency, namely concerning
the knowledge components and their limits, concerning the uncertainties that are involved and that must
be explicated (...) and concerning the exposure of the values, norms and even interests that are involved
[..]1."

Especially models that are used for a long time tend to cover a lot of old implicit assumptions and deci-
sions that nobody has full access to anymore.
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es, namely storylines and numerical model-based scenarios, are individually challenged with regard
to different issues in the domains of reproducibility, transparency, explicitness, access, documenta-
tion of scenario assumptions and scenario construction. In the following, | would like to refer to these

using the term scenario traceability, see chapter 4.

The literature provides little insight into what happens to traceability, when both components come
together. As one exception, Kemp-Benedict (2004) hopes that integrating approaches does foster
traceability. He argues that mathematical modeling forces the narrative to clarify the definitions of
its elements and of the interactions between these elements, which leads to more rigor and trans-
parency. On the other hand, it seems plausible to assume that integrated scenarios do combine the
difficulties of both components. In addition, the combination might add new complexities and mud-
dling to the scenario construction process, as well as additional (e. g. not explicit ad hoc) assump-

tions.

2.4.3 The promise of consistency

The second quality challenge of integrated scenarios central in this study is their consistency. First, |
identify consistency as a principle of scenario construction (2.4.3.1), and then | discuss consistency

challenges of combined scenario approaches (cf. Kosow 2015) (2.4.3.2).

2.4.3.1 A principle of scenario construction

Consistency of scenarios is also referred to as coherence, plausibility, logic, realism, and compatibility
(cf. also Tourki/ Keisler/ Linkov 2013: 7). Scenario literature shows that consistency is considered a
constitutive element of scenarios, that is, an integral part of the definition of a scenario (e. g. EEA
2009: 6 and others).”* At the same time, consistency is considered a fundamental principle of scenar-

ios construction and selection; and therefore, in sum, a central quality and usability criterion.”

In my view, consistency is understood as a safeguard against the arbitrariness of scenarios. It is a
substitute for empirical validation, which is not possible and not appropriate with regard to scenari-
os, because their subject is the future - and thus is not accessible in the present, and because they do
not claim to be or to become true. As a scenario construction principle, consistency is a heuristic that
forces the scenario builder to reflect, how bits and pieces are brought together to form scenarios (cf.
also Tourki, Keisler, Linkov 2013: 7). Consistency is considered a necessary, but not sufficient, condi-

tion for a scenario to be plausible (cf. e. g. Kosow/ GaRner 2008). Plausibility in turn is linked to the

" Ascenariois: ...”a consistent and plausible picture of a possible future reality that informs the main issues

of a policy debate.”
> Seee. g. URL: http://forlearn.jrc.ec.europa.eu/guide/3_scoping/meth_scenario.htm

61



Chapter 2 Combined scenario approaches

possibility and credibility of scenarios (cf. Selin 2011). In sum, the term consistency is used a lot but is

mostly weakly and not consensually defined. ’®

Instead, different concepts, criteria and measures of consistency coexist. Van Asselt and colleagues
(2010: 114) have shown that different understandings of consistency are circulating. These different
understandings are linked to the different “temporal repertoires” (ibid) they are used: Consistency
can mean being in line with historical trends and developments, when a “historic deterministic tem-
poral repertoire” (ibid) is referred to. On the contrary, consistency can refer to the internal con-
sistency of scenarios, when a “futurist difference temporal repertoire” is taken over. This means, that
both understandings refer to current knowledge, but the first focuses on what we know about histor-
ical continuity, whereas the second focuses on what we know about the uncertainty of the future
and the discontinuity of developments into the future. These different repertoires are linked to the
different epistemological paradigms behind the various scenario schools, using either trend extrapo-

lation or open thinking when proposing alternative futures (cf. section 2.2.).

In different scenario schools, different consistency concepts are applied: Mathematical models can
be considered objectively to be internally consistent by virtue of their mathematical (causal) logic.”’
Storylines instead rely on holistic consistency filters, such as intuitive gut feelings, that are subjective
consistency definitions.”® More systematic qualitative scenario approaches use the consistency prin-
ciple to combine future variants into comprehensive pictures and to select scenario samples (e. g. the
so-called consistency analysis, CA). With this aim, different formal consistency algorithms and con-
sistency scales have been developed. ”° The different consistency measures do apply different con-
sistency criteria: CA uses the criterion of co-incidence or co-existence of factor developments. By
contrast, CIB uses qualitative causal information considering the direction of influences between

developments (cf. Weimer-Jehle 2009b, cf. also section 3.1.2).

® Like many other criteria for scenario quality, see 2.1.2. Tourki, Keisler and Linkov ‘s summary on con-

sistency illustrates this amalgam (2013: 7): "Consistency refers to the agreement or harmony between
parts of a scenario. This quality is very important to the internal structure of any scenario. Indeed, logical
consistency may be a necessary condition for a scenario to even be a possibility, without considering its
probability (Scholz and Tietje 2002). Thus, a comprehensive consistency check of scenarios is desirable,
especially when analysts use algorithms to generate scenarios by combining all projection variables. Al-
most all definitions of SA [scenario analysis] include this important notion. [...] Adjectives such as ‘plausi-
ble’ or ‘realistic’ or ‘reasonable’ or ‘compatible’ are sometimes used in place of ‘consistent.”
Nevertheless, in modeling, not all problems have pure analytical solutions. Especially simulation is often
based on numerical approximation, as well.

When it comes to storylines, authors advocate checking for narrative or communicative consistency (e. g.
GaRner 1992) by asking: Does the story make sense? Are assumptions for the future developments of dif-
ferent drivers and factors of a storyline or of one set of model input data in themselves logical and non-
contradictory?

An overview of different consistency scales (and different underlying consistency understandings) is pre-
sented in Tourki, Keisler and Linkov (2013).

7
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Currently, the consistency principle is criticized as not being adequate for the representation of sce-
narios of complex adaptive systems, reasoning with the argumentations from transition research that
inconsistencies point to dynamics and change.?’ This debate shifts the focus of attention towards

(slightly, but not completely) inconsistent scenarios.

In sum, scenario consistency can be understood as an attempt to strive for academic rigor in the con-
text of the supposed arbitrariness of the future openness of scenarios—and this concept is linked
and associated with the academic tendencies in the scenario field.®* We should keep in mind, too,
that the term consistency often evokes the connotation of consistency with past developments, as

van Asselt and colleagues have shown—even if it is applied in the paradigm of future openness.

2.4.3.2 Consistency of combined scenarios

Generally, authors of SAS-type approaches suggest that modeling and simulation are used to identify
inconsistencies in the storylines (e. g. Alcamo 2008: 141): “The SAS approach [...] can incorporate
state-of-the-art computer models for generating numerical information about environmental chang-
es and their driving forces and for checking the consistency of qualitative scenarios.” This promise of
consistency is repeated in the literature by many researchers, seemingly unchallenged, and in most
cases without further explanation as to how it works (cf. e. g. Greeuw et al. 2000: 91, Gallopin/
Rijsberman 2000: 5, van Notten et al. 2003: 431, Alcamo/ Van Vuuren/ Ringler 2005: 148, Alcamo
2001: 28, 2008: 137, Kemp-Benedict 2004: 3). Kemp-Benedict (cf. 2004: 3) specifies that mathemati-
cal modeling exposes contradictions in mental models and that it can "provide a feel for the scope of
possible outcomes within a narrative framework" (Kemp Benedict (2004: 3). But overall, literature is
not very precise in defining what consistency means and how this “consistency check” (cf. Alcamo
2008 and others) can be carried out concretely and successfully in practice. These two issues are

further elaborated in what follows.

The term consistency is not used in a precisely defined way in the context of combined scenario ap-
proaches. In descriptions of the SAS approach, different levels of consistency are referred to, without
explicitly reflecting these. For instance, in a text on the methodology of the MEA (Alcamo/ van
Vuuren/ Ringler 2005), the authors make allusions to what one can identify as at least four different

levels of consistency, namely: consistency with current knowledge,® internal consistency of story-

8 A summary of this critique can be found in O’Mahony (2014).

Possibly, some of the critique of the consistency concept in the scenario literature is also turned towards
this scenario school more generally.

“By ‘consistency’ we mean that the storylines do not contain elements that are contradictory to current
knowledge.”
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lines or of assumptions,® consistency between numerical models and storylines,**and finally con-
sistency between (input and output data of) different numerical models.® These different levels are

(implicitly) referred to by other authors, too (cf. e. g. D61l 2003/2004, Kemp-Benedict 2004).

In sum, there is not much conceptual clarity and explicitness with regard to the concept of scenario
consistency in combined scenario approaches. This seems to be a heritage of scenario literature in
general, where different consistency concepts, criteria and measures of consistency coexist, stem-
ming from different perspectives on the future. In addition, qualitative and quantitative scenario
approaches do bring with them different consistency criteria, namely intuitive vs. analytical ones (cf.

above).

The second issue is that the promise of consistency seems difficult to keep. Scenario literature pro-
vides a conceptual argument and empirical evidence supporting this thesis. Conceptually, the SAS
consistency check is limited to those parts of the storylines that are covered by the numerical systems
model, too and is impossible to use on the (non-quantifiable) parts that fall out of the model’s scope
(Schweizer/ Kriegler 2012: 2). Kemp-Benedict agrees with Schweizer and Kriegler’s critique, and adds
that texts by SAS authors “provide little or no guidance to those responsible for the narratives be-

yond a dialogue with the model output” (Kemp-Benedict 20012: 1).

Empirically, the promise of consistency seems difficult to fulfill, as well. Volkery et al. (2008) report
from their PRELUDE project that problems of consistency occurred on two levels.

e Consistency between different storylines was not achieved, as “assumptions [...] appeared
not to be consistent across the scenarios” (ibid: 474). This may have been due to the fact that
each of the storylines, once generated, was further elaborated by separate groups.

e There were “problems of ensuring overall consistency between qualitative [storyline] as-
sumptions and [corresponding] quantitative [model] input” (ibid: 747). This was potentially
due to how difficult it was to quantify storylines “since stakeholders and modelers were not
always able to find a common understanding” (ibid.) and as some of the assumptions were

very difficult to quantify.

Still, this report is a rather a vague empirical hint, as the authors do not specify how they defined and

measured consistency or the lack of it.

8 “Both scenario types can be combined to develop internally consistent storylines assessed through quan-

tification [...].” “The development of scenario storylines facilitates internal consistency of different as-
sumptions.”

“During scenario development, several interactions were organized between storyline development and
the modeling exercise in order to increase the consistency of the two approaches.”

“These data were then used as input to the IMAGE land cover model that computed on a global grid the
changes in agricultural land that are consistent with the agricultural production computed in IMPACT.”
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Further, more systematic and elaborated empirical hints are provided by Schweizer and Kriegler
(2012): During an ex-post reconstruction of the IPCC SRES (see 2.3.3.), they analyzed the storylines
with regard to their assumptions on interrelations between scenario factors. They did so with the
help of the systematic CIB analysis (see chapter 3). They analyzed the degree to which the SRES sam-
ple would have looked different, if this method had been used—instead of the intuitive logics that
were in fact used for this exercise. They discovered the following:

e The storylines of the SRES vary widely with regard to their internal consistency, taking the
logic of the assumed interrelations between future developments as a criterion (Schweizer/
Kriegler 2012: 9).

e A considerable number of other scenarios (again based on the SRES assumptions on

interrelations) that are fully internally consistent, were absent from the SRES sample (ibid.).

In sum, both empirical hints indicate that the consistency check as promised by SAS is not automatic.
Looking at the designs of both the SRES as well as the PRELUDE study, possible conditions that have
hindered the promise of consistency to be fulfilled (in addition to the fundamental conceptual limita-
tion) seem to be the inadequate translation of storylines into numerical input data and missing re-

sources for full and repeated iteration.

Overall, it remains unclear under what conditions and in what designs of combined scenario ap-
proaches the promise of consistency can be effectively fulfilled in practice—and for what levels and

understandings of consistency.

2.5 Summary of research gaps

Futures studies are a field with an identity floating between the ideal of scientific rigor and the ambi-
tion of high practical usefulness. This tension is also reflected in the ongoing discussion on quality
criteria of futures studies and scenarios. This debate also reveals that there is no consensus on how
to deal with positivist vs. constructivist influences, claims and expectations. Instead, a large variety of
different scenario approaches was developed from very intuitive and qualitative approaches to
mathematical modeling—approaches with strongly divergent methodological and epistemological
characteristics. In the field of environmental scenarios, for 15 years, scenario approaches of the Story
and Simulation type have been established as state of the art. They combine storylines constructed
in intuitive and participatory approaches with mathematical simulation models. They combine these

different (methodological and epistemological) traditions and are characterized by a deep hybridity.

Although these approaches have plenty of appeal, they are also riddled with difficulties. First of all,
combined approaches are only weakly conceptualized. There is a great variety of empirical designs,
but not much conceptual work to reflect these and their effects. Overall, the scenario field is rather

marked by many empirical applications and only little conceptual and theoretical reflection. Fur-

65



Chapter 2 Combined scenario approaches

thermore, the field is dominated by SAS- type approaches. Still, the SAS framework in its current
form provides only limited methodological guidance for those designing and implementing their
own—perhaps new—forms of combined and/or integrated scenario processes and methodologies. In
addition, the review of combined scenario studies has shown that other forms of combined method-
ologies are possible, too, that go beyond the rather narrow frame of the SAS-type approach. Open
questions are, e. g. what role can and should the two components play with regard to each other and
for the overall scenario process? What type and degree of integration is possible and required, with
what aims and by what means? Furthermore, combined and integrated scenarios require complex
forms of cooperation between actors from different cultures—modelers, futurists, experts from vari-
ous domains—and aim to integrate very diverse forms of knowledge (cf. Volkery et al. 2008). How
can the social, cognitive and technical integration (cf. Becker et al. 2000) of integrated scenario

methodologies be supported by their design?

Next to other difficulties of SAS-type approaches pointed out above, my research focuses on two
major challenges when it comes to scenario quality. First of all, there are issues with regard the limits
of what | call scenario traceability, namely issues of transparency, explicitness, access and reproduci-
bility with regard to scenario assumptions on future developments and their interrelations, as well as
with regard to scenario construction, selection and sampling. These issues are linked to the qualita-
tive scenarios or storylines, but also to the traceability of mathematical models to externals and in
addition also to the complex muddling through character of combined scenario methodologies. The-
se issues of traceability are threatening the effective use of scenarios and the usefulness of scenarios
for recipient and producer users. Second, there are conceptual arguments and empirical hints that
the promise of consistency by SAS, namely that the numerical modeling makes it possible to carry out
a consistency check of the qualitative storylines, is not easy to fulfill in the practice of combined ap-
proaches. Thus it is unclear, under what conditions the promise of consistency can be fulfilled in

practice—and for what understandings and levels of consistency.

This leads to the next point since, in the current literature on (combined) scenario approaches, the
issues of traceability and consistency are used in conceptually imprecise ways. With regard to tracea-
bility issues, it is unclear what elements of scenarios and scenario processes need to be traceable and
by whom. With regard to consistency, different understandings of the term, as well as the levels of

and criteria for its use are not clearly distinguished.

Finally, several authors proposed to try out more formalized and systematic scenario approaches to
construct the storyline component. One specific proposal that is currently under discussion is to use
cross-impact balance analysis (CIB) (Weimer-Jehle 2006) for developing the qualitative part of the
combination. CIB and the expectations linked to its use within combined scenario approaches are

presented in the next section (Chapter 3).
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Chapter 3: State of research II: Cross-impact balance analysis

In the following chapter, | give an overview of the state of research on CIB. This is based on a review
of the literature, supplemented by repeated informal exchanges with the developer of the method,
Wolfgang Weimer-Jehle. | cluster the state of research on CIB from four different perspectives: First, |
characterize CIB as a qualitative form of systems analysis with a specific methodic core (3.1). Second,
| describe the use of CIB as a qualitative scenario technique in its different empirical designs (3.2).
Third, | detail the current proposal to use CIB in combination with numerical modeling and simulation
(3.3). Fourth, | give an overview of empirical applications of CIB in different fields of research (3.4).

Finally, | sum up research gaps relevant for this study (3.5).

3.1 CIB—a form of qualitative systems analysis

In this section, | introduce the central method characteristics of CIB as a form of qualitative systems
analysis. | present the method’s core (3.1.1). | contrast CIB with neighboring approaches to qualita-
tive systems analysis (3.1.2) and embed CIB in its historical, conceptual and epistemological back-

grounds (3.1.3).

3.1.1 The method’s core

The method’s core is briefly described, mainly with reference to Weimer-Jehle, 2006, 2014a, Forster/
Weimer-Jehle 2003.%° CIB is a systematic yet qualitative form of systems analysis. The method re-
quires identifying system elements and exploring the interrelations between these (3.1.1.1). It results
in a conceptual (impact network) model (3.1.1.3). The specific CIB balance algorithm is then used to

identify internally consistent configurations of this network (3.1.1.2).

3.1.1.1 Building a qualitative impact network

In a CIB, a system is characterized as an impact network (Weimer-Jehle 2006). In a first step to delim-
it and define this impact network, relevant system elements are identified, selected and defined. In
CIB they are named descriptors (A, B, C - N) (typically 10-20). These are “the most important factors
which have a significant direct or indirect influence on the object of the examination” (Weimer-Jehle

2006: 228). The selection of descriptors delimits the scope of the systems analysis.

Second, for each descriptor, its (central) possible alternative developments, also called variants or
states, are defined (Aa, Ab, Ac; Ba, Bb, Bc, ... Na, Nb) (typically 2-4 per descriptor). Descriptors and
variants are intended to represent the system under study and need to be clearly and selectively

defined. The selection of variants delimits the variability of descriptor developments that is taken

% Formore information, see the method website http://cross-impact.de.
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into account. Descriptors are generally qualitatively defined; variants can be described by numerical
values (quantitatively) or verbal statements (qualitatively). In terms of scales, nominal (e. g. red,
green, blue) or ordinal (e. g. low, medium, high) scales or (not overlapping) numerical ranges (e. g.
<0,5; 0,5><1,5; >1,5) can be used. Variants defined on different scales can be processed together in
the same CIB (cf. Schweizer/ Kriegler 2012, Weimer-Jehle 2014a). D&V (descriptors and their vari-
ants) are contrasted in the form of a matrix, with all D&V listed in the lines and in the columns (for an
example, see Figure 4). The number of D&V needs to be limited, because the effort to fill the matrix

grows quadratically with their number (Weimer-Jehle 2006, 2014a).

Third, to consider the interactions of system elements, direct impacts between system elements are
assessed. Each pair of variants is considered. The descriptor variants listed in the lines are understood
as impact sources and the variants listed in the columns as impact targets (cf. Schweizer 2007). Every
pair of variants is discussed with regard to the question of whether there is a direct influence of the
one variant (in the line) on the other variant (in the column).?’ If an influence is seen as given, its
direction (promoting or inhibiting influence?) is assessed. In addition, its strength can be assessed. It
is important to note that only direct influences are specified. Indirect influences are established au-
tomatically by the CIB during the subsequent analysis.?® Table 3 shows the scale that is frequently
used to assess the direction (inhibiting or promoting) and the strength of influences between vari-

ants. The scale can be adapted to the specific requirements of each CIB exercise.®

Table 3: Typical scale to assess direct influences between descriptor variants in CIB (cf. Weimer-Jehle 2006)

-3 -2 -1 0 1 2 3
strongly restricting weakly no influence weakly promoting strongly
restricting restricting promoting promoting

To establish the relative strength of different influences, the so-called principle of compensation
(Weimer-Jehle 2006: 340) can be helpful: Two opposing influences on one variant are of equal
strength, if their effects can compensate each other.”® The diagonal of the cross-impact matrix gen-
erally is left empty.”® Furthermore, CIB literature recommends applying a ‘standardization conven-

tion’ (Weimer-Jehle 2014b: 2, Schweizer 2010: 68). This consists in ensuring that the sum of the

¥ The question that has to be answered is, according to Weimer-Jehle (2006: 339):

,If the only piece of information about the system is that descriptor X has the state x, will you evaluate
this due to the direct influence of X on Y that descriptor Y has the state y (promoting influence, positive
points assessed) or as a hint that descriptor Y has not the state y (restricting influence, negative points as-
sessed)?”

If the rule of assessing only direct influences is not followed, indirect influences are double counted,
which means their force is overestimated (Weimer-Jehle 2006: 339).

CIB does not require a scale with integer numbers (Weimer-Jehle 2006: 40).

If this is not the case, one of the effects should be rated higher.

It is possible to use the diagonal elements in order to represent self-enhancing developments.
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impact assessments of one “judgement group” **

—from one single descriptor variant on all alterna-
tive variants of another descriptor—sums up to zero (Weimer-Jehle 2006: 340).” When the matrix is
completed, it represents the system under study in the form of an impact network. Figure 4 shows

the full CIB matrix of a fictitious Somewhereland as an example.

3.1.1.2 Using the CIB balance algorithm
When the first three steps are completed, internally consistent configurations of an impact network
can be determined through a balance analysis. A configuration is a bundle of variants and for each
configuration, one variant per descriptor is chosen. The number of theoretically possible solutions of
a matrix is the overall product of the number of variants for each descriptor. Not all of these configu-
rations are meaningful and, in terms of CIB, internally consistent (cf. Weimer-Jehle 2006, 20143, also
for the next paragraphs). Therefore, CIB tests every theoretically possible constellation with the help
of a specific balance algorithm to analyze its internal consistency. This test is based on the infor-
mation on the impact relations between the descriptors that is stored in the matrix. The consistency
of every combination of variants, meaning of each constellation, is determined through the influence
balance of the impact network. The influence balances of the system are calculated, that is for each
column, the influences are summed up: “[...] contrary influences of the same strengths compensate
each other, contrary influences that vary in strength weaken each other by the prevalence of the
stronger influence” (Weimer-Jehle 2006: 342). Internally consistent constellations are those combi-
nations that are in accordance with the impact arguments of the impact network. For single configu-
rations, this test can easily be done with pen and paper, see Figure 4:

a. Mark a test configuration in the matrix: Line by line, select one variant per descriptor (cf. the

lines marked in grey). During this step, the variants are understood as influence sources.

b. Sum up the impact assessments of every selected variant per line (cf. the impact sums per
variant in the balance line at the bottom of the matrix). During this step, the variants are un-
derstood as influence targets.

c. Compare per descriptor, if the highest sum per line corresponds to the variant that was as-
sumed in the test constellation (marked by the arrows). If the double role of variants as
sources and as targets does not contain contradictions, a consistent configuration is found

(cf. Weimer-Jehle 2006: 340).

92 7o talk about the matrix, the following wording was established: A single cell is called a ‘judgement cell’; a

submatrix judging all influences of all variants of one descriptor on all variants of another descriptor is
called a ‘judgement section’, a single line of a judgement section, i.e. all influences of one variant of a de-
scriptor on all variants of another descriptor is called a ‘judgement group’ (cf. Weimer-Jehle 2006: 340).

" The CIB balance algorithm does not require this standardization.
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Figure 4: Example of a cross-impact balance matrix of the fictitious Somewhereland

My illustration, based on Weimer-Jehle/ Wassermann/ Kosow 2011.

A\...on
( G FP EP bDwW SC \)
Direct impact of ... p e s cp ri cf de st dy ba co sp te ri m so fa
government (G)
-"patriotic" (p) 22111 0|0]|O0 oo 2111 o|(0|oO0
-"economy first" (e) 2 1|-3 2(-1| 3 2|2 0|00 2 |-1(-1
-"social" (s) 0|0|O0 0f2]|-2 3 (-3 2 |-1]-1 21210
foreign policy (FP)
-cooperation (cp) o(0]|o0 2(1)1 0|0 0|00 0|0]|O0
-rivalry (ri) 0o(0|O0 0(1(-1 0|0 1(0(-1 0|0|O0
-conflict (cf) 31-1|-2 3(0(-3 0|0 31-1|-2 2111
economic performance (EP)
-decreasing (de) 2(11-3 0(0|O0 2|2 3112 o|(0|O0
-stagnant (st) 102 ]-1 0|0]|0 0|0 0|00 0|00
-dynamic (dy) 0|0|0 0|00 2|2 3 (-1|-2 0|0]|O0
distribution of wealth (DW)
-balanced (ba) o(0]|oO 0|0]|0 0[0]|O0 3(|-1(-2 2111
-important contrasts (co) 0|-3]3 o(0|O0 0|0]|O0 3112 2 |-1]-1
social cohesion (SC)
-social peace (sp) o(0]|o0 0|0|0 2 (-1] 3 0|0 2 |-1(-1
-tensions (te) 0|00 1101 1(1(-2 0|0 1101
-riots (ri) 2 (-1]-1 3112 3/0(-3 0|0 221-113
values (V)
-merit (m) 0|3 (-3 0|0|0 3|10 3 3|3 2111
-solidarity (so) 1121 o(0|0 1021 2 |-2 2 |-1(-1
family (fa) olo]o oloflo]| [-1]2] 1]-1] [2]-1]1
¥ ¥ ¥ ¥
| balance |0 |3 |-3] [ 2 [1][-3] [-9[-1]1o] [-7] 7] [a]-1]3] [2]-1]1]

If there is no correspondence, as in the example above regarding the descriptor on the distribution of
wealth, the impact network contains the arguments for why the variant assumed in the test constel-
lation is not consistent: Namely because in sum, there are stronger influences speaking for another
variant. This check allows the meaningful interpretation of the reasons, why a network constellation
fails to be consistent. In the example, overall strong arguments against the assumption of a balanced
distribution of wealth are given through the government’s economic orientation (-2), a dynamic eco-
nomic development (-2) and a society oriented toward merit (-3). Because of the number of possible
combinations, the consistency test of all theoretically possible constellations is carried out with the
help of the CIB software program ScenarioWizard (see 3.2.2. below).” In the example of
Somewhereland, 10 out of 486 possible configurations are fully internally consistent. CIB authors
state that the number of completely consistent constellations of a CIB matrix tends to be rather

small; thus the method is rather selective (cf. Weimer-Jehle 2006: 342).”

Freely available for download on URL:http://www.cross-impact.de/english/CIB_e_Lgl.htm.
The set of internally constellations does not necessarily cover all predefined variants. It is possible that
some variants do not appear in any of the consistent constellation and that other variants are part of eve-
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3.1.1.3 CIB as a conceptual substitute

CIB is described by its author as a form of conceptual modeling, serving as a substitute when theories
and numerical modeling are lacking.’® Its application is proposed in the case of ,,complex but weakly
structured systems” (Weimer-Jehle 2006: 336)—that means for systems, for which mathematical
modeling is not possible or not appropriate. This can be the case either because theoretical founda-
tions are lacking or because the knowledge is insufficient or not good enough that it can be reasona-
bly quantified or , expressed trustworthily by a mathematical formula.” CIB is proposed to analyze
systems that are too complex for purely argumentative, verbal forms of systems analysis (Weimer-
Jehle 2006: 335 ff.; cf. also Forster 2002: 91). As CIB deals with cases of limited systems knowledge,
the results can be only “rough and rather qualitative” (Weimer-Jehle 2006: 336), and not very de-

tailed.

CIB is intended to serve in multi- or interdisciplinary contexts that do not have theories on the inter-
relations of system elements at their disposal (Weimer-Jehle 2006: 336). A CIB impact network as
stored in a CIB matrix can be understood as a conceptual model, and the process of carrying out a CIB
analysis as a kind of conceptual modeling process. It supports those, who create the impact network,
by making their mental models of the system explicit, and by doing so in a systematic form. Especially
in some of the most recent publications (e. g. Weimer-Jehle 2014a), much emphasis is put on the job
of CIB to reflect their users’ mental maps of the system. This is supported by looking into the (simpli-
fied) mirror of these maps that is constructed by the network, which is composed of individual as-
sumptions that the user has about the system. Internally consistent network constellations reflect
the users’ ideas on the system, ideas that he/she or they have fed into the matrix in the form of
pairwise impact assessments. Results, in the form of internally consistent constellations, need then
to be carefully considered and interpreted by discussing these impact assumptions once again. This
requires that descriptors and their alternative developments be defined and documented so that
those, who are involved into the process, agree on their definition. Typically, ‘descriptor briefs’ are
written and circulated. Furthermore, impact assessments can, in addition to their numerical defini-
tion (-3 to +3) be stored in the form of textual justifications within the matrix, too, to be immediately

accessible during the (joint) discussion of the impact network (cf. Weimer-Jehle 2014a).

ry consistent solution (Weimer-Jehle 2006: 343)—but in different constellations for different reasons that
lie within the impact logic of the network.

