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ADVANCED SCENARIO PLANNING: NEW APPROACHES FOR
DEVELOPING, EVALUATING, AND SELECTING SCENARIOS WITH
APPLICATIONS

SUMMARY

Scenario planning is regarded as a useful tool for strategic planning, particularly in
managing uncertainty through the examination of various future scenarios. Since
present decisions influence a system's future performance, foreseeing new
advancements and problems is critical to the success of future plans. Rather than
attempting to accurately predict the future, scenario planning assists in negotiating
unexpected and complex developments. Strategic planners can use scenarios to create
a more sustainable system by considering how future events can unfold, addressing
uncertainties, providing insights into the long-term consequences of decisions, and
identifying potential opportunities and threats.

A scenario represents a combination of potential developments, which are factors that
influence systems in the future. These potential developments are characterized by
specific factors and their corresponding levels, all of which have a qualitative nature.
In practical scenario planning, the number of possible scenarios can reach into the
millions. To formulate effective and actionable plans for the future, it is essential to
focus on a manageable subset of scenarios. Therefore, the qualitative nature of the
scenarios should first be quantified, and a selection process should be employed to
identify a subset of scenarios for further analysis and strategic planning.

The studies presented propose a comprehensive methodology for the evaluation and
selection of scenarios. Multiple criteria were utilized to assess the scenarios through
factor levels from different perspectives. To quantify the factor levels, they were first
evaluated with respect to multiple criteria as well as the criteria interactions.
Interactions between the criteria are crucial for real-world problems, as decision-
making processes often involve these interactions. The Choquet integral was employed
to aggregate the evaluations considering criteria interactions, providing numerical
values for the factor levels. Since the Choquet integral is defined on measures, a
mathematical model was developed to revise the expert assessments thereby obtaining
criteria weights that satisfy measure rules. The factor levels were then weighted using
a specific criterion (i.e., consistency) to calculate scenario values. After obtaining
numerical values for the scenarios, a second mathematical model was developed to
select a limited number of high-quality scenarios that best represent potential futures.
A total of five criteria were used in the evaluation and selection process. Additionally,
a practical application has been conducted to demonstrate the real-world usage of the
selected scenarios. Following the selection of scenarios, projects or objectives to be
prepared for alternative futures were identified. An actor analysis was performed to
determine which stakeholders should collaborate in achieving these objectives within
the relevant sectors.

This approach ensures that both the evaluation and selection processes are
comprehensive, incorporating realistic decision-making dynamics such as criteria
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interactions and that the selected scenarios can be practically applied in strategic
planning.
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iLVERI SENARYO PLANLAMA: SENARYOLARIN GELISTIRILMESI,
DEGERLENDIRILMESI VE SECILMESI ICIN YENI YAKLASIMLAR VE
UYGULAMALARI

OZET

Insanlar her zaman i¢inde bulunduklar cevreyi daha iyi anlayabilmek ve gelecege
hazirlikli olabilmek adina gelecegin nasil olacagini merak etmislerdir. Ancak dogasi
geregi karmagik ve ongdriilemez olan gelecek, ani, hizli ve beklenmedik gelismelerle
sekillenir. Bu durum gelecegi 6ngérmeyi zorlastirir. Bu nedenle, belirsizligi sistematik
bir sekilde ele almak, karmagsiklig1 analiz etmek ve degisimlere karst daha dogru
adimlar atmak onemli hale gelmistir. Bu gereklilikler, gelecegi diisiinme ihtiyacini
dogurmus ve gelecekler arastirmalarinin gelisimine yol agmustir.

Stratejik planlama gibi uzun vadeli karar alma siirecleri genellikle gelecege dair
beklentilere dayanir. Ancak, gelecegin Ongoriilemez ve bilinemez olmasi, bu
siireclerin sonucunda beklentilerin istenilen sekilde ger¢eklesmemesine ve siirprizlerle
karsilagilmasina neden olmaktadir. Bu zorluk, gelecekler arastirmalarinin en 6nemli
kavrami olan senaryo planlamay1 ortaya ¢ikarmistir. Senaryo planlama, belirsizligi géz
Oniinde bulundurarak olas1 gelecekleri kesfetmeyi amaclayan bir aragtir. Olasi
gelismeleri ve bu gelismelere iliskin reaksiyonlar1 inceleyerek farkindaligi artirmay:
hedefler. Ayn1 zamanda, énemli bilgilerin entegrasyonu, tutarli ve olasi alternatif
geleceklerin  gelistirilmesi ve senaryolarin organizasyon {izerindeki etkilerinin
degerlendirilmesi ile ilgilenir. Kisaca, senaryo planlamanin temel amaci, tek bir dogru
gelecek yerine cesitli sistem degiskenlerini igeren alternatif geleceklerin ortaya
cikararilmasidir. Senaryo planlamada alternatif gelecekler senaryolar ile temsil edilir.
Senaryolar, olasi alternatif gelecekleri iceren cesitli gelismeleri kapsayarak gelecege
dinamik bir bakis agis1 sunar. Cok sayida senaryonun dikkate alinmasi, alternatif
gelecekleri kapsamak ve belirsizligi yakalamak agisindan 6nemlidir. Senaryo
planlama endiistri, sirket veya iilke diizeyinde uygulanabilir. Stratejik planlama,
firmalarin hayatta kalmalarina ve rakiplerine karsi rekabet avantaji elde etmelerine
yardimci olabilirken, senaryo planlama belirsiz ve karmasik sistemleri anlamak ve
gelecegi ongodrmek icin daha faydali bir teknik olarak 6ne ¢ikmistir. Organizasyonlar
dis cevre ile etkilesim icinde olduklarindan, bu ¢evreyi anlamalar1 ve ona uyum
saglamalar1 gerekir. Sonug olarak, senaryo planlama, esneklik ve yenilik arayisinda
olan organizasyonlar i¢in 6nemli bir aragtir.

Senaryo planlama uygulamalari, II. Diinya Savasi donemine kadar uzanmaktadir.
RAND Corporation, Herman Kahn yoOnetiminde, rakiplerin olasi hareketlerini
ongorebilmek amaciyla savas planlamasi yapmak i¢in senaryolar kullanmistir. Ayrica
ABD ve Sovyetler Birligi arasinda olast bir niikleer savagla ilgili dort senaryo
gelistirmiglerdir. Hudson Institute, 1960’larda is diinyasinda “diisiiniilemez olani
diistinme” amaciyla senaryo planlamay1 uygulamaya baslamistir. Stanford Arastirma
Enstitiisii (SRI) tarafindan uzun vadeli bir stratejik planlama 6nerilmistir. Is diinyasini
etkileyen politik, ekonomik gibi c¢esitli itici giicler dikkate alinmistir. Royal
Dutch/Shell, Pierre Wack ve Ted Newland Iliderliginde senaryo planlamanin
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kullaniminm1 yeni bir seviyeye tasimistir. 1973-1974 petrol krizi patlak verdiginde,
Shell diger petrol sirketlerinden daha fazla hazirlikli oldugunda artan petrol fiyatlarina
hizla yanit verebilmislerdir. Senaryo c¢alismalar1 sayesinde, Shell dramatik
gelismelerden en az hasarla kurtulmay1 bagarmistir.

Senaryo planlama etkili ama uygulamasi zor bir aractir. Ciinkii senaryolar ve
senaryolar1 olusturan faktorler ve bu faktorlerin diizeyleri (durumlari) kalitatif yapida
kavramlardir. Bu nedenle 6ncelikle gelecekte etkili olabilecek senaryolar1 belirlemek
icin bu kavramlan Olgiilebilir hale getirerek karsilastirilabilirligini saglamak
gerekmektedir. Literatiirde senaryo planlamaya yonelik kalitatif ve kantitatif olmak
lizere bir ¢ok yontem kullanilmaktadir. Bu g¢aligmalar, senaryolar1 Olgiilebilir hale
getirmek amaciyla kriter olarak genellikle tutarliliga ya da akla yatkinliga odaklanarak
tek bir kriter lizerinden senaryo degerlendirmesi yapmaktadir. Tek bir kritere
odaklanmak gelecege dar ve tek boyutlu bir bakis acisi sunarak, ¢ogu zaman
beklenmedik gelismeleri goz ardi etmeye neden olmaktadir. Ciinkii bu kritere gore
senaryolar sayisal bir degere sahip olmakta ve bu sayisal degere gore bazi senaryolar
elenmektedir. Eleme islemi sonrasinda, senaryolar arasindaki uzakligi dikkate alan
senaryo secim algoritmasi kullanilarak az sayida senaryo segilmektedir. Bu tiir bir
asamali eleme yaklagimi, 6nemli olabilecek senaryolarin dikkate alinmamasina sebep
olmakta, boylece bilgi kaybi ortaya ¢ikmaktadir.

