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ABSTRACT. 
Doing the right things in a given situation at the right time is the underlying formula for the achievements of any strategic intention. It is hereby not only the evolutionary success story of humankind but also the outcome of our cognitive capabilities to consider alternative options. Superjacent stands the visionary view into the future and the timely identification of relevant developments. One the one hand, special future scenarios can be derived: Scenarios that describe thinkable future (security) environments with developments for which it is necessary to be prepared for. On the other hand, strategy scenarios can be derived that constitute future options for action. The paper will present an exemplary synopsis of the findings derived from the varied applications of the scenario technique and the application of future foresight in the context of future environments. Especially the possibility to account for mostly any constraints within the scenario development process will be depicted. By doing so, sensitivity analysis as regards the robustness of the developed scenarios can also be performed.
1.
Introduction

The paper will present a new approach of scenario technique according to GRIENITZ [1] - especially with the use-cases future foresight and risk assessment. Under consideration of past and present, scenario technique aims at a visionary and systematic view towards future and the timely development of future potentials for success and the timely identification of risks respectively. In general, scenario technique has proven itself as a suitable method especially for the development of future scenarios. In this context, not only scenarios for the global environment can be thought ahead - Rather, it is easily possible to focus on factors that describe the security environment.

From a historical perspective, scenario technique was developed in the 1950s from researchers of the Rand Corporation for an analysis and forecast of the future. Nearly at the same time, the cross-impact-analysis was developed, which today is often used for the development of scenarios [2]. At the first time, the term “scenario” was used by KAHN, who developed plausible future situations with respective defensive strategies by combining facts with logical reasoning [3]. BERGER founded the “Centre d’Etudes Prospectives” in France and developed the term “La Prospective”, the French equivalent to the term of scenario and scenario technique respectively [3]. In the German speaking region especially the approaches of the Batelle-Institute laid the foundations for the further development of scenario technique. Depending on the underlying question, either the cross-impact-analysis or the consistency-analysis is used. Former assistants of the Batelle Institute, as for example REIBNITZ and GESCHKA, have further improved the method that uses the cross-impact-analysis and have therefore contributed substantially to the widespread of this method [4, 5]. The consistency matrix and consistency analysis respectively is a contribution within the Paderborner Approach following GAUSEMEIER et al. [6]. Of course there exist several additional approaches of scenario technique [7-13].

Nevertheless, scenario technique is not restricted to future scenarios, since it allows a systemic perception of the underlying object of investigation. Following ULRICH and PROBST, complexity can be described by means of plurality (number of the system's factors), interconnectedness (number of interconnections between the regarded factors) and the different system statuses (the scenarios) [14]. Scenario technique facilitates exactly these aspects. In terms of an intelligent morphology, complex systems can be described by parameters (the system’s factors) and their specific characteristics. Thus, nearly any complex system can be described and analysed by scenario technique. A single scenario then represents one specific morphologic configuration [15]. I.e. a single scenario consists, strictly speaking, of one specific characteristic per parameter. Since the characteristics, for example in case of future scenarios, should describe different - and mostly contrary – future development paths (projections) for the system’s parameters, more than one projection per parameter would make no sense.

Within the Siegener approach, our generic four steps in the scenario development process are: System Analysis, System Design, Scenario Transfer and Scenario Controlling. In this context, the use of methods from sociometry within the System Analysis constitutes the first merit of the Siegener approach. This allows for the creation of a better founded basis for decision as regards the selection of the system’s key drivers. Following, besides the identification of each factor’s function (lever or indicator) or its priority, its role (node, broker etc.) in the system can now be identified. 

The next merit of the Siegener approach is the calculation of scenarios (Phase of System Design) by using Evolutionary Strategies, which can be thematically assigned to Evolutionary Algorithms. Basically, Evolutionary Algorithms are nature-analogue methods for problem-solving within complex optimization problems [16-18]. By using Evolutionary Strategies instead of the former branch-and-bound algorithm, an increased number of influence factors (and hence possible number of the factors' characteristics) can further on be included within the calculation of the scenarios itself due to the algorithm’s structure. 