“Problems that allow a theory-based or empirically founded mathematical foundation should of course be
analyzed with the help of computational models. Nevertheless, CIB analyses can make a valuable contri-
bution here by offering a preparatory environment analysis or by promoting the analyst’s understanding
of the system through an accompanying reflexive process.” (Weimer-Jehle 2006: 359, my emphasis).
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3.1.2 Comparison to other approaches of qualitative systems analysis

To underline its specific properties, CIB is compared with neighboring approaches of qualitative sys-
tems analysis. Table 4 compares CIB with influence analysis (IA) (Vester 2002), consistency analysis
(CA) (Rhyne 1974, Reibnitz 1991), MICMAC (Godet 2002) and cross-impact analysis (CIA) (e. g. Gor-
don/ Hayward 1968, Turoff 1972, Helmer 1981).%”

CIB shares with these approaches that systems are characterized by qualitatively defined elements
that are displayed in the form of a matrix. For instance, the definition of a list of factors and variants
of a CIB does not differ from that of a CA. CIB also shares with the other approaches that interrela-
tions between system elements are systematically considered and defined in a semi-formalized way.
In addition, all approaches are based on expert judgements to define these interrelations. Further-
more, CIB shares with all other approaches that once a matrix of system elements and interrelations
is established, some mathematical operation is carried out to learn about the systems characteristics.
In addition, except for some forms of CIA, these approaches do not use probabilities. And, except for
dynamic (or sequential) forms of CIA, these approaches provide rather static (or non-sequential)

system representations.

In consequence, CIB also shares strengths and weaknesses with the other approaches. Their central
strength is that they provide a systematic approach to fields that are difficult to capture in a mathe-
matical way (cf. Weimer-Jehle 2006: 337). Also, they are formalized and thus essentially transpar-
ent—at least in the hands of professional users (cf. Mietzner/ Reger 2004: 54). Their central
weakness is that the number of system elements (and variants) that can be taken into account is
limited. This is necessary to keep the analysis operational—as every judgement needs to be made by
experts in a meaningful way (cf. Weimer-Jehle 2006: 359). Consequently, only rough system repre-
sentations containing little detail can be created. Finally, the quality of the analysis strongly depends

on the quality of the expert input (cf. Weimer-Jehle 2006: 359).

The specificities of CIB become visible when it is compared with CA and CIA (cf. e. g. Weimer-Jehle
2009a and 2010b, unpublished manuscript). CIB and CA both aim to select meaningful bundles of
variants (system constellations), ® but they use different criteria: In CA matrices, information on the
co-incidence of factors is stored: ‘Aa and Ba can occur together’. In CIB matrices, information on the

causal relation between factors is stored.

7 These specific neighboring approaches have been chosen for two reasons: First, they belong to the best

known and most widely used approaches to qualitative systems analysis within the ‘formalized-
systematic’ scenario communities (cf. section 2.2). Second, texts on CIB refer to them, either because of
similarities and/or because of differences between CIB and these approaches.

% |A and MICMAC have the function of supporting the characterization (and selection) of factors.
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Influence MICMAC Consistency Cross-impact Cross impact
analysis (1A) analysis (CA) analysis (CIA)* | balance (CIB)

Central authors | Vester Godet Rhyne, Reibnitz | Gordon, Weimer-Jehle

Helmer, Turoff

Origin 70s 70s 70s late 60s 2000

System Factors Factors Factors and Events Descriptors and

elements variants variants

Interrelations Strength of Impact from Plausibility of Impact of (oc- Direct impacts
direct impacts each factor on | coincidence of currence of) from every de-
from every all other fac- each pair of event A on scriptor variant
factor on all tors (1 or 0) factor variants probability of on all other de-
other factors (occurrence of) | scriptor variants
“What impact event B
does A have on
B?”

Indirect Not considered | Considered Not considered Considered Considered

relations

Assessments Based on literature and/or expert judgements

Matrix Full matrix, Full matrix, Matrix filled Full matrix Full matrix, diag-
diagonal left diagonal left half, upper right onal left empty
empty empty half left empty

Central Summing up Matrix multi- Elimination of Analyzing Balance analysis,

mathematical assessments in plication constellations changes in calculation of

operation lines and col- containing pair- | event probabili- | consistent con-
umns (active inconsistencies ties, taking into | stellations with
and passive account their the CIB balance
sums) mutual conse- algorithm

quences

Consistency / / Co-incidence Causality Causality

criterion

Function in Factor charac- Factor charac- | Scenario bun- Exploring event | Scenario bun-

scenario pro-

terization (and

terization (and

dling (and sam-

probabilities

dling (and sam-

cess selection) (‘sys- | selection) pling) (through calcu- | pling)

tem grid’) lation of event

sequences)

System repre- Static Static Static Dynamic Static
sentation
Formalization Low Rather high Rather low High Moderate
Comprehensi- High, easily Medium High, easily Less simple, not | “Still generally
bility, transpar- | understandable | (myassessmen | understandable | generally un- understandable”
ency and easy to t) and easy to derstandable (Weimer-Jehle

communicate communicate (cf. Mietzner/ 2009a)

(my assess- (Weimer-Jehle Reger 2004)

ment) 2009a)

99

In this overview, a probabilistic type of CIA is assumed, reasoning in terms of trends. Please note that a
plethora of different CIA approaches exists, e. g. deterministic ones vs. those using various types of prob-
ability (causal, conditional, joint) and those considering system elements in the form of trend, events or
trends and events (cf. Weimer-Jehle 2006: 337 ff. and Weimer-Jehle 2010b unpublished manuscript).
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When Aa and Ba occur together, this can have several different reasons, namely: “Aa promotes Ba”
or “Ba promotes Aa” or “Aa and Ba mutually promote each other” or “Aa and Ba are both conse-
guences of Cb”. This information is not given in a CA and therefore, system constellations considered
‘consistent’” in CA are not always meaningful and free of internal contradictions. Weimer-Jehle
(2009a) writes that CA has a “local” and CIB a “global” consistency concept. In CA, indirect effects can
play a role in co-incidence assessments. In CIB, indirect effects are systematically taken into account
through the analysis. The effort to carry out a CIB is higher, as a higher amount of information needs
to be collected. This is done by filling the matrix fully by considering all possible impacts from all de-
scriptor variants on all other descriptor variants—whereas in CA, only half of the matrix needs to be
filled (Weimer-Jehle 2009a). Also, whereas CA is a very easy, well-established approach and simple to
use and to understand, CIB is less easy to understand but, in the words of Weimer-Jehle (2009a), at

least still “generally understandable.”

The causal information generated and processed during a CIB is comparable to information in CIA.
But in contrast to CIA, CIB does not require that the experts assess the system consequences. Fur-
thermore, CIB does not reason in terms of probabilities and is rather non-sequential (cf.

Weimer-Jehle 2010b, unpublished manuscript). Finally, the mathematical formalization of CIB is
much lower than that of CIA, as its central operation can be traced with pen and paper.'® Therefore,
authors hope that CIB is understandable, even for people without a specific mathematical focus,

meaning for those who are no experts in the method (Weimer-Jehle 2006).

In sum, the specific features of CIB are: First, to consider variants of system elements in their double
role as influencing factors and as factors receiving influence; second, to analyze the internal con-
sistency of system constellations based on this causal impact information using the specific CIB bal-
ance algorithm. Third, CIB has a medium degree of formalization. For individual system

constellations, the balance calculation can be carried out with pen and paper.

3.1.3 Historical, conceptual and epistemological backgrounds

The CIB approach was under development since the year 2000 by the Center of Technology Assess-

191 The developer of the approach, Wolfgang Weimer-Jehle, is a physicist,

ment, Baden-Wiirttemberg.
who is also trained in systems analysis. He is currently the scientific executive director at ZIRIUS, Re-
search Center for Interdisciplinary Risk and Innovation Studies (until 2012: ZIRN) at the University of
Stuttgart, which is an interdisciplinary environment emphasizing the social sciences. The basic moti-

vation that led to the development of CIB was a perceived gap between highly formalized mathemat-

100 | differs from Cl “due to an especially good relation between its method transparency and its variety of
statements” (Weimer-Jehle 2006: 338).
' |n German: Akademie fiir Technikfolgenabschatzung Baden-Wirttemberg.
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ical approaches for energy scenarios on the one hand and very discursive, unsystematic and incom-
plete approaches to qualitative scenarios on the other. On the occasion of the liberalization of the
European energy markets, there was a call for a new method that would allow for a systems analysis
that included qualitative dimensions. Initially, the idea to use classical CIA was discussed. But due to
its highly mathematical character, CIA did not seem to fit the requirement to be transparent and to
be easily usable in discursive communication processes dealing with (potentially) diverging expert

1% The new CIB approach

assessments. Therefore, an easier and more intuitive algorithm was sought.
was developed and then tested in the course of the Forum for Energy Models and Energy-Economic

Systems Analysis.'®

The CIB approach is a hybrid approach that draws on diverse conceptual and epistemological
sources.'® At first sight, CIB is a specific new variant of classical CIA—a qualitative, static and non-
probabilistic one (cf. Weimer-Jehle 2010, unpublished manuscript), building on a fairly technical and
apparently positivist approach to soft systems thinking. It has considerable mathematical depth: The
underlying theoretical basis of CIB is mathematical systems theory. Mathematically, CIB matrices
correspond to time-varying pair-force systems that adjust in force fields along trajectories. Consistent
states of CIB matrices correspond to quasi stationary equilibrium states of these systems. Mathemat-
ically speaking, CIB is an approximation to search for equilibrium states in pair-force systems. This
has implications, e. g. with regard to the rather static conceptualization of systems (for details cf.
Weimer-Jehle 2006, 2008). In the language of game theory, internally consistent solutions of a CIB

matrix correspond to Nash equilibria (Weimer-Jehle 2015, unpublished manuscript).'®

At the same time, CIB clearly belongs to the field of qualitative systems and scenario analysis which
in turn is based on rather constructivist premises. Also, it is strongly influenced by ideas of expert-
and stakeholder participation and of transparent discourses in inter- and transdisciplinary research. It
focuses on developing a shared understanding of the system under study, or at least of the reasons
for dissent (Forster 2002,'% Weimer-Jehle 2006). Weimer-Jehle (2014a) emphasizes that a CIB sys-
tem model does not claim to represent reality, but to represent the system perception of its partici-
pants. Finally, CIB was, from its origin, motivated by the idea to combine qualitative and quantitative

approaches of systems analysis (e. g. Forster 2002, Weimer-Jehle 2006). In sum, the CIB method con-

102 N " .
Personal communication Wolfgang Weimer-Jehle.

In German: Forum fiir Energiemodelle und energiewirtschaftliche Systemanalyse, FEES.

| consider that is important to know about these sources to fully understand the method’s characteristics—
and the expectations related to it. Whereas the first publication of CIB (e. g. Weimer-Jehle 2006), was
mainly directed at the CIA communities, stressed its mathematical foundations and had a technical, al-
most positivist perspective, younger publications put more emphasis on the discursive and qualitative
character of the method and its rather constructivist perspective (e. g. Weimer-Jehle 2014a).

Also, CIB can be conceptualized as a Turing machine (Weimer-Jehle 2009b).

Forster (2002: 113, my translation): ,The cross impact approach [CIB] is not exact science, but a syste-
matic approach for a comprehensive reflection of one’s own understanding of a system.”
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tains inbuilt tensions between these—sometimes contradictory—conceptual backgrounds and epis-

temological perspectives.

3.2 Using CIB as a qualitative scenario technique

3.2.1 Basicidea

The qualitative systems analysis CIB can be used as a qualitative scenario technique. With that aim,
descriptors are defined as important factors for the future development of the system, their
alternative developments as alternative future developments. The CIB matrix represents the
interrelations between these possible future system developments. Finally and centrally, internally

consistent network constellations are considered alternative future scenarios.

CIB as a scenario technique falls into the group of systematic and semi-formalized scenario tech-
niques—but clearly recognizes its subjective elements (e. g. its foundation on expert judgements) (e.
g. Weimer-Jehle 2014a). The CIB balance algorithm can be used to analyze the consistency of given
scenarios but also to systematically scan the so called scenario space for all internally consistent sce-

narios. Thus, CIB supports the construction of individual scenarios and scenario sampling.

3.2.2 Different designs

Scenario processes using CIB can be designed in various ways with regard to data collection, data

analysis and data presentation.

With regard to data collection, Weimer-Jehle and colleagues (2016: 959) emphasize:, [t]he prepara-
tion of the cross-impact matrix is a genuinely interdisciplinary task and must be realized within a
multi-discipline work setting, using participatory approaches to gather expert judgments, either indi-
vidually, in group exercises, or through desk research.” Users of the CIB approach need to decide
what data they want to include (e. g. on what scales and from what sources) and what actors to in-
clude at what time in the process. Lists of D&V are established either through desk research, expert
surveys or both (e. g. Weimer-Jehle/ Deuschle/ Rehaag 2012).The size of matrices that are produced
during CIB processes varies considerably. This very much depends on the available resources and the
required level of detail. Impact assessments are gathered through (more or less structured) surveys
with individual experts of various disciplines (e. g. Schweizer/ O’Neill 2014) or during workshop situa-

tions (e. g. Weimer-Jehle/ Deuschle/ Rehaag 2012).

With regard to data analysis, the balance analysis is the central analytic tool of CIB. Users can chose,
the ‘consistency level’, this means, they can decide whether they accept only fully internally con-
sistent scenarios or whether they also want to consider slightly internally inconsistent solutions of

impact networks for further interpretation. In addition, CIB matrices allow other forms of analysis,
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such as influence analysis for a first characterization of descriptors; analysis not only of stationary but
also of cyclical solutions for the impact network; scenario succession to consider scenario dynamics
as well as forms of correlation, interdependence and intervention analysis (for a detailed example of
the variety of forms of analysis cf. Weimer-Jehle/ Prehofer/ Kosow 2013, Weimer-Jehle 2006, Renn
et al. 2009). Many of these forms of analysis are supported by the CIB scenario software,

ScenarioWizard.'”’

The scenario software also supports different forms of data presentation through (semi-)automatic
output of, e. g., a system grid; a so-called ‘scenario table’ or scenario tree (in CIB language: tableau)
for a quick overview of the different network constellations (e. g. Figure 19 in 6.1.2.4 or Annex BB ) as
well as the so-called ‘scenario-protocol’ that automatically compiles all textual information regarding
selected (consistent or inconsistent) solutions for the impact network, comprising textual justifica-
tions of impact assessments as well as the visualization of the balance logic behind every descriptor
variant in the form of an ‘impact diagra’m (e. g. Figure 20 in 6.1.2.4 or Annex GG). These protocols
are intended to support the effort to understand and to explain why the content of a specific scenar-

io is considered internally consistent or not, based on the impact assessments stored in the matrix.

Weimer-Jehle and colleagues (2016: 960) recognize: “The output [of a CIB] is a set of raw scenarios,
which still needs refinement, interpretation of the inner scenario logic, and verbally formulated sto-
ries.” Scenarios derived from CIB vary considerably with regard to their literary, visual or formal

character and length, depending on the targeted audiences and the intended use of the scenarios.

3.3 The current proposal to use CIB in combination with numerical

modeling and simulation
The current scenario literature proposes to use CIB in combination with numerical simulation and
modeling. In what follows, this proposal and the expectations linked to it are introduced (cf. Weimer-

Jehle et al. 2016, also for the next paragraphs).

In the field of climate change research, critical discussion of the current practice of combined scenar-
io approaches (of the SAS type) is ongoing, and ways to take it forward are under development. In
response to the perceived weaknesses of the storyline part in approaches of the SAS type (cf. e. g.
Garb et al. 2008), the use of more systematic and formalized approaches to construct storylines was

recommended (e. g. Girod et al. 2009, Rounsevell/ Metzger 2010, Kemp-Benedict 2012).

Currently, CIB is proposed as just such a potential alternative or complement for developing the qual-

itative part of combined scenario approaches (e. g. Schweizer/ Kriegler 2012, Kemp-Benedict 2012).

107 . . . . . .
For more information, please see the software and its manual, as well as the method guidelines 1-4, avail-

able for download on www.cross-impact.de.
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This new combined approach was introduced under the label of ‘context scenarios’, emphasizing the
potential role of CIB to provide societal context assumptions to (energy) modeling and simulation
(Weimer-Jehle/ Prehofer/ Vogele 2013, Weimer-Jehle et al. 2016); and under the label of ‘CIBAS’,
introducing the approach as a new form of combined scenario approach for environmental research

(Kosow 2011).

CIB was originally developed to be used jointly with numerical modeling in the field of energy scenar-
ios (cf. 3.1.1 above). This means that this combination was intended from the start. But at the time
this study began, CIB was in frequent use as a stand-alone method (see section 3.4), and only a single

combined application had been empirically realized, namely the one documented by Forster 2002.'%

What is expected from the use of CIB within combined scenario approaches? Basically, CIB is ex-
pected to counter some of the perceived weaknesses of the more intuitive approaches to the quali-
tative scenario parts (cf. chapter 2). Table 5 compares CIB to Intuitive Logics (IL) (Wack 1985a, b,
Huss/ Honton 1987), which is the approach predominantly used for storylines in combined scenario

approaches (type SAS) from a scenario-analysis perspective.

Ideally, IL is predominantly based on the intuitive, and CIB on the analytical mode of thought (cf.
Trutnevyte/ Stauffacher/ Scholz 2011). But, depending on their design, both approaches do also mix
these perspectives: When IL is used to construct exploratory scenarios, the definition of system ele-
ments can occur in a rather systematic and analytic way, too (e. g. GEO-4)—and CIB also relies on
expert intuition, e. g. to define D&V, to assess impacts, and finally to interpret network constellations
and to choose and define scenario samples. From a philosophy of science perspective, Lloyd and
Schweizer (2014) have compared CIB with IL. They argue that CIB supports the "objectivity" of sce-

nario construction compared with IL on several dimensions.'®

1% Farster (2002) reports that CIB was used to construct four qualitative scenarios on the liberalization of the

energy market in Germany (i.e. on the national level). These were downscaled and used to model the
energy system of Baden-Wiirttemberg with the so-called E°’Net program. Some of the CIB descriptors
were used as model input, some were expressed through model outputs.

Lloyd/ Schweizer (2014): "From a purely philosophical perspective, the CIB method clearly promotes an
increase of objectivity—under several definitions, (1) public, (2) detached, (3) unbiased, and (6) procedur-
ally objective—when contrasted with the Intuitive Logics approaches. Additionally, by its procedures, the
CIB method invites the incorporation of obscure interdisciplinary information and retains this information
in the scenario building process, while Intuitive Logics is prone to losing it through unconscious cognitive
biases as well as groupthink. Moreover, through its public display of disaggregated judgments, CIB is more
responsive to improvements in data or theory. In our view, these qualities of CIB also enhance (7) struc-
tural objectivity over Intuitive Logics". The authors do struggle with the inbuilt tensions of CIB, as they also
go to the defense of IL and ask whether, in the realm of scenarios, objectivity is even an appropriate crite-
rion.
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Table 5: Comparison of Intuitive Logics (IL) and CIB
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Adapted and extended from Kosow 2011, Trutnevyte/ Stauffacher/ Scholz 2011.

Dimension

IL

| ciB

Understanding of the future

Because of uncertainty and complexity, alternative futures are possible
(forecast non suitable).

Scenario approach

Qualitative

Type of scenario technique

Creative-narrative, holistic

Systematic and semi-formalized

Principal mode of thought

Intuitive

Analytical

Typical participants

Decision maker, stakeholder,
experts and laypeople

Experts and stakeholder rather than
laypeople

Definition of system elements

Qualitative, textual; detail,
nuance and flexibility possible

Qualitative, textual; strict selection of
D&V

Characterization of interrelations

Selective, textual

Systematic, semi-formalized

Type of underlying model

Relies on implicit mental
models

Explicit conceptual model (impact net-
work)

Identification and definition of
scenario factors and variants

Varies from intuitive (and less
transparent) to systematic.

Explicit, systematic, transparent

Bundling (composition of individ-
ual scenarios)

Intuitive, creative bundling
(with detail and nuance)

Systematic and transparent bundling as
based on the criterion of internal con-
sistency.

Selection of scenarios (sampling)

Selective sampling, often
using the scenario-axes.

Comprehensive and open sampling
considering all plausible constellations.

Typical type of scenarios

Normative or exploratory

Exploratory (normative.

Temporal orientation

Sequential or non-sequential

(Rather) non-sequential (static)

In sum, two central expectations are linked to the use of CIB in combination with modeling and simu-
lation: First, the qualitative scenario parts are expected to be transparent and replicable. Biases oc-
curring in intuitive closed shop settings are expected to be reduced (Lloyd/ Schweizer 2014, my
emphasis ): "Because of its systematic, disaggregated, and public procedure, the CIB method has the
advantage of making storyline scenarios replicable as well as limiting the known cognitive and social
biases, especially groupthink, involved in making the interdisciplinary judgments involved in scenario

nll10

building. In addition, CIB forces its users to reveal assumptions about societal developments and
model frameworks: "An additional benefit [...] is that the qualitative part of SAS is strengthened by
improvements in traceability and objectivity (Lloyd/ Schweizer 2014), because any assumptions relat-
ing to complex societal developments and the framework for the model are explicitly addressed and
revealed." (Weimer-Jehle et al. 2016: 964). Discursive'™ and interdisciplinary group learning and

knowledge integration™? effects attributed to CIB are expected to support this effect (Weimer-Jehle

10 Note the positivist vocabulary, e. g. the use of the term “replicable” (ibid.)

Discursive benefits expected from CIB are that experts have to make the reasons for their judgements

explicit (Weimer-Jehle 2006: 359); and that differences between judgments (dissent) become visible and

can be discussed

The effects of inter- and transdisciplinary learning and knowledge integration, expected from CIB, are the

creation of new perspectives on the system and a shared understanding of the system under study (Wei-

mer-Jehle 2006: 359). “It makes possible the systematic integration of quantifiable parts of correlations,
79
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et al. 2016: 964): “By systematically developing traceable and transparent impact networks (in an
impact matrix) for the system under consideration, storyline revisions and updates become easier, or
even simply possible.” Underlying this expectation is the supposition that CIB is fairly easily under-
stood by a wide group of users (Weimer-Jehle 2006: 359): “The simplicity of its fundamental logic
means high transparency even for participants without deep mathematical training and so promotes

the acceptance of the method and the results.”

Second, CIB is expected to ensure the internal consistency of qualitative scenario parts, since: “[...] by
using the more systematic CIB-based approach, we are better able to ensure input data set con-
sistency and plausibility.” (Weimer-Jehle et al .2016: 964). This means the internal consistency of the
qualitative scenarios is ensured by CIB itself and thus does not require a consistency check through
the numerical models. Furthermore, the use of the CIB consistency check is expected to support the
inclusion of non-intuitive scenarios into the scenario sample:

Additionally, [CIB] tests very large numbers of variable combinations for consistency. This not only
produces the desired information concerning relative consistency but uncovers unusual and surprising
scenario combinations, regardless of their perceived likelihood. This means that CIB can highlight in-
ternally consistent scenarios that, for whatever reason, are perceived as unlikely but have high impact.
(Llyod/ Schweizer 2014)

In sum, some researchers expect that the use of CIB within combined scenario approaches will en-
hance the traceability and consistency of combined scenarios. This expectation will be further dis-

cussed in the course of this study.

3.4 Empirical experiences with CIB

Overall, there is already considerable empirical experience with CIB as a stand-alone approach—
using it either as a form of qualitative systems analysis or as a qualitative scenario technique. Central
applications of CIB are summarized in Table 6. For a comprehensive bibliography, see URL:
http://cross-impact.de/english/CIB_e_Pub.htm. Currently, new empirical applications trying out a
use of CIB in combination with numerical modeling and simulation are implemented in the fields of
environmental research. This PhD study focuses on the application of CIB in combination with nu-
merical modeling and simulation in the fields of sustainability and environmental research. There-
fore, the two very first empirical applications in these fields serve as the two case studies of this
thesis. More recently, combined applications have been tried out in the field of energy and climate

113

scenarios, too—some documented by Hansen and colleagues (2014) and some by Ruth and col-

as far as they are known, and by that provides an integrative analytical basis for mathematizable and non
mathematizable problem parts.”(Weimer-Jehle 2006: 359).

Hansen et al. used CIB to develop coupled qualitative scenarios of the future household heat consumption
on a global, national and sectoral scale, providing multi-level contexts for sectoral modeling.
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leagues (2015)."* But neither group reports much on methodological or conceptual issues concern-
ing the combination. Further combined applications dealing with the German energy transition—

ones taking more consideration of concept and method—are currently ongoing (cf. Weimer-Jehle et

al. 2016 and Prehofer et al., forthcoming).

Table 6: Examples of the three types of applications of CIB, sorted by issues

Issue Qualitative sys- Qualitative scenario tech- Combination with numerical modeling
tems analysis nique and simulation
Energy Vogele 2013 Forster 2002
Jenssen/ Weimer-Jehle 2012 Hansen et al. 2014
Prehofer et al. (forthcoming)
Weimer-Jehle et al. 2016
Climate Schweizer/ Kriegler 2012 Ruth et al. 2015
and climate Schweizer/ O’Neill 2014

change effects

Wachsmuth 2013

Environment and
sustainability (e.
g. waste, water,
land use etc.)

Renn et al. 2009
Uraiwong 2013

Kemp-Benedict /de Jong/
Pacheco 2014

Saner et al. 2012

Weimer-Jehle/ Wassermann/ Kosow
2011 (= see case study 1)
Kosow/Schiitze/ Leon 2013 (= see case
study 1)

Meylan/ Seidl/ Spoerri 2013

Health Weimer-Jehle/
Deuschle/ Rehaag

2012

Aschenbriicker/ Léscher/
Troppens 2013

Innovation and Fuchs et al. 2008 Schneider/ Gill 2015

Technology

3.5 Summary of research gaps

CIB is a systematic, semi-formalized yet qualitative form of systems analysis with specific properties:
It is based on expert judgments on the direction and strength of mutual influences of alternative
developments of system elements. It uses a balance algorithm to determine internally consistent
network constellations. It has a specific causal understanding of consistency. Its consistency calcula-
tions are expected to be traceable by laypeople without particularly strong mathematical skills and
by using pen and paper. CIB was applied as a qualitative scenario technique and stand-alone method
in various fields. It has a hybrid conceptual background, bringing positivist ideas from the fields of
mathematics and cross-impact analysis together with constructivist premises of interdisciplinary,
discursive, participatory and future-oriented research. In energy and climate research, researchers
have proposed to use CIB in combination with modeling and simulation. This proposal is based on the
expectation that CIB could support the traceability and consistency of the qualitative aspect of inte-

grated scenarios.

14 Ruth et al. used CIB to develop qualitative “framing scenarios” for regional energy, climate and agriculture

modeling, exploring the energy transition of Northwest Germany.
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From the perspective of CIB method research, two research gaps are relevant to this study. These
add to the gaps already identified in the previous chapter. The use of CIB in combination with model-
ing and simulation has not yet been systematically empirically tested, nor has it been fully conceptu-
ally though through. A single initial empirical application of the combination was realized in the field
of energy scenarios in the year 2000. Further applications had been carried out in the field of socio-
environmental scenarios when this PhD project began in 2010, which meant | could make use of
them for this study. Overall, we do not know yet, whether and in what way CIB does have the ex-
pected effects when used within combined scenario methodologies. The central open questions con-
cern the function of CIB in combination with mathematical modeling and simulation in the
construction of socio-environmental scenarios; the forms of its combination that are possible; the
effects of CIB on traceability and consistency; and what other, perhaps unintended, effects it may

have.

In addition, despite the numerous empirical experiences in various fields and the varieties of designs
applied, there has not been any systematic empirical study yet, asking different CIB users for their
experiences with the approach or comparing different designs. Instead, there is only anecdotal evi-

dence of participant perceptions as well as reports by CIB users on these aspects.

To explore these open questions, | have constructed a conceptual framework (Chapter 4) to guide
the analysis of and reflection on two empirical cases, using CIB in combination with numerical model-

ing and simulation (CIB&S) in the form of exploratory case studies (Chapters 5-8).
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Chapter 4: Conceptual framework

In the following chapter, the conceptual framework of this study is presented. It draws from the lit-
erature review on combined scenario approaches and on CIB. This framework has two functions: It is
used to develop conceptual ideas on the forms and effects of CIB&S, and to focus and pre-structure

the data collection and analysis of the two empirical case studies.

| start with a conceptualization and contextualization of combined scenario processes as
‘transdisciplinary methodologies’ consisting of an interplay of multiple elements, namely actors,
methods and data that influence the various activities in a scenario process (4.1). Second, | derive
several analytical concepts from the foregoing literature review: To analytically divide CIB&S pro-
cesses into their activities, a process model is developed. To characterize different forms of the com-
bination of CIB with numerical models, central dimensions are defined (4.2). Third, to assess
combined scenario processes and products, working definitions of scenario traceability and scenario
consistency are developed (4.3). Fourth, | explain the approach of this study looking for different
types of effects of CIB within complex and idiosyncratic scenario methodologies (4.4). Finally, | give
an overview of the scope of the study, refine the research questions for the empirical analysis and

detail my expectations (4.5).

4.1 Conceptual basis: Analyzing CIB&S methodologies
In this section, | present the conceptual basis of the analysis, namely a framework to analyze
transdisciplinary methodologies (4.1.1). Then | transfer it to the analysis of the use of CIB within

combined scenario processes (4.1.2).