Bu dogrultuda, kaliteli senaryo se¢imi yapilabilmesi igin farkli agilardan
degerlendirme yapmak gerekmektedir. Ayn1 zamanda degerlendirmelerin uzmanlar
tarafindan yapilacak olmasi sebebiyle, degerlendirmeleri kompleks degil daha basit
yapilar {izerinden yapmak sonuglarin giivenilirligi agisindan 6nemlidir. Uzman
degerlendirmelerini birlestirme siirecinde, degerlendirme i¢in kullanilan kriterlerin
etkilesimlerinin de dikkate alinmasi1 daha gergek¢i ve gilivenilir sonuglar elde etme
thtimalini artiracaktir. Senaryo se¢imi gibi kombinatoryal bir problemi objektif sekilde
yapabilmek i¢in esnek bir matematiksel model gelistirmek, kisit ve amaglar1 gelecek
uzayini kapsayacak sekilde tanimlamak farkli ve kaliteli senaryolar elde edilmesine
olanak taniyarak gelecege iyi bir sekilde hazirlanmay1 saglayacaktir.

Tez kapsaminda yapilan iki yayinda senaryo gelistirme adimina ydnelik yeni
metodolojiler  Onerilmistir.  Metodolojik  katki  sunan  yaymlar, senaryo
degerlendirmesine ve se¢imine odaklanmaktadir. Faktor diizeyleri kriterlere gore
degerlendirilip, kriterlerin tekil ve birlikte etkileri dikkate alinarak faktor diizeyleri
Olgiilebilir hale getirilmistir. Bu asamadaki hesaplamalar toplamsal olmayan bir
birlestirme operatorii olan Choquet integrali ile gerceklestirilmistir. Ardindan faktor
diizeylerinin degerleri tutarlilik kriteri ile agirliklandirilarak senaryo degerleri elde
edilmis ve senaryo se¢imi icin matematiksel modeller gelistirilmistir. Uciincii yayinda
ise sec¢ilen senaryolarin pratik olarak nasil kullanilacagini gosteren bir uygulama
yapilmugtir.

“A Novel Scenario Planning Approach Considering Criteria Interaction in Multi-
Criteria Evaluation: An Application to Urban Mobility” isimli yayinda senaryolarin
degerlendirilmesine ve se¢cimine yonelik bir metodoloji 6nerilmis ve biiylik bir sehrin
2035 yilindaki ulasim segenekleri {izerine bir uygulama yapilmistir. Bu caligmada
kriter etkilesimlerini dikkate almak icin Sugeno A-6l¢iimii kullanilmistir. Uzman
degerlendirmelerini kolaylastirmak icin kriter agirliklar1 ve etkilesimleri dilsel olarak
belirlenmistir. Ancak sadece pozitif etkilesimin s6z konusu oldugu varsayilmistir.
Senaryo sec¢imi i¢in dogrusal olmayan bir model Onerilmistir. Modelde, secilecek
senaryolar arasindaki farklilik (uzaklik) maksimize edilmeye ¢aligilmigtir. Dort kritere
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gore hesaplanan senaryo degerlerinin belli bir esikten yiiksek olmasi kisit olarak
kullantlmistir.

Bir dnceki yayin, sadece pozitif etkilesimin dikkate alinmasi gibi 6nemli bir varsayima
dayanmaktadir. Ayrica model se¢iminde yalnizca uzakligin maksimize edilmesi bilgi
kaybina yol agabilmektedir ve dogrusal olmayan bir model gelistirilmesi de daha
karmagik problemlerde model ¢6ziim siiresini olumsuz etkileyebilecektir. Bu yiizden
“Novel Approach to Scenario Assessment and Selection” isimli yayinda bu eksiklikler
giderilmeye ¢alisilmis ve orta 6lgekli bir iiretim tesisinin depo sistemi i¢in 2030 yilina
iliskin bir uygulama yapilmistir. Calismada uzmanlardan kriter degerlendirmeleri
onceden tanimli Olgekte alinmistir. Kriterlerin birlikte etkilerini belirlemek igin
kullanilan etkilesim kavrami da uzmanlar tarafindan ikili (pozitif ya da negatif) olarak
belirlenmistir. Birlestirme operatorii olarak Choquet integrali kullanildigindan kriter
agirhiklarinm 8lgiim kurallarina uymasi gerekmektedir. Olgiim kurallarini saglamak ve
birden fazla karar verici oldugu durumda ortak bir deger elde etmek i¢in ikinci
dereceden bir matematiksel model gelistirilmistir. Bu sekilde kriterlerin tekil ve
birlikte agirliklart revize edilmistir. Senaryo se¢imi i¢in ¢ok amacli bir matematiksel
model gelistirilmis, model hem senaryolarin farkliligin1 hem de senaryo degerlerini
maksimize etmeyi amaglamaktadir. Matematiksel modelin sonuglarini farkli
senaryolarm secimi agisindan dogrulamak i¢in Cok Boyutlu Olgekleme Analizi
(Multidimensional Scaling) kullanilarak, senaryolar iki boyutlu diizleme indirgenmis
ve gerekli analizler yapilmistir. Ayrica Onerilen yaklagimlar literatiirdeki farkli
yontemlerle karsilastirilarak Onerilen yaklasimin daha iyi sonu¢ verdigi ortaya
konmustur.

Bahsedilen iki yayinda nihai olarak senaryo secimi yapilmistir. Segilen senaryolarin
pratik kullanimina odaklanilmamistir. Secilen senaryolar gelecege iliskin cesitli
amaglara veya projelere doniistiiriilmektedir. Bu amag ve projeler 6nceliklendirilebilir
ve aktOr analizi yapilarak gelecekte avantajli durumda olmak i¢in hangi aktorlerin is
birligi icinde olmas1 gerektigi belirlenir. Bu dogrultuda “A Systematic Approach to the
Analysis of Barriers and Drivers of the ESCO Market in Turkey” isimli yayinda enerji
hizmet sektorii tizerine bir ¢aligma yapilmis ve gergeklestirilmesi gereken amaclar ve
aktorler incelenmistir. Calismada, yapisal analiz aracilifiyla sektordeki onemli
faktorler belirlenmis ve bu faktorler dogrultusunda amaglar gelistirilmistir. Ardindan,
aktorler ve amaclar arasindaki iligkileri analiz etmek amaciyla MACTOR yontemi
kullanilmistir. Bu yontem, hem aktor-aktor hem de aktor-hedef iliskilerini inceleyerek
olasi ittifaklar1 ve catismalar1 kesfetmektedir. Sonug¢ olarak, miittefik aktorlerle is
birligi yaparak hedeflere ulagsmak icin stratejiler belirlenmistir.
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1. INTRODUCTION

People have always wondered what the future will be like in order to better understand
the environment they live in and to be prepared for the future. However, the future,
which is inherently complex and unpredictable, is characterized by sudden and rapid
changes, and also unexpected developments which makes it difficult to foresee.
Therefore, it has become crucial to adopt systematic approaches to considering
uncertainty, analyze complexity and take more accurate actions in response to changes.
These necessities have led to thinking about the future, namely the development of

futures research (Gausemeier, Fink, & Schlake, 1998).