The paper presents the new benefits of the depicted developments in scenario technique leading to the Siegener approach of scenario technique. Admittedly, the presented paper only briefly addresses the topic of security environment - rather it constitutes a generic approach of scenario technique. But our broad experience shows that an adaption of scenario technique to other problems at hand is easily possible. This paper is hence to be regarded as a pattern for a promising transfer of scenario technique to topics that addresses the security environment. 
2.
Siegener Approach of Scenario Technique
Scenario technique is a method for reducing complexity against the backdrop of an underlying system comprehension. The complexity of the multitude of influences and possibilities for development is reduced to a number that can be handled and communicated. At first, a clear definition of the question that is to be answered is needed. If the scope of the scenarios is not clearly outlined at this point in the process, they lose their validity and effect. The effort then would not be justified and the results of the scenarios are challenged. In case of developing future scenarios, at least the timeframe, a geographic localization and the regarded subject need to be defined. Actually, there are four phases in the Siegener approach of scenario technique: System Analysis, System Design, Scenario Transfer and System Controlling (cf. figure 1). Figure 1 shows, additionally to the generic approach of scenario technique, the adapted course of action as regards the development of future scenarios and strategy scenarios.

2.1. System Analysis

In the phase of System Analysis all parameters (determinants) of the regarded system have to be identified and described in a non-judgemental way. I.e. they should be described clearly and without future developments (Future / thinkable development are considered in the next step). Therefore these descriptions are rather alike a definition – but certainly have a clear reference to the problem at hand.
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Figure 1: Phases of scenario technique (Siegener approach) with the application examples strategy & future scenarios

As regards the identification of the parameters, different search strategies can be used: For example following the five forces model of Porter [19] or the PEST-model (Politics, Economy, Society and Technology) following Fahey / Narayanann [20]. The catalogue of parameters can grow too comprehensive very quickly (40-80 factors) and is hence to be reduced to the constitutive determinants (so-called key parameters or key factors) by means of system analysis. The system analysis consists of cross-linking and rating each parameter against each other and the assessment of the parameters' importance as well as specific key figures. Figure 2 shows details from a matrix of influence (wherein influence factors are rated against each other) and a weighting matrix (assessment of the parameters’ importance for the question at hand).
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Figure 2: Matrix of influences and weighting matrix, taking the example “Future market
and environment scenarios automotive 2020”.
The cross-linking of the factors answers the question: „Which factors are levers and which are rather indicative?”. Since the rating of the parameters against each other is determined by the identification of their pairwise degree of influence, this question can be answered by regarding the row respectively column totals of the influence matrix. Therefore, a system lever is a parameter that highly influences other factors (high row total: the active sum) and an indicative parameter is a parameter that is highly influenced by other factors (high column total: passive sum). The assessment of the factors' importance answers the question: "Which factors are the most important factors for answering the question at hand?". In the bottom line, mostly those parameters with the highest active sums and highest importance are selected for the further analysis of the system. These are called the key parameters of the system. The remaining parameters are generally excluded from the further analysis.

Besides the selection of the key parameters by means of the active sum and the assessed importance, several other selection criteria such as the parameter's particular role in the system (betweenness-centrality - a key figure adapted from sociometry) can be deployed [21]. Within the sociometry, the betweenness-centrality measures the degree of control that an actor can exercise over other actors in the network. The degree of control of one actor is higher the more other actors in the network are dependent on him as a “mediator” of information and resources [22]. Hence, a new dimension to solution quality is added: The role, a factor plays in the regarded system. For example, a factor can be determined as a connector between other relevant factors or even function as a gatekeeper in the network of factors. As result of the phase of System Analysis, generally 15-20 key factors are chosen, which constitute the basis for the next phase: the System Design.
2.2. System Design

The next step in the scenario creation process is the System Design. Comparable to an intelligent morphology, specific characteristics for the system's parameters have to be identified - particular states or configurations of the complex problem. The more creative and manifold the characteristics are, the merrier creative and manifold are the developed scenarios. At this point, not only possible characteristics should be assessed - Rather the list should also be complemented by thinkable characteristics and wildcards. STEINMÜLLER and STEINMÜLLER describe the concept of wildcards as a concept that deals with a specific type of risks: interference events that are characterized by low probability of occurrence and that challenge outworn patterns of thought [23].