4.1.1 A framework for analyzing transdisciplinary methodologies

In this section, | present the conceptual basis of the analysis, critically discuss it, and finally justify its

selection.

Hinkel (2008: 46 ff.) proposes a graphical “framework for analyzing methodologies.” He has devel-
oped this framework in the field of transdisciplinary environmental research, specifically for research
communities doing integrated assessments and vulnerability assessments. Its objective is to support
the quick but precise presentation and comparison of different project designs and processes. The
approach is based on a distinction between methods and methodologies:

e "A method is a specification of a process that makes the process reproducible by others and
applicable to other cases, [neither of these being generally] possible for a methodology of a
transdisciplinary assessment" (Hinkel 2008: 45, my underlining).

e "In the context of transdisciplinary assessments, the specific configuration of methods, data

and people involved in solving a problem is usually called the methodology, integrated meth-
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odology or methodological approach of the assessment" (Hinkel 2008: 44, Hinkel’s emphasis,
my underlining).
In line with this rather general definition of method by Hinkel, this study understands a method as a
(set of) rule(s) that defines, how to do something in a way that is both reproducible and transferable
to other cases, that is the nomothetic element within a research process. A methodology, then, is the
unique, idiosyncratic constellation of different elements, including their interplay in practice.

Figure 5: Example of the visual presentation of a methodology

Source: Hinkel 2008: 48.

Experts Data @eholder dia]@ Stakeholder

[mpacts

Scenarios

} Example of a methodology. The octagons represent methods, the rectangles
data, the ovals actors and the numbered circles activities.

Figure 5 above shows a depiction by Hinkel (2008) of a combined scenario methodology. To analyze
methodologies, their specific configurations are revealed by analytically dividing research processes
into activities. Then, on each activity, the specific influences are identified, namely influences by
methods, data (“in the widest sense, which includes observed or measured data, as well as derived
data” [Hinkel 2008: 47]), and actors (“people involved in the application [...] of the methodology, that
is the scientific experts or the stakeholders,” [ibid: 46]). Hinkel assumes that activities are always
driven either by actors or by methods; and that method-driven activities are reproducible (ibid:

47). Possible outputs of each activity are data or methods (ibid.47). The specific configuration of a

1> decided to conceptualize activities less strictly into mainly actor- or mainly method-driven ones. This is

because methods are chosen and applied by actors. The initial decision to use a method is itself actor-
driven, which means that the choice of a method might lead to path dependencies that limit the impact of
the actors in favor of the impact of the methods. Hinkel further distinguishes between subjective and ob-
jective activities, with objective activities having a deterministic outcome. Hinkel himself criticizes the fact
that this definition is difficult and | decided not to use it in this study.
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methodology is depicted by a graph linked through the outputs of an activity that are used as input

for the next activity. It discerns four types of nodes: data, methods, actors and activities.

Hinkel warns that the application of the framework is not trivial (2008: 59). First, it requires a consid-
erable amount of information on the process. Second, there is the danger of mixing three different
views on the methodology of a project:“(i) the methodology originally designed at the beginning [...],
(ii) the methodology actually applied [...], (iii) the methodology to be applied when one would repeat
the assessment” (Hinkel 2008: 59).

Third, detail and granularity are a matter of choice, as “activities can be decomposed further into
sub-activities or aggregated into super-activities” (Hinkel 2008: 59). The level of granularity has to be

chosen as a function of the aim of the analytical decomposition of the methodology.

From my perspective, what is most difficult with this framework, is that the categories are very broad
but not completely selective. Behind the use of methods, there are always actors deciding about
their use and their individual application. The same holds true for data, e. g. in the form of expert
judgements, which do not exist independently of the actors behind—and again, actors decide what
data are fed into a process. At the same time, the framework is rather weak from a social science
perspective, as actors do act—and they do so not 100% rationally—with specific aims, interests and
resources and are themselves embedded in structural contexts such as institutions, organizations,
paradigms and cultures. Furthermore, the framework still needs to show, whether it is appropriate to
go beyond textbook presentations of methodologies by depicting changes and detours as well. But |
assume that this should be possible through the granularity of the respective presentation. Finally, it
is unclear, whether and how time or timing (not explicitly introduced by Hinkel) can be appropriately
presented within the framework—and whether the (not) parallel organization of branches of the

graph are sufficient for this aim.

Nevertheless, | choose to try out this conceptual basis to explore methodologies using CIB in combi-
nation with modeling and simulation for several reasons. First, because of the lack of alternatives,*®
second because of its simplicity, third because of its visual informatics character that | expect is ex-
pected to match with ideas used in (environmental) modeling communities, and fourth, because of
its flexibility in the capacity to depict either planned, effectively carried out or recommended meth-
odologies. Finally, | choose it because it allows me not only to describe CIB&S methodologies but also

to support the tracing and interpretation of effects of specific elements of a methodology (see 4.4).

16 When | started this study, this approach was to my best knowledge the only one to analyze methodologies

in transdisciplinary research in this way.
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4.1.2 Analyzing CIB&S methodologies

In this section, the framework is transferred to the issue of this study, namely the analysis of CIB&S
methodologies. Even if the framework by Hinkel had been developed specifically to the field of vul-
nerability assessment, “it is not limited to this field and can be applied to other sorts of
transdisciplinary research” (Hinkel 2008: 43 ff.) and “the application to other fields of
transdisciplinary research like sustainability or future research, will be explored” (Hinkel 2008: 60).
Thus, | assume that it is appropriate to apply it to scenario processes in general and, more specifical-

ly, to processes using CIB in combination with numerical modeling and simulation.

In this study, following Hinkel (2008), scenario construction processes are understood as scenario
construction methodologies, meaning a specific configuration of methods, data and actors involved
in constructing scenarios. Scenario construction processes combining CIB with numerical modeling

and simulation are understood as ‘CIB&S methodologies’'.

CIB itself is a scenario method (or technique),’*’ meaning it has a nomothetic core that formulates
rules, which structure a scenario construction process (see 3.1.1). On the other hand, all design relat-
ed decisions concerning CIB are part of the methodology. This comprises the way CIB is concretely
designed, e. g. if D&V are collected by desk research or expert interviews, if impact assessments are
produced during stakeholder workshops or interviews, and what degree of inconsistency is chosen as
being acceptable (see 3.2.2). All these decisions, necessary during each individual CIB analysis, are
part of the idiosyncratic scenario methodology, comprising an individual interplay of methods, data
and actors.

Methods comprise quantitative and qualitative forms of scenario methods, different types of models
and their combined forms, as well as other methods of data and knowledge generation, collection,
analysis, synthesis, integration and documentation; as well as all sorts of decision, facilitation, visuali-
zation, brainstorming, participation and other techniques. The methods chosen define the technical

design of CIB&S methodologies, summarized in Table 7.

Actors of combined scenario methodologies using CIB are diverse and heterogeneous. Following
Pulver/ VanDeveer (2009), | distinguish between internal actors that are directly included in the vari-
ous phases of the construction process (also called “producer-user”) and those external actors who
are using scenarios (products) constructed by others (“recipient-user,” ibid.)."** Note that actors, who
are internals with regard to one process step may be externals with regard to another. Overall, |

roughly distinguish four central actor groups: modelers, who are responsible for the numerical mod-

7 n line with this study’s use definition of ‘method’, see the differentiation between ‘technical’ and ‘non-

technical’ by Grunwald (2013b: 16), i.e. the historical singularity (non-technical) vs. the reproducible
(technical).
8 Note that we are dealing with people and organizations doing and receiving the results of the research.
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eling; CIB scenario method experts (in the following abbreviated as scenario experts),**® who are re-
sponsible for the construction of CIB scenarios; scenario groups that are included in the construction
of scenarios and comprise stakeholders, all sorts of experts or even laypeople (cf. van Notten et al.
2003), and issue experts, namely actors who provide selected information at selected moments. All
of these actors have specific aims and interests,'*® and resources,*?* as well as structural—e. g. cul-
tural, paradigmatic, disciplinary and organizational—backgrounds.'?* Their inclusion in different pro-
cess steps, interactions, power and trust relations and more generally, inter- and transdiscipli-nary

communication*® describe the social organization of CIB&S methodologies, summarized in Table 7.

Table 7: Technical design, social organization and cognitive dimensions of CIB&S methodologies, operationalization and
symbols used in this study

Dimension | Operationalization Symbol

What methods and techniques are applied?
e CIB scenario process design, storyline writing tech-
nique
e Modeling technique
e Translation technique
e Documentation format
e Etc.

Technical
design

Who does/ decides what?
e Inclusion of different actors into different CIB&S
activities
e Responsibility, power, trust, support
e |Initiative and organization
e Etc.

Characterizing | Social
a CIB&S organi-
methodology | zation

What data is used, processed and produced?
e (Qualitative and quantitative data, information and

.. systems knowledge
Cognitive . . .
. . e Assumptions, ideas, fears, hopes, expectations, as-
dimension

sessments and beliefs on past, present and future
developments
e Etc.

On the social level, there is a potential for various designs of CIB&S processes—from the extreme of

one person carrying out a CIB and a model analysis on her own, up to complex actor constellations

% Note that other actors, beyond those with expertise in CIB, might be or might consider themselves to be

scenario experts, too. Also, modelers might be the ones with CIB method expertise themselves. In the fol-
lowing study, the term scenario expert refers to those that are CIB scenario method experts.

With regard to incentives for inter- and transdisciplinary cooperation see e. g. Watzhold et al. (2009), who
argue that especially (qualitatively oriented) social scientists have little incentive to engage in transdisci-
plinary environmental research due to the lack of opportunities to publish, an expectation from the hard
sciences that they will provide a service (social scientists as service provider only) and the fact that (future
oriented) research questions have less relevance in their communities.

E. g. time, money, abilities, but also decision-making power.

This kind of activity is also embedded in institutional structures, e. g. in the form of research and funding
landscapes, and finally the science and research system.

For the specifics of inter- and transdisciplinary cooperation, see e. g. Watzhold et al. 2009, Berger 2000,
Bergmann et al. 2010, particularly with regard to communication and “common language” Janich and
Zakharova (2014).
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including different actors during different activities reflecting specific initiatives, the organization of
responsibilities, the distribution and dynamics of power and trust, and requiring specific levels of
support. The literature indicates that an important feature of the social organization of combined
scenario processes is, whether or not actors from the scenario and modeling groups participate dur-

ing their respective activities.

Data, as in the framework by Hinkel, are understood in a wide sense, comprising data, information,
knowledge (also in tacit, local or scientific or other forms) with a special focus on assumptions, ideas,
expectations, hopes and fears, as well as assessments of and beliefs on past, present and future de-
velopments. The data used, processed and produced within CIB&S methodologies characterize the

cognitive (or data related) dimension of these methodologies.

This basic framework is used to analytically divide CIB&S methodologies into their elements, to allow
their comparison and to make visible as well the effects of factors beyond CIB and beyond numerical
modelling. In section 4.4, | return to this framework and attempt to extend it from the mere descrip-
tion of methodologies to a basis for searching for the effects of one method (CIB) within a combined
scenario methodology (CIB&S). In the following section, further conceptual elements are introduced
to specify the different activities of CIB&S processes and to characterize forms of the combination of

CIB with numerical modeling.

4.2 Process scheme and forms of CIB&S

In this section, | present concepts of CIB&S processes that | have derived from the literature review
on combined scenario processes: A process scheme defines central phases and activities of CIB&S
methodologies and the various resulting scenario products (4.2.1). Furthermore, | propose three
central dimensions to characterize different forms of the combination of CIB with numerical model-
ing (4.2.2). These concepts are developed to describe, analyze and compare different real-world pro-

cesses.

4.2.1 CIB&S scenario process and its scenario products

In this section, | propose a process model or scheme of CIB&S processes. This scheme is derived from
the literature on SAS-type approaches and integrates the (assumed) specificities resulting from the

use of CIB instead of IL.

The literature provides some proposals for structuring SAS-type scenario processes into specific
phases. Based on these, one can sketch a process scheme consisting of six phases: 1) framing, 2)
construction of the qualitative scenarios, 3) matching, 4) simulation, 5) iteration, and 6) usage. |
assume that using CIB within such combined scenario processes has direct—that is first- order
effects—mainly on phase 2, the construction of the qualitative scenarios: More intuitive approaches
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to qualitative scenarios are either added or substituted by the use of CIB to construct qualitative
scenarios. Figure 6 shows such a process using CIB instead of IL in the form of a (simplified) linear
process model including typical scenario products. The phases are further specified in the following.

Figure 6: CIB&S process scheme: simplified linear process model and its resulting scenario products

My illustration, based on comparable proposals by D6ll/ Krol 2002, D&ll 2003/2004, Alcamo 2008, Erdmann/ Hilty 2010,
adapted to CIB&S processes.
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4.2.1.1 Framing

During phase 1, framing, the objectives, the thematic scope, and the temporal and geographical scale
of the scenario construction process are decided upon. The design of the process is adapted
accordingly, covering decisions about (scenario) methods, techniques and (numerical) models to use
as well as the organization of processes and products and of the inclusion of actors at different steps

in the process.

4.2.1.2 Qualitative scenario construction with CIB
Phase 2, qualitative scenario construction, can be further divided into three sub-steps, in case CIB is
used (see also chapter 3).

2a) Selection and definition of (D&V).

2b)  Cross-impact assessment.

2c)  Analysis of the matrix using the CIB balance algorithm to search for internally
consistent configurations, i.e. internally consistent scenarios, and selection of a CIB
scenario sample.

All possible solutions of the cross-impact network are called raw CIB scenarios. Note that the raw CIB
scenarios comprise the different (semi-)automatic presentation formats provided by the CIB scenario

software (e. g. in table form or in the form of protocol outputs including impact diagrams). CIB does
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not automatically produce narratives or storylines. Storylines are defined as additional textual
descriptions of the solutions of the impact network. They might use the information on interrelations
between descriptor states that are stored in the CIB matrix, but often include additional qualitative

detail, going beyond the raw CIB scenarios.

4.2.1.3 Matching

In phase 3, matching, qualitative scenario construction is linked with numerical modeling. | propose
to distinguish between two levels, the level of scenarios (level 1) and the level of underlying models
(level 1l). ‘Matching on level I’ comprises the translation of qualitative scenario information into
numerical input that is digestible by the mathematical (simulation) model. On this level, matching
refers to the level of input data and model restrictions.’* ‘Matching on level I’ refers to further
reciprocal comparison and adaptations of internal structures of both the CIB model and the

numerical model. On level Il, matching refers to model boundaries, elements, internal and external

relations, see Table 8.

Table 8: Correspondences between a conceptual CIB model and a numerical simulation model as two types of system
models

System model Conceptual CIB model | Numerical simulation model

Elements

List of descriptors

System elements, inputs, outputs

Future developments

List of variants

Development of system elements, inputs, outputs over
time

Interrelations

Semi-qualitative im-
pact assessments

Mathematical equations/algorithms defining interrela-
tions between (system) elements

System state / system
development over time

Network configura-
tions, i.e. scenarios
(rather static)

Alternative future system states (static) developments of
system over time (dynamic)
- Sets of input data (firstSt half of num. sc.)

- Model output ( second half of num. sc.)

Matching on level |,

the translation of qualitative CIB scenarios into numerical input for the

simulation model, can be (analytically) separated into further sub-activities:

3a: Specification, i.e. defining numerical indicators (for model inputs) and model parameters

(e. g. restrictions etc.), representing the qualitatively expressed scenario ideas.

3b: Quantification, i.e. defining numerical values for the indicator, e. g. in the form of time

series, which requires to define a base year, base year values and assumption on the

. . . 12
character of future numerical development, as for example linearity or others.'”

3c: Bundling, i.e. the combination of individual input data into sets, which represent the raw

scenarios.

124

is often defined by convention only.

125

Note that in modeling communities, the distinction between what is a model input and what a parameter

Note that the definition of indicators and of numerical values can occur after the CIB as suggested in this

scheme or already during the CIB analysis in phase 2, e. g. in parallel with the definition of D&V.
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On the level of scenario products, matching results in the first half of the numerical scenarios,

namely the input data sets.

| assume that CIB has effects on matching due to its systematic character. The use of CIB (instead of
IL) does not automatically make a difference with regard to matching on level |, as CIB does not
provide automatic answers to the difficult tasks of specification and especially quantification of
qualitative statements. But CIB, like any other systematic scenario technique, has the potential to be
more explicit when it comes to the bundling. However, | suppose that the use of CIB might make a
more specific difference with regard to matching on level Il, because through the character of CIB as
a conceptual model, the comparison not only of assumptions on future development but also of their
interrelations (accessible in the matrix) could be supported. Matching on level Il could result in

reciprocally adapted conceptual and numerical models that underlie the scenarios.

4.2.1.4 Simulation
During phase 4, simulation, a mathematical model carries out simulation runs using the input data
sets defined in phase 3, that is the first half of numerical scenarios, and calculates model outputs,

that is the second half of the numerical scenarios.

4.2.1.5 Iteration

In phase 5, iteration occurs—that is to say the numerical scenarios, simulation input and output, are
interpreted, compared with the qualitative scenarios, and used to refine and re-define the first half
of the numerical scenarios (feedback to matching) and/or the qualitative and/or raw CIB scenarios.
Iterative activities are described by Alcamo on several levels.*?® Thus, the term iteration is not used in
its strict mathematical sense. Instead, it is used to describe activities comprising the interpretation of
results, the comparison with other components, and adaptations to obtain, so to speak, a better fit
between components. As a consequence, an iterative scenario process is not linear but includes
feedback loops and requires that the process remains to a certain degree open to refine the results
by going back and forth between the components. The products are not finalized in the first round

but are refined by further rounds of review.

126 Iteration a): The simulation results are brought together with the storylines: As in Alcamo (2008: 137 ff.),

the storylines are refined based on the model results. On the one hand, they are compared with the mod-
els “to identify inconsistencies” (ibid: 139) and on the other hand, they are enriched with quantitative
model results. Then a second version of the storylines is drafted.
Iteration b): Refine the quantification and the simulation and thus the qualitative and quantitative formu-
lations of the scenarios (internal): The quantification, the simulation and the refinement of the storylines
(Steps 4 to 6 in Alcamo’s SAS) are iterated two or three times until the scenario panel and team consider
the qualitative and the quantitative scenarios to be “complete and sound” (cf. Alcamo 2008: 140) (step 7).
Iteration c): Refine qualitative and quantitative scenarios through external revie: Then the process is
opened up to external agents (cf. Alcamo 2008: 140, step 8 and 9), the scenarios are broadly distributed
for multiple feedback and reviews (step 8), storylines and model runs are revised (step 9), and the final
versions of storylines and quantified scenarios are produced.
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This non-linearity is also supposed for CIB&S processes. Figure 7 shows the main phases of an ideal
CIB&S process, including the links (and feedback) between the different phases (omitting additional

feedback that might occur within the individual phases):

Figure 7: Non-linear CIB&S process model
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To carry out a full iteration, in the sense of SAS, within a CIB&S process would mean not only to
adjust the numerical inputs in function of simulation results, but also to revise the CIB matrix and

thus, very probably also the resulting scenario sample.

Phase 5 results in further scenario products, namely fitted raw CIB scenarios and numerical scenarios,
potentially also further developed into storylines, and/ or some sort of integrated scenario

presentation. Table 9 sums up the scenario products resulting from such a CIB&S process.

Table 9: Scenario products resulting from a CIB&S scenario process

Raw CIB scenarios Results of a CIB analysis, i.e. the list of constellations of a CIB impact network (as
presented e. g. by a CIB scenario table).

Narrative scenarios/ More elaborate literary descriptions (and possibly also visualizations) of these raw

storylines scenarios, using the information on interrelations between descriptor states that are
stored in the CIB matrix.

Numerical scenarios Comprising the numerical input data (first half) and simulation results, i.e. outputs
(second half).

Integrated scenarios Joint and interwoven representations of qualitative and quantitative scenarios.

4.2.1.6 Usage

In phase 6, usage, the resulting raw CIB scenarios (and/ or storylines) and numerical scenarios or
integrated forms are further processed by internal and/or external users to serve further scientific

exploration and/or policy advice.
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4.2.2 Forms of the combination

The review of the literature concerning combined scenario processes showed that a large variety of
designs of methodologies was implemented already. The different forms in which storylines and sim-
ulations are combined can be characterized by several dimensions (cf. 2.3.2). | propose to use three
groups of dimensions to characterize forms of CIB&S methodologies namely the system representa-
tions of the CIB and of the model(s) (4.2.2.1), the relative positions of both components within the
process (4.2.2.2) and the link between the two components (4.2.2.3). The three dimensions and their

definitions are summarized in Table 10.

Table 10: Dimensions to characterize forms of CIB&S methodologies, operationalizations used in this study.

Dimension Operationalization

What do the different system representations look like?
e Division of labor between CIB and the model(s)
System repre-
sentation of
each component

e Scope (what is inside, what is outside; what is endogenous, what
is exogenous?) and granularity

e Overlap of the two system representations

Characterizing e Qualitative and/or quantitative representation?

the CIB and What role do both components play with regard to each other and in the
the model(s), overall process?

and their rela- | position of both e  Timing: What comes first? (Model(s) pre-existing or newly de-
tion. components veloped?)

e Dominance/ structuring the process
e Benchmark for adaptations

How are both components linked to each other?
Link between

the components e Type and degree of coupling

e  Forms of iteration

4.2.2.1 System representations
The first dimension to characterize forms of CIB&S is the system representation by each of the two
components, that is, by the conceptual CIB model with its resulting raw CIB scenarios and by the

numerical simulation model with the numerical scenarios.

The literature review has shown that in combined scenario applications, there is often a specific divi-
sion of labor defining what is expected to be represented and dealt with by each component (cf. the

somewhat stylized Table 2 in 2.3.3).*’

In combined scenario approaches using CIB, the expected
functions of CIB might be similar to those expected from exploratory qualitative storylines, namely

above all to represent the qualitative, socio-economic (contexts or) drivers and/or policy regimes.

7 The reciprocal expectations might be conflicting or even contradictory among the members of one pro-

ject. Conflict may arise e. g. if the social scientists involved draw the line of division between social and
natural sciences, whereas the natural scientists might split so-called scientific facts from so-called uncer-
tain, subjective and messy stuff. Another source of conflicting understanding could arise, if social sciences
and qualitative knowledge is set equal, and furthermore set equal without differentiation with non-
scientific knowledge namely laypeople’s and community knowledge.
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Further aspects of this dimension are the issues of scope and granularity of the two system compo-
nents. They refer to the definition of what is included in each of the system representations and
what is not, and what aspects are considered exogenous and endogenous. Furthermore, this dimen-
sion deals with the degree of overlap of the two system representations (with regard to system
boundaries, elements and interrelations, cf. also Table 8 above). Do both cover the same sample of
the real world through different approaches or do models and qualitative scenarios cover comple-
mentary parts? How do the representations differ or match in their (geographic or thematic) scope
and granularity? To what degree do the representations overlap with regard to their respective sys-
tem borders, the elements and the interrelations they represent and the ones they do not repre-

sent? Possible variants are the following ones.
a) Separated systems (practically) without overlap, e. g. CIB representing social (context) sys-
tems, the numerical model (s) environmental system(s), each one with its specific scope and

granularity."®

b) CIB and the numerical model both represent the same (e. g. socio-environmeental) system,
but with different granularity (e. g. with the CIB including only a simplified version of the
functional logic of the numerical model, and the numerical model including all quantifiable
parts of the CIB system representation, in the form of input assumptions and in form on as-
sumptions on interrelations.”

c) Mixed types with partially overlapping representations with diverging scopes and levels of

granularity.™

The definition of the patterns and degree of overlap (static results) are in relation to the issue of

coupling between both components (see below).

4.2.2.2 Position

The second dimension to characterize forms of CIB&S is the relative position of both components
within the process. The role both components play with regard to each other and within the overall
process, first of all seems to depend upon their timing. The position is linked to the question, what
comes first? What exists or is established first (cf. chapter 2, scenarios first vs. models first)? Still, the
dominance of the process by one of the components might depend not only from the timing, but also

from the question of which one of the two gets more attention, time or resources, and finally, which

2 The minimal overlap in this version is that the social system represented by the CIB is the relevant (social)

context for the model and relevant to understanding and interpreting the model results —otherwise there
would not be one combined approach but two separate ones.

This idea is also expressed by Kemp-Benedict (2004: 4).

One could distinguish those variants in which the CIB provides relevant context information to the model
in the form of input data from those in which the CIB represents (some) of the model’s inner logic in a
simplified way, too (i.e. overlap with regard to inner or outer model parts).

129
130
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one is the benchmark in cases of reciprocal adaptations and adjustments. Which one steers and
which one adapts? (cf. chapter 2 scenarios lead, models lead and equal cooperation). The position of
the components presumably is closely linked to the weight and dominance of people in the process

and to their preferences, too.

4.2.2.3 Link

The third dimension to characterize forms of CIB&S is the link between the components. The link
between CIB and numerical models comprises the issues of coupling and iteration. | would like to
distinguish four characteristics of links:

1) The type of link, ‘soft’ (or indirect) link vs. ‘hard’ (direct) link (with reference to Winterscheid
2008: 130). Soft links describe all activities involved in relating one component or type of
scenario verbally with the other. This includes the joint interpretation of results (as for ex-
ample of raw CIB scenarios and numerical scenario results) and all other sorts of linguistic

B! Hard links describe all activities involved in importing parts of

and argumentative relations.
one component into the other (e. g. ‘output-input coupling’ of models, with reference to
Conrad 2010: 9 ff.). This type of link may include the task of translating qualitative CIB sce-
narios into numerical input data sets, or, the other way around, of numbers into verbal

statements or model equations into semi-formalized impact assessments.

2) The level of link, namely on the level of scenarios only or on the level of the underlying mod-

els and their internal structures (cf. 4.2.1 matching).

3) The direction of the link, distinguishing between unidirectional and bi-directional ones, i.e.

from the CIB to the model (or from the model to the CIB) and back (i.e. with feedback).

4) The explicitness of the link, discerning between explicit and implicit links.

In SAS, as described by Alcamo (2008), the link between storylines and models is both soft, namely
through the joint interpretation of results, and hard, namely through the output-input link from
storyline-based input data sets into models. It is bi-directional, since storylines inform the input of
model runs and model results inform storylines. The link is iterative, meaning not produced only
ones, but both components and the different types of scenarios are refined through repeated itera-
tive loops through the process (cf. also 4.2.1, iteration). In sum, the type of link influences the degree

of integration of both components.

B Note that the purely qualitative CIB scenario factors are indirectly (or softly) coupled to the numerical

models too, because through the CIB-matrix they are linked to those factors that are translated and cou-
pled directly/in a ‘hard way’ to the model (cf. also Weimer-Jehle et al., forthcoming).
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4.3 Defining scenario traceability and scenario consistency

In the foregoing literature review (chapter 2), | argued that traceability and consistency pose central
unsolved challenges to combined scenario approaches of the SAS type. To explore effects of CIB with
regard to traceability and consistency, both concepts need to be operationalized. As also shown
above, current scenario literature does not agree with enough precision on the definition of these

132

concepts.”  Therefore, in the following, | propose new working definitions that are used within this

study to operationalize scenario traceability (4.3.1) and scenario consistency (4.3.2)."*

4.3.1 Scenario traceability

Based on a transdisciplinary and common-sense-based understanding, a process is traceable, mean-
ing one can follow what was done and how a process came to its results. *** Traceability on the one
hand refers to what is called Nachverfolgbarkeit in German. Nachverfolgen means to trace or to track
something. It rather neutrally describes the possibility of tracing a result back to the underlying pro-
cesses. On the other hand, traceability also resonates with what is called Nachvollziehbarkeit in Ger-
man. Nachvollziehen means to understand, to comprehend something. It describes cognitive and
rather subjective processes of opening up to the reasons behind something. One might trace some-
thing without understanding it. The latter is more demanding, as it not only requires insight into ac-
tivities, decisions and selections that are made during a process, but also insight into and openness
for the reasons underlying these. Still, traceable does not mean agreeable: One does not need to
positively assess either a process nor a result—nor the reasons and justifications that have led to

these, and one might have diverging reasons to perform a process very differently.

Scenario traceability more specifically refers to the process of scenario construction, namely to the
ingredients that are used and the process of relating them to each other (Grunwald 2011) as well as
to further processing and presenting them. The ingredients comprise, following Grunwald (2011),
heterogeneous elements of knowledge, but also of expectations, fears and hopes. These can be
summarized rather generally under the term of assumptions on future developments or ‘scenario

assumptions’. The term assumptions explicitly refers to the understanding that these are present

132 . . . . UNT] .
One could also have chosen to consider literature more broadly, considering transdisciplinary research in

general, including conceptualization from model-related domains such as mathematics, or by asking scho-
lars from fields such as cognitive or communication research and philosophy for their theoretical ap-
proaches to traceability and consistency. This was not feasible within the scope of this study but is
strongly suggested for further research.