Long-term decision-making processes such as strategic planning are often based on
expectations about the future. Yet, the fact that the future is unpredictable and
unknowable causes expectations not to be realized in the desired way and surprises to
be encountered as a result of these processes. This challenge has given rise to scenario
planning which is the most important concept in futures research domain (Bishop,
Hines, & Collins, 2007). Scenario planning is a strategic tool designed to explore
possible futures by accounting for uncertainty. It investigates a wide range of possible
developments and responses to raise awareness (Chermack, 2011). It also deals with
the integration of essential information, the development of consistent and plausible
alternative futures, and the analysis of the organizational implications of scenarios.
(O’Brien, 2004). In brief, the main idea of scenario planning is to evaluate alternative
futures that incorporate various system variables rather than focusing on an accurate
and single future (Peterson, Cumming, & Carpenter, 2003). In scenario planning,
alternative futures are represented by scenarios. Scenarios offer a dynamic perspective
on future by containing several developments which cover possible alternative futures
(Liu et al., 2008). The concept of multiple scenarios is used to cover alternative futures
and capture uncertainty. This approach can be applied at various levels, including
industry, company, or country. Although strategic planning can help firms survive and
obtain a competitive advantage over their competitors, scenario planning has shown to

be a more beneficial approach for comprehending uncertain and complex systems and



foreseeing the future. Since organizations interact with the external environment, they
must understand and adapt to it. As a result, scenario planning is an essential tool for

organizations seeking to increase their flexibility and innovation (Hiltunen, 2009).

The applications of scenario planning date back to World War II, with Herman Kahn’s
work at the RAND Corporation using scenarios to foresee enemy actions (Schwarz,
1991; Millett, 2003; Rialland & Wold, 2009). The Hudson Institute later applied
scenario planning in business, encouraging thinking about the unthinkable (Liu et al.,
2008; Chermack, 2011). Notably, Royal Dutch/Shell, under Pierre Wack and Ted
Newland, used scenario planning to navigate the 1973-1974 oil crisis effectively,
responding swiftly to rising oil prices and minimizing damage (Schoemaker, 1991).
Since then, scenario planning has been widely employed in defense, climate,

production, and public services (Nguyen & Dunn, 2009).

Following the oil crisis, the majority of the companies in the U.S. started to use
scenario planning (Linneman & Klein, 1983). Scenario planning facilitates the
exploration of new opportunities, encourages out of the box thinking, identifies more
robust strategies, enables quick responses to unexpected developments, fosters a new
culture to change and improves creative thinking (Rialland & Wold, 2009). It also
allows for the assessment of system vulnerabilities and potential adaptation strategies.
However, research on scenario planning studies can be expensive and challenging due
to the need to assemble a team of experts and organize meetings and workshops to

gather their opinions regarding the problem area (Millett, 2003).

Scenario planning studies are classified into three groups (Borjeson, Hojer, Dreborg,

Ekvall, & Finnveden, 2006).

1. “Predictive Scenarios” answer the question “What will happen?” and try to forecast
what is going to happen. The scenarios are based on historical data and related to
likelihood of the future developments. Trend plays an important role in forecasting

futures. Yet, unexpected developments can be difficult to consider.

2. “Explorative Scenarios” deal with the question “What can happen?” and consider
possible developments, driving forces to explore a wide range of future from
different perspectives. These scenarios encourage the team of experts to explore

unexpected developments.



3. “Normative Scenarios” seek to answer the question “How can a specific target be
reached?”. The scenarios are based on specific starting and ending points. The ways

to achieve desirable targets are tried to be found.

The studies in this thesis focus on the use of exploratory scenarios to examine a wide

range of possible future developments.

The explorative scenario planning approach typically consists of five phases which are
scenario preparation, scenario field analysis, scenario prognostic, scenario

development and scenario transfer (Gausemeier et al., 1998).

Phase 1 (Scenario Preparation): In this phase, a scenario field which may be an
enterprise or a technology is defined, and the current situation is assessed typically

through strengths and weaknesses.

Phase 2 (Scenario Field Analysis): Scenario field is described over a large number of
influence factors, constituted by external and internal factors. However, key factors
which play an essential role in scenario development should be determined to proceed

further phases with a manageable number of relevant factors.

Phase 3 (Scenario Prognostic): In this phase, factor levels are identified. These levels

cover possible developments in the future regarding each key factor.

Phase 4 (Scenario Development): Scenarios, representing possible futures, are the
combination of factor levels and are assessed with respect to a criterion, typically
consistency. The number of scenarios should be limited to maintain cognitive
manageability. Several methods such as clustering are used to eliminate scenarios and

reduce complexity.

Phase 5 (Scenario Transfer): In this phase, the effects of final scenarios that are treated
as inputs of the strategic management process are analyzed. Opportunities and threats
that concern the scenario field are determined. Accordingly, the related projects or
strategies are developed. At this point, actor analysis methods can be employed to
reveal potential alliances and conflicts among actors to develop future collaborations.
Therefore, corporate strategies can be identified as either responsive or proactive,

depending on how they address the opportunities and threats.

Scenario development is one of the most challenging phases due to the qualitative

nature of its elements, including factors, factor levels and scenarios. Factors represent



driving forces that affect the study area, which may include economic, political, and
technological factors like inflation, usage of Artificial Intelligence (Al) or regulations.
Factor levels represent different situations of these factors. For instance, inflation can
be categorized as high, moderate, low, or deflationary. Similarly, governments can
highly promote the usage of Al and provide incentives, be neutral, or impose strict
regulations that hinder Al development. Each combination of factor levels forms the

basis for distinct scenarios.

Assessing scenarios is a vital part of the scenario development phase. This assessment
is based on several criteria, some of which are listed in Table 1.1. Not every criterion
is suitable for every class of scenario planning studies, so careful consideration of both
the method and scenario type is essential when selecting criteria. In our works, we
make use of these criteria, while also identifying new criteria that align with our
proposed methodology. Selecting a small number of high-quality scenarios is another
significant part that follows the assessment process in scenario planning. Thus, it is
essential to develop a robust methodology for selecting criteria, evaluating, and

ultimately choosing the most relevant scenarios.

Table 1.1 : Quality criteria in Scenario Development

Scenario Quality Criteria Explanation Measurement

Consistency Scenarios  should not contain -2 ( inconsistent) - 2 ( induce each
conflicting factor levels (Wilson, other) (Tietje, 2005). It is based on the
1998). assessment of factor level pairs.

Plausibility Scenarios should be realizable (Wilson, 0 (Definitely implausible) - 3

Different (i.e. diversity, distance)

1998).

Scenarios  should be structurally

different from each other (Tietje, 2005).

(Definitely Plausible) (Coyle & Yong,
1996). It is based on the assessment of

factor level pairs.

Scenarios are compared with each other

based on factor levels (Tietje, 2005).

Comprehensibility Scenarios should be detailed enough  Workshops
(Wilson, 1998).
Probability Scenarios ~ should be probable Decision makers assign probabilities to

(Bradfield, Wright, Burt, Cairns, & Van
Der Heijden, 2005).

scenarios or factor levels.




Table 1.1 (continued): Quality criteria in scenario development

Scenario Quality Criteria Explanation Measurement

Relevance Scenarios should be appropriate to the ~ Workshops
decision field (Durance & Godet,

2010).

Creativity Scenarios  should provide novel Workshops
solutions (Pereverza, Pasichnyi,
Lazarevic, & Kordas, 2017).

Coverage Scenarios  should cover relevant The number of scenarios among final
developments,  strategic ~ options, scenarios that are aligned with the goal
external and internal factors (Tourki, / Total number of scenarios that are
Keisler, & Linkov, 2013). aligned with the goal

Desirable Scenarios should be aligned with the =~ Workshops
desired visions (Pereverza et al., 2017).

Efficient Scenarios should be highly =~ Workshops
representative and consistent (Tietje,

2005).

Tangible Scenarios should be comprehensiveand ~ Workshops
explicit (Wiek & Binder, 2005).

Shared Decision makers should agree on the =~ Workshops

Manageable number of scenarios

scenarios (Wiek & Iwaniec, 2014).

The number of final scenarios should be
small to decrease complexity and
redundancy for strategic planning

(Tietje, 2005).

There is no defined rule, but researchers
set a specific number for final scenarios

usually between 3-7.

1.1 Scope and Purpose of the Thesis

This thesis focuses on the fourth and fifth phases of the scenario planning process:

scenario development and scenario transfer. Scenario development aims to construct

scenarios, evaluate them and obtain a manageable number of scenarios among the

whole scenario set after determining the scenario field, its factors and corresponding

factor levels, while scenario transfer aims to convert the selected scenarios into

strategies.



Scenarios are constructed by combining one factor level from each factor. For instance,
consider a problem consisting of 10 factors each with four levels, the total number of
scenarios will be 4*10 which equals 1,048,576. In real life problems, the number of
factors and levels can be significantly higher, leading to a larger number of scenarios.
It is not practical to assess such a large number of scenarios as it is difficult for experts
to comprehensively assess these complex scenarios. Moreover, as the scenarios are
constructed by a number of factor levels, it would not be reliable to make an
assessment considering all factor levels at the same time. Therefore, it would be more
reasonable to ensure that the factor levels become measurable, and then obtain scenario
values through the evaluations on a limited number of factor levels. The structure of

this approach is given in Figure 1.1.