In case of developing future scenarios, the view is directed towards the future, i.e. projections of the future are developed for the influence factors. The identification and determination of future developments should rely upon trends that can be observed today. Weak signals indicate possible directions of development. According to the above depicted general course of action, projections should also be supplemented by imaginable paths of development.
Thereby questions of probability are not that important. When compiling scenarios, all characteristics have the same probability of occurrence. The maximal number of characteristics cannot be defined exactly - But experience shows that four to five characteristics per parameter represent a very good spectrum. For the scenarios it is highly important that each characteristic is explicated plausibly by a description (a few sentences). These descriptions should be definable and therefore not have references to other characteristics, since any combination of characteristics has to be possible. 
The creative step in the phase of System Design is completed and the scenario formation follows next. At first, the joined appearance of the parameters' characteristics is assessed in a consistency matrix (cf. figure 3). Within the Siegener approach, this rating ranges from total inconsistency to complementarity as regards the jointly appearance of the assessed pair of characteristics. 
[image: image3.emf]Consistency matrix

Crucial Question: „How  does 

projection A (row) goes along with 

projection B (column)?

Rating of consistency

1 = not conceivable / total inconsistency

2 = conceivable with restrictions

3 = neutral or stand-alone

4 = good combination / fits well

5 = lock and key / perfect match

Logistics … …

Transfer of

know how

2A

Diminishing of the overall know

how due to retirement

4 3 3

2B

Transfer towards the suppliers due

to the increas. forward integration

4 2 3

2C Strong and fast global equalization

5 2 3

…

... ... ... ...

Market cycles 

(EU)

37C

Only weak growth rates

over  many years

1 3 4 4 2 4

…

Logistics

Transfer of know 

how

…

M.Cyc

les

(EU)

Logistics

gains in 

importance

Logistics becomes 

less important

The costs

for 

Logistics spurt 

strongly

Diminishing 

due to 

retirement

Transfer

towards the 

suppliers

(fwd. integration)

Strong and fast 

global

equalization

…

Only weak growth 

rates over many 

years

1A

1B 1C

2A

2B 2C

37C


Figure 3: Detail of the consistency matrix from the example “Future market
and environment scenarios automotive 2020”.
At second, the now filled-in consistency matrix forms the basis for the calculation of the scenarios. As already aforementioned, Evolutionary Strategies are used to calculate the scenarios within the Siegener approach of scenario technique. In detail, not the final scenarios are calculated by means of the consistency analysis. Rather, bundles of characteristics (e.g. 1A-2B-3A-4D-5B-...) have to be calculated initially (A clustering of these bundles then finally constitutes the final scenarios). Comparable to the morphological analysis, a bundle of characteristics consists of one specific characteristic per parameter. With help of defined Evolutionary Operators, which imitate basic nature’s principles [24] and which base on stochastic elements, a mostly randomly generated number of bundles (a few hundred from experience) are changed systematically within an iterative process. Within the iterative process, bundles with a poorer solution quality are rejected and therefore bundles with a good solution quality finally form the basis for the next iteration step. Due to this form of selection and the use of the Evolutionary Operators, the overall solution quality increases during the iterative process up to a point were no further improvement can be noticed. These finally identified bundles of characteristics constitute the best individual solutions for the underlying problem (cf. figure 4). As experience shows that many bundles are very similar to each other, these are now clustered to a manageable number of scenarios and afterwards visualized - mostly in the graphic form of a table (cf. figure 5). In this connection, the number of scenarios should be determined by the information loss that goes along with a further aggregation of the bundles of characteristics. I.e. the aggregation of bundles would be stopped, if a high loss in the information content has to be expected due to further aggregation. Experience confirms a number of two to seven scenarios as ideal.
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Figure 4: Detail of a list with bundles of characteristics (screenshot of a scenario software) from the example “Future market and environment scenarios automotive 2020”.
Within approaches of scenario technique that use a consistency analysis for the assessment of the scenarios, the solution quality of a bundle of characteristics is basically determined by the pairwise consistency rating of each pair of characteristics within the respective scenario. As regards combinatorics, a scenario with n parameters and one single characteristic per parameter possess (n/2) * (n-1) pairs of characteristics. The sum of all pairwise consistency values finally represents a bundle’s solution quality (cf. figure 4 – Column “Consistency”). By means of a so called objective function, it is easily possible to evaluate a solution’s quality at any time. Additionally, the objective function is almost freely definable. That allows for, as a further merit of the Siegener approach, a totally new degree of freedom for the consideration of constraints that can be considered within the scenario calculation process, which results in scenarios with the desired spectrum of solutions (with an equal solution quality). I.e. future scenarios can be developed that are for example rather robust or contain specific developments. Similarly, it is possible to attach optional attributes (e.g. dynamic, margin of deviation, effectiveness etc.) to the characteristics that allows for a weighting of the characteristics. In the bigger part of actual approaches, no constraints or weightings can be considered.