Both working definitions are based on what | have learned from the review of the scenario literature as
well as on the expected performance of CIB, as these are the issues | need to ‘measure’ in the following
empirical part of the study.

This understanding of traceability is also close to the meaning of ‘traceability’ in process informatics or in
the context of food supply chains, where it is also linked to accountability issues, meaning who (or what)
has caused what outcome.

133
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statements (as in Grunwald 2011), or present statements on scenario uncertainty (as in Walker et al.
2003). | distinguish two types of scenario assumptions, namely assumptions on future developments

and assumptions on the systemic characteristics that link them.

The relating, processing and presenting of the ingredients then refers to the procedures of scenario
construction, often structured by specific scenario methods providing specific rules for doing so. This
comprises two central dimensions: On the one hand the composition of individual scenarios, that is
the combination of individual scenario assumptions into an overall bundle; on the other hand, the
definition and selection of a scenario sample, that is the selection of distinct alternative scenarios for

the same scenario field and future space.

Scenario traceability is understood as a subjective category depending on the access to information
about ingredients and their mixing (e. g. by internals vs. externals). In addition, perceived traceability
might also be influenced by the scenario user’s expertise in the method and background knowledge,
as well as the effort (s)he invests in tracing the process of constructing a scenario. Especially in com-
bined scenario processes, scenario traceability is assumed to be an issue for internal users as well as
external ones: In integrated scenario processes, scenario groups, modelers and scenario experts,
depending on the design of actor inclusion, might be internals to some of the scenario construction
activities—but external to others. Therefore, this definition distinguishes between internal scenario
traceability, that is to say traceability for internal actors of the entire process,”* and external scenar-
io traceability, that is to say traceability for completely external actors—actors that have not partici-
pated in any of the scenario construction activities.”*® Furthermore, it distinguishes between the
perceptions of users that are (method) experts (e. g. modeling experts, scenario experts) and laypeo-

137

ple”>" with regard to the methods used. In this sense, an internal qualitative scenario expert might be

a layperson with regard to the numerical model, e. g.

Overall, tracing scenario construction means that an (internal or external, expert or lay) user of the

scenarios can trace the following four dimensions, see Figure 8.

B35 Which might be a precondition of internal scenario legitimacy.

Which in parallel might be a precondition for external scenario legitimacy.
Schiitz (1972) further distinguishes between the man on the street and the well-informed citizen.

136
137
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Figure 8: Dimensions of scenario traceability (working definition)
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1) Assumptions on future developments: What alternatives have been included as possible and

relevant future developments?**®

Assumptions on interrelations between future developments: What logic or overall system rep-
resentation lies behind the scenarios, i.e. what was assumed on interrelations between future

developments?

Individual scenario composition: How have individual scenarios been composed? How was their
composition decided upon and why do they look the way they look—and why do they not look

different?

Scenario sampling: Why has this scenario sample been chosen and why not a smaller, bigger or
different one, focusing on other scenario features (e. g. extreme scenarios). In sum, why have

these n=x scenarios and not, e. g., n=y + 2 scenarios been chosen?

Note that traceable assumptions on future developments can be considered a precondition for

traceable assumptions on interrelations; and that a traceable composition of individual scenarios

seems to be a precondition for a traceable scenario sample.

4.3.2 Scenario consistency

Based on a transdisciplinary understanding, consistency means that something makes sense and is

coherent in itself. This understanding fits the general definition that something is consistent, if it

does not show inconsistencies and does not contain contradictions.

138
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One a deeper level, one does not only access these assumptions, but one also has access to the reasons
for these assumptions (that is, one goes from tracing to understanding). And these reasons again are
based on assumptions. As assumptions more generally are a matter of infinite regress, | chose to start
with the most superficial level of tracing—and to keep in mind that there are always underlying, deeper
levels.
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First, scenario consistency more specifically refers to scenarios as products as scenarios texts, films,
tables and graphics. A scenario product can be assessed as consistent or not—not the scenario pro-
cess leading to it. Nevertheless, it is the process of constructing the scenario that contains the rea-
sons for (in-)consistencies. Second, scenario consistency is understood as a relational category,
meaning something is (in-)consistent with something else: (A) and (B) are (in)consistent; with A and B
both being scenarios, scenario elements, or underlying (numerical, conceptual, mental etc.) models.
Third, scenario consistency depends on the consistency criterion applied, meaning A and B are (in)
consistent with respect to a specific definition of consistency (x). With regard to scenario consistency,
these criteria can be either intuitive (holistic) or systematic (formal) consistency concepts: On the
one hand, a scenario can intuitively match one’s ideas and its intuitive consistency can be judged by
subjective assessment. On the other hand, a systematic-analytic consistency concept follows formal
rules that make it possible to more objectively decompose and recompose its logic; examples for
systematic- analytic consistency criteria are causality and coherence. | assume that different con-
sistency criteria can create conflict. A scenario pair that is consistent accorging to the CA is not nec-
essarily consistent according to CIB—and it is an open question whether a scenario pair consistent
with regard to a formal criterion is also intuitively perceived as a consistent one by (internal or exter-
nal) users. In sum: (A) and (B) are (in-)consistent under criterion (x); with A and B being scenario (el-
ements) or numerical, conceptual or mental models.

In this study, | propose to distinguish between four levels of consistency shown in Figure 9:'*°

Figure 9: Levels of scenario consistency (working definition)

Scenario
consistency
(scenario products)

1) Internal 2) Within a 3) Between 4) Of underlying
consistency sample scenarios models

B9 These four levels of consistency correspond to those levels one can distill from texts on SAS-type ap-

proaches.
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1) Internal consistency refers to the question of whether an individual scenario is consistent
with itself. Or, to turn it into a relational formulation, whether the assumed development of
each scenario element is consistent with the assumed developments of all other scenario el-

ements.

2) Consistency within a scenario sample (or scenario set) refers to the question of whether all

scenarios of one sample are consistent with one another.'*

3) Consistency between different forms of one scenario, e. g. between a narrative and a numeri-
cal form of a scenario, refers to the translation of scenarios into different forms in integrated
scenario approaches. In other words, the question at this level of consistency is: Are the nu-
merical scenarios consistent with their corresponding narrative scenarios? With regard to
consistency between a numerical scenario and qualitative scenarios, we propose to distin-

guished two steps:

a) Is the first half of numerical scenarios, i.e. the quantitative input data sets, consistent

with the corresponding sample of qualitative storylines?

b) If yes, are the second half of numerical scenarios, i.e. the model calculated indicators

(output) also consistent with the corresponding qualitative storylines?

4) Consistency of underlying models refers to the system representations underlying the differ-
ent (numerical, narrative etc.) forms of a scenario sample, comprising system boundaries,
system elements, internal and external relations. The question is, whether the (qualitative)
system representation underlying one (narrative) scenario is consistent with the (numerical)
system representation underlying the corresponding (numerical) scenario? In principle, this
level of consistency refers to all different types of models thinkable, that is, mental models of
different actors or actor groups as well as conceptual and numerical models that can be

compared within one group or with each other.*!

Consistency on one level can but does not need to relate to consistency on other levels. On each
level, different consistency criteria can be applied. Note that on all four levels, scenario builders may
have very good reasons not to strive for consistency but instead, to explicitly focus on—or to live

with—inconsistencies.

140 This level refers to two aspects: 1) to the scope, scale and granularity of different scenarios of one sample,

that is by asking, whether all scenarios of one sample represent alternatives of one and the same future
space (cf. also Stauffacher/ Muggli/ Moser, forthcoming); 2) to assumptions on interrelations, that is by
asking if assumptions on interrelations between scenario elements made in different alternative scenarios
are consistent. In other words, do scenarios assume the same (linear or disruptive) development and the
same promting or hindering interrelation between two scenario elements?

To be compared with regard to their consistency, these system representations need to be accessible.
That points to the links between scenario traceability and consistency.

100

141



Chapter 4 Conceptual framework

Two aspects related to consistency have been excluded from this study. First of all, taking the warn-
ing of van Asselt et al. (2010) seriously, | explicitly exclude ‘consistency with current knowledge’ from
this working definition of scenario consistency. This is done in order not to fall into the trap of histor-
ic determinism but rather to consider scenarios from the futures uncertainty repertoire and thus in
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their condition as artefacts only.”™ Second, for reasons of feasibility, no systematic study of mental

models is carried out in this study.*®

To refine the new working definitions of scenario consistency and scenario traceability and to
(pre)test their practicability, | have applied them to classical (ideal type) scenario approaches. Annex
F summarizes the (plausible and idealized) effects of these different scenario approaches on scenario
traceability and scenario consistency as understood in this study. This pretest also helped in the ef-
fort to prepare more concrete expectations of the effects of the use of CIB within combined scenario
methodologies. Before presenting the expectations of this study in detail (4.5.), | first need to turn to
the question of how to empirically isolate effects from the use of CIB within combined scenario
methodologies, that is from the multiple and mingled effects of other elements in these methodolo-

gies.

12 With Grunwald (2011), I argue that scenarios are always made of different elements, only one of them

being knowledge about the past and the present, others being assumptions on future developments and
normative elements like hopes and fears. Thus, it is certainly possible to check, whether the knowledge
components of a scenario are in accordance with the state of research. In opposition, the assumptions
and the normative components cannot be judged by whether they are ‘right or wrong, true or false, they
can only be plausible and consistent or not, transparent or untransparent etc. Different scenarios (i.e. dif-
ferent sources of current ‘future knowledge’) can thus be consistent or inconsistent with each other for
different reasons. And only one reason is that they do not agree on the current knowledge —but rather
because they vary in framing and perspective, in assumptions about plausible future developments,
and/or in the normative position towards these developments.

This study is not a socio-psychological or cognitive science study and therefore cannot systematically
focus on the consistency of scenarios with the mental models of the participating actors. Still, the
influence and relevance of these mental models is acknowledged and evidence is considered, albeit not
collected systematically, as this would have gone beyond the scope of this dissertation project. | assume
that the mental models of the system under representation of the different actors participating in a CIB&S
process (actors in the scenario group, the scenario experts, the modelers, external experts etc.) are not
identical but might, especially at the beginning of the process, contain diverging ideas on the system
under study. Do these mental models change during the process? And to the mental models of the
scenario group, the scenario experts and of the modelers at the end of the process) match with the
conceptual CIB model? I.e. do the different participant actors ‘identify’ with the CIB model? How strongly
do actors need to be involved to achieve this identification/influence on the process? If there is dissent
concerning the mental models, how is this dealt with? (Within the scenario-group or between scenario-
group and modelers?) How much is a consensual group model a compromise—and is ownership given,
nevertheless? What is the scenario experts expert’s influence on the CIB model when it comes to
content? How do actors experience mismatches with their mental models? This issue refers also to the
question of whether or not the subjective assessment of consistency of scenarios by actors matches with
the systematic consistency criterion of CIB. Overall, this avenue points several open questions that need
to be dealt with by future research.
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4.4 Identifying effects of a single method within combined scenario

methodologies
How is it possible to identify effects of a single method within the complexity of combined scenario
processes? In this section | clarify, how | attempt to trace the effects of CIB—when it is used within
complex combined scenario methodologies, in which many further methodological elements, condi-
tions and their interplay (in idiosyncratic constellations) are assumed to have effects, too. First, |
make the basic assumptions of this study on (the limits of) the effects of scenario methods explicit
(4.4.1). Second, | characterize different types of possible effects (4.4.2) and finally, | present the ap-
proach of this study that consists in describing scenario methodologies, assessing their outcomes and

interpreting possible connections between both, methodologies and outcomes (4.4.3).

4.4.1 Basic assumptions

Generally, this study is based on the assumption that, so to say, scenario methods matter:

Al: Scenario methods have an effect on scenario processes and products, as scenario methods

structure scenario processes and the resulting products.

Note that the opposing assumption would be that the scenario method used does not make any
difference, meaning that the method has no effect. Second, this study assumes that scenario
methods do not matter alone, but are adapted to individual project settings and interact with other

elements of a scenario methodology.

A2: Scenario methods are not the only elements with effects on scenario processes and products;
other elements of individual methodologies and their conditions matter, too. Scenario methods do
not structure (interdisciplinary) scenario processes alone; rather their individual application has an
effect together with other methods and techniques, actors, and data and individual conditions in

idiosyncratic configurations (methodologies) (see Table 7).

Transferring these assumptions to the use of CIB within combined scenario methodologies, | assume
that the use of CIB within combined scenario methodologies has an effect on the combined scenario
processes and on their outcomes, but that these effects are generated not only by CIB but, in addi-
tion and for each individual case individually:

a) They are influenced by the design of the application of CIB.

b) They interact with effects of further elements of combined scenario methodologies, that is

the interplay with other methods, actors, data and conditions.

Thus, | expect the CIB method to support the combined scenario methodology aimed at the con-

struction of socio-environmental scenarios, but not to generate automatic or deterministic effects.
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4.4.2 Types of effects

| propose to distinguish several types of possible effects of CIB. The concepts are borrowed from the
field of Technology Assessment (TA), where they are used to characterize the effects of the use of
techniques and technology (cf. Grunwald 2010, Decker 2013). | have argued that a scenario method
can be considered a technique (in the sense of Grunwald 2013b). In consequence, looking for effects
of CIB within combined scenario methodologies can be considered as being some form of meth-

od(ology) assessment—in analogy with technology assessment (TA).

44.2.1 Intended effects vs. unintended effects
First of all, one can distinguish between the intended effects, meaning those corresponding to the

)** and those that

intentions, goals, and aims associated with the use of a technique (cf. Decker 2013
were not intended (unintended effects). Intended effects are often (but not necessarily) equaled with
positive effects or main effects and are generally associated with a striving for progress (cf. Grunwald
2010: 20). The unintended effects are often (but not necessarily) associated with negative, or side-
effects. This classification of effects is a subjective one, depending on an actor’s intentions, assess-

ments and anticipated benefits.

The central intended effects of the use of CIB within combined scenario methodologies under study
here are to enhance scenario traceability and consistency.** This study aims to remain open to the
unintended effects of the use of CIB in combined scenario methodologies, too. To gain some distance
from the normative connotation of these labels (cf. foregoing paragraph), in the following | use the

term ‘other effects’.

4.4.2.2 First, second and third order effects
| propose to distinguish between first or primary (direct) and second order or secondary (indirect)

effects of the use of CIB on scenario construction.™*®

CIB has first order effects on the construction of
(qualitative) raw CIB scenarios (e. g. through the use of the CIB balance algorithm). Within combined
methodologies; CIB might have further second order effects, e. g. on the construction of the numeri-
cal scenarios, too. Figure 10 shows the potential second order effects of the use of CIB on the numer-
ical side of combined methodologies (on numerical modeling and simulation and the resulting

numerical scenarios).

Y Decker specifies that these are the explicit effects.

The literature review documented in chapter 3 has shown that other effects could have been focused too,
such as knowledge integration, see e. g. Prehofer and colleagues (forthcoming).
See e. g. Decker (2013: 34).
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Figure 10: Possible second and third order effects of CIB on numerical scenarios, analytical split of effects on three levels
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These second order effects of CIB can occur at three levels: First, secondary effects can occur on the
definition of numerical model input and restrictions, i.e. on the first half of the numerical scenarios
(through matching on level |, when raw CIB scenarios are translated into model input (level | in Figure
10). Second, secondary effects occur, when model structures (boundaries, system elements,
interrelations) of the conceptual CIB and the numerical model are compared or even adapted to each
other (matching on level Il). Third, both second order effects (I and Il) sum up to third order effects of

%7 Note that

CIB on simulation output, i.e. on the second half of the numerical scenarios (level Ill).
considered from a different perspective, and especially on level Il, the numerical simulation model
and the numerical scenarios might have effects on the CIB, too (indicated by the double pointed

arrow in Figure 10).

Finally, effects playing out at one moment of a process can induce other effects, sometimes automat-
ically, in the later course of the process. With regard to CIB, the question is whether or not CIB ef-

fects are propagated throughout combined scenario methodologies, and if yes, how.

4.4.2.3 Individual vs. systemic effects

Furthermore, | would like to distinguish between individual effects on the one hand (those that can
be easily isolated) and mingled or systemic effects on the other hand (those resulting from several
interrelated influences) (cf. Decker 2013: 34). The individual effects of CIB need to be distinguished

from the systemic (and potentially emergent) effects of complex combined scenario methodologies

Y The non-quantified parts of the qualitative CIB scenarios also have indirect impacts on numerical scena-

rios as they are, through the CIB-matrix, linked to those factors, which are directly coupled with the model
(cf. Weimer-Jehle et al. forthcoming).
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in total. The more complex the causal situation, and the longer the causal chain (cf. also higher order
effects), the less hard the proof of effects of CIB can be; because other elements and/or events need

to be suspected of being the causing elements, too (cf. also Decker 2013: 34).

4.4.2.4 Necessary vs. contingent effects

Finally, | distinguish between necessary and contingent effects (cf. Decker 2013: 35 ff.). Necessary
effects are those that result (in quasi-deterministic manner) from the application of a technique (in
this case from the adequate application of —the method’s core of —CIB). Contingent effects do not
occur automatically, but are uncertain due to their future openness: whether and how they occur

depends on the situation, contexts and conditions and the complex interplay of causing elements.

4.4.3 Analyzing methodologies, assessing outcomes, interpreting effects

In this section, | sum up how this study attempts to trace the effects of the use of CIB within complex
combined scenario methodologies. In the preceding sections | have assumed that CIB has effects on
combined scenario processes and products, but that these effects are embedded in complex and
idiosyncratic constellations, also called scenario methodologies. Within these, many further method-

ological elements, conditions and their interplay are relevant, too.

With regard to the identification of effects, | have stated above (with reference to Decker 2013) that
the more complex the causal situation, and the longer the causal chain (see section on direct and
indirect effects above), the less hard the proof of effects of CIB can be, as other elements and/or
events are causing elements, too . Therefore, | propose to support my search for the effects of CIB
through a medium level of abstraction that balances analytical detail without losing the entire pic-
ture. First, to deal with the complexity of the causal situations of combined scenario methodologies, |
propose to analytically divide idiosyncratic methodologies into the different elements at play, using
the framework on transdisciplinary methodologies presented in section 4.1. Second, to deal with the
length of the causal chains, | cut the analyzed processes into tranches, using the phases of the pro-

cess model of CIB&S processes presented in section 4.2.1 for orientation.

Per phase of a CIB&S process, | propose to proceed in three steps:

1) Describe the methodology: What (sub)activities are impacted by what interplay of what
methods and techniques, actors, data and under what conditions (characterizing the poten-
tial independent categories)?

2) Asses the levels of traceability and consistency and of further (unintended) outcomes with
regard to the process and products (i.e. characterizing the dependent categories).

3) By interpretation, establish (qualitatively) plausible (causal) links between the levels of trace-
ability and consistency (and other outcomes) and the methodology by argumentatively sepa-

rating influences of CIB, its interplay with other elements and the (independent) impact of
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other elements. Provide plausible descriptions of the effects: What happened? Why? What
are effects of CIB, what are effects of other methodological elements? Why did effects (not)

occur?

Overall, | am stretching the framework by Hinkel from a visualization technique for transdisciplinary
methodologies to a tool that supports the tracing of effects of specific elements of the methodology

and of their interplay. The empirical application will show, to what degree this is useful.

4.5 Scope, research questions and expectations
In this section, | summarize the scope of the analysis (4.5.1). Based on the foregoing conceptual con-
siderations, | refine the research questions (4.5.2) and make my expectations explicit (4.5.3).

4.5.1 Visual summary of the scope of the study

Figure 11 gives an overview of the scope of the study, putting together the different conceptual ele-
ments developed in this chapter. These conceptual elements make it possible to look for intended
and unintended effects of CIB within specific methodologies, which are characterized by particular
social organizations, technical designs and cognitive settings, by specific forms of the combination
and by specific conditions. They also permit the to examine the effects of other methodological ele-

ments and of their interplay with CIB.

Figure 11: Overview of the scope of the study
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scenario consistency rather with the scenario (and model) products, the division into process and
products is an analytical one. Processes and products are inextricably linked and this challenges their
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analysis. It is not possible to fix processes, since when you observe them you transform them into
products (e. g. into observation protocols). In short, the effects of CIB&S methodologies are pro-
duced during activities (i.e. processes) but then manifest themselves in their products. In sum, the
consistency of scenario products is constructed through scenario processes, and the traceability of

the scenario process shows up in the scenario products.

4.5.2 Research questions

The overall research question of this study, reformulated in line with the conceptual considerations
of this chapter, is the following: (How) can the use of CIB within combined scenario methodologies
(especially of the CIB&S-type) support inter- and transdisciplinary research groups to construct quali-

tative and quantitative or integrated scenarios of socio-environmental systems?

This chapter has pointed to conceptual ideas on different forms, in which CIB could be combined
with numerical modeling and simulation and to potential effects of the use of CIB in such scenario
methodologies regarding scenario traceability and scenario consistency. In the following, three re-

search questions are detailed to guide the empirical analysis.

Question 1 (forms of CIB&S): In what forms can CIB be combined with simulation models to support
interdisciplinary research groups to construct qualitative and quantitative and/or integrated explora-

tory scenarios of socio-environmental systems?

How can the form of combination of the two components, the CIB and the simulation models, be
(effectively) designed, considering the type of system representations by the CIB and by the numeri-
cal model(s); the relative positions of both components within the process; and the type and degree

of link between the two?

Question 2 (effects of CIB&S): What effects does the use of CIB in combination with simulation mod-
els (type CIB&S) have on scenario traceability and scenario consistency? What are other (unintended)

effects?

What effects does the use of CIB have on scenario traceability, especially with regard to the traceabil-
ity of a) assumptions on future developments and b) their interrelations; c) the composition of indi-
vidual scenarios and d) the selection of the scenario sample? What effects does the use of CIB within
combined scenario methodologies have on scenario consistency? What effects does it have when it
comes to the internal consistency of different forms of scenarios (raw CIB, narrative, numerical, inte-
grated ones); on the consistency between qualitative and numerical forms of scenarios (input data
sets plus model outputs); and finally, on the consistency between the underlying conceptual and

numerical models (comparing system boundaries, system elements and (inter)relations)?
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The use of CIB within combined approaches (type CIB&S) is considered in a perspective of propaga-
tion: What happens to the (supposed) traceability and consistency gains that are introduced through
the CIB into a combined scenario methodology? Are these gains effectively achieved and if yes, are
they also handed down through the entire combined scenario process? What direct and indirect ef-
fects does CIB have on a combined scenario process beyond the activity of qualitative scenario con-

struction with CIB?

And overall, what are other (unintended) effects of the use of CIB within combined scenario meth-

odologies?

Question 3 (influencing factors): How are theses outcomes of the use of CIB influenced by other

factors, namely by characteristics of the methodology and by the form of CIB&S?

Bringing the different dimensions under study together, namely effects of CIB, the influence of the
specific methodologies and the influence of the individual forms of its combination, | ask: How and to
what degree are the effects and functions of CIB linked to the characteristics of the specific method-

ologies and to the forms in which CIB is combined with simulation models?

4.5.3 Expectations

This is an exploratory study. That means no fix hypothesizes are available that could be tested. How-
ever, in the process of reviewing the literature and building the conceptual framework, | developed
specific expectations that | now make explicit. The overall expectation for the use of CIB within com-

bined scenario methodologies is as follows.

4.5.3.1 Overall expectation

Overall:**® When CIB is used as the qualitative scenario method in combined scenario methodolo-
gies, the properties of CIB (compared with e. g. Intuitive Logics) have supporting effects on scenario
traceability and scenario consistency across the entire combined process and on different types of
scenario products. These effects depend on the individual form of combination of CIB with simulation
models (CIB&S) and on other characteristics of the individual methodological design of each CIB&S
process (i.e. the interplay of further methods, actors and data (in the widest sense) and their specific

conditions).

In the following, more detailed expectations are presented on effects on scenario traceability (expec-
tations “T”); scenario consistency (expectations “C”), other effects (expectations “X”), the role of the
form of combination (expectations “F”) and the role of further characteristics of combined scenario

methodologies (expectations “R,” with R standing for “rivals” as in Yin (2009), see chapter 5).
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4.5.3.2 Expectations “T”: effects of using CIB within combined scenario methodologies
on scenario traceability

The literature suggests that the CIB method properties have supporting effects on the scenario

traceability of qualitative raw CIB scenarios as perceived by internal and externals as well as by ex-

perts and laypeople. In addition, | expect that in combined scenario methodologies, these traceability

effects propagate to further forms of scenarios as storylines as well as numerical scenarios.

Expected traceability effects of CIB on the construction of raw CIB scenarios

E 1 Traceability of assumptions on future developments: If D&V are distinctly defined, then future
developments assumed in the CIB raw scenarios are made explicit and accessible for internal and

external users as well as for experts and laypeople.'*

E 2 Traceability of assumptions on interrelations: If direct hindering and promoting effects between
future developments are assessed pairwise and stored in a full CIB matrix, then assumptions with
regard to the interrelations between future developments are made explicit and accessible for inter-

nal and external users in the form of a conceptual CIB model.

E 3 Traceability of individual scenario composition and of sampling: If a (any) systematic and formal
approach is chosen to select scenarios, then the scenario selection, at least is in theory, is transpar-
ent for and even reproducible, at least by those internal and external users, who are able to work
with the selected algorithm or software applied (i.e. experts). If the specific CIB algorithm is chosen
to select scenarios, then the scenario selection is not only in theory transparent for and reproducible
by internal and external users, but in addition, the justification for or against the choice of a scenario
can in practice be easily checked by pen and paper even without deeper method or software compe-

tencies (i.e. also by laypeople).

In sum, these expectations E1 to E3 describe the expected benefits of CIB compared with more intui-
tive approaches of qualitative scenario construction and selection—quite independently of the use of
CIB within combined approaches or separately as a stand-alone approach. Within combined scenario

methodologies, | expect further direct and indirect traceability effects through the use of CIB:

Expected traceability effects of CIB within combined methodologies on further scenario

products

E 4 More traceable storylines: If CIB scenarios and the information on interrelations of future devel-
opments of the CIB matrix are comprehensively and adequately (i.e. following the CIB definitions and
assumptions) used as a basis from which to write storylines, then the storyline writing can benefit

from the same traceability effects as the CIB raw scenarios (E1 to E3), namely the traceability of as-

Y Thisis no unique effect of the use of CIB but an expected effect when using any other systematic scenario

technique, too.
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sumptions on future developments and interrelations as well as the traceability of the construction
of individual scenarios and samples. In sum, the use of CIB (indirectly) brings more scenario traceabil-
ity into the storylines.

E 5 More traceable numerical input data sets (level 1) (first half of the numerical scenarios): If during

0 translated into numerical input data

matching (level 1), the selected CIB scenarios are (adequately)
sets for model runs, then these numerical input data sets can benefit from the verbal explicitness of
the assumptions on future developments and on their interrelations; and the sample of the numeri-
cal input data sets can benefits from the transparent and systematic definition and scenario selection
with CIB. In sum, the use of CIB is expected to (indirectly) bring more scenario traceability into the

input data sets of the numerical model(s).

E 6 More traceable (numerical) model structures (level Il) and simulation outputs (level Ill) (second
half of numerical scenarios): If the assumptions stored in a conceptual CIB model (on central system
elements, their future developments and their interrelations) are, in contrast to implicit mental
models, openly (and reciprocally) compared with the assumptions made by the respective numerical
models (on central system elements, their future developments and their interrelations), then this
matching on level Il is opening a window onto the logic of the numerical simulation model. In sum,
this comparison of (conceptual and numerical) model assumptions is expected to support the trace-
ability of internal model assumptions (level II) and potentially also of the logic behind the calculation

of model outputs (level Ill).

4.5.3.3 Expectations “C”: effects of using CIB in combined scenario methodologies on
scenario consistency

With the CIB balance algorithm, an additional consistency criterion is introduced into combined sce-

nario methodologies—considering that actors’ subjective consistency perceptions as well as mathe-

matical models are consistency methods, too. | assume that through the use of CIB, internally

consistent raw CIB scenarios become a part of the methodology; and | expect that CIB consistency

effects might propagate to further forms of scenarios as storylines and numerical scenarios.

Assumption for the consistency of raw CIB scenarios

A 3: | assume that if CIB is used to construct qualitative scenarios then these raw CIB scenarios are
internally consistent in accordance with the CIB consistency criterion; and scenario samples based on

the same CIB matrix are consistent within themselves.
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Expected consistency effects of CIB within combined methodologies on further scenario

products

E 7 More consistent storylines: If the storyline writing based on the CIB raw scenarios is adequate
(meaning that it follows the CIB definitions and assumptions), then the CIB scenarios hand down
their internal consistency and the consistency within the scenario sample to the qualitative storylines

and furthermore, consistency between raw CIB scenarios and qualitative storylines is given.

E 8 More consistent numerical input data sets (level 1) (first half of the numerical scenarios): If quan-
tification and specification of the raw CIB scenarios into numerical input data sets (during matching
on level I) are adequate (that is, they follow the CIB definitions and assumptions), then the CIB sce-
narios hand down their internal consistency and the consistency within the scenario sample to nu-
merical sets of input data; and consistency between the CIB scenarios and the numerical sets of input

data (the first half of the numerical scenarios) is given.