Scenairos Factor Levels Criterion1  Criterion2  Criterion 3

Factor level 1.2

= Factor level 1.1

1 _Factor level 1.4

RN 7 /™| Factor level 2.1
AT Factor level 2.2
g R L~

Scenario 524289 |

I\ Factor level 2.4
Scenario 524290 (=

7~ Factor level 3.1
Factor level 3.2

R Factor level 4.1
<[ Factor level 4.2

AN E .
O\ Ny
| Factorlevel 4.4
A - N

S

Factor level 10.1
Scenario 1048576 |~

Figure 1.1 : The structure of the problem.

The one of the main objective of the thesis is to select a manageable number of
scenarios that cover as much of the future space as possible. However, for effective
scenario selection, scenarios need to be both measurable and comparable. Since
scenarios and their associated factor levels are inherently qualitative, they are not

directly measurable or comparable. To address this, the factor levels will first be



quantified using relevant criteria. Each factor level will be evaluated based on multiple
criteria, and these evaluations will be weighted and combined to produce numerical
values for the factor levels. Subsequently, scenarios will be quantified by aggregating
the numerical values of the factor levels that construct each scenario. A small number

of scenarios will then be selected using appropriate techniques.

Another main objective of the thesis is to demonstrate how the selected scenarios can
be converted into actionable strategies, as scenario transfer is just as important as
scenario selection. Since scenarios outline potential future directions, it is pivotal to
use them to identify which objectives will be important and which actors will need to
collaborate. This approach allows for the identification of strategies aligned with these
objectives. Ultimately, this process ensures that the insights gained from scenario

planning are effectively applied to guide decision-making and strategic planning.
The objectives of the study and how to address them are provided as follows:

o Identifying criteria: Criteria which are capable of evaluating factor levels and

also significant for the study area are identified.

e Establishing relevant scales: Appropriate scales for evaluating factor levels

and determining criteria weights are established.

e Aggregating criteria evaluations considering criteria interaction:
Evaluations of factor levels with respect to criteria are aggregated taking into
account criteria interactions. Consideration of criteria interactions is critical for
producing more realistic and reliable results. In real life decision making
problems, the criteria may interact, resulting in amplified or diminished effects.
For example, when two highly valued criteria are satisfied, other criteria may
lose importance. To achieve this, it is necessary to use non-additive operators

for the integration process.

e Developing a model to revise evaluations: Non-additive operators are based
on measure theory, thus evaluations must satisfy the measure rules. So,

evaluations are revised complying with these rules.

e Constructing an indicator to calculate scenario values: An indicator
combining the factor level values to calculate scenario values is proposed to

ensure that the scenarios are comparable.



e Formulating a mathematical model for scenario selection: A mathematical

model is developed to help objectively select a small number of scenarios.

e Scenario transfer: Converting the selected scenarios into strategies is crucial
for the practical application of scenario planning. Since scenarios highlight
potential future developments, it becomes essential to identify objectives based
on the selected scenarios. Following this, actor analysis is conducted to explore
potential alliances and conflicts over the objectives. Strategies are then
developed in collaboration with allied actors to achieve these goals. In this
regard, it is proposed to use the MACTOR method, as it can be easily integrated

with the proposed scenario selection approaches.

1.2 Contributions

Existing studies in the literature use a single criterion for scenario assessment, usually
focused on consistency to make scenarios measurable. However, this approach
provides a narrow, one-dimensional vision of the future, frequently ignoring potential
unexpected developments. Typically, a scenario elimination procedure is conducted
based on this criterion, followed by a distance-based selection algorithm to represent
diverse scenarios. Such an iterative approach and relying on a single criterion lead to
a loss of valuable information. Evaluating the future from multiple perspectives and

making decisions based on different considerations will lead to better results.

The proposed methodology introduces a novel approach by employing a total of five
criteria. Three of these criteria, which are plausibility, adaptability and significance (
or sustainability) are utilized to evaluate factor levels, and the aggregation process
incorporates interactions between these criteria. The factor levels are weighted
according to the consistency criterion to obtain scenario values. This approach presents
a comprehensive methodology for combining criteria evaluations, offering more
reliable results by accounting for interactions among criteria. The final criterion,
distance, is used in the scenario selection phase where two mathematical models are
developed to select a manageable number of scenarios, considering several constraints.
The first model maximizes only distance among scenarios, while the second is a multi-
objective model that integrates both distance and scenario values. The latter model
presented provides flexibility to practitioners, allowing for adjustments based on the

importance of different parameters in the objective function.



To the best of our knowledge, this is the first time where multiple criteria are
simultaneously utilized, also with their interactions employed by Choquet integral as
a non-additive aggregation operator. The multi-objective scenario selection model
provides a comprehensive framework considering multiple criteria and diverse
scenarios to ensure a more accurate and representative selection. The methodology
effectively reduces information loss and enhances the comprehensiveness and

accuracy of the scenario assessment and selection process.

Studies on scenario evaluation and selection in the literature often lack a practical
perspective on how to use the selected scenarios. However, the selected scenarios offer
valuable insights into what the future environment may look like. Developing
objectives, projects, or opportunities aligned with these scenarios is key to making the
insights actionable. Therefore, after selecting the scenarios, determining objectives
based on them, conducting actor analysis using the MACTOR method, and identifying
strategies informed by this analysis provide a practical framework for utilizing the

scenarios effectively.

1.3 Publications and Their Relations

Within the scope of the thesis, three international publications about scenario planning
have been produced apart from conference papers. Two of them propose new
methodologies for the scenario development phase, while the third demonstrates the
practical application of the selected scenarios proposing a framework for utilizing
scenario outputs such as objectives and projects. Methodological papers focus on
scenario evaluation and selection. In these studies, factor levels were evaluated with
respect to multiple criteria, and Choquet integral was employed as a non-additive
aggregation operator to aggregate evaluations, taking into account the criteria
interactions. The evaluations were combined to obtain the numerical values of the
factor levels. Factor levels were weighted with the consistency criterion to obtain

scenario values and mathematical models were developed for scenario selection.

In the publication titled “A Novel Scenario Planning Approach Considering Criteria
Interaction in Multi-Criteria Evaluation: An Application to Urban Mobility” a
methodology for scenario evaluation and selection is proposed, with an application
focused on urban transportation in a metropolitan city for the year 2035. In this study,

the Sugeno A-measure was used to account for criteria interactions. To simplify the



experts' evaluations, criteria weights and interactions were captured linguistically.
However, only positive synergies are assumed to exist. A non-linear mathematical
model was developed for scenario selection, aiming to maximize the differences (in
terms of distances) between the selected scenarios. Additionally, the values derived
from four criteria, based on the factor levels of the scenarios, were constrained to be
higher than a certain threshold to ensure that the scenarios attributed higher values by

the experts are considered.

In the first study mentioned, assuming the existence of only positive synergy
constitutes a significant drawback. Additionally, the mathematical model focused
solely on maximizing distance during scenario selection, resulted in some information
loss, and non-linearity could negatively affect the solution time in complex problems.
To address these shortcomings, the study titled “A Novel Approach to Scenario
Assessment and Selection” was prepared, featuring an application for the warehouse
system of a medium-sized manufacturing facility, projecting to the year 2030. In the
study, experts provided evaluations of factor levels and both individual and joint
criteria weights using a pre-defined scale. Additionally, the synergies between criteria
were assessed as binary, being either positive or negative. Since the Choquet integral
was used as the aggregation operator, it was essential for the criteria weights to comply
with the measurement rules. To ensure compliance with these rules and to derive a
consensus value when multiple decision-makers were involved, a quadratic
mathematical model was developed. In this way, the individual and joint weights (with
interactions) of the criteria were revised. A multi-objective mathematical model for
scenario selection, proposing a flexible model that aims to maximize both scenario
values and the differences between scenarios, was developed. The model results in
terms of the selection of diverse scenarios were validated using Multidimensional
Scaling (MDS) by projecting the scenarios onto a two-dimensional plane.
Additionally, the proposed method was compared with several methods used in the

literature to evaluate its effectiveness.