2.3. Scenario Transfer

At this point, trained scenario facilitators can read the scenarios already by analysing the table (cf. figure 5). The table of scenarios depicts the percentage distribution of the characteristics within the scenarios. Due to the clustering process (the aggregation of bundles of characteristics) the scenarios are kind of blurred. I.e. a scenario can consist of than one characteristic per parameter. In figure 5, the scenario 3 for example describes an environment, where logistics gains in importance (65) and the costs for logistics spurt strongly (35): I.e. 65 per cent of the bundles that form scenario 4 contain the characteristic “Logistics gains in importance” and 35 per cent of the bundles contain the characteristic “The costs for Logistics spurt strongly” as regards the parameter “Logistics”.
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Figure 5: Detail of the table of scenarios from the example “Future market
and environment scenarios automotive 2020”
However, it is also important to make the scenarios communicable for all persons involved in the process of the scenario development. The first step is the visualisation of the scenarios by means of a multidimensional scaling (At this, the table of scenarios forms the basis). Future scenarios for example can be depicted by multidimensional scaling in landscapes of the future (cf. figure 6) [25, 26]. Additionally, a scenario can alike be depicted by a picture of the future: For each characteristic that constitutes the scenario, a representative picture is chosen. These pictures are afterwards composed to a single collage that represents the scenario. Certainly, the scenarios can also be described in prose - in the simplest case in form as a stringing together of the short descriptions of the characteristics contained in the scenario. At second, the scenarios should obtain a clear name.

Subsidiary, the developed scenarios can be analysed as regards several aspects during this phase. At first, it is possible to examine the scenarios robustness against (radical) changes. For this, pairs of characteristics, whose jointly appearance was assessed as totally inconsistent, have to be regarded. Since during the calculation of the scenarios solutions are rejected that contain a single totally inconsistent pair of characteristics, these ratings are consciously changed (imitation of radical developments) and the results are compared to the primary developed scenarios. On the one hand, the scenarios can hold steadily. I.e. even radical changes or developments cannot change the scenarios and these have hence to be regarded as robust. On the other hand, the scenarios can change fundamentally and have hence to be regarded as very sensitive as regards radical developments. Especially in the latter case, the differences between the two groups of scenarios should be analysed.

Another merit of the Siegener approach is the possibility to search for reasons why specific solution patterns are rejected within the scenario calculation process due to the new consistency algorithm. For example in case, the developed scenarios do not contain specific characteristics - even though they were regarded as thinkable developments during the phase of system analysis. It can be analysed which "total inconsistency"-rating within the consistency matrix is the reason for the rejection. This can be a good starting point for a further discussion of the scenarios. Especially, as regards the reason for the inconsistency. Thinkable reasons can be for example: Logical contradiction, technical problems, socio-economic discrepancies or even antinomy / paradox. In addition, it can be analysed what happens if this system's restriction is lifted by external circumstances (for example radical developments).

2.4. System Controlling

With regard to all projections it is investigated in how far certain developments can be detected already or whether revolutionary changes have to take place in order for a projection to come true. The results of the assessment are displayed as a trend in a landscape for the future. From this example (cf. figure 6) it becomes clear that scenario 1 is the scenario that matches most the expected developments in the future (because it is positioned closest to the identified trend). In this regard, it is important to mention that the distance in the map of future describes the similarity as regards content. Little distance means great similarity and vice versa. Because scenario 2 is likely to occur if little changes in trends take place, it is important to prepare for this scenario as well. Scenario 4 can be regarded as an extreme scenario so that serious changes have to take place for this scenario to come true. 