E 9 More consistent model structures (level Il): If the model structures (concerning central system
elements and their interrelations) of the CIB conceptual model and of the numerical model underly-
ing the scenarios are compared, oriented and adapted to each other (during matching on level Il),

consistency between underlying models is supported.

E 10 Third order effects of CIB on the consistency of simulation outputs (second half of numerical
scenarios): Simulation outputs are by definition internally consistent according to the consistency
criterion of the numerical model and consistent with the simulation model’s input data and parame-
ter settings (first half of the numerical scenarios). Still, third order consistency effects of CIB on simu-
lation outputs are expected, namely those that occur through matching on level | (definition of
model input and restrictions, see E 8) and through model comparison and adaptation with regard to

future assumptions, system elements and interrelations (matching on level Il, see E 9).

4.5.3.4 Expectations “X”: other effects of CIB

E 11 Other effects: It is expected that using CIB within combined scenario methodologies might have
further, potentially unintended, effects. These are not specified but left open to the empirical explo-

ration.

4.5.3.5 Expectations “F”’: the role of the form of the combination for effects of CIB

E 12 Role of the form of the combination: The effects of the CIB within combined scenario method-
ologies are expected to depend on the form in which CIB is combined with simulation models con-
cerning system representations, position and link.

E 12a System representation: The more overlap between scope and detail of the system representa-
tions of the CIB and of the numerical simulation model, the stronger the effects of the CIB on the

combined process and its scenario products.
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E 12b Position: The stronger the position of the CIB in the hybrid methodology compared with the
position of the numerical simulation model (especially with regard to timing and dominance), the

stronger the effect of CIB on the combined process and its products.

E 12c Link: The closer the link (especially with regard to structure and degree of coupling and
iteration) of the CIB with the numerical simulation model, the stronger the effect of CIB on process

and products.

4.5.3.6 Expectations “R” (rivals): the role of further characteristics of the individual

methodological design of each CIB&S process for effects of CIB

E 13 Rivals: The expected traceability and consistency effects of CIB can be hindered or mediated
through the interplay with other elements of the individual CIB&S methodologies, as specific constel-
lations of actors, other methods, data and conditions during the different activities of a combined
scenario process. | expect that the social organization of the combined scenario process (for exam-
ple, who is doing/deciding what?; the inclusion of actors in different activities, responsibility, power,
trust and support, initiative etc.) and the technical design of the process (for example, what concrete
methods and techniques are applied during the CIB, for matching, modeling, facilitation, documenta-

tion?) play a role.

To confront the expectations with empirical evidence, case studies have been set up. In the following

chapter, their empirical design is presented.
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Chapter 5: Design of the empirical study

This chapter documents the design of the empirical part of this study. The study is exploratory in
nature, as it aims to analyze a new and still poorly understood combined scenario approach. Its cen-
tral question is an ‘(if and) how’- question. The empirical part of the study has descriptive elements
but also aims to establish the patterns of effects that the use of CIB has in different forms of its com-
bination with modeling and simulation. This study is doing so in a qualitative way. Based on the de-
scription of methodologies and the assessment of outcomes, it aims to propose plausible explanatory
elements by means of interpretation. Therefore, the study uses the “set of conceptually specified
analytic categories” (cf. Huberman/ Miles 1994: 431) developed in chapter 4. It is based on explicit
expectations for the use of CIB within combined scenario methodologies. It is hypothesis generating
rather than hypothesis testing.

| attempt to take over the research perspective of a reflective foresight practitioner,™ as stipulated
by van’t Klooster and van Asselt (2006) and further elaborated by van Asselt and colleagues (2010).™
| am not—not even trying—to assume a complete outsider perspective, as authors in the tradition of
guasi-ethnographic research on foresight have attempted to (cf. e. g. van Asselt et al. 2010). Nor am |
dealing with method development without explicit and conceptually based reflection, as it is fre-
guently practiced in futures studies and foresight. Instead, | am using my insider perspective to gain
insight into a specific scenario practice. From this perspective, | am not neutral, but instead, believe
in what | am doing. | am positively biased in favor of the use of CIB. But then | take a step back to
reflect on and conceptualize my insights and experiences from a more neutral position, to finally turn
back to the inside to inform scenario practice. The case study approach is applied to systematically
and transparently describe, analyze and reflect upon the first empirical experiences of using CIB in
combined scenario methodologies in the field of socio-environmental scenarios. The deep empirical
analysis of this study was possible only because | was involved in the cases myself and because they

were co-shaped by my methodological research interests.

In the following, first | introduce the case study approach of this study (5.1). Second, | design, delimit
and justify two empirical cases; | document my access and roles a; and specify the respective re-
search questions. The first case (UBA) is a demonstrator application of CIB to construct framework
data sets for a group of environmental models (5.2). The second case (Lima Water) is a pioneer appli-
cation of CIB within a combined scenario process resulting in integrated (qualitative-quantitative)

scenarios on Lima’s water futures 2040 (5.3). Fourth, | document the data collection in both cases

1 With reference to the book “the reflective practitioner” by Schén (1984).

Another attempt to promote this position, focusing on the practical side and the users’ perspectives in
foresight, has recently been made by Kunseler and colleagues (2015).
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(5.4). Fifth, | present the strategies of qualitative data analysis of the individual cases and of the
cross-case synthesis. Both include forms of communicative validation (5.5). Finally, | discuss the qual-
ity of the design, of the collected data and of the empirical findings of this study (5.6). Figure 12 gives
an overview of the design of the empirical part of the study and shows, how it is embedded in the

overall study.

Figure 12: Overview of the empirical design of the study
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5.1 Designing two exploratory case studies
In this section, | first give a brief introduction to case study research (5.1.1) and then specify the de-

sign of this study using two exploratory case studies on CIB&S (5.1.2).

5.1.1 Case study research

Case study research is an approach of the social sciences™ to phenomena that require an “in-depth
description” (Yin 2009: 4 ff., also for the following). It is not so much a method as a research perspec-
tive,”* which is associated with empirical, often problem-oriented and mostly qualitative research.
Since the 1980s, it was described, and further developed and established—by Robert K. Yin, among
others. Case study research is often presented in explicit distinction from ethnographic approaches
(e. g. Yin 2009: 15) and with a tendency to transfer academic principles, formalized and systematic

approaches to the study of the social world (cf. e. g. Yin 2009, Miles/ Huberman 1994, Scholz/ Tietje

B tis applied in very different disciplines from psychology through education, sociology, law, and medicine

to business (cf. Yin 2009).

% And its practical application results in methodologies as defined by Hinkel (2008).
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2002). Yin specifies that case study research is appropriate (cf. 2009: 10) to answer how and why
guestions (instead of who, how many and how much?), and especially when there is little control

over contemporary, social events.

Case study research is also used in inter- and transdisciplinary environmental research, albeit in a
slightly different way, to deal with the idiosyncrasies of empirical situations (cf. also in the following
Scholz and Tietje 2002). Environmental case studies are conducted with the aim of gaining an under-
standing of complex and so-called ill-defined situations, such as situations with uncertain states,
mechanisms and outcome which are typical for problem-oriented, applied and interdisciplinary re-
search. Case studies are used in this field not only to analyze situations but also to achieve synthesis

(cf. Scholz/ Tietje 2002).>

Case study research according to Yin (2009) is characterized by four principles. First, “case studies,
like experiments, are generalizable to theoretical propositions and not to populations or universes”
(Yin 2009: 15). Second, before data is collected, it is necessary to define theory-based propositions or
at least purpose and the criteria by which to measure success (cf. Yin 2009: 28). Third, to identify
cause-and-effect relationships within individual or across a few cases, it is essential to identify and to
address so-called rival hypotheses, i.e. to consider all possible (alternative) explanations.”*® Fourth,
ideally, replication is used to guide the analysis. Literal replication is applied when, in more than one
case, the same results are expected; or theoretical replication is applied, when, for theoretical rea-

sons, different outcomes are expected in different cases.

Types of case study design can be distinguished in single case designs dealing with critical, unique,
extreme, typical, revelatory or longitudinal cases (cf. Yin 2009: 47 ff.) vs. multiple case designs, apply-
ing replication logic (cf. above). In multiple case designs, each case is first analyzed for itself (within-
case analysis), then in a cross-case analysis, situations, logic and effects are compared and findings
synthesized. Cases are considered holistic if the case itself is the only unit of analysis, and embedded

when they comprise different units of analysis (Yin 2009: 29, Scholz/ Tietje 2002).

The research process in case study research consists of typical phases. Yin (2009) proposes the fol-
lowing six: First, the researcher needs to decide and to justify why (s)he uses the case study ap-
proach. Second, during sampling and design, the cases and the logic of the design need to be
defined, including the research questions, propositions, units of analysis etc. Third, a case study pro-

tocol has to be prepared for every single case. The purpose of the protocol is to guide the investiga-

> n sum, even if the understandings diverge a little, case study research has the advantage that it is at the

same time a well-established social sciences method, i.e. corresponding to my primary academic socializa-
tion as a social scientist, and also can be connected to the current practice of (future oriented) environ-
mental research, which is one of the main audiences targeted by this research.

% For an overview of different types of rivals, see Yin (2009: 135).
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tor through every individual case and to structure a focused data collection of the individual case.™’
The protocol contains the data collection instrument(s) as well as the procedures and general rules to

1% Fourth, the case study evidence (generally from different

be followed during the case study.
sources) is collected. Fifth, the case study evidence is analyzed. Finally, the findings from the case

study are summed up in a case report.

Case study research was suspected of being a label for bad research, or studies without a clear design
(cf. Yin 2009 14 ff.)—and indeed, there are important limits to case studies and threats to their quali-
ty. The most important limit is that case studies allow theoretical but no statistical generalization (cf.
above.) Central threats to quality are (cf. Yin 2009, Scholz/ Tietje 2002) a mismatch between the def-
inition of the cases and the research questions, i.e. when the empirical cases are not chosen in such a
way that they can appropriately answer the research questions. Also, good case study research is
hindered by a lack of rigor, non-systematic and non-transparent approaches, and through insufficient
resources.” Another aspect seen critically by some is the “interactional resonance” (Scholz/ Tietje
2002: 18), which means that the analysis of the case influences the case itself. Yin (2009: 112) is more
positive towards this phenomenon in terms of voluntary and explicit manipulations, as these “can
produce a greater variety of situations for the purpose of collecting data.” Still, issues of role conflict
can arise, when the researcher mixes his or her different roles. On the upside, case study research
offers the opportunity to systematically, comprehensively and deeply analyze and interpret complex

social phenomena in their real world settings.

5.1.2 Designing case studies on CIB&S methodologies

In this study, the case study approach was considered the most appropriate empirical approach to
the focus of this study and its research question, which is centrally a how-question. The use of CIB by
interdisciplinary research teams within combined scenario methodologies can be understood as a
social phenomenon, even if it takes place within the social subsystem of research, and it is something
people are doing. Case study research was perceived as an adequate means to methodologically
support the research position of the reflective foresight practitioner. CIB&S processes are considered

complex idiosyncratic configurations of multiple methods, actors and data. Controlling these system-

7 “The protocol is a major way of increasing the reliability of case study research” (Yin 2009: 79).

More precisely, Yin argues, the protocol has to cover the following four aspects (Yin 2009: 81ff.): Overview
of the case study project (context, purpose, setting and propositions), field procedures (concerning data
collection, including access and resources), the case study questions and a ‘tentative outline’ of the later
case study report. At the same time, he admits that some flexibility in the case study plans can be neces-
sary after the first data collection, and that the case study approach allows the use of this flexibility (cf. Yin
2009: 90).

For instance in terms of investigator skills, but also in time and money, as well as regarding access to and
cooperation with case members.
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atically in the form of (quasi) method-experiments or method-tests, is considered difficult due to

their complexity, their low level of conceptualization and their duration.

Overall, these case studies on CIB&S are exploratory, but also contain descriptive and even explana-
tory elements.’® Two empirical cases are used to explore possible forms of the combination of CIB
within integrated scenario methodologies; to describe their empirical effects, and to identify factors
causing these effects. Both cases are embedded in the contexts of applied and interdisciplinary re-
search projects carried out by ZIRIUS at the University of Stuttgart. Case |, in the following the UBA
case, is a first demonstrator. Case I, in the following the Lima Water case, is a full pioneer applica-

tion. The cases are further defined in sections 5.2 and 5.3.

Both cases can be considered unique and new cases (as described by Yin 2009). | chose them be-
cause, at the time this study started, to my knowledge they were the only ongoing (and accessible)
CIB&S cases. The sampling of the cases is not a multiple case design as Yin would describe it, since no
replication logic was applied. | expected neither similar nor, for theoretical reasons, contrary results.
Rather, the two cases are empirical representatives of a larger spectrum of possible—but not yet
realized—forms of the use of CIB within integrated scenario methodologies—as it were, two spot-
lights into the dark. The later analysis will argue that both cases can be considered revelatory and
typical cases with regard to their aim and their form, in which CIB is combined with simulation (cf.
chapter 8). The overall unit of analysis is the combined CIB&S scenario process and its results. The
perceptions and assessments of this process through its participants are considered separate, em-

bedded units of analysis.

5.2 The UBA case—a demonstrator
In this section, | distinguish the UBA case from its contexts (5.2.1); and define and justify it (5.2.2). |

document my access to and roles within the case (5.2.3), and specify its research questions (5.2.4).

5.2.1 Contexts

In case studies, “the boundaries between phenomenon and case are not clearly evident” (Yin 2009:
18). Figure 13 gives an overview of the UBA case, distinguishing its phenomenon from its different

contexts.

160 case study research can be used for different epistemological aims (cf. Yin 2009: 7 ff.). Exploratory case

studies are used to gain insight to the structure of a phenomenon and to develop hypotheses or theories.
In descriptive case studies, theories are used to describe a case; explanatory case studies focus on qualita-
tive theory testing, relying on hypotheses [or: a hypothesis] formulated before data collection.
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Figure 13: Overview of the UBA case: The phenomenon and its contexts
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| distinguish between the phenomenon and its immediate context (that is the framing and usage
phases), which are both subject of the empirical study (cf. case report in chapter 6). | analytically
distinguis these from the broader contexts of the case, namely the so-called UBA project (5.2.1.1),
which in turn needs to be considered against the background of current model-based environmental

scenario practice (5.2.1.2).

5.2.1.2 The research project “consistent and harmonized framework assumptions”
This case study takes place in the context of a research project conducted by ZIRIUS. The project was
named “Consistent framework assumptions informing model- and scenario-analysis at the German

%1 The project was funded by the UBA,

Federal Environment Agency (UBA or Umweltbundesamt).
and thus by public means.'®? In September 2010 the UBA, or more precisely the Department for Fun-
damental Aspects, Sustainability Strategies and Scenarios, Sustainable Resource Use,'®® had pub-
lished a call for a special report providing the UBA with consistent and plausible framework data sets
to ensure the quality of environmental modeling (aim 1) and to enhance the comparability of (model-
based) scenario studies at the UBA (aim 2). The report was to develop consistent sets of framework
data, including time series for the model input parameters. ZIRIUS, which is to say two of my col-

leagues and |, wrote a proposal, and were asked to carry out the project, which was launched in Oc-

tober 2010.

%1 ZIRIUS project, funded by the German Federal Environment Agency (UBA) (2010). For more information

on the project please visit: URL: http://www.zirn-info.de/projects_e/x_konsistenterahmendaten.htm.

The UBA is an agency for administration and research that belongs to the Federal Ministry of the Envi-
ronment (BMU, Bundesministerium fir Umwelt, Naturschutz, Bau und Reaktorsicherheit). The UBA can
thus be considered a boundary organization between research and policy.

Abteilung fiir Grundsatzfragen, Nachhaltigkeitsstrategien und -Szenarien, Ressourcenschonung.
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We had proposed using CIB to develop several consistent sets of framework assumptions illustrating
the range of different potential developments of socio-economic and political contexts for environ-
mental modeling and model-based scenario studies at the UBA. The project comprised two phases
(for more detail, see also UBA case protocol, Supplement A):

e Phase 1: Identification of relevant framework issues: selection and definition of key factors and of
their alternative developments
o Step 1: Selection of material for the identification of key factors
o Step 2: Selection of relevant key factors
o Step 3: Development of key factor briefs and definition of possible alternative developments

e Phase 2: Interrelations and plausibility check: construction of consistent context scenarios with CIB
o Step 1: Cross-impact balance analysis
o Step 2: Analysis and preparation of consistent framework scenarios, underpinned with time
series

The project ran from October 2010 (kick-off workshop) to January 2011 (final workshop). A final spe-
cial report was published in February 2011 (cf. Weimer-Jehle/ Wassermann/ Kosow 2011). The pro-
ject was carried out jointly by ZIRIUS and the UBA project manager, supported by several joint
meetings at the UBA. Furthermore, the project involved a panel of internal experts from the UBA. In

sum, the UBA project was a small inter- and transdisciplinary and method focused project.

5.2.1.2 Background: current model-based scenario practice

The background of the project call was the perception of responsible actors at the UBA that a multi-
tude of different model-based environmental studies coexist, at the UBA and elsewhere. In January
2010, 17 different mathematical models were in use in UBA-funded research projects for environ-
mental modeling and model-based scenario building. These mostly sectoral models covered issues as
divergent as transport, energy, water, and sustainability in general. These models made diverging
assumptions on future developments (by using a range of different time series as input data) and
resulted in a range of different results that are difficult to compare—as they were based on different
models and on different input data assumptions. The aim of the UBA actors thus was to ensure the
quality of scenario studies and to make the diversity of (framework assumptions of) quantitative
model-based scenario studies at UBA more comparable.’ In the special report resulting from the
project, consistent sets of framework data should be developed and underpinned with time series.
Furthermore, method interest by the UBA and by ZIRIUS, and especially by me was an important
context factor which is dealt with within the immediate context of the case (see the section on fram-

ing in Chapter 6).

%% Note that the explicit aim of the UBA was to increase the comparability of framework assumptions—but

not to ensure their complete harmonization within this short project.
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5.2.2 Definition and justification

The UBA case is closely related to but not completely identical with the UBA project. The UBA case
focuses on the use of CIB in combination with environmental simulation models to construct socio-
environmental scenarios, i.e. on a form of CIB&S. The phenomenon under study in the UBA case is
the process of using CIB in its specific combination with numerical modeling and simulation models in

the UBA project by an inter- and transdisciplinary team.

In the UBA case, no full CIB&S process was carried out. No actual modeling or simulation with the
newly constructed input data sets was foreseen or carried out within the demonstrator project. Nev-
ertheless, this is a relevant case, since CIB is used in relation to numerical modeling and simulation;
and because it leads to CIB based numerical input data sets on societal contexts for environmental
models. | divide the case into the combination that was in fact realized during the demonstrator and
that form of combination of CIB with a group of models that was hypothetically considered and antic-
ipated during the exercise (cf. framing in Chapter 6). | consider that the actual form of application
enables us to learn about the hypothetical (full) form(s) of application. In the following, the effective
and the hypothetical dimensions of the case will be discussed separately and the empirical case will

be characterized as an CIB(&S) case.

The case study started with the call for tender in September 2010, and data collection was complet-
ed with the interviews with process participants in March and July 2011. The runtime of the case
study was thus longer than the runtime of the UBA project.

5.2.3 Access and roles

Figure 14 shows my involvement in the UBA case.

Figure 14: My access to and impact on the combined scenario construction process (UBA)

> time
PARTICIPANT OBSERVATION

P (0) ‘ (0) ‘ ‘ ‘ =
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framing | qualitative matching usage
and scenario
design construction
with CIB

* Ex-post interviews

Roles: P= considerable participation, O:= direct observation, (O)=indirect
observation
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| was heavily involved in writing the project proposal and thus also in designing the scenario process
of the UBA project. Therefore, | had the status of a project member within the project in the role of a
CIB scenario expert. The occasion to carry out the UBA project and case came quite spontaneously.
Therefore, during parts of the UBA project runtime, | was in the USA for a research stay and was back
in Germany for the final workshop and the reporting phase only. Thus, part of the process took take
place without my being able to observe or to participate directly. But close communication about the
projects progress was ensured between me and my colleagues, who took over the conduct of the CIB
analysis. In addition, | had access to the key participants from UBA during interviews. This was made
possible through the UBA project manager who, when informed of my research interest, supported
me by formally inviting them. During the interviews, the UBA process participants were informed of

my PhD project and were asked for their consent.

In sum, in the UBA case | had a double role. On the one hand | was in the role of a UBA project team
member, and in this role mainly participating in the framing and reporting. On the other hand | was
in the role of a method researcher doing her PhD, taking the perspective of an observer, archivist and

interviewer.

5.2.4 Specifying the research questions

To focus the empirical analysis, the research questions to the UBA case have been specified.

(How) does the use of CIB within the specific combined scenario methodology of the UBA case sup-

port its interdisciplinary research team to analyze and compare numerical model inputs used at the

UBA and to provide joint framework data sets?

1. In what form of combination is CIB used in the UBA case to construct consistent sets of

framework assumptions for environmental modeling and model-based environmental sce-

narios at the German Federal Environmental Agency? (form of CIB&S)

2. What effects does the use of CIB within the specific combined scenario methodology of the

UBA case have on scenario traceability and scenario consistency? What are further (unin-
tended) effects? (outcomes)

3. How are outcomes of the use of CIB influenced by other characteristics of the specific scenar-
io methodology and by the specific form in which CIB is combined with numerical simulation

models in the UBA case? (factors)
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5.3 The Lima Water case—a pioneer application

In this section, | distinguish the Lima Water case from its contexts (5.3.1); and define and justify the
case (5.3.2). | document my access to and roles within the case (5.2.3) and specify its research ques-
tions (5.2.4).The presentation in parallel to the UBA case is chosen to support the comparison of the

cases by the reader.

5.3.1 Contexts

Figure 15 gives an overview of the ‘Lima Water case’, distinguishing its phenomenon from its differ-
ent contexts. | distinguish between the phenomenon and its immediate context (the framing and
usage phases), which are subject of the empirical study (cf. case report in chapter 7). Furthermore, |
divide the broader contexts of the case into the project context within the megacity project LiWa
(5.2.1.2), which in turn is embedded in the bigger picture of environmental, socio-political, institu-
tional and cultural Peruvian contexts in the water sector in Lima and in German research culture(s)
and programs (5.2.1.2). In the following, these contexts are presented only to the degree necessary

to understand the case.

Figure 15: Overview of the Lima Water case: The phenomenon and its contexts

5.3.2.2 CONTEXTII
a) environmental, socio-political, cultural and institutional contexts of the water sector in
Lima, Peru

b) research culture(s); research policies, programs and funding in Germany
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5.3.2.1 The megacity LiWa project

In the Lima Water case, CIB is combined with simulations within the transdisciplinary and applied

research project, “Sustainable water and wastewater management in urban growth centers coping
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with climate change, concepts for metropolitan Lima (Peru)” (LiWa)."® The project was publicly
funded by the German Federal Ministry of Education and Research (BMBF, Bundesministerium fir

Bildung und Forschung).

The overall aim of the LiWa project is stated on the project website as follows:"The LiWa project
particularly focuses on the development and application of fundamental procedures and tools for

participatory decision making, based on informed discussions.” '

To reach this aim “the project builds upon modelling and simulation of the entire water supply and

167

sanitation system within the urban growth centre system of Lima” ( my emphasis).”™" It is an explicit

7168

aim of the project to develop “methods and tools [...] to analyse a life-line system that can be

transferred to other contexts. Method development was at the centre of the LiWa project.

From 2008 to 2013, the LiWa project was conducted by twelve cooperating partners from Peru and
Germany, including mainly research and education institutions but also stakeholders as the major
water utility company of Lima, NGO partners and SME representatives.'® The core of the LiWa team
comprised around 20-25 people and on average, from each partner, two worked on the LiWa project

fairly constantly.

The project dealt with various aspects of the management of the drinking and waste water system of

Lima and Callao, Peru, covered by various work packages comprising, among others, qualitative sce-

ZIRIUS project together with several partners, funded by the German Federal Ministry of Education and
Research (BMBF) (2008-2013). For more information on the project please visit: www.lima-water.de.
Source: project website, URL: http://www.lima-water.de/en/index.html?Menu=2.
Ibid.
Ibid.
German Partners:
- Ifak, Institut fir Automation und Kommunikation e.V., Magdeburg (Project coordinator)
- ZIRIUS, Center for Interdisciplinary Risk and innovation Research, University of Stuttgart (coordinator
Peru)
- IWS, Institute of Hydraulic Engineering, Chair of Hydrology and Geohydrology, University of Stuttgart
- ILPOE, Institute of Landscape Planning and Ecology, Faculty of Architecture and Urban Planning, Univer-
sity of Stuttgart (since 2011)
- UFZ, Helmholtz Centre for Environmental Research (UFZ), Department of Economics, Leipzig/Halle
- Ostfalia University of Applied Sciences, Suderburg
- Dr. Scholz & Dalchow GmbH
Cooperating Partners in Peru (financially involved):
- SEDAPAL Servicio de Agua Potable y Alcantarillado de Lima
- FCPV, Foro Ciudades para la Vida, Lima
- UNI, Universidad Nacional de Ingenieria Lima
- FOVIDA, Fomento de la Vida, Lima
- IMP, Instituto Metropolitano de planificacion (since 2012), Lima
Associated Partners in Peru:
- SENAMMHI, Servicio Nacional de Meteorologia e Hidrologia
- SUNASS, Superintendencia Nacional de Servicios de Saneamiento
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nario building as well as numerical model building and simulation.'”® For more detail on the different

171

work packages and their products, please see the project website "™ as well as Schiitze (2015).

Overall, the LiWa project was an applied and problem-oriented research project in which interdisci-
plinary systems knowledge was required. The project comprises partners from the social and natural
sciences, planning, and water engineering. Furthermore, the project was intended to be integrated,
that is not only to follow distinct work packages in parallel but to integrate them. Also, the project
had a specific focus on the development of methods and tools. Although it was a research project, its
aims were not only to develop scientific products such as transferable methods, models and peer-
reviewed papers. But in addition, it deliberately included local stakeholders with the objective of
having an impact on the real world in Lima, mainly by supporting the development of strategies for
stakeholders and decision makers such as local water authorities. The project was transdisciplinary: It
included partners from research and practice, amongst which stakeholders with diverging perspec-
tives; and dealt with scientific requirements as well as real world expectations. Due to the fact that
this was a German-Peruvian collaboration, the project was intercultural. Three project languages
were used in parallel: Spanish, English and German. The project was not carried out in one place on-
ly, rather the work was distributed over several locations. The central venues were Lima in Peru as
well as Stuttgart, Magdeburg, Suderburg, and Leipzig in Germany. The communication between the-
se places was supported by regular project meetings in Germany and in Peru, virtual meetings, and

email communications.

5.3.2.2 The bigger picture: a very rough sketch

The LiWa project itself, especially due to its transdisciplinary and applied nature, was embedded in
the environmental, socio-political, institutional and cultural contexts of the water sector in Lima,
Peru. In its nature as a German research project, it was primarily embedded in the context of German

research culture and programs.

The water sector in Lima, Peru, is characterized by specific environmental as well as socio-technical

settings: “The capital of Peru, Lima, with a fast growing population exceeding 8 million [...] has to

170 Work packages as stated by the website of the project:

. Work package 1: Compilation of information

. Work package 2: Integrated scenario development

. Work package 3: Climate and water-balance modeling

. Work package 4: Macro-modeling and simulation system

. Work package 5: Participation and governance approach

. Work package 6: Education and capacity building

. Work package 7: Economic evaluation of water pricing options

. Work package 8: Project coordination

. Work package 9: Integrated urban planning strategies and planning tools
m URL:http://www.lima-water.de
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draw a major part of its water supply from the River Rimac. Due to very dry conditions [...] and large

seasonal variations of river flow, also groundwater is being used as a source of water supply.”*”?

The catchment areas of the rivers Rimac, Chilllén and Lurin in the Andean mountains are affected by
climate change in the form of changes in temperature and precipitation patterns as well as of melting
of glaciers. Thus, it is highly uncertain, if the future rivers’ runoff will be sufficient to meet the needs
of the growing city. The technical infrastructure is marked by coverage rates to the drinking water
and waste water net of ca. 80% of the population, low waste water treatment and reuse rates as well

as high network losses.'”

A multitude of different institutions and actors is concerned with the water sector in Lima. For exam-
ple, providing drinking water to the growing population of the city of Lima is the task of the water
company SEDAPAL, operated by the Peruvian state (national level). Other national authorities are
managing the catchment areas (ANA); again others are approving the water prices (SUNASS). Fur-
thermore, several national ministries and the regional and the local administrations of the City of
Lima (the municipality of Lima and its 43 district administrations) are involved. Some of these institu-
tions have been created only recently and constitute new and emerging actors in the field."’”* Fur-
thermore, several NGOs have been active in the water sector, some of them for decades. They are
concerned about, among other things, the water situation of the poor, who are not connected to the
water supply network but who are supplied by water trucks and pay “a multiple of the regular tariff
» 175

to water vendors”;" "> and with the water usage cultures of consumers. Historically, trust and cooper-

ation between these different actors and institutions are rather limited.'”®

The LiWa project is also embedded in the context of German research culture, funding and programs.