In the two publications mentioned, the focus was the selection of a manageable number
of scenarios. However, the practical application of these selected scenarios was not
explored. Considering the selected scenarios, various future objectives or projects can
be developed. To ensure a strategic advantage, it is essential to analyze these objectives

and conduct an actor analysis to determine with whom collaboration should be
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pursued. Therefore, in the study titled “A Systematic Approach to the Analysis of
Barriers and Drivers of the ESCO Market in Turkey,” an application was conducted
on the energy service contracting market, examining the necessary objectives and
relevant actors. The study identified key barriers through structural analysis, and
objectives were developed to overcome these barriers. The MACTOR method was
then used to analyze the relationships between actors and objectives. The method
explores potential alliances and conflicts by examining both actor-actor and actor-
objective relationships. As a result, strategies for achieving the objectives in
collaboration with allied actors were determined. This approach provides a systematic
framework for transitioning from scenario selection to strategy development, by
analyzing the objectives corresponding to the selected scenarios and the relevant

actors.

The relations among publications are given in Figure 1.2. and the overview of the

research papers is given in Table 1.2.

11



The paper titled “A Novel Scenario Planning Approach Considering Criteria Interaction
in Multi-Criteria Evaluation: An Application to Urban Mobility”
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The paper titled “A Systematic Approach to the Analysis of Barriers and Drivers of the ESCO Market in Turkey”
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Figure 1.2 : Relations among publications
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Table 1.2 : Overview of research papers

Papers Type of Contribution Main Concepts Proposed and used methods Application Areas
Paper 1 (Chapter 2) Methodological Criteria, factors and Non-additive measure and Urban Mobility in a
constraints integral, criteria based Metropolitan city
weighting indicator, Non-
linear mathematical model
Paper 2 (Chapter 3) Methodological Criteria, factors and Quadratic and Linear Warehouse of a Production
constraints mathematical models, Non- Facility
additive integral, criteria
based weighting indicator
Paper 3 (Chapter 4) Applied Actors and Objectives Structural Analysis and Energy Service Contracting

MACTOR

Market
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2. ANOVEL SCENARIO PLANNING APPROACH CONSIDERING
CRITERIA INTERACTION IN MULTI-CRITERIA EVALUATION: AN
APPLICATION TO URBAN MOBILITY!

Scenario planning has been recognized as a valuable approach for strategic planning
to address uncertainty by exploring possible future scenarios (Stead & Banister, 2003;
Stojanovié¢, Mitkovi¢, & Mitkovi¢, 2014). Since decisions made today will affect the
future performance of a system, foreseeing future developments and challenges is a
prerequisite for success in future plans. Rather than accurately predicting the future,
scenario planning studies support dealing with unexpected and challenging future
developments (Enoch et al., 2020). Scenarios can help strategic planners build a
sustainable system by exploring how future events may evolve through addressing
uncertainties, providing insight into long-term impact of decisions and, revealing

opportunities and threats.

A scenario represents a combination of potential developments in the future (Bood &
Postma, 1997). Scenarios can be constructed by qualitative approaches such as
deductive method (Ramirez & Selin, 2014) or by using combinations of future
projections (Schoemaker, 1995). However, qualitative research often focuses on
exploring complex phenomena in-depth, but it may provide a limited breadth of
information (Behling, Gifford, & Tolliver, 1980). To reduce complexity and difficulty
in the evaluation phase of scenarios, building scenarios based on combinations of
future developments is more appropriate due to their decomposable structure

(Gausemeier et al., 1998).

To be able to evaluate and compare scenarios, various criteria have been suggested.
The common criteria in the literature to evaluate scenarios are plausibility,
consistency, probability, novelty, relevance, completeness, transparency, and diversity

(Amer, Daim, & Jetter, 2013). Despite the variety of quality criteria, many quantitative

! This chapter is based on the paper “Yanmaz, O., & Asan, U. (2024). A novel scenario planning
approach considering criteria interaction in multi-criteria evaluation: An application to urban
mobility. Decision Science Letters, 13(2), 461-470.”
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methods in which scenarios can be decomposed into simpler future states (e.g.
projections) commonly use plausibility, consistency and diversity (i.e. distance)
(Gausemeier et al., 1998; Tietje, 2005; Lord, Helfgott, & Vervoort, 2016). Based on
the values obtained through these criteria, an elimination procedure is implemented to
derive a manageable number of scenarios. This is often necessary, since in a scenario
study, there can be thousands or even millions of scenarios depending on the number
of factors and their alternative future states. Therefore, the number of scenarios should
be reduced before initiating the strategic planning process to reduce complexity.
However, most of the methods perform elimination procedures that consider the
criteria only sequentially to evaluate scenarios. This leads to the loss of valuable
information about possible futures. Using sequential elimination or relying only on a
single criterion might result in ignoring some significant scenarios that might occur in

the future.

Scenario planning begins with identifying significant factors relevant to the area of
concern and their projections which are different future developments of factors. Each
scenario is constructed by combining one projection from each factor. All the
combinations create the scenario set. Scenarios can be thought of as alternatives in a
typical multi criteria decision making (MCDM) problem. The scenarios need to be
evaluated with respect to criteria. In this respect, it is similar to MCDM problems.
However, since there are too many scenarios in a scenario planning practice,
depending on the number of factors and their projections, and scenarios are based on
various projections, it is really hard and complex to evaluate scenarios directly. So it
will be more appropriate to evaluate projections and then aggregate their values. This
approach offers an advantage for the simplification of the evaluation process. The

framework of the problem is given in Figure 2.1.

To address the limitations in the literature (the most relevant papers are given in Table
2.1 for comparison purposes), a novel approach is proposed to improve scenario
evaluation and selection process in this study. The main contribution of the scenario
evaluation process lies in obtaining scenario values by considering multiple criteria
and their interactions. Criteria that may appear insignificant on their own can have a
substantial impact on the system when considered jointly, therefore, interactions play
a crucial role in determining the outcomes of various systems (Cigdem Kadaifci, Asan,

& Bozdag, 2020). By considering the weights of individual as well as joint criteria, the

16



values of future projections are expected to be more accurate and representative due
to reduced information loss. To calculate joint weights of criteria, a Sugeno A-measure
based approach is presented. Choquet integral is used to aggregate multiple criteria
assessments considering their interactions. Following the scenario evaluation process,
scenario selection is performed by means of a mathematical programming model to
select a set of scenarios which cover a wide range of future developments. This
minimizes the risk of overlooking diverse possible future developments. The proposed
approach is applied to an urban mobility system in a metropolitan area, where
uncertainties are high due to many uncontrollable factors. Exploring scenarios for
long-term planning in metropolitan areas is crucial for gaining insights into future

transportation needs, modes and technologies.

Factors Projections Scenairos Criterion1  Criterion2  Criterion 3

Projection 1.1 ——

Factor 1

Projection 1.2

Projection 1.3 A

Projection 2.1 [

Factor 2 Projection 2.2 |

Projection 2.3 |

/"~ Scenario 10400
>} Scenario 11000

Projection 3.1
Factor 3

Projection 3.2

Projection 4.1

Factor 4 Projection 4.2 [

[ Scenario 20100
—{ Scenario 22000

Projection 4.3

Projection 10.1

e - ~—{Scenario 31104
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Figure 2.1 : Scenario building and evaluation structure
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Table 2.1 : Related Studies in the Literature

Scenario
Quality Multiple Criteria for
Criteria Selection
Source Criterion / Criteria Scenario
Interaction Method and
Criteria Consideration Elimination
Criteria
(De Kluyver Probability X X Probability Optimization
& based on
Moskowitz, probability
1984)
(Gausemeier  Consistency X X Consistency Cluster
etal., 1998) analysis
based on
similarity
(Tietje, Consistency v X Consistency  Optimization
2005) and distance ] based on
(Sequentially) distance
(Bruno Consistency v X Consistency  Optimization
Mazzorana, and distance . based on
Hiibl, & (Sequentially) distance
Fuchs, 2009)
(Lord et al., Plausibility v X Plausibility Optimization
2016) and diversity ) based on
(Sequentially) e sity
(Seeve & Consistency v X Consistency  Optimization
Vilkkumaa, and diversity ] based on
2022) (Sequentially) diversity
Proposed Plausibility, v v Plausibility, Optimization
Approach Sustainability, ) Sustainability, based on
Adaptability, ~(Simultancously) Adaptability,  dissimilarity
Consistency, Consistency
Dissimilarity

The rest of the paper is organized as follows. The theoretical basis of fuzzy measure
and the Choquet integral, and the methodology of the proposed approach are described
in Sections 2 and 3, respectively. An application about the evaluation and selection of
urban mobility scenarios is presented in Section 4. Finally, conclusions and limitations

of the study are provided in Section 5.