The key factors and their characteristics can be added by indicators and have to be organised as a radar for the future, in order to be able to assess the relevance of each scenario at any time. By means of analysing changes as regards the indicators, possible changes as regards future closeness of the scenarios can be identified.
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Figure 6: Landscape of the future from the example “Future market
and environment scenarios automotive 2020”
2.5. Sets of scenarios

The preparation for all scenarios is inefficient due to limited nature of resources (employees, money and time). For this reason, one or some reference scenarios have to be identified. For this, several "sets" of scenarios can be combined and rated against each other within a fit-matrix. In the following figure 7 for example, the future market and environment scenarios from the regarded example “Future market and environment scenarios automotive 2020” are contrasted to strategy scenarios for a specific (German) company. As a result it can be stated that not every strategy scenario suits any future scenario. According to the expected trend, a strategy should be chosen that suits best for the expected future scenario. If no trend pro a specific future scenario can be identified, a strategy should be chosen that suits most of the developed future scenarios (future robust strategy scenario).
As regards the security environment, it is for example thinkable to combine future scenarios (which possibly describe different thinkable future security environments for specific geographic regions) with perhaps "tactical" scenarios that describe mid-ranged options for action. Since not every tactical scenario suits every future (security environment) scenario, is necessary to prepare for the right "tactical" scenarios: Ideally scenarios that suits most of the developed future (security environment) scenarios.
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Figure 7: Exemplarily fit-matrix for a specific company as regards the application
example “Future market and environment scenarios automotive 2020”.
3. Scenario WOrkshop

Due to the mostly computational-orientated proceeding within the Siegener approach of scenario technique, a special form of application of scenario technique can be used for the development of the scenarios: the scenario-workshop. This multi-stakeholder approach improves on the one hand significantly the quality and on the other hand the acceptance of the developed scenarios. I.e. the scenario-workshop will be performed in order to work out the constitutive contents of the scenarios. This concerted course of action affords the integration of differentiated stakeholders.

Nevertheless experienced facilitators for scenario technique are needed in order to achieve comprehensible results. These facilitators are ideally externals who only moderate and manage the scenario process. On the one hand, the workshops participants are responsible for the development of the scenarios' content and should not have to care for the workshop's underlying methodology: the scenario technique. On the other hand, it is crucial to successfully consolidate the participants’ manifold opinions. Especially against the backdrop that each opinion contains more aspects of the respective person than from the regarded subject - Since every person is to a great extent influenced by its knowledge, motifs and individually attitude [27]. The scenario workshop will shortly be characterised in the following with regard to the creation of future scenarios. In general, such a workshop will last no longer then two days.

At the first day, important influence factors will be identified. These are afterwards analysed by means of a system analysis and describe at large the complexity of the special market and surrounding influence fields. This part of the workshop ends with the identification of the most important influence factors (parameters): a set of as a rule 12 to 15 key influence factors. If the workshop-preparation is well-organised, only the morning of the first day is needed. The next part constitutes the creative phase of the workshop: The identification of future developments for these key influence factors. The first day finally ends with the pairwise assessment of all thinkable future developments (characteristics or rather projections) with help of the consistency matrix. The workshop facilitators afterwards calculate the scenarios by means of a scenario-software.

The morning of the second day, the scenarios will be discussed and interpreted. For every consistent future (2 to 5 scenarios are normally chosen), risks and opportunities are therefore identified. The second day is additionally spent with some discussions around the main question: “What would be the course of action if this scenario would eventuate?”. In the rework of the scenario-workshop, all results are concentrated and summarised in a management summary for the participants. Naturally, the findings of the scenario-workshop are a tentative draft that initiates the democratic scenario creation process. Further research as well as expert rounds help to detail and focus the scenarios.

4.
Conclusion

Concluding, the Siegener approach of scenario technique can be regarded as a prospective method for the analysis of different complex systems. Comparable to an intelligent morphology, the scenarios' content can be controlled or shaped by choosing the respective parameters and parameters' characteristics - based on a generic approach that can easily be adapted.

In this regard, not only future scenarios can be thought ahead. Rather, different other types of scenarios can easily be developed, as for example strategy or product scenarios. Possible adaptions to the security environment can be for example future scenarios for the security environment, risk scenarios or tactic scenarios that describe consistent combinations of tactical measures. Naturally, these can also be developed under the consideration of nearly each framework requirements or analyzed in terms of a sensitive analysis. These new degrees of freedom within the scenario calculation process easily allow for a detailed analysis.

Additionally, the possibility to regard sets of scenarios enables a holistic view on the regarded system. Due to the mostly computational-orientated Siegener approach of scenario technique, the scenario-workshop constitutes an ideal course of action for the development and interpretation of scenarios.
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