In 2004, the BMBF announced the funding program, Research for Sustainable Development of the

177

Megacities of Tomorrow.™ "’ Within this programme, the LiWa project was funded for a two year pre-

72 source: URL: http://www.lima-water.de/en/lima.htmI?Menu=3.

Source URL: http://www.lima-water.de/en/lima.htmI?Menu=3.

Such as the Peruvian national water authority (ANA) in 2009 or the Peruvian Ministry of the Environment
(MINAM) in 2008 (cf. DOC: ZB_IWS_ZIRIUS 2009: p.11).

URL: http://www.lima-water.de/documents/liwaflyer_pp4_en.pdf

Since the 1930s, Peru has known several military dictatorships—interrupted by some phases of more
democratic regimes. From the 1980s into the 1990s internal conflict and guerrilla war created very diffi-
cult economic conditions in the country, with the Maoist movement Sendero Luminoso, the leftist guerilla
Movimiento Revolucionario Tupac Amaru and the military as main actors. The internal conflict created a
climate of terror and resulted in around 70,000 deaths. From the mid 1990s on, with the consecutive
presidencies of Fujimori, Toledeo, the second term of Alan Garcia, and now Ollanta Humala, the political
and economic situation has stabilized and the latter now performs quite well, mainly due to mining activi-
ties and agricultural production. For more information on the History of Peru, see e. g. Ploetz 1993; for
the current economic and political situation, see Redaktion Fischer (2013).

In German: ,,Nachhaltige Stadtentwicklung: Forschung fiir die Megastdadte von morgen” For more infor-
mation on the future megacities program, see the website of the program:

URL: http://future-megacities.org/index.php?id=1&L=1.
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phase and later, a five-year main funding period was approved, as one of 10 and later 9 such projects
to take place between 2008 and 2013. The funding agency expected the project to provide both re-

search products as well as real-world impacts.

5.3.2 Definition and justification

The exploratory case study Lima Water was closely linked to the megacity project LiWa, but it focuses
on one specific aspect of the project only. It focuses on the use of CIB in combination with the model-
ing and simulation of natural and technological systems to support the construction of integrated
scenarios on the future water supply of Lima, in short labeled Lima’s water futures 2040. The applica-
tion of this specific form of the combined CIB&S methodology by an interdisciplinary team is the

phenomenon.

The Lima Water case is a relevant case, because it represents the usage of CIB through an interdisci-
plinary research team in combination with numerical modeling and simulation to construct socio-
environmental scenarios. In the Lima Water case, all phases of the (ideal type) CIB&S process are
covered. In a fairly participatory approach, qualitative scenarios are constructed by a Peruvian sce-
nario group using the CIB method. These scenarios are translated and used for scenario calculation
and evaluation through the water system simulator developed in the project, the so-called LiWatool.

The process leads to integrated qualitative-quantitative scenarios.

The case study started with my introduction to the project in January 2010. Data collection was com-
pleted in March 2013. The runtime of the case study was thus shorter than the runtime of the overall

LiWa project.

5.3.3 Access and roles

| had access to the Lima Water case, as a member of the research team, from January 2010 to March
2013."8 From the beginning on, the project coordinators knew about my research interests and in-
troduced me to the other project partners. They provided me access to meetings, documents and to
those emails that were related to the scenario construction process. During the case study runtime, |
attended all major project meetings of German partners and all joint meetings of German and Peru-
vian partners. Furthermore, | had the opportunity to do two field trips to Lima—three weeks in Oc-
tober 2011 and five weeks in March/April 2012."”° Thus, all German and Peruvian project partners,
especially the modelers and all the members of the scenario group and | got to know each other. |

openly communicated my research interests during short presentations, each time | was first intro-

78 | left the Liwa project and terminated the data collection due to maternal leave.

These field trips were made possible through funding by the DFG graduate school “Simulation Technolo-
gy, SimTech” at the University of Stuttgart.
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duced to a group. Consent to be part of my case study was collected from all relevant participants
during the interviews. During both field trips, | attended large public events organized by the LiWa
project (so-called Round Tables), during which the CIB based scenarios were discussed with a larger
public of external experts from the water sector in Lima. In October 2011, | conducted three training
workshops on the CIB software, ScenarioWizard, for the benefit of the scenario group members and

project partners in Lima, too.

Figure 16: My access to and impact on the combined scenario construction process (Lima Water)

> time
PARTICIPANT OBSERVATION
(o} P (o} P
1. 2. 3. 4. 5. 6.
framing qualitative ,matching’ simulation iteration usage
and scenario quantification
design construction & &
selection specification

* Interviews (t1 and t2 during field trips in Lima, Peru; t3 from Germany)

Roles: O= mainly observation, P= considerable participation

As in the UBA case, | was in a double role: My first role was that of a project team member and more
precisely of a CIB scenario expert. As such, | was actively involved mainly in the matching between
CIB and LiWatool (phase 3) *° and in the integration of scenario products at the end of the process
(phase 5)."®" During both of these phases, | was considered the, so to say, combination person, mean-
ing the mediator being positioned between the qualitative scenario group in Lima and the modelers

182

in Germany and | had considerable impact on parts of the process, see Figure 16.°° But, the specific

form of combination, the methodology and the success of the CIB&S process strongly depended on

180 At times, | took on the role of a facilitator of this process (see e. g. FN June_August 2011, FN March_Mai

2011, FN November_December 2011 as well as FN January 2012, FN FN WS tariffs 11 20120606).

- Communicated intensely with the modelers on the aims and approach of the combined method and
the need for quantifications.

- Preparing and sending around templates to collect information on indicators and time series.

- Initiating workshops on the quantification of specific issues such as on tariffs or on the issue of climate
change and on green topics, bringing together the modelers, the scenario team and the issue-experts
from within the project.

| initiated and at times coordinated the preparation of a combined scenario brochure, publishing com-
bined narrative and numerical aspects of the scenarios in an integrated way (Kosow, Leon, Schiitze 2013).
Therefore, at times | was also perceived as responsible for all other ZIRN tasks (storylines, round tables, e.

g.).
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the interest and contributions of the project partners, not by any means on my work alone. At the
same time | was in the role of a method researcher doing her PhD, taking the perspective of the par-
ticipant observer, archivist and interviewer.

5.3.4 Specifying the research questions

The specific research questions to the Lima Water case are the following:

(How) does the use of CIB within the specific combined scenario methodology of the Lima Water

case support its interdisciplinary research group to construct integrated exploratory scenarios of

Lima’s water futures 20407

1. In what form is CIB combined in the Lima Water case with the numerical water infrastructure

simulation model LiWatool to support the construction of integrated (qualitative-

guantitative) scenarios of Lima’s water futures 20407? (form of CIB&S)

2. What effects does the use of CIB within the specific combined scenario methodology of the
Lima Water case have on scenario traceability and scenario consistency? What are further
(unintended) effects? (outcomes)

3. How are outcomes of the use of CIB influenced by other characteristics of the specific scenar-

io methodology and by the specific form in which CIB is combined with the numerical simula-

tion model LiWatool in the Lima Water case? (factors)

5.4 Data collection

In this section, | document the process and techniques of data collection. First, | make some general
remarks on how this study has dealt with the issue of selectivity during data collection (5.4.1.). Then,
| explain and document why, how and what type of empirical data was collected in this study through
process documents (5.4.2), participant observation (5.4.3) and semi-structured interviews with pro-
cess participants (5.4.4). Finally, | give an overview of how the different sources of evidence are joint-

ly used to shed light on the different aspects of the phenomena (5.4.5).

In both individual case studies, overall the same data collection techniques have been applied. Data
collection was individually prepared for each case in the form of a case study protocol (Yin 2009: 79).
Details are documented within these (cf. Supplements A and B). A short overview of evidence col-
lected in both cases is provided within this chapter. More details on the database, including a list of
labels, under which evidence is referred to, is given in Annex G (case UBA) and Annex H (case Lima

Water).
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5.4.1 Selectivity issues and the overall criterion of relevance

The data collection for this study was confronted with challenges of selectivity that are typical of
qualitative (case) studies. Miles/ Huberman (1994: 55 ff.) distinguish between two types of selectivity
in data collection: Endemic (non-intentional) selectivity, since every perspective is selective, inform-
ants and observers are selective; and intentional selectivity, occurring through the focus on the issue
under study. First, as described by Miles and Huberman (ibid), there was the need to balance be-
tween “data overload and sketchiness.” In the Lima Water case, with a duration of more than three
years, the amount of data was immense, especially when considering the data analysis, during which
“[a]ll of this information piles up geometrically”(Miles/ Huberman 1994: 55). Thus it seemed highly
advisable to me to avoid data overload. On the contrary, the UBA case had a short runtime and, due

to limited access, rather risked sketchiness.

According to Miles and Huberman, “[c]onceptual frameworks and research questions are the best
defense against overload” (Miles/ Huberman 1994: 55). But, as the authors also point out (e. g. ibid
35), there is a need to find an appropriate balance between conceptual focus (deductive approach)
and openness to the field (inductive approach) (Miles/ Huberman 1994: 56): “The challenge is to be
explicitly mindful of the purposes of your study and of the conceptual lenses you are training on it—
while allowing yourself to be open to and reeducated by things you didn’t know about or expect to

find.”

Table 11: Criterion of relevance: Does this piece of evidence teach me anything about...?

See definitions in chapter 4.

Independent categories Dependent categories
e The design and use of CIB e Scenario traceability
e The (social, technical or data related) charac- e Scenario consistency
ter of the combined methodology, its pro- e Other effects of CIB

cess and scenario products

e  The form of combination of CIB with numeri-
cal modeling

To respond to both challenges, | have developed an overall criterion of relevance, guided by my con-
ceptual framework and research questions: Every piece of evidence, independent of its source (pro-
cess document, interview passage, observed phenomenon), is relevant for this study only if it allows
me to learn something about the central concepts of my case, that is at least about one of the di-
mensions developed within the conceptual framework, see Table 11. This criterion has strongly fo-
cused the data collection. Necessary openness was ensured by the rather open type of
operationalization (e. g. with regard to the social level of the methodology) and with regard to ef-
fects of CIB through the category of other effects. In the following sections, | detail how data was

collected from different sources of evidence.
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5.4.2 Central process documents

In both cases, material that is documenting the scenario processes and the (interim and final) scenar-
io products was collected. Process documents, comprising project proposals, (interim) reports,
presentations, agendas, official protocols of meetings, CIB matrices, data sheets and scenario texts,
have a double function: First, they provide me with the official presentation of both context projects;
and second, they provide me with evidence on those events and project activities that | could not
personally attend, as they were taking place in a different place or before or after the case study. Yin
(2009: 102) emphasizes that process documents have the advantage that they are non-reactive as

they are not influenced by the process of collection itself.'®

During both case studies, process documents and material were collected and critically checked
against the overall criterion of relevance. | was not striving for completeness, but rather for focus on
the central documents that provide sufficient documentation to allow descriptions of the planned
and documented scenario process and methodology; and to allow the later consistency analysis of

the different forms of (interim) scenario products.

For each process document (DOC), a summary sheet (cf. Yin 2002, Miles/ Huberman 1994) was filled
in (see Supplements A and B). Original documents were digitally stored. Finally, in the UBA case, n=
11, in the Lima Water case n= 45 process documents were included in the analysis. For the distribu-

tion over time in the Lima Water case, see Table 14.

Emails are not considered process documents, but understood as written project communication

that was filtered through participant observation, which is the topic of the following section.

5.4.3 Participant observation

During both case studies, further evidence was collected through participant observation. Participant
observation (cf. e. g. Atteslander 2000) is one of the classical methods practiced in “anthropological
studies of different cultures of social groups” (Yin 2009: 112), but is increasingly applied in ethno-
graphic research on our own culture(s), too (cf. e. g. Gerold 2005). When a phenomenon is embed-
ded in social situations and difficult to access from the outside, with participant observation, it can
be observed from an insider perspective (cf. Atteslander 2000). Furthermore, participant observation
makes it possible to influence a case study in the role of an active investigator (cf. Yin 2009: 112).
Authors agree that deeper involvement can lead to different forms of bias (see Yin with an evaluation

from the perspective of case study research 2009: 112). Still, | chose this approach since this form of

B n addition, some of these documents officially document my influence onto the scenario process in the

UBA and Lima Water case (such as the proposal in the UBA case or the final scenario brochure in the Lima
Water case).
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data collection was the only way not only to access the internal processes of the scenario methodol-

ogy but also to realize empirical cases of CIB&S for this study.

In both case studies, | did open (in contrast to covered) participant observation, which also meant to
openly communicate my two roles (team member and method researcher). In both cases, at times
my involvement was strong, and | was an observing participant, at other moments, | was more of an
almost non-participating observer. In the UBA case, participant observation during the scenario pro-
cess was less important than in the Lima Water case. An issue raised by Yin (2009: 112) at times oc-
curred in the Lima Water case: “The participant role may simply require too much attention relative
to the observer role. Thus the participant observer may not have sufficient time to take notes or to

raise questions about events from a different perspective, as a good observer might.”

At times during the Lima Water case | was deeply involved in supporting the scenario process. | was
then not (only) observing natives in their culture, but, together with other actors, | was trying out a
new methodology, writing emails, giving presentations, organizing workshops etc. Still, such phases
alternated with others during which | regained my distance and found myself back in an observers’
position. The participant observation was slightly (in contrast to un- or fully) structured through the

overall criterion of relevance and the pre-defined conceptual framework.

In both cases, | selectively chose my points of observation. In the UBA case, in which main parts of
the scenario process took place in Germany while | was in the USA (cf. 5.2.3), | used all given occa-
sions for direct observation. For those phases during which | was not present, | relied more strongly
on process documents and reports by other participants. In the Lima Water case, due to the multi-
setting character of the case, | was able to observe the project activities mainly through email com-
munication (the project’s main means of communication), as well as during selected events, when
actors met virtually for skype conferences or personally during (project) meetings or workshops. Two

field trips to Lima allowed me to observe the Peruvian side (cf. 5.3.3).

Again, participant observation was not intended to provide completeness, but to cover the critical
moments of the scenario process, as far as possible. Participant observation was mainly directed at
collecting evidence about the effective (in contrast to the planned and documented) character of the
methodologies and the forms of the combination that were realized in both cases. In addition, partic-
ipant observation was a source of evidence with regard to issues of consistency, traceability and oth-

er effects of CIB.

| immediately wrote down my observations in the form of open note taking during observed situa-
tions. During the two field trips to Lima, entire diaries were filled. These notes then have been struc-

tured and condensed into field notes, more strongly focusing onto those issues that were considered
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relevant (overall criterion). Finally, every field note (FN) was summarized by a summary sheet, too

(see Supplements A and B).

As | pointed out above, emails were the main means of project communication, especially in the Lima
Water case. This was due to the fact that actors were in different locations and some of them pre-
ferred email. Different time-zones and weak sound quality meant that skype was not often used. This
was challenging: First, the sheer number of emails, especially in the Lima Water case, did not allow to
use them verbatim as original process documents—which in addition would have caused difficulties
for anonymity and consent. The solution | found during the course of the case was to prepare not
only event-related field notes, but additionally to write down monthly field notes. These summarized
my hand written notes and the emails | had access to (up to 20 per day during intense phases). These
were then structured by issue—instead of being chronological. In consequence, the interpretive

character of the monthly field notes is higher than that of the event notes.

Finally, in the UBA case n= 4, in the Lima Water case n= 22 pieces of field notes were included in the

analysis. For the distribution over time in the Lima Water case, see Table 14 (in section 5.4.5).

5.4.4 Semi-structured interviews with process participants

In addition to the process documents and my observation and experience, | collected evidence

through interviews with process participants to include their perspectives into the study.

5.4.4.1 Form of qualitative interviews

In both cases, | conducted qualitative interviews with process participants, in case study research
sometimes also called “informants” (Yin 2009)."®* A few of the process participants (modelers, sce-
nario group members, CIB scenario experts) were themselves experts for (combined) scenario meth-
odologies and were able to provide “context knowledge” (Meuser/ Nagel 2009: 468), from
experiences beyond the case study. All participants had experienced the use of CIB in combination
with numerical modeling, so they had acquired internal “operational knowledge” (ibid.). They had
insider insights on parts of the process that | had had no access to, and their own perception and
experience of the phenomena. In that sense, the participants were experts. With regard to other
aspects they were more like users of a methodology. Still, they were not passive consumers but ac-

tively involved into co-constructing the methodology and thus finally, their case. Therefore, talking to

8% Qualitative interviews are one of the central approaches of case study research and of qualitative social

research in general. They are used to give a voice to the subjects of research (cf. Mayring 2003: 66), i.e. to
learn about actors’ perceptions, attitudes and assessments. There is a large variety of different qualitative
interview types and techniques (for an overview and characterization see, e. g., Lamnek 2005). Authors
often distinguish between open, semi-structured and structured approaches (e. g. Di Cicco-Blum/Crabtree
2006). One variety or the qualitative interview is the so-called “expert-interview” (see for an overview Bo-
gner/ Littig/ Menz 2005), during which interviewee and interviewer ideally have an expert conversation
among equals.
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them was an important source of information on perceptions of the process, on assessments of out-

comes as well as on interpretation of effects by different actor groups.**®

The interviews were problem-centered (cf. e. g. Witzel 2000), that is their focus was on the use of CIB
within the specific integrated scenario methodology of the respective case and its effects. Their aim
was to encourage the different participants to narrate their perspective as well as to cross check

their understanding of the problem and assessments of the case with mine.

The interviews were semi-structured, meaning “organized around a set of predetermined open-
ended questions, with other questions emerging from the dialogue between interviewer and inter-
viewee.” (Di Cicco-Blum/ Crabtree 2006: 315). | started with very open questions inciting interview
partners to narrate, how they had perceived the scenario process, that is telling their personal story
about the process. | ended with questions directed at the assessment of the CIB method and its po-
tential effects, in case participants had not raised specific issues, or raised them in only a cursory
way. The interviews left room for the interviewees to discuss other issues. This was important for the
openness of the data collection and to balance the artificial character of the situation. The semi-
structured, that is in part standardized, character of the interviews was chosen to allow comparisons

of statements across interviews, actor groups and cases.

5.4.4.2 Sampling

With regard to the sampling of interviewees, | followed two strategies: First, | focused on including
representatives of all the central groups of case participants—internal or ‘producer users’: CIB sce-
nario experts, scenario group members and modelers. Second, | tried to include the most relevant
informants: the actors, who had the most important roles and responsibilities within the process,
those who had experienced most phases of the process and also had some overview, and had done
so in the most continuous way. The samples of interviewees of both cases do correspond quite well

to these aims.

Table 12 gives an overview of the sampling of the UBA case. Overall, n= 8 interviews were conducted.
Although some of the members of the UBA scenario group were trained as modelers themselves or
anticipated the modelers’ perspective, the actual modelers, did not participate as a group sui-generis

during this case as they are generally are not working directly at UBA (see also chapter 6).

185 . . . I .
Further socio-demographic and or biographic issues were not considered relevant.
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Table 12: Sampling of interview partners, type and timing of interviews (UBA)

F=face to face, T= telephone; natural sciences include engineering and mathematics, social sciences include economics. All
interviews were conducted in German.

Case UBA
Label Role Institution Discipline Type Timing Sum interviews per
group
ExpertV | CIB sce- Natural sciences F Ex post, July 2011 n=2
Expert W nario ZIRIUS Social sciences F Ex post, July 2011
experts
Expert A Natural sciences T Ex post, March 2011 | n=6
Expert B Social sciences T Ex post, March 2011
Expert C Scenario Natural sciences T Ex post, March 2011
ExpertD | group UBA Social sciences T Ex post, March 2011
Expert E Social sciences T Ex post, March 2011
Expert F Natural sciences T Ex post, March 2011

Sum interviews n= 8
A specific challenge consisted in identifying those actors, who had experienced most of the process
steps. This goal was achieved, and the informants that were best in this sense were interviewed. For
more detail on the participation of the different actors during the different phases of the process see
Annex |. Disciplinary backgrounds, roughly grouped into natural science and engineering vs. social
sciences, and gender were fully equally distributed among CIB scenario experts as well as among

scenario group members.

Table 13 gives an overview of the sampling of interviewees in the Lima Water case. In three waves of
interviews, overall n= 25 interviews with in total 16 different persons were conducted. In this case, a
challenging aspect of sampling was to include the representatives of the groups of actors, who were
assumed to have the most relevant insight into the specific process phases that were at stake during
the respective interview wave. This was successful as well, overall. During the first wave of interviews
(t1), the process was still within the scenario construction with CIB, during which modelers did not
actively participate. Modelers were therefore not included in this wave. During the second wave (t2)
they were asked about their perception of the foregoing phases, too. In addition to the internal actor
groups, in the Lima Water case, two groups of recipient users were included in the interviews. First,
two external modelers were interviewed in order to strengthen the evidence with regard to the per-
ceptions of modelers. Both had used the qualitative CIB based scenarios to do simulations with a
numerical water balance model in the context of their study thesis. Second, three additional inter-
views with stakeholders from the target user organizations in Lima were conducted in order to get at
least an idea of external users’ perceptions of the process and of the resulting scenarios. These inter-

viewees had learned about the scenarios during semi-public project events in Lima.
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Table 13: Sampling of interview partners, type and timing of interviews (Lima Water)

DE = Germany, P = Peru, F=face to face, S= Skype; interviews in German (Ger), English (Engl) and Spanish (Esp).

Case Lima Water

Label Role Insititution Discipline Timing and type Language | Actor group Sum
tl t2 t3 actors
Expert L CIB sce- Engineering, S S S Ger CIB scenario n=2
nario social sciences experts
Expert M experts S E Ger
Expert O Research (DE) | Engineering, F S Ger Internal n=2
Expert Q mathematics S Ger modeler
Modelers
Extern 4 F Ger External n=2
Extern 5 S Ger modelers
Expert N " Architecture, F S Engl Scenario n=7
Expert K g = social scienc- F Esp group
ExpertP | © 2 | NGos (P) es, engineer- F Esp
Expert ) - 2 ing F Esp
Expert G E g F F Esp
Expert H £ A Engineering F F Esp
I} Water com-
Expert | 153 F F S Esp
3 pany (P)
Extern 1 = = F Esp External n=3
Extern2 | § X £ | Urban plan- Architecture F Esp stake-
Extern 3 * | ning unit (P) F Esp holders
t1 September-November 2011 Sum Sum
phases: (framing), construction of CIB scenar- | n=8 inter-
ios, loop | viewees
t2 March-June 2012 n=16
phases: matching, storyline writing, loop Il (and Sum
simulation) n=13
t3 March 2013
phases: matching, simulation, loop Il and IV, integration and Sum
iteration, (usage) n=4

Sum interviews n= 25

Gender was quite equally distributed among all actor groups. Each group comprised at least one per-
son of each gender, in total eight men and eight women were interviewed. Actors came from a mul-
titude of disciplines, with a slight dominance of (water) engineering and architecture compared with

social sciences

5.4.4.3 Guidelines

In both cases, the interviews are the main source of evidence with regard to the subjective percep-
tion of scenario traceability, of other effects of CIB and of the methodology by the different actor
groups. In addition, they are an important source to learn about the scenario process and the meth-
odology as they were perceived by the different actor groups. The interviews were framed as re-
search on CIB to learn about the participants’ views on how to enhance the method. They were
supported by guidelines that were individually adapted for each interview in function of the case and
of the user group (distinguishing between scenario group, modelers, CIB scenario experts and exter-
nal actors). For the Lima Water interviews, guidelines were also adapted with regard to the time

waves, covering different phases of the process (see Table 13 above). As a result, interviews were
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specifically tailored to those phases of the combined methodology that the participants had (already)

experienced. %

Still, the different interview guidelines were all structured using the following blocks of questions:
Introduction (1), a rather open narration phase on scenario process and results (Il and 11l), more fo-
cused and standardized questions mainly asking for specific assessments (V- VI), and a final block
opening the scope of the conversation again. Note that the order of questions, especially IlI- VI, was

handled flexibly according to the flow of the conversation.

L Introduction and opener

As an introduction, | explained the aim of the interview, guaranteed anonymity, asked for consent to
record, and emphasized that | am interested in personal, subjective perspectives and assessments.
Then | guided the interviewees to the specific issue of the interview, by asking, e. g.: “What are your
experiences with environmental scenarios?” (cf. UBA, guidelines scenario group) or “The scenarios of
the LiWa project “Lima 2040” have been constructed by you and the others from the scenario group.
You have been using a specific method, the cross-impact balance analysis (CIB). What steps of the

process did you participate in?” (Lima Water, guidelines scenario group t1).

I Narrating the process, covering the different phases

This section was especially important for the purpose of gaining the participants’ insider perception
of the scenario process. | asked the interviewees to report about their experiences during the scenar-
io process, e. g.: “Could you tell me about your experiences in the last weeks and months with the
scenario approach that we use in the LiWa project, i.e. about your personal experiences with the
combination of the CIB scenario analysis with Liwatool simulation?” (Lima Water, guidelines scenario

group t3).

First, | tended to ask about the overall process; but then, especially in the Lima Water case, | recon-
structed the different process phases, activities and events together with the interviewees. Together
with the interviewees, | went through each phase and activity by asking: “What worked well, what
did not work well? (Where did you experience problems or difficulties? Why did they occur and what

could have been done better?)” (Lima Water, guidelines scenario group t2).

1 Talking about results

| then focused on the scenarios resulting of the process by asking, for example: “What are the most
important results up to now, and how do you see them?” (UBA, guidelines scenario group). This was

intended to clarify what was perceived as a result and to get first assessments. In case actors did not

186 Overall, interviews were adapted in function of the interviewees’ method expertise and on his/her inclu-

sion into specific phases. But | also asked actors about phases they had not actively experienced them-
selves to learn about the ‘internal-external’s’ view.
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come up with the issues themselves, | asked (in all interviews in some form): “What is your impres-
sion of the scenarios [CIB scenarios, input data sets, LiWatool, the integrated brochure etc.]?” and

also “Would you use these in other contexts or give them to colleagues?”

After this rather open and narrative phase, | explored three dimensions in a more structured and
directed way, especially asking about the participants’ assessments. These questions were asked only
if participants had not yet mentioned the issues or if | felt it necessary to ask, whether | had correctly

understood the assessment they had given.

V. Further exploring usability issues™®’

In order to learn how participants assessed the usability of the scenario approach, | asked about ef-
fort, effectiveness and subjective content (in both cases, all actor groups):

e “How costly and time consuming has the scenario process been until now? (Please explain)”

e “Was it worth the effort?”

e “How did you feel about the methods that were used? (Did you tend to like them or tend to
dislike them)? “

e “Would you apply the CIB method yourself or recommend it to others who want to construct
scenarios?”

V. Further exploring traceability issues

In order to learn how participants assessed scenario traceability (in the Lima Water case, of different
forms of scenarios), | asked the following types of questions (guidelines Lima Water, all types of ac-
tors, t2 and t3):

e “How difficult is it to understand the CIB method [LiWatool/ the combined approach/ Match-
ing etc.. ] and to understand how it works? (comprehensibility)

e “Are the scenario process and the decisions made throughout it easy to follow? And [would
they be/were they] easy for somebody who did not work with you [e. g. in the scenario
group]? (traceability of procedures)

e “In the scenario process, we started with CIB: You and the scenario group built the CIB ma-
trix. How clear is it for you what process steps were used to get from the CIB matrix to the
combined scenario brochure (containing storylines and simulations) and what has remained
unclear or not entirely transparent? “ (traceability of procedures)

e “If you think about the storylines [raw CIB scenarios, input data sets, integrated scenarios],
do you find it easy to understand what ideas they contain about the water future of Lima? =
And what ideas they contain concerning how different future developments will be linked to
each other? =» (For whom? For actors of the scenario group? Within the Lima Water pro-
ject? Why or why not)?” (assumptions on future developments and interrelations)

187 Initially, usability was one of the focal issues of the conceptual framework. During the course of the study,

it lost its centrality. Nevertheless, the usability-related answers made it possible to learn about important
aspects with regard to the social, technical and cognitive organization of the process, and about the per-
ception of effects beyond scenario traceability and consistency.
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VI. Further exploring consistency issues

Consistency issues were not the central focus during the interviews. Nevertheless, | asked the follow-
ing question: “Do the combined scenarios (storylines and simulations) match your ideas on the pos-
sible water futures of Lima? Do you recognize the work that you and the scenario group have put
into the CIB matrix?” (systematic vs. intuitive consistency criterion) (Lima Water, guidelines experts

t3).

Il. Overall assessment and further comments

For an overall final assessment, | asked the following question (Lima Water, modelers and CIB-
scenario experts, t3): “Please imagine you are a consultant. The mayor of Cairo contacts you because
he wants to construct scenarios about the future of his city. He asks you whether he should use the
same combined scenario method as in the LiWa project, and what the strengths and weaknesses of

the combination of CIB & LiWatool are?”