18



2.1 Theoretical Basis Of The Proposed Approach

2.1.1 Sugeno A-measure

The suggested method incorporates a fuzzy (i.e. non-additive) measure to evaluate
scenarios based on multiple criteria. Therefore, it would be useful to briefly describe

a fuzzy measure.

A fuzzy measure does not follow the usual rules of addition. That means, the total
measurement may not simply be the sum of the individual measurements, as
interactions or relationships between the parts play a significant role in determining
the overall measurement. By considering the interactions between parts, fuzzy
measures provide a more comprehensive understanding of the properties being
measured. There are different types of fuzzy measures. A-measure, as one of the well-
known fuzzy measures (Mohamed & Xiao, 2003), was proposed by Sugeno (1977) to
decrease the complexity of the decision making process. A-measure allows us to
calculate the measure of any set of elements taking into account interactions among
them with the unique parameter A if the measures of any two partitions of the set are
known. In this way, the A-measure captures the complex dependencies and interactions
between different subsets of elements in the set. However, A value is unique for all
subsets. Fuzzy measure and A-measure are defined as follows in Definitions 1 and 2,

respectively:

Definition 1: (Michio Sugeno, 1974) Let X be a finite set and a fuzzy measure u
defined on X be a set function u: P(X) — [0,1], where P(X) is power set of X. It has

following properties:
1. Boundary, u(@) = 0, u(X) = 1.
ii. Monotonicity, u(A) < u(C)if A < C.

Definition 2: Let X = {x, x5, X3, ..., X,,} be a finite set and consider A € (—1, ), A-

measure is a function g; : 2% — [0, 1] such that it satisfies the following conditions:

L g,(X) =1
ii. If A,B € 2% then g, (AUB) = g;(A) + g5 (B) + 1g,(A)g;(B) with
ANB =9
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Using these properties, Eq. 2.1 is obtained to find the unique value of 1 on the interval

(Leszczynski, Penczek, & Grochulski, 1985).
A+1=TI;(1 + Ag;), where g; = ga(x;) (2.1)
2.1.2 Choquet integral

Choquet integral (Choquet, 1954) is a non-additive aggregation operator that relies on
fuzzy measures (Ridaoui & Grabisch, 2016). It combines multiple criteria values into
a single value representing individual weights of criteria and also interactions among
them. In many application areas especially decision making, there exist interactions
among criteria or elements (Shieh, Wu, & Liu, 2009). Choquet integral (Chl) is a more
appropriate aggregation function for such problems than classical operators such as
weighted sum and ordered weighted averaging to produce more accurate results. The

basic definitions are given as follows:

Definition 3: (Grabisch, 1995) Let u be a fuzzy measure on the set X =
{x1,%2,x3, ..., xp}. The ChI of a function f:X — [0, ] w.r.t. fuzzy measure yu is

defined as:

Jfdg =31 (f(x) — f(xi—q))u(4) (2.2)
where the indices i = 1, 2, 3, ..., n represents the position of permutated function 0 <

flx1) < fxp) < f(x3) <+ < f(xp) .f(xp) =0and 4; € X.

2.2 Proposed Approach

In this study, a novel approach is proposed to evaluate and select scenarios to be used
in the strategic planning process. As explained in Section 1, scenarios are
representations of possible developments that arise from a variety of factors. Possible
developments of each factor are described by future projections and a scenario is
constructed by combining one projection from each factor. Since scenarios could not
be evaluated efficiently as a whole due to their complex structures, they are evaluated
based on these projections. This is essential for simplifying the evaluation process.
Projections are assessed with respect to multiple criteria and the assessments are
aggregated using Chl which considers joint criteria weights that represent interactions
between criteria. A new Sugeno A-measure based approach is suggested for the

calculation of joint criteria weights. Then, the overall value of each scenario is
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calculated using aggregated projection pairs weighted by their consistency. Since the
number of scenarios might be excessive based on the number of factors and
projections, it is crucial to select a representative set of scenarios that effectively covers
the future and ensures a manageable number of scenarios. Accordingly, a
mathematical programming model is developed to address this combinatorial problem.
In summary, the proposed approach provides a systematic framework for scenario
evaluation and selection that can help decision makers taking part in strategic planning.

The steps of the approach are given below:

Step 1. Identifying factors, their projections and criteria: First, factors and their
possible future projections relevant to the problem area are identified, then, related
quality criteria are determined based on expert opinions and literature review. The
factors are denoted by the set F = {ft,, ..., ft;} and the set of projections of factor i
are ft; = {pil, ...,pi]}, where ft; € F, factor indices i = 1, ..., I and level indices j =
1,...,J. The criteria are represented by the set C = {cy, ..., cy}, where ¢, € C and

indicesu =1, ..., U.

Step 2. Assessment of projections and criteria weights: Projections are assessed
with respect to the determined criteria and experts assign individual weights to each
criterion based on a predefined scale. The value of the projection p;; w.r.t criterion ¢,

and the weight of the criterion ¢, represented by fuzzy measures are denoted by

f;%'j (cy) and u(c,) (i-e. Hey,)-

Step 3. Calculation of joint criteria weights: The Sugeno A-measure is a widely used
method to calculate joint criteria weights. However, it may be restrictive due to using
a single parameter value for all interactions. Each criteria subset has its own unique
relationship, so it needs to have a specific A value. To address this issue, a new method
is proposed to calculate joint criteria weights considering different A values for each
criteria subset. Experts provide assessments using rating scale corresponding to criteria
interactions in the interval [0,1]. Using Eq. 2.3, joint criteria weights are calculated by

satisfying the fuzzy measure properties.

ug =max(pa + pp + Ag pa pp) (2.3)
where VE € X,VA,BCE,|A|<|B|<|E|, ANB =0 (i.e. uy5,3 = max(u, +
Uz + A2z My Moz, M2 + Mz + Aiz3 Mo a3, U3+ paz + Ai23 U3 fa2). The max
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function is performed to satisfy the monotonicity property. If uy # 1, the weights are

normalized using the equation u,* = % .
X
Step 4. Calculation of projection values: The Chl is used to obtain overall value for

each projection denoted by Vo by aggregating assessments with respect to multiple

criteria using Eq. 2.4.

Vg = e (Fou ) = foy Cu)) tia,” 24)

Step 5. Calculation of scenario values: Since scenarios are constructed by combining
projections of different factors, scenario values are calculated by aggregating
projection values obtained in the previous step. In aggregating the projection values,
consistency, which serves as the most commonly employed criterion in scenario
planning (Amer et al., 2013), is utilized as the weighting factor. The main assumption
is that the consistency between projections determines the consistency of the scenario.
In this study, only pair-wise consistency is considered to minimize the complexity that
arises from including higher-level combinations (i.e. bundles of three or more

projections). The proposed equation to obtain scenario values is given in Eq. 2.5.
SVie = Z{Pij'pyz }EW(VPU‘ + prz) CONp,ipy, (2.5)

where Conp, p,,, 15 the consistency value for the projections p;; and p,,, in scenario k,

Sk = [p1j - pi1j], SV is the value of scenario k, k = 1,...,K. W is the set of two-

element subsets of the scenario k.

Step 6. Selection of a manageable number of scenarios: A small and manageable
number of scenarios should be selected to simplify and improve the strategic planning
process. Also, strategic planning should be based on effective and diverse scenarios to
cover future developments. Thus, organizations can adequately prepare for the future
and ensure their readiness to tackle upcoming challenges. A nonlinear programming
model is developed to select a reasonable number of scenarios under several
constraints. The aim is to maximize the total distance between the selected scenarios.
A dissimilarity measure is defined to determine the distance between scenarios as

given in Eq. 2.6 (Prasetyo & Purwarianti, 2014).

|F|l-m
|F|

Dy = (2.6)
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where Dy is the dissimilarity (i.e. distance) value between scenario k and scenario t,
|F| is the number of factors and m is the number of projections matching in scenario

k and scenario t.