Then, to close the interview | opened up the conversation again, to allow room for further thoughts,
comments and feelings: “How do you feel about the scenarios and about the scenario process (at the
moment)? And “Do you have further comments, suggestions, anything you would like to let me
know?” In the UBA case and in the first interview with each actor in the Lima Water case, | also asked
the participants to supply their professional backgrounds and (academic) disciplines. Finally, |

thanked the interview partners.

5.4.4.4 Implementation
| conducted the interviews in the form of face-to-face interviews if feasible, otherwise by telephone
or skype. For the timing, types and languages of interviews, please consider Table 12 and Table 13

again.

In the UBA case, ex-post interviews were conducted with the scenario experts in March 2011, when
the final report had been published, and in July 2011 with the CIB scenario experts. In the Lima Water
case, due to its long duration, interviews were carried out in parallel to the ongoing process. | decid-
ed to conduct the interviews with the scenario group personally, to allow the interview situation to
establish and strengthen the contact and mutual trust between the Peruvian stakeholders and me.
This decision influenced the timing, as field trips to Lima needed to be organized. Initially, two waves
of interviews had been foreseen, linked to the field trips to Lima. Both field trips in turn had been
planned around official project events in Lima, which had been planned in anticipation of reaching
specific milestones in the scenario process. But, as the process was lagging behind initial time plans,
the first wave (t1) could take into account only the framing and the qualitative scenario construction
with CIB. During the second wave (t2), the first simulations had only just been generated and the

matching was still in progress. Therefore, a very slim third interview wave (t3) was decided upon at
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the very end of the official runtime of this case study, when the entire CIB&S process had been ac-

complished.

The interviews in both cases took about 60 minutes on average. They were audio recorded,™® and |

filled in a summary sheet directly after each interview (see Supplement A and B).

5.4.5 Comparing data of both cases and using multiple sources of evidence

Table 14 gives an overview of the data collected in both case studies from all three sources of evi-
dence, for more detail see Annex G and Annex H. The differences between the cases reflect the dif-
ferent durations of the cases (ca. 7 vs. 39 months) as well as my different access and roles. In the
UBA case, process documents had more weight when it came to learning about the process, the
methodology and the form of combination, since direct participant observation had been more lim-
ited. In the Lima Water case, due to my occasionally more active involvement, participant infor-

mation was a more important source of information.

Table 14: Overview of evidence from three sources (UBA and Lima Water)

UBA Lima Water Sum across
2010/2011 2010 2011 2012 2013 Overall cases
Central pro- n=11 (2008-2010) n=9 n=14 n=11 n=45 n=56
cess docu- n=11
ments (DOC)
Field notes n=4 n=3 n=7 n=9 n=3 n=22 n=26
(FN)
Interviews n=38 / t1n=8 t2n=13 |t3n=4 n=25 n=33

The interview phase of the Lima water case started, when the UBA data collection had been already
completed. Thus, there have been learning effects with regard to the interviews (e. g. the guidelines
and the conversation techniques) but also with regard to the selectivity with documents and the
technique of observation. There have been learning effects in terms of content and concepts, which
were further sharpening and refining the focus of this study; further learning effects occured during

the long runtime of the Lima Water case.

Table 15 shows the role the three sources of evidence play with regard to the different conceptual
elements of this study (across cases). Furthermore, it shows that for each conceptual dimension,
information from at least two sources of evidence was collected. With regard to the scenario pro-
cesses and their methodologies and with regard to the form of combination (i.e. the independent
categories), participant observation was the main source of information on the effective realization.

Process documents tended to provide more information about how the process had been planned

188 During one of the Interviews of the last wave in the Lima Water case the skype recording became corrup-

ted. | noticed the problem immediately after the interview, and based on my detailed handwritten notes,
which | always take during interviews, | reconstructed the interview and sent the summary for validation
to the expert (see the interview with the Lima Water expert | t3).
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and documented and interviews provided me with a more subjective perspective on how the process

and its methodology had been experienced by different actor groups.

Table 15: Overview of sources of evidence per conceptual issue (UBA and Lima Water)

Legend: X: main source of evidence, (X): complementary source of evidence

Source of evidence | Process documents | Participant observa- Interviews with
Issues tion process participants
Process and methodol- (X) X )

d d ogy (CIB, further meth- (as intended and (as effective) (as experienced)
In epen. ent ods, actors, data) documented) P
categories ——

Form of combination of (X) X
CIB and num. model
J Traceability (X) X
D

epen ?nt Consistency X (X)

categories
Other effects (X) X

With regard to traceability issues and other effects of the methodology, interviews with process par-
ticipants were the central source of information. Process documents, and specifically the different
forms of (interim) scenario products provided the basis for the later consistency analysis, experience
from observation helped to ascribe traceability and consistency levels as well as other effects to the

methodology.

This strategy is a soft form of data triangulation, with the purpose to support or to question findings
with the help of more than one source of evidence, and to balance the respective strengths and
weaknesses of each source of evidence (cf. Yin 2009: 41).

5.5 Data analysis and interpretation strategies

“The analysis of case study evidence is one of the least developed and most difficult aspects of doing
case studies” (Yin 2002: 127)."*° In this section, | document how this task was fulfilled in this study.
First, data needed to undergo some preparation (5.6.1). Second, | coded the databases of both cases
thematically (5.6.2). Third, each case was individually described, analyzed and interpreted, supported
by qualitative data and content analysis. | used key informant review to refine the case reports
(5.6.3). Fourth, | compared and interpreted my findings across cases and formulated general insights,

which were synthesized and validated during an expert workshop (5.6.4).

% Yin himself proposes four general strategies (2009: 131 ff.), this study follows three of them, namely (1)

“relying on theoretical propositions,” i.e. the expectations developed in chapter 4, (2); “developing a case
description,” especially concerning the independent and dependent variables; and (3) “examining rival
explanations,” especially with regard to the interpretation of whether and how effects are caused by CIB
and or its interplay with other elements of the methodology. Yin’s fourth strategy, “using both qualitative
and quantitative data,” does not apply to this study. Still, these strategies are too general to technically
guide the analysis. Further, more technical advice can be foundin Tellis (1997) as well as in Miles and Hu-
berman (1994), e. g.
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5.5.1 Data preparation

First of all, interview audio files were transcribed word for word at full length (cf. Mayring 2003: 89
ff.). | decided to transfer conversational language into more easily readable written language, as this
study was interested in the content of the interviews but not in the forms and linguistic details of

statements.

Second, this study needed to deal with data in different languages. To do so, a multilingual procedure
was chosen, following Lauf and Peter (2001): | had decided on English for the PhD project and report
language. Evidence was collected in the native languages: The UBA case evidence is in German. The
Lima Water case evidence is trilingual: parts are in German (e. g. interviews with German partici-
pants), parts are in English (e. g. my field notes that were composed in the project language), and
parts are in Spanish (e. g. process documents and interviews with Peruvian partners) (cf. also table 3
above). | decided to keep the original evidence in these multiple languages. Summarizing evidence
tables were produced in English and original quotations cited in the reporting chapters were trans-
lated into English, t00."° This procedure was assessed adequate since the data analysis was con-

cerned only with the content.

Third, it was decided that the cases were to be fully identified because they are publicly accessible
research projects. But the anonymity of the individuals had been agreed upon with the interviewed
actors to support openness and trust during the interview situation and to reduce political-
correctness and social-desirability effects (cf. Yin 2009: 181 for different strategies to anonymize case
studies). Therefore, data needed to be anonymized. Interview transcripts were anonymized by delet-
ing the names. Still, the identities especially of the central actors of the cases are not protected
through these transcripts. The same is true with regard to documents and field notes. Therefore, |
have not included the database in the study supplements. With regard to the presentation of find-
ings, | considered important that statements should be attributable to specific actor groups, but not

. .. 191
to individuals.”

Fourth, the digitalized databases of both cases, each comprising process documents, field notes and
interview transcripts, were transferred to the computer program MAXQDA. This qualitative analysis
software was used to structure and organize the data of each case in the form of one MAXQDA pro-

ject through coding.

%0 The statements in their original language are listed in Annex J (UBA) and in Annex K (Lima Water).

For reasons of anonymity and uniformity in the presentation, all participants are spoken of in the mascu-
line form. But please remember that gender was equally distributed within and among actor groups.
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5.5.2 Thematic coding

To start the data analysis, the categories of the conceptual framework were used to code the collect-
ed data. “Codes are tags or labels for assessing units of meaning to the descriptive or inferential in-
formation compiled during a study.” (Miles/ Huberman 1994: 56). During coding, they “are attached
to ‘chunks’ of varying size—words, phrases, sentences, or whole paragraphs” (Miles/ Huberman
1994: 56). Codes are organized in code-schemes, ordering individual codes under more general ones
that in turn are comprised under the most generalized concepts of the study. There are different
strategies to coding (cf. e. g. Miles/ Huberman 1994: 58 ff.) depending on the degree to which the
codes are defined and structured a priori—if at all. In theoretical coding, codes are deduced from
theory and predefined and structured before they are confronted with the empirical material. In
thematic coding, codes are inductively constructed from or grounded by the empirical material. The
third way of coding described by Miles and Huberman (ibid.) is “accounting scheme guided” coding,
in which only the most general levels of concepts are predefined but categories are then inductively

filled through the material.

In this study, the code scheme was initially pre-defined and pre-ordered by the concepts defined
and, to a certain degree, operationalized in the conceptual framework (see chapter 4 and mainly:
process phases; social, technical and cognitive characteristics of scenario methodologies; dimensions
to describe forms of the combinations; scenario traceability; scenario consistency; further phenome-
na). This predefined approach was chosen to focus the data analysis, also to ensure a joint focus on
both cases. Still, during the coding of both cases, codes schemes were considerably extended and
refined through empirically found dimensions but also categories, especially with regard to other
effects and with regard to the social, technical and cognitive characteristics of the methodologies.
Through coding, the conceptual framework was pre-tested against the UBA and Lima Water case.
The new empirically relevant definitions and categories were fed back into the conceptual frame-

work that was adapted, especially concerning the social organization of scenario methodologies.

5.5.3 Within-case analysis and key informant review

Once the material of each case was coded, a qualitative within-case analysis was carried out. For
each case, this resulted in a first-draft version of the case report, describing the process, assessing its
outcomes, and interpreting the patterns in which CIB and other elements of the methodology had
(co-)contributed to or hindered different effects (5.5.3.1). These draft reports were reviewed by key

informants of each case and their comments used to refine analysis and reports (5.5.3.2).

5.5.3.1 Qualitative data and content analysis
Methods of qualitative data and content analysis were developed in various fields and against the

background of different schools and paradigms of social sciences. Even if they are all based on the
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idea of analyzing empirical material with the help of categories, they range from very interpretative

to almost quantitative approaches.'*?

In this study, the within-case analysis was guided and focused by the expectations that had been
developed beforehand (see chapter 4). To confront each empirical case with these expectations re-
quired three steps: The description of its process and methodology, the assessment of scenario
traceability, consistency and of other effects of CIB, and then the interpretation of patterns of ef-
fects. To realize these, several techniques needed to be applied and combined: The description of the
process and the characterization of the form of combination of CIB with numerical modeling, the
condensation of traceability assessments and the perception of other effects through different actor
groups were carried out mainly by content summarizing techniques as described by Mayring
(2003)."* They were supported by detailed descriptive displays (according to Miles/ Huberman
1994), e. g., of the social, technical and cognitive character of activities over time (a sort of time se-
ries description, cf. Yin 2009: 144), to document the possible suspects that might have influenced
scenario traceability, consistency and further phenomena. On a few selected occasions, additional
qualitative cross-tables (cf. Miles/ Huberman 1994.) were used that were also requiring evaluative

elements.

To establish the level of consistency of different forms of (interim and final) scenario products, a dif-
ferent approach was chosen. Especially in the Lima water case, for each form of scenarios (raw,
storylines, input data sets, and integrated scenarios), the most important versions over time had to
be selected and were then compared through content analysis considering structure and content of

scenarios.

Finally, for interpretation, | traced outcomes back to either the use of CIB and/or other possible ex-
planations, such as further social, technical or cognitive characteristics of the methodology. | dis-
cussed, whether the use of CIB, further rivals alone or their interplay did (best) explain the levels of
scenario traceability and scenario consistency as well as further phenomena in each case. In the Lima
Water case, | was able to follow the propagation of scenario traceability and consistency throughout
the process. This was possible since, for both the independent and the dependent categories, | had
structured the analysis in chronological phases with the corresponding (interim) products.”®* More

detail can be found in the case reports in chapters 6 and 7.

192 Kuckartz (2010: 72 ff.) distinguishes between three basic forms: content-wise structuring, evaluative and

type-building forms (inhaltlich strukturierende qualitative, evaluative qualitative, typenbildende
Inhaltsanalyse).

Mayring himself distinguishes three strategies of content analysis: Summary, explication, structuring
(Zusammenfassung, Explikation, Strukturierung).

Building chronologies to trace events over time is a special form of time series analysis. For more informa-
tion, see Yin (2009: 148).
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5.5.3.2 Key informant review of draft reports

As recommend by Yin (2009: 182), drafts of the individual case reports have been critically discussed
and validated by the respective key informants of each case. “Key informants are selected for their
knowledge and role in a setting and their willingness and ability to serve as translators, teachers,
mentors and or commentators for the researcher” (Di Cicco-Blum/ Crabtree 2006: 315). In the UBA
case, the UBA project manager (at the same time member of the scenario group) and the CIB scenar-
io expert with the primary responsibility were identified as key informants. In the Lima Water case
these roles were taken over by the modeler responsible and by the scenario expert, who had orga-
nized and facilitated the scenario process with the scenario group in Lima. They commented in writ-
ten form on the drafts of the respective case reports. This validation had the primary goal of ensuring
that my case descriptions met the perception by the key actors in the cases.'® But | also invited the

1% The comments, additions and

actors to critically comment on my findings and interpretations.
critique were then considered and used in particular to refine and to nuance the description of the
respective process, its methodology and form of combination. They were also used to challenge my

interpretations and to write more valid final versions of the case reports (chapters 6 and 7).

5.5.4 Cross-case synthesis and expert validation

| have compared the findings of the UBA and the Lima Water case across cases (5.5.4.1). Then, to
generalize my findings, | have formulated general insights. These have been validated by experts

(5.5.4.2).

5.5.4.1 Cross-case analysis and synthesis

The empirical study is based on two unique cases: individual and even idiosyncratic forms of the use
of CIB within integrated scenario methodologies (cf. 5.1). Following Yin (2009: 15, 38), this study does
not focus on achieving “statistical generalization” but rather “analytic generalization,” which is to say

generalization on the level of conceptual considerations.

Yin (2009: 182) stresses: “The informants and participants may still disagree with an investigator’s conclu-
sions and interpretations, but the reviewers should not disagree over the actual facts of the case.”

The cover letters of the summary draft reports introduced the task in the following way:

“[...] You are one of the central actors of the case study UBA/ Lima Water and you have highly relevant in-
sights into the method application and its potential effects during the UBA/ LiWa project. Therefore, |
would like to ask you to help me gathering the best available knowledge:

Overall task: Please read critically through this report and please comment on, add to, contradict or doubt
my findings. Feel free to comment wherever and however you like (using the WORD comment function or
with pen on paper, e. g.).

1. Please correct the case description and characterization (Chapters 1-3). Within the text, there are
guestions directed to you (@name), either asking whether my descriptions are accurate or asking for fur-
ther information. These questions are marked in light blue.

Please validate or contradict my findings (Chapters 4-6). Feel free to comment on, contradict, add to or
qguestion my results and interpretations based on your experience and perception of the case: All com-
ments are very welcome! [...].”
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Miles and Huberman (1994: 174 ff.) give an overview of strategies for cross-case analysis, basically
distinguishing between ‘case vs. variable oriented strategies’. In this study, a combination of both
was carried out. First, on a descriptive level, | compared the independent categories, looking for simi-
larities and differences. For this purpose | used descriptive displays comparing the expressions of
different aspects, such as the social, technical and cognitive organization of the two methodologies.
The characteristics of each form of combinations and methodologies are sharpened through contrast
with the other form. Furthermore, very few similarities in context and methodology beyond the use
of CIB were identified that needed to be taken into consideration as potential rival explanations for

similarities in outcomes.

Second, on a more analytical level, | compared the patterns of the effects of CIB and of other factors
across cases. | compared with each other the outcomes of both case studies in terms of scenario
traceability and scenario consistency as well as with regard to further phenomena. In addition, | con-
trasted findings from both cases with the initially formulated expectations. This allowed me to com-
pare the patterns of factors (CIB and rivals, that is methodologies, combined forms etc.) explaining

the levels of scenario traceability and consistency reached in each case.

Third, relying on argumentative interpretation (cf. Yin 2009: 160), | have formulated overall insights
with the aim of synthesizing and generalizing, what | had found out about the effects of using CIB in

different combine forms, along with the factors contributing to these effects.

5.5.4.2 Expertvalidation

To support my generalizing insights drawn from the cross-case analysis, another form of communica-
tive validation (e. g. Mayring 2003: 112) was applied. To discuss my insights and their generalizability
with the perspectives of other experts of the field, | organized an expert workshop. The group situa-
tion was chosen to allow several different perspectives to meet and to exchange ideas in a discursive
way. | invited six CIB scenario experts and modelers, all of whom had themselves used CIB within

%7 Five of them had been actively involved in one or even two of

combined scenario methodologies.
the case studies and these experts also comprised the key informants. Three of the experts had addi-
tional experiences from the more current use of CIB in combination with energy models within the

ENERGY TRANS project.'*®

%7 Due to the difficulties we had in finding a joint date agreeable to all participants, five of the experts parti-

cipated during the workshop, and for one expert an additional individual meeting was arranged briefly af-
terwards.
% please visit URL:http://www.energy-trans.de/english/index.php.
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Prior to conducting the workshop, | sent around a five page document, summarizing six insights. The-

199

se were discussed during a virtual expert workshop of three hours in July 2015.”" The workshop
started with a short introduction to this study, its cases and its conceptual framework; then insights
were discussed.”® Comments, additions, critique and nuances were first noted and, immediately
after the workshop, summed up in the form of minutes (see supplement E). These comments provid-
ed me with the perspective of the practitioners and were used to refine and to better differentiate

my overall insights and to further specify the analytical framework.

5.6 Quality of the empirical study
In this section, | discuss the quality of the empirical part of the study. | consider the appropriateness
of the design of the cases with regard to the research interests (5.6.1); the quality of the collected

data (5.6.2) and of the empirical findings (5.6.3).”"

5.6.1 Design of the cases

There are three central challenges with regard to the quality of the design of the case studies. First is
the question of whether the definition of the cases is appropriate with regard to the research ques-
tions asked (cf. e. g. Miles/ Huberman 1994: 278). The second challenge is related to my research
position and double role. Third, | discuss to what extent the chosen cases are good (theoretical) rep-

resentatives of the issue under study (cf. e. g. Yin 2009: 91).

First, the two cases addressed in this study have not been selected from a broader range of possible
candidates, but were the only cases available. The most critical issue was that the UBA case was not
considered a CIB&S case by all actors of the UBA project, as no modeling and simulation was actually
carried out. This was solved by explicitly discerning between the empirically realized CIB(&S) case and
the anticipated full application. Overall, the empirical research questions and the two cases are con-

sidered congruent.

Second, as described above, this study required me to deal with a double role. In the first role, as a

team member, | was not neutral towards whether the approach worked out or not. To compensate

% We had audio-contact and were sharing slides. We decided against a face-to-face workshop to save re-

sources.
Central questions were (see supplement E):

,Are these insights surprising or not surprising?”

,,Do you share my impressions or not?”

,Where does interpretation go too far—and where does it not go far enough?”

,What did | overlook? Further forms, effects, factors?”
In the literature, case study quality is frequently discussed using the quality criteria of more positivist and
guantitative research traditions [e. g. Yin 2009]) such as objectivity, validity and reliability, e. g., albeit by
adding qualitative and interpretative reinterpretations (cf. also e. g. Miles/Huberman 1994). These princi-
ples of qualitative research were summarized by Lamnek (1995) as openness, communication, procedural
character, and explication (in the sense of explicitness).
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for this, at times | tended to be overcritical in my second role as an analyst. To balance these tenden-
cies, | followed the advice by Miles and Huberman (1994: 226): “Keep thinking conceptually; trans-
late sentimental or inter-personal thoughts into more theoretical ones.” My specific interest into
combined scenario methods has co-constructed the cases through my active involvements and also
at times might have distorted my perspective. As described above, to counter the first type of bias,
my impact on the cases is analyzed as such, that is as one among other impacts shaping the method-
ology. To counter the second type of bias, the review of case study reports by key informants was

very helpful.

Third, the advice by Yin to strive for a multiple case design was fulfilled in part: This study has a two
case design, albeit without using replication. Therefore, initially both cases are considered as illustra-
tive and idiosyncratic cases (spotlights into the dark). The risk of this study is that they cover only a
small part of the spectrum of interesting forms of application of CIB&S and are too idiosyncratic for
one to be able to deduce much information from them about further applications. And certainly, as
Geddes (1990) warned “[...] the cases you choose affect the answers you get.” This phenomenon of
selection bias was encountered in this study by the conceptual embedding and thus (indirect) com-
parison of the cases with the broader sample of prior experiences with combined scenario method-

ologies. Still, this broader sample in turn was biased through the dominant SAS-type approaches.

The conceptual frame (especially on combined forms) | developed indicates that | was lucky to be
able to study two rather dissimilar and, as | later argue, also typical cases concerning the respective
functions of CIB. Nevertheless, it is highly probable that there are further possible functions of CIB to
support combined or integrated scenario construction that are neither empirically nor conceptually

covered by this study, see Chapter 8, too. In sum, the sampling suited to an exploratory design.”*

5.6.2 Collected data

The quality of the data collection is discussed first with regard to (content) validity, asking whether
the collected evidence effectively matches what was conceptually intended to be measured (cf. Yin
2009: 41). Second, | discuss issues of objectivity, reliability and traceability, by asking whether the
procedures of data collection, coding and data analysis could be repeated by a different investigator

doing this same study (cf. Yin 2009: 45).

The data collection of this study was guided through the overall criterion of relevance that transport-
ed the perspective and the (working) definitions from the conceptual framework into the empirical

realm. This helped to maintain the conceptually guided focus and to counter issues of selectivity, bias

%2 Based on the results of this study, further research might sample cases following a theoretical replication

logic and perform hypothesis testing.
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and subjectivity. Furthermore, | made use of multiple sources of evidence with regard to both inde-
pendent and dependent categories. Especially the assessments of process outcomes were mainly
based on data other than field notes, namely non-reactive process documents or the perspective of
process participants analyzed through the interviews. With regard to the interviews, the communica-
tion with the process participants about the cases was successful overall, despite the multiple lan-
guages and cultures—in all senses of the term—involved. The few difficulties and misunderstandings
that occurred,” were, in most cases, revealed either directly during the interview or at least consid-
ered during the later data analysis. Again, key informant review allowed communicative validation of

the case descriptions.

The reliability and traceability of the data collection is supported by its documentation within the
case study protocols (see supplements A and B), the reliability and traceability of the coding and of
the analysis respectively, through the documentation of the code scheme and through the reports. In
addition, a database was kept separately from the interpretations. Overall, | consider that the quality

of the collected and coded data is sufficiently high.

5.6.3 Empirical findings

The quality of the empirical findings is assessed with regard to their internal validity, that is with re-
gard to the question of whether conclusions are in themselves correct; and with regard to their ex-
ternal validity, that is with regard to the degree to which findings are generalizable (cf. Yin 2009: 40
ff.).

Basically, the internal validity of this study benefits from its conceptual ground, from the chain of
evidence established from the research question through the protocols to the data collection, the
databases, and finally to the data interpretation and conclusions (as recommended by Yin 2009).
Nevertheless, it might be challenged by what is called the “holistic fallacy” (Miles/ Huberman 1994:
263), consisting in “[i]nterpreting events as more patterned and congruent than they really are, lop-
ping off the many loose ends of which social life is made.” In this study, this risk could arise with re-
gard to the interpretation of patterns of effects within each case, and even more with regard to
oversimplifications during the cross-case comparison of these patterns. Overall, | consider that the
systematic discussion of the impacts of CIB as well as of multiple rival explanations provided a good
basis from which to counter a too fast and too simplifying pattern finding. Still, findings based on

higher degrees of abstraction (e. g. cross-case findings) need to be considered more carefully and

2% For instance, two of the (theoretical) concepts | used led to misunderstandings: “Transparency”, which |

related to the procedures of the scenario process, in Peru had a strong political connotation, inciting asso-
ciations of “corruption” and “truth.” Also the abstract term “scenario assumptions” was not immediately
understandable to all interviewees and needed further explanation and concretization.
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more critically by the reader with regard to their plausibility and coherence than those that are im-

mediately empirically grounded (as within case findings).

The external validity of case studies refers to their theoretical generalizability. The later analysis and
case synthesis shows that both cases are illustrative and typical cases of different functions of CIB
within different forms of integrated scenario methodologies. This assessment and the overall find-
ings in general are supported by the external validation achieved through the expert workshop. Fur-

ther research is now required to test the validity of the findings of this study for other cases of CIB&S.
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Chapter 6 Case UBA
Chapter 6: Results from the UBA case

In this chapter | present selected results from the analysis of the UBA case (within case analysis). For
the guiding questions of this case, its selection and design, see section 5.2. First, | describe the specif-
ic scenario methodology of the UBA case (6.1). Next, | focus on the form in which CIB was used in the
UBA case (6.2). Third, | assess the effects of the use of CIB within the specific combined scenario
methodology of the UBA case on scenario traceability (6.3) and scenario consistency (6.4) and inter-
pret their logic. Moreover, | present evidence for other effects (6.5). Finally, | synthesize my insights
and interpret the degree to which the effects in the UBA case are influenced by the CIB method itself,
by other characteristics of the specific UBA methodology, and finally, by the specific form in which

CIB is combined with numerical simulation models (6.6).

6.1 The CIB(&S) methodology of the demonstrator case
In the UBA case, no full CIB&S process, but a demonstrator application was carried out. It demon-
strated the use of CIB to develop sets of numerical framework assumptions for environmental mod-

eling and model-based scenario studies at UBA.

To allow the reader to follow the analysis and interpretation of the case, its methodology needs to be
described. Therefore, the process is analytically divided into successive activities. In Figure 17, the
phases of the CIB&S process that were covered in the UBA case are marked in strong green; the red

frame delimits the phenomenon under study.

Figure 17: The phenomenon: CIB&S process steps and products covered by the scenario process (UBA)
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First | briefly describe the immediate context consisting in framing and usage (6.1.1). Second, | pre-
sent in more detail the different activities of the scenario process (6.1.2). Third, | characterize the

methodology regarding its interplay between methods, actors and data (6.1.3).
6.1.1 The immediate context

6.1.1.1 Framing and design of the demonstrator application
In September 2010, UBA called for proposals for a special report on consistent framework data for

2% The background of the call was the perception of the UBA

modeling and scenario building at UBA.
project management that at UBA (and identically elsewhere) multiple model-based environmental
studies co-exist. These studies are based on different models and on different input data assump-
tions (by using a range of different time series as input data) and result in a range of different results
that are difficult to compare (see also chapter 5.2). The first aim of the UBA actors was thus to en-
sure the quality of scenario studies and to make the diversity of (framework assumptions of) quanti-

tative model-based scenario studies at UBA more comparable.’” In the special report, consistent

sets of framework data should be developed and underpinned with time series (cf. DOC Call UBA).

Initially, the following design was planned: The ZIRIUS scenario experts, including me, decided to
apply for the special report by proposing a demonstration project. The first aim of the scenario ex-
perts was to use the CIB method in a new form of application, namely to develop internally con-
sistent sets of model framework assumptions (cf. DOC Proposal UBA).

Their second aim was to make the CIB method known at UBA (cf. FN Proposal writing). Due to my
interest in CIB&S processes, | had introduced the idea of proposing an additional work package into
the proposal. This should consist in carrying out simulations with the newly defined input data sets to
demonstrate, what a difference a CIB makes. This was my specific aim linked to this proposal driven
by my PhD project. Even if this additional working package was not included in the final proposal, the
idea of a possible full CIB&S process was presented to key participants from ZIRIUS and UBA. This
idea was, at least hypothetically, kept in mind during the entire project (cf. e. g. interview scenario
expert V 16- 17, 63). The combination was anticipated or “simulated”, as one of the scenario experts
stated (V 16). ZIRIUS won the call to carry out a demonstrator project timed from October to Decem-
ber 2010, a project with a short runtime and under restricted resources. During a kick-off meeting
(October 2010), its aims and methods were presented thoroughly by the scenario experts (cf. DOC
PPT kick off).The aims of the project were fixed in the protocol of that kick-off meeting (cf.DOC

Minutes kick off: 5): Next to testing and demonstrating the CIB approach to develop consistent

204 . . . . . . .
Consistent framework assumptions informing model and scenario analysis at the German Federal Envi-

ronment Agency (Konsistente Rahmendaten fiir Modellierungen und Szenariobildung im UBA).
Note that the explicit aim of UBA was to increase comparability of framework assumptions—but not to
ensure their complete harmonization within this short project.
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frameworks scenarios for environmental simulations, an essential aim of the UBA project was to en-
able UBA to conduct its own CIB(&S) applications.