The model is formulated as follows:

Indices

k,t: Index for scenarios (1, ..., K)

Parameters

SV, The value of scenario k

Dy The distance between scenario k and ¢

TH: Threshold value for scenario values

MaxS§: The maximum number of scenarios to be selected
MinD: The minimum distance between scenarios to be selected
M: Big number

Decision Variables

S {1, if scenario k is selected
k-

0 o/w
Max Zlk(_lngk Dyt SiSt (2.7)
YK Sk < MaxS (2.8)
Sy=1 k = argmax;=,_ SV; (2.9)
TH—-SV, <M (@1-S5) Vk (2.10)
Dy = MinD S, S; Vk,t vek <t (2.11)
Sk € {0,1} vk (2.12)

The objective function (Eq. 2.7) aims to select a scenario set which has the maximum
total distance between scenarios. The number of scenarios to be selected is limited by
Eq. 2.8. Eq. 2.9 ensures that the scenario with the largest value is selected. Eq. 2.10
guarantees that scenarios are eliminated if their values are lower than the threshold
value. Eq. 2.11 ensures that there is at least a specified distance between scenarios to

be selected.
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The model produces a scenario set which includes diverse scenarios being able to
cover a wide range of possible future developments with relatively high scenario

values based on several criteria.

2.3 Scenario Planning Application for Future Transport

Urban mobility needs are changing due to environmental, social, technological and
economic factors. Climate change, technological advancements in electric and
autonomous vehicles, shared mobility, and scarcity of energy resources necessitate a
shift from conventional transportation that has not provided economical and
sustainable solutions. In order to address these issues and satisfy residents'
expectations, effective strategies must be developed. Especially, metropolitan cities
face even more challenging problems including growing population, traffic
congestion, air quality, parking, safety, noise pollution, accessibility and integration of
transport modes. Moreover, the dynamic nature of these cities increases uncertainty,
making it difficult to develop strategies. Therefore, a scenario planning study was
performed to explore potential scenarios for 2035 that help to build a sustainable future
transport plan for a metropolitan city and also show the applicability of the proposed

approach.

According to experts’ opinions and literature review, 12 factors and 29 projections in
total that are expected to be highly effective in future transport were identified. The
expert group consists of a team of 11 individuals comprising transportation analysts,
academics, and public transport planners. The required information was obtained

through interviews.

Factor and projections are given in Table 2.2. Three criteria were defined to assess
projections, which are plausibility (c;), sustainability (c,), and adaptability (c3).
Plausibility measures the degree of being capable of happening. Sustainability
quantifies (either in positive or negative way) the level of environmental and economic
contribution to sustainability of the determined projections. Adaptability measures the

ability to adjust and cope with changes, reflecting the system’s capacity for adaptation.

Projections were assessed w.r.t. three criteria given in Table 2.3, using the predefined
scales. Plausibility and sustainability were assessed on a scale ranging from very low

to very high within the interval of [0,100]. Adaptability, on the other hand, was
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evaluated on a scale ranging from very high to very low within the interval of [0, 100].
The scale is reverse because exploring low adaptable projections is significant for the
organizations. We aim to determine plausible scenarios as well as critical scenarios in
terms of sustainability and adaptability. Individual criterion weights were assessed
using a scale ranging from 0 to 1. To reduce the complexity of the assessments, a rating
scale (no interaction (0), very low (0.2), low (0.4), medium (0.6), high (0.8), very high
(1)) was used for criteria interactions as given in Table 2.3. Joint criteria weights were
calculated using these assessments by Eq. 2.3 for three criteria and they were

normalized because fi¢ (123) was not equal to 1. Criteria weights are given in Table

2.4.

Table 2.2 : Factors and projections

Factors

Projections

Travel Behavior of the Majority (ft;)

Car Ownership (ft,)

Work Style (ft3)

Environmental awareness (ft,)

Land Use (fts)

New technologies for decarbonisation (Autonomous,
electric vehicles etc.) (ftg)

Regulations and policies (ft;)

Road Allocation (ftg)

Security (violence, harassment etc.) (fto)

Connectivity of Public Transport (ft,,)

Distribution of Wealth and Income (ft;;)

Real Time Transportation Data (ft;,)

Public transport (p11)
Individual vehicles (p;,)
Bike, scooter etc. (p13)

Increasing (p,;)
Current state (py)
Decreasing (p,3)

Remote work (p31)
On-office (ps;)

High (voluntary) (p,)
Medium (duty) (ps)

Low (p43)

High urban centric jobs and housing (ps;)
High urban centric jobs and housing more dispersed (ps,)
High urban centric housing and jobs more dispersed (ps3)

Limited (pg1)
Widespread (pg)

Strict regulations for reducing usage of fossil fuel vehicles (p;,)
Current state (p;,)

Road Allocations for bikes, scooters and public transports (pg)
Current state (pg,)

High concern over security threats (py;)
Low concern over security threats (po;)

High in only central areas (py0,1)
High in urban areas and limited in rural areas (p;¢,)
High in all areas (p;3)

Inequality gap increases (p111)
Inequality gap decreases (p;12)

Highly improved (p;2,)
Current state (p; )
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Table 2.3 : Criteria assessment

Criteria Weights Interactions Assessments

Plausibility (¢,) 0.40 Plausibility and Sustainability (;,) Medium (0.60)

Sustainability (¢,) 0.50 Plausibility and Adaptability (¢;3) Low (0.40)

Adaptability (¢3) 0.20 Sustainability and Adaptability (t,3) Very Low (0.20)
All three criteria (4153) High (0.80)

To clarify how to obtain joint criteria weights, the calculation of p;,3 is given
as 1,3 = max(0.4 + 0.72 + 0.8* 0.4 +0.72; 0.5+ 0.632 + 0.8 0.5 =
0.632;0.2 +1.02 + 0.8 0.2 * 1.02) = 1.3848.

Table 2.4 : Revised criteria weights

Criteria (A) ~ Weights (u4)  Normalized Weights (14")

1 0.40 0.289

2 0.50 0.361

3 0.20 0.144
1,2 1.020 0.737
1,3 0.632 0.456
2,3 0.720 0.520
1,2,3 1.3848 1.000

Projection values were calculated using Chl and fuzzy measures as shown in Eq. 2.4.
Assessments were aggregated to obtain a single overall value for each projection with
respect to three criteria. The values are given in the last column of Table 2.5. As an

example, the calculation for the projection “Public transport (p;4)” is given as follows:

Since  f(x3) < f00) < Q). Vo, = Tan (fpuy ) = iy, Cums) ) ta,” =
f(x3) pya3™ + (f(x1) - f(x3)) " + (f(xz) - f(x1)) Uz Vpll =201+ (70—
20) * 0.737 + (75 — 70) * 0.361 = 58.66.

Scenarios are quantified through the use of projection values. Initially, consistency
values between projection pairs are needed. These values were assessed by experts on
the scale [0, 1]. Considering the factors and projections, a total of 31,104 scenarios

were generated. A scenario value was calculated for each of these using the Eq. 2.5.

The values of the entire set of scenarios were not provided due to the space limitation,

yet an example calculation is provided for Scenario 1:
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Table 2.5 : Assessment and overall values of projections

Projections Plausibility ~  Sustainability  Adaptability (\)/Zilrl:l:
Public transport (p1,) 70 75 20 58.66
Individual vehicles (p;,) 60 75 35 58.84
Bike, scooter etc. (p;3) 55 60 25 48.92
Increasing (p,4) 40 70 60 54.01
Current state (p,5) 50 55 20 43.92
Decreasing (p,3) 55 75 45 59.59
Remote work (p34) 50 45 40 45.13
On-office (p3,) 50 45 40 45.13
High (voluntary) (p,,) 40 65 30 46.40
Medium (duty) (p4) 55 60 40 52.86
Low (p43) 40 70 50 52.42
High urban centric jobs and housing (ps,) 45 50 60 49.04
High urban centric jobs and housing more 50 45 30 42.50
dispersed(ps;)

High urban centric housing and jobs more 30 60 35 41.63
dispersed(ps3)

Limited (pg;) 35 55 45 43.81
Widespread (pg;) 50 55 45 50.49
Strict regulations for reducing usage of fossil fuel 60 75 40 60.16
vehicles (p;1)