Effectively, the following design was implemented: It was agreed that the time horizon would be
decided with regard to the available data. Initially, a time horizon of 2050 was aimed at (cf. DOC
Minutes kickoff: 9). This time horizon of future developments and time series was lowered to 2030,

since numerical data until 2050 was incomplete (cf. DOC Final report 201103: p.10).

Contrary to the proposal—and to the initial framing—purely qualitative descriptors were excluded
for two reasons. First of all, because the CIB scenarios were aimed at support comparison and har-
monization of model frameworks; second, because the number of descriptors that could be techni-
cally considered in the demonstrator project under limited resources was limited. Therefore, only
guantitative indicator-descriptors were considered, meaning descriptor descriptions based on projec-

tions of indicators providing time series (cf. DOC Minutes kick off: 13).

The actors of the UBA case can be grouped into the ‘CIB scenario experts’, researchers from ZIRIUS;
and the internal UBA actors, comprising the project management and the ‘UBA scenario group’,
overall 12 actors, with five to eight per process steps, covering different disciplines and issue exper-
tise. Some of these experts are environmental modelers themselves, others are not. The active in-
volvement of the UBA scenario group that had been foreseen by the proposal was adapted to their
effective availabilities (cf. DOC Minutes kick-off : 8). Still, a group of UBA experts participated from
the kick-off workshop on during most process steps. Note that among the UBA actors, some actors
were scenario experts (albeit not CIB experts) themselves. Furthermore, process-external UBA ex-

perts (‘UBA guests’) (n= 8) attended the final presentation of results at UBA.*%

Overall, a short and numerical version of CIB was applied to construct numerical sets of framework

assumptions, the so-called ‘numerical context scenarios Germany 2030’.

6.1.1.2 Usage

The special report documenting the demonstrator project circulated at UBA and was published
online (Weimer-Jehle/ Wassermann/ Kosow 2011). To my knowledge (at the time of the interviews
with the UBA experts), the resulting sets of framework assumptions (indicator scenarios "Germany

2030") and the CIB&S method had not yet been used by UBA actors.””’

2% For an overview of the participation of individual actors during the different process steps, see Annex |.

Later, CIB was applied by UBA as a stand-alone method, for instance on the issue of European resource
policy. The ‘context scenarios Germany 2030’ resulting from the demonstrator project were also effective-
ly used later to compare framework assumptions of model-based scenarios in further projects (personal
communication UBA project manager).
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6.1.2 The scenario process in detail

6.1.2.1 Overview
The UBA scenario process was carried out in a quick and quantitative form, integrating the process
phases of qualitative scenario construction with CIB (phase 2) and the matching (phase3) into one (cf.

Figure 17 above).

To describe the UBA scenario process, | have analytically divided it into three central activities: The
selection of descriptors and future developments (carried out through selecting model indicators and
times-series), and thus including two subactivities of the matching, namely the specification and
quantification (phase 2a & 3a,b); the cross-impact assessment (‘phase 2b’) and the scenario analysis
with CIB and the selection of raw CIB scenarios, which were immediately underpinned with sets of
numerical input data—and thus included the subactivity of bundling from the matching phase (phase
2c& 3c). Table 16 summarizes the elements of the methodology for each of these phases. Figure 18
visualizes the overall methodology and the interplay of the different elements. The phases are de-

scribed in more detail in the following.

6.1.2.2 Selection and definition of ‘descriptor-indicators’ and ‘variant- time series’ (2a
& 3a,b)
The selection and definition of descriptors was based on typical model input (indicators) used by UBA
models, that means by environmental modeling and model-based scenario studies at UBA. With this
in mind, UBA had provided the scenario experts with a list of typical indicators in use (for the studies
analyzed for the selection of descriptors and future developments, see DOC UBA studies for indicator
and TS selection).”® The literature provided information on the typical input parameters used by the
UBA models and on the variance of model assumptions used by different models with regard to input

parameters as population growth or economic development.

2% At the time of the project in 2010, 17 different numerical models were used in model-based scenario

studies at and for UBA (personal communication from a key informant).
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Table 16: Overview of the methodology, elements with central impacts bold and underlined (UBA)

2a & 3a,b Selection and
definition of descriptor-

2c & 3c Balance analysis and

Activity .. . . 2b Cross-impact assessment selection of raw scenario
indicators and variant- time .
. sample and input data sets
series
What context indicators are | Do descriptor variants have What are (central) internally
typically used and with what | impacts on each other? If yes, | consistent configurations (i.e.
I range in current environ- are these hindering or pro- scenarios) of the matrix
Objective . Lo “ ”
mental modeling and model- | moting impacts, and how Germany 2030”?
based scenario studies at strong are they?
UBA?
Timing Oct. 2010 Nov.2010 Dec. 2010- Jan. 2011
UBA project management, UBA expert group/ scenario | Scenario experts.
Scenario experts rou UBA project management.
Actors (UBA expert-group/ scenario | Scenario experts. UBA Scenario group
group). external UBA experts.
Desk research (Review of Individual survey to elicit CIB balance algorithm,
current scenario studies). individual expert assessments | ScenarioWizard (CIB soft-
Consultation between UBA | on (parts) of the matrix. ware).
Methods ar\d scenario experts. (Desk research). Final workshop.
Video-conference. One-day workshop for group | Report writing.
(CIB anticipated). discussion of dissent
CIB (specific form of impact
assessment).
List of typical input indica- Expert judgments (1. from Matrix “Germany 2030”.
tors and the range of their individual survey and 2. from | Ex-post reconstructed justifi-
Data projections (current model- | group discussion of dissent) cations for impact assess-
based scenario studies at based on discussion of differ- | ments.
UBA). ent mental models on interre-
lations.
List of 10 typical descriptor- | N=5 matrices (3 only partly Raw CIB scenario and input
indicators, most of them filled in). data sample, comprising n= 6
with the three variants high, | condensed into one mean types of scenarios.
Product(s) medium, and low; as well as | matrix. Final report, including visuali-

time series on context as-
sumptions ‘Germany 2030’

Documented in descriptor
briefs.

Final matrix Germany 2030.

zation of impact logic
through impact diagrams.
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Figure 18: Visual summary of the CIB(&S) methodology, simplified overview (UBA)
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This selection of indicators was—as planned—made in a rather quick and pragmatic way without
discussing the quality of data behind each descriptor in depth (cf. DOC Minutes kick-off: 5). Further-
more, the selection of descriptor-indicators was carried out mainly by the CIB scenario experts and by
the UBA project management. Scenario expert W (interview W 52) reports that at some moments, it
was necessary to define a single descriptor by choosing one from several similar but not identical

indicators that were used by different models.

After the kick-off workshop, a first list of data (indicators and alternative time series) was prepared
by the scenario experts (cf. DOC Indicators and time series for selection), which was then discussed
during a video-conference. During this event, the UBA scenario group had the possibility of a say, too

(cf. DOC Minutes video conference).”®

Finally, ten descriptors and their corresponding indicators were chosen (see Table 17) without much

discussion, except for two descriptors:

e The total material requirement (TMR) was recognized as being a sub-optimal indicator,
compared with other indicators that include effects of global trade. Nevertheless, it was
chosen because, for other indicators of material flow, no prognoses or time series on fu-
ture developments were available (cf. interview UBA expert A 65 as well as Weimer-
Jehle/ Wassermann/ Kosow 2011: 9).

e The indicator GDP was discussed as a limited measure of prosperity and well-being, but
was chosen because it is one of the very typical drivers of environmental and energy sce-

narios (cf. Weimer-Jehle/ Wassermann/ Kosow 2011: 9).

The selection of alternative descriptor developments (variants and time series) was made at the same
time and on the basis of the same data as was the selection of descriptor-indicators. The range of
individual input-parameter developments assumed by the existing UBA scenario studies had previ-
ously been analyzed by the scenario experts. Then its full range was used to allow the CIB context
scenarios to take up the greatest range of alternative future developments assumed by the different
UBA models. The overall range taken into account for each descriptor development was thus prede-
fined by the existing time series of the corresponding indicators. During the videoconference, for

. . . . . 21 .
every indicator-descriptor a high, a medium, and a low development was chosen.?'° Scenario expert

209 Overall, the final selection of descriptors went very fast, compared with other CIB processes (cf. interview

scenario expert V 25, 30) because the participants’ interest in the method might have outweighed their
interest in contents, where in non-demonstrator applications more dissent between different modeling
groups might exist (interview V 30): "[...] | would say that is a point where it has become particularly clear that it is
a demonstrator, and the important thing is to carry out the process fully, so that everyone has a sense of how it works
and what kind of results come out of it. But it did not matter that the outcome is perhaps not the optimal one.”

Due to the demonstrator character, the ideas on future developments extracted from the literature, i.e.
existing time series were not discussed in-depth or fundamentally questioned. UBA expert B remarked (cf.
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W remarked (interview W 55) that for some developments, such as population growth, the high and
low variants chosen for the CIB are far more extreme than those, which are predominantly used, for
example in energy modeling: “[...J. And then | noticed—nobody expects the top and the bottom [variant].

That means, you're so far away from everything.”

In contrast to this single remark, a clear need to consider even more future variance was expressed
by the UBA scenario group, that is a need to consider more diverse or more extreme developments
than represented by the pre-existing time series. For instance, UBA experts proposed during the kick-
off workshop to introduce a wild card analysis to expand the range (cf. DOC Minutes kick-off: 5) .***
This need to consider more future variance remained visible during the videoconference ten days
later. The changes UBA and ZIRIUS agreed to make to the initial list of descriptors and variants mainly
referred to the definition of the variants. All changes made were in favor of more extreme alternative
developments, instead of more conservative ones (cf. DOC Minutes video-conference: 19-24)*2 With
regard to the descriptor of economic development, more variance was added, too—and in a fairly
qualitative form—by defining a weak and at the same time volatile development of the GDP. This

variant is the only one that is not directly taken out of one of the studies supplied by UBA and it is the

only one that is mainly described in a qualitative way.

Due to the selection of descriptor-indicators and variant-time series, no ex-post translation of quali-
tative scenario assumptions into numerical model input (no matching) was necessary: Time series
had been present from the beginning.””> The D&V list contained (almost) no qualitative aspects but
had been directly defined in a quantitative way. This choice certainly saved the difficult translation of
qualitative statements into numbers. But on the down side, it refrains from a qualitative characteri-

zation of the scenario scope and space, which would have been possible with CIB.**

interview B 134) that this would have been required in a different form of application, namely in an appli-
cation less focused on quantitative modeling. (Interview B 134: “Where our approach has relied very much on
the results which we have effectively assessed by using other forecasts and which we have given less thought to. In
this respect, we have slightly limited ourselves, but the fact that it is intended for quantitative model work makes it OK
in this context. In another context, | would actually use the forecasts, but | might also think about them again.”)

In the following process, two wild cards were drafted by individual UBA experts : wild card A on strongly
sinking temperatures and wild card B on an economic crisis (cf. Weimer-Jehle/Wassermann/Kosow 2011:
78 ff.). These remained rather a side product in the following scenario analysis.

“Living space per capita: a further scenario with the largest possible variance is supplemented by ZIRIUS, where
possible [...] Oil price: for the variant "high,” ZIRIUS is looking for higher values to obtain more visible variance.”

No detailed specification with individual and specific UBA models as ‘clients’ for the CIB input parameter
sets had been foreseen or carried out. This potentially strong effort was not considered during the de-
monstrator project as Expert A pointed out (Cf. interview A 80). Still, such a specification, i.e. an adapta-
tion of the input parameter sets to the specific numerical model’'s needs and requirements was
recognized as necessary for further CIB&S applications (Cf. interviews D 115- 117, A 80, V 16).

Interview UBA expert A 96: “The method was unfortunately also only limited in this application, because we have
also confined ourselves to a more quantitative form of logic (‘high,” ‘medium,” and ‘low’). It could be much more inter-
esting if you started from real descriptions and qualitative considerations. If we had chosen a somewhat softer scenario
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In sum, 10 descriptors with 2-3 variants each were selected (a summary overview is given in Table
17). They were textually and graphically defined and documented by the scenario experts in so-called
descriptor briefs. These contained short definitions and justifications of the chosen descriptor-
indicators, and assumed variant time series, including their sources, on about three pages each (cf.
Weimer-Jehle/ Wassermann/ Kosow 2011: 50 ff.). Overall, the selection of descriptor-indicators and

variant-time series was an actor-driven activity, strongly framed by the pre-selected data on typical

model input.

Table 17: List of descriptors and variants (D&V) “Germany 2030” (UBA)

(My representation based on Weimer-Jehle/ Wassermann/ Kosow 2011: 11.)

Field Descriptor Variants
APopulation growth al low decrease to 81 Mio
a2 moderate decrease to 79 Mio
a3 strong decrease to 76.6 Mio
B Living space per capita b1 strong increase to 50.4 gm
b2 low increase to 44.2 gm
C Gross domestic product | 1 strong increase to 3509 G € (ca. 1.6%8)
(GDP) c2 medium increase to 3120 G € (ca. 1.2%/a)
c3 low increase to 2830 G € (ca. 0.8%/a)
Socio- . c4 low and strongly volatile growth
economic

development

D Qil price

d1 strong increase to 127 $/b
d2 medium increase to 110 $/b
d3 constant at ca. 63 $/b

G Transport performance:
passengers

gl considerable increase of 32%
g2 moderate increase of 10%

g3 small decrease of 5%

H Transport performance:
goods

h1 very strong increase of 69%
h2 strong increase of 53%

h3 moderate increase of 34%

Resource
intensity

E Consumption of primary
energy

el small decrease to ca. 13400 PJ
e2 medium decrease to ca. 11000 PJ

e3 strong decrease to 7700 PJ

F Total material require-
ment (TMR)

f1 increasing consumption to 7200 Mt

f2 more or less stable consumption around 6400 Mt

I Nitrogen excess of agri-
culture

i1 stagnation
i2 decrease of 20% (ca. 1%/a)
i3 decrease of 30% (ca. 1.6%/a)

Environmental
change

J Climate change

j1 a little warmer—considerably wetter
j2 moderately warmer—a little wetter

j3 considerably warmer—a little wetter

approach, we would certainly have covered a broader area for future developments. This is the case with SAS, but then

you have the problem of transformation...”
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6.1.2.3 Cross-impact assessment (2b)
The impact assessment was realized in two consecutive steps, first through an individual survey of
the UBA experts, and second during a workshop inviting these experts to come together as a scenar-

io group.

In the first step of the cross-impact assessment, individual expert assessments were collected
through an email survey. A short introduction to the method was offered during an internal UBA
workshop during which the participants received a blank Cl-matrix. To this was added a page of in-
structions on how to fill it in (cf. DOC CIB matrices over time). It had been agreed prior to the survey
that experts should fill in only those parts of the matrix for which they felt they had the necessary
expertise. The survey resulted in five matrices: two complete ones, one filled by %, and two in which

only a single specific issue had been addressed (cf. DOC CIB matrices over time).”"

There were some specificities concerning the (non-)continuity of participation of the UBA experts.**®
First, from the in total eight UBA experts, five had not followed the preceding steps of the process
(framing, selection and survey), so they were considered, at least by the scenario experts, to be new-
comers to the method and to the impact assessments made by others. At the same time, three of the
UBA experts who had provided matrices, were not present during the workshop, and thus could not
explain their individual impact assessments. Second, during the workshop itself, two of the newcom-
er participants did not follow the entire workshop but came in for only a limited period of time.
When they were present, the group turned their attention to the judgment groups of the newcom-
ers, meaning the judgments that the newcomers had expertise in (cf. interview scenario expert W
105). This might have hindered a systematic discussion of the impact assessments further, since ap-
parently some judgments were revised without perhaps revising others in return, as scenario expert
W observed (interview W 105). Overall, due to the demonstrator character of the UBA project and its
method-training component, interest among the participants in the general logic of the method
might have outweighed interest in the content. It apparently did so for the selection of D&V (see
above), and this also might have reduced the depth of the discussions of the impact assessments

during the cross-impact workshop.

1> One with regard to transport, passengers and goods, and the other one with regard to nitrogen excess of

agriculture

For an overview of the participation of actors during the different process steps of the UBA case, see An-
nex |. This participation pattern might be explained by the individual availabilities of the UBA experts (and
thus by reasons outside this process). At least, the shuffling during the one-day workshop did not entail a
drop-out of those who had participated during the earlier phases and who had provided the matrices,
since most of these participants, in addition to those who participated during the workshop, attended the
final presentation.
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Scenario analysis and selection of raw CIB scenarios and of input data sets (2¢ &
3¢)

With the support of ScenarioWizard, the scenario experts determined internally consistent configu-

6.1.2.4

rations of the impact network and grouped them into a scenario table covering six types of scenarios

see Figure 19).

Figure 19: Completely internally consistent constellations, grouped into a scenario table (UBA)

Source: Weimer-Jehle/ Wassermann/ Kosow 2011: 25
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To visualize and explain the interrelations coded in the matrix in a simpler way, impact diagrams
were developed for the final workshop and report. In the different influence diagrams, the role of
each descriptor changes from explaining variable to explained variable (cf. Figure 20 on population
growth). The textual explications of the impacts were (mostly) ex-post reconstructed from the argu-
mentation during the Cl-workshop by the scenario experts, though some had been documented by

the UBA experts within their individual matrices.

The resulting scenario configurations were reported to the UBA during a final workshop organized by
the UBA, with sixteen UBA experts (cf. FN final workshop). They were published in the project report,

together with the underlying time series (cf. Weimer-Jehle/ Wassermann/ Kosow 2011: 18 ff.).
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Figure 20: Impact diagrams for individual descriptors, extract from CIB “Germany 2030” (UBA)

Source: Weimer-Jehle/ Wassermann/ Kosow 2011; Legend: green arrow: promoting impact assumed, red arrow: hindering
impact assumed.
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6.1.2.5 Anticipating further phases of a full CIB&S process

In the UBA case, no full CIB&S process was planned or carried out. Thus, for instance, the new sets of
input data resulting from the CIB were not actually used for comparisons with input data sets cur-
rently used by individual models or even for new simulation runs with new input data sets—and no

iteration occurred.’”’

These further steps had been only theoretically considered by the scenario
experts, and especially by me, as potential (future) applications. Still, at least some of the indicators
and time series that were used within the CIB analysis were model-based or simulation output them-

selves.

6.1.3 Characterizing the overall methodology: social organization, technical

design and cognitive dimension

Now, taking a step back and considering the overall methodology, the UBA case is characterized re-
garding its social organization (who is doing/ deciding what?), technical design (what methods and
techniques are applied?), as well as cognitive dimension (what data is used, processed and pro-

duced?) and overall conditions.

6.1.3.1 Social organization: a coalition of interest between scenario experts and UBA

The process was supported through a coalition of interests between the UBA experts’ interest in
methods, the scenario expert’s interest in making CIB known at UBA and of testing new forms of
applications—and my own interest in testing combined CIB&S applications. This coalition led to a
high degree of engagement from both sides and close collaboration. The initiative for the process did
not come directly from the environmental modelers. Still, the perceived need for more reflection of

context assumptions was a starting point to the project.

7 some feedback and refinement occurred during the selection of descriptors and of their future develop-

ments and during the writing of the descriptor essays.
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The UBA project management organized all events and the expert participation at UBA (selection and
recruitment), contributed to the design of the process (e. g. through the call for tender and work
description) and to the preparation of the content of the process (e. g. through the pre-selection of
studies and indicators). The scenario experts brought in their method expertise, co-designed and
facilitated the process, supported the events in terms of its content (data research), carried out the
CIB analysis and provided documentation. The UBA scenario group was strongly involved in the pro-
cess step of impact assessment, but only partially in the selection of D&V. It was not actively included
during the analysis of the matrix and the selection of scenarios. Thus, it was an expert-group provid-

ing data and learning about the method rather than a scenario group constructing its own scenarios.

6.1.3.2 Technical design: typical model in put data processed by a CIB, which is using
numerical D&V
In January 2010, 17 different mathematical models were in use in UBA (funded) environmental mod-
eling and scenario projects.”*® These models were using a range of numerical framework assumptions
for scenario calculation. Still, these models did not play a direct role during this case, but a strong
indirect one. They were the anticipated ‘client’ models, and - in some cases at the same time - data
‘supply’” models, providing indicators and time series. CIB was used in a quick form by using the mod-
els” numerical indicators and projections—purely qualitative descriptors were excluded. CIB replaced
more intuitive and less systematic approaches currently used for input data selection and composi-
tion in the UBA model group. In addition, various other techniques were used in the UBA case from

data collection to facilitation.

6.1.3.3 Cognitive dimension: qualitative analysis and synthesis of quantitative model
input
The pre-existing input indicators and time series were reconsidered, explicitly verbally and numeri-
cally defined and justified as D&V, and then put into interrelations through the CIB impact assess-
ment. These expert assessment led to a cross-impact matrix, that is an impact network (a form of
conceptual model), linking the numerical assumptions on future context developments in semi-
formalized way. Overall, the process started with numerical information that was qualitatively ana-
lyzed during the formalized but qualitative CIB process and finally led to numerical input data sets
(‘quantitative context scenarios’). These are not qualitative pictures of possible futures of Germany

2030, since more qualitative assumptions remained implicit (see section 6.3).

218

162

Source: personal communication from a key informant.



Chapter 6 Case UBA

6.1.3.4 Conditions

Finally, the UBA case took place under the specific conditions of a demonstrator, in which the inter-
est in method outweighed considerations of content. Furthermore, the few resources available were
counterbalanced by the strong motivation and engagement of the UBA management and scenario

experts.

6.2 Characterizing the form of combination of CIB(&S): CIB as an analyst

of context assumptions of a group of models
In the UBA case, no full CIB&S process was carried out. Nevertheless, this CIB(&S)-like process can be
characterized with regard to the form of the combination of CIB and numerical models that was ef-
fectively realized during the demonstrator. Furthermore, one can characterize the type of the combi-
nation that was anticipated, namely the use of CIB within a group of models that are then further
processing the CIB-generated input data sets. References to this hypothetical form of application are

in marked the following sections by grey and italic type.**

6.2.1 System representations: qualitative system analysis of numerical model

assumptions on future social contexts

In this case, CIB is used for a qualitative systems analysis of numerical model assumptions on future
social contexts. The conceptual CIB model represents the assumptions on possible future develop-
ments in the full range taken into account by the different numerical models. Furthermore, the con-
ceptual CIB model represents (assumed) interrelations between these developments, which are

exogenous for many of the models, in a semi-formalized way.

Division of labor is established between societal context and scenario uncertainty, represented by
the CIB versus numerical systems knowledge that is displayed in the mathematical model(s). Note
that the room for qualitative system representation is limited on the one hand to the textual defini-
tions of indicators and variants for which, within the descriptor briefs, a qualitative (re-)interpret-
ation is given; and on the other hand to the impact assessments on assumed interrelations between

developments and their justifications.

The scope of the conceptual CIB model and the resulting scenarios is broad, covering socio-economic
issues, resource intensity and climate change; their granularity is low. The scope is distinct from the
scope of the mathematical models that are anticipated as client models. These models cover subsys-

tems or sectors in detail (with very varying scopes and degrees of granularity).

1 For the definition of the dimensions, see chapter 4.2.2, a summary of the characterization is given in Table

18 in section 6.2.4. The following characterization is based on process documents and observations. It was
validated by two key stakeholders
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The overlap of the CIB with the numerical (client) models at the UBA varies, depending on the differ-
ent numerical models. CIB uses projections (time series) that are used by various client models. But
not all models need all of the assumptions. On the contrary, most of them only need some of the
input information. Their individual information need in turn only partially overlaps the other models’
needs. Furthermore, although most of the parameters of the CIB scenarios are exogenous for most of
the UBA client models, some of the CIB descriptors are endogenous parameters calculated by some
of the UBA models, as for example the population growth or the GDP. Thus, some overlap is possible
between the descriptors and the interrelations represented by the CIB network on the one hand

side, and parameters that are endogenous parameters of some of the models on the other.?*

In sum, in the UBA case, CIB provides a qualitative context model and system analysis of numerical
model assumptions on future contexts. CIB is used to qualitatively analyze interrelations between

individual model inputs representing the future uncertainty and complexity of model contexts.

I assume that in the hypothetical full application (within a model group using the CIB input data sets),
the system representation of CIB would be comparable and would also focus on quantitative “cou-
pling descriptors” (Prehofer et al., forthcoming) and less on additional—and only qualitative—context

factors.

6.2.2 Position: models first

Even though numerical models were not actively used during the process under discussion, their
position can be characterized as ‘models first’. This holds true with regard to their timing and domi-

nance such as their role in determining and structuring the process.

With regard to timing, client and supply models pre-exist and precede the CIB analysis (cf. also Figure
21 below). First, the (potential) client models themselves, that is those models (M1-n) belonging to
the group of UBA models, whose input indicators were chosen, and which are older than the CIB
analysis. Second, the CIB analysis is based on ready-made data on possible future developments that
comes from prior studies, which themselves are often modeling- and simulation-based. Most of the
projections are not made by the UBA models themselves but originate from various other types of

models from outside the UBA group of models (‘external supply models’).”**

In an anticipated use of CIB within such a model group beyond a demonstrator application, the (most
simple form of timing would be the following: Projections are generated with supply models (and

used by the client models) (t1). Through the variance of their results, they inform on the range of pos-

20 This situation was assessed as complex by some of the UBA interviewees (e. g. interview A 80, FN final

presentation).
Types of external supply models range from expert guesses through trend extrapolation to simulation
models.
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sible future developments that are then considered during the CIB analysis (t2). Through this CIB
analysis, indicator-based context scenarios are constructed by analyzing potential interrelations be-
tween future developments and by selecting internally consistent framework assumption. Finally,
these ‘context scenarios’ are used to orient and adapt the framework assumptions for the different

UBA (client) models and their simulation runs (t3).

Although no numerical model has effectively been used in this case, numerical models have deter-
mined or at least strongly structured the scenario construction process in several ways: First, CIB was
used instrumentally to reflect the range of input data and the composition of input data sets that are
currently already used by the models. No narrative storylines are being constructed; no stand-alone
qualitative scenarios are sought. Quantitative raw CIB scenarios serve to compare, to construct, and
to manage model input. Scenario content is supplied by models and/or driven by model require-

ments. CIB has impacts mainly on the level of scenario and sample structure.

Second, the models have a strong influence on the definition and selection of the system elements
(that is descriptors) taken into account by the CIB analysis: Descriptors and indicators are chosen that
fulfill two conditions. First, they are needed by pre-existing numerical models, meaning the selection
is driven through model demand; second they are readily available in numerical form, meaning the

selection is driven through what data is offered by supply models.

Third, the models also define the range of future developments taken into account: The range of
future developments is taken into account, which is provided by the model outputs and projections

already in use. **

Fourth, the model context is qualitatively analyzed as a system during the CIB. But no independent
definition of (potentially also relevant, but perhaps qualitative) elements of the model contexts has
taken place. Instead, the available data was important to structure the process of selection of de-

scriptors and therefore, the overall design of the CIB impact network.

Fifth, and this time hypothetically, the supply models could provide information or assumptions on
interrelations between descriptors that are relevant for the CIB. Under the condition that these are is
explicit and accessible; the CIB could take over this information in semi-formalized form. For instance,
one could translate correlations implemented in the numerical models into cross-impact assessments
on promoting or hindering interactions at a chosen strength (see the next dimension coupling for

more details on this aspect).

22 With the one exception of the fourth variety for the GDP development “c4: small and strongly volatile

growth” which is qualitatively described and not based on pre-existing studies or hard data. As shown
above, this development was added by the group of scenario experts due to a need to cover more of the
theoretically possible range of GDP developments than were then covered by the pre-existing projections.
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Figure 21: Form of combination of CIB and numerical models, focus on timing and link (UBA)
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6.2.3 Link: link from supply and client models to CIB, anticipated link from CIB to

client models.

First (see Figure 21), CIB is linked to the input data currently used by the client models (CM1-CMn).
This is rather a soft link, as the models inform the CIB, but no direct and no automatic coupling oc-

curs. Instead, decisions on indicators and specific time series are made during the CIB process.

Second, this input data comes (explicitly or implicitly) from further external supply models (SMx-y) or
from internal models that have the double role of ‘client-supply’ models (C-S M2), which at the same
time provide input data to the model group and are potential future clients of the CIB for other in-
puts. The information provided by the supply models was, in the UBA case, on the level of scenarios
only—but, and this holds true especially for client-supply models, the models might also inform CIB
on assumed interrelations between at least two CIB descriptors. This information would then be situ-

. 22
ated on the level of internal model structures.’”

Third, and this is anticip