Current state (p;,) 40 65 30 46.40
Road Allocations for bikes, scooters and public 45 70 50 54.82
transports (pgy)

Current state (pg,) 35 60 30 42.71
High concern over security threats (pgy) 55 75 70 64.61
Low concern over security threats (po;) 35 60 30 42.71
High in only central areas (p;,1) 30 55 25 37.71
High in urban areas and limited in rural areas (py,) 45 60 30 46.47
High in all areas (p193) 45 65 40 50.91
Inequality gap increases (p11,1) 60 55 65 57.45
Inequality gap decreases (p;1) 40 75 30 50.01
Highly improved (p;,) 70 60 40 57.63
Current state (p;,,) 40 45 50 43.32

Sl = [l11; l21; l31' l41) 151' l61' l71) 181' l91) 110,1' lll,ll 112,1]9

SVl = Z{pij.pyz }EW(V;?U + prz) Conpijpyz = ((%11 + VI721)Conp11Pz1 + (Vpu +

Vl731)conp11p31 + (VP11 + V1941)C0n1911p41 +ot (VP + V1961)C0n1951pe1 + (Vps1 +

51

Vo, )COMp p,y + o0+ (me,1 + %12,1)00%10,11)12,1 + (Vp11,1 + ]/plz,l)conpll,lplz,l) =
((58.66 + 54.01) x 0.1 + (58.66 + 45.13) x 0.3 + (58.66 + 46.40) X 0.8 + -+ +
(49.04 + 43.81) x 0.4 + (49.04 + 60.16) X 0.4 + -+ (37.71 + 57.63) x 0.4 +
(57.45 + 57.63) x 0.4) = 3251.68
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where the set W ({{Pn: P21} P11, P31} P11, Parh s {P81:P12,1}: e {P10,1’P12,1}’

{P11,1»P12,1}}) includes all pairs in Scenario 1.

Upon completion of the entire process, every scenario has a numerical value which
makes them comparable. This is essential to have the ability to choose a number of
influential scenarios in the future in order to take the necessary actions and precautions
at present. In addition, selected scenarios should be different from each other to cover
a wide range of future developments. Dissimilarity was used to measure the distance
between all scenario pairs. For example, distance between S; = [1;1, [21, 131, 141, I51, s,
171, Is1, lo1, Lio1, Lin1, Li2,0] and S2 = [111, o1, 131, La1, Is1, ls1, 171, Lsi, og, Lo, 1121, 112,2] 18

%, since 11 projections are matched. All distances were calculated using Eq. 2.6 and

considered as a parameter in the mathematical model. Scenario values were also
represented as a parameter in the model. The experts established the remaining
parameters as follows: the maximum number of scenarios (MaxS) was set at 4, the
minimum distance between scenarios (MinD) was set at 0.55, and the threshold value
(TH) was set at 3500, which falls between the third quartile and the maximum scenario
value. The mathematical model was solved using Gurobi 9.5 with Python 3.8. The

selected scenarios are given in Table 2.6.

The most prominent scenarios emerged as “Responsible Development”, “Efficient and
Green”, “Individualist” and “Chaotic”. Responsible Development: The usage of fossil
fuel cars has been limited and eco-friendly vehicles have increased. After the
pandemic, the work style will significantly change. Although public transport is the
major transportation mean, people will continue to use their own vehicles. According
to the scenario "Efficient and Green", people’s environmental awareness will increase.
They will prefer public transportation rather than individual vehicles, because public
transport will become widespread not only in urban areas but also in rural areas.
Technology will be adapted to both vehicles and urban transport systems. Security
problems will be solved. According to the scenario "Individualist", regulations will be
employed for fossil fuel cars. Environmental awareness will increase. However, car
ownership will increase since there will be several problems such as security and road
allocations. People will prefer individual vehicles due to the lack of necessary

precautions to improve the urban transport system.
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Table 2.6 : Selected scenarios

Factors Scenario 4326  Scenario 7415  Scenario 13183 Scenario 13322
(Scenario No.) (Efficient and (Individualist) (Chaotic)
(Responsible Green)
Development)
Travel behavior of the majority Public transport  Public transport  Individual Individual
vehicles vehicles
Car ownership Current state Decreasing Increasing Increasing
Work Style Remote work Remote work On-office On-office
Environmental awareness Medium (duty) High Medium (duty) Low
(voluntarily)
Land Use High urban High urban High urban High urban

New technologies for
decarbonisation

Regulations and policies

Road allocation

Security

Connectivity of public transport

Distribution of wealth and income

Real time transportation data

centric jobs and
housing more
dispersed

Widespread

Strict
regulations for
reducing usage
of fossil fuel
vehicles

Road
allocations for
bikes, scooters
and public
transports

High concern
over security
threats

High in urban
areas and
limited in rural
areas

inequality gap
increases

Current state

centric housing
and jobs more
dispersed

Widespread

Strict
regulations for
reducing usage
of fossil fuel
vehicles

Road
allocations for
bikes, scooters
and public
transports

Low concern
over security
threats

High in all areas

inequality gap
decreases
Highly
improved

centric housing
and jobs more
dispersed

Widespread

Strict
regulations for
reducing usage
of fossil fuel
vehicles

Current state

High concern
over security
threats

High in urban
areas and
limited in rural
areas

inequality gap
decreases
Highly
improved

centric jobs and
housing

Limited

Current state

Current state

High concern
over security
threats

High in only
central areas

inequality gap
increases

Current state

According to the scenario "Chaotic", people will be unwilling to embrace new
technologies and consider environmental impacts, resulting in a failure to implement
essential measures for enhancing the urban transport system. Thus, people will turn to
more individualistic options. These scenarios examined by area experts were found to

be relevant and applicable.

The selected scenarios contain several opportunities and barriers. For example, with
the increase in environmental awareness, the interest in public transportation has
increased and car ownership has decreased or with the increase in individualism, car
ownership and individual transport modes have increased. Actions should be taken for

future developments which are seen as a barrier like high security concerns. According
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to the selected scenarios, strategies for decarbonization of public transport system,
feeder routes of different transport modes, traffic calming, integration of transfers, and
technology usage in network management control centers can be developed. For
example, parking regulations, congestion charging and neighborhood mobility centers
can be established for the individualist scenario. The scenarios also show projections
which can co-exist and are affected from each other. Specific projects can also be

developed considering these projections.

2.4 Scenario Transfer

Scenario transfer is an important phase for the practical usage of scenarios. Once the
scenarios are selected, their contents, opportunities, and barriers are analyzed to set
relevant objectives. Strategies are then developed to reach these objectives. However,
other actors within the sector significantly influence these objectives, with existing
power dynamics among them. Therefore, the MACTOR method is applied to identify
potential allied and conflicted actors and develop strategies in alignment with allied

actors to achieve the objectives effectively.

In the future transport application, four scenarios which were given in section 2.3 were
selected. For “Responsible Development”, the objective could be an accessible,
affordable, integrated and inclusive transportation system. Since car ownership may
remain high with limited public transport in rural areas, dispersed housing, and
transportation data behind the technological advances, the objective could be to create
a system that ensures broad access to transportation which minimizes car dependency
considering the strict regulations to reduce the use of fossil fuel vehicles. In the
“Efficient and Green” scenario, the objective could be an environmentally sustainable
transportation system. High environmental awareness is expected to drive public
transport usage, reduce car ownership and facilitate the adoption of strict regulations.
All developments in the scenario support the use of fossil-free fuel vehicles, bicycles,
scooters and other eco-friendly modes of transportation, making it an ideal foundation
for building a sustainable system. For the “Individualist” scenario, the focus could be
on enhancing safety and security in travel. With a preference for personal vehicles,
lower environmental awareness, and security concerns, a priority objective would be
ensuring a safe and secure transportation system. In the “Chaotic” scenario, individual

car use dominates, urban areas are densely populated, regulations are minimal, and
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safe travel is not guaranteed. Inefficient transport links and road designs would lead to
heavy congestion. Thus, the objective would be to reduce car dependency and manage

traffic congestion to mitigate environmental impacts.

Achieving these objectives requires collaboration with influential actors such as
municipalities, ministries, chambers of engineers, European Union. Therefore, actor-
objective and actor-actor analyses should be conducted using the MACTOR method
to identify potential collaborators and develop strategies. Details of this method are

provided in Section 4.

2.5 Conclusion

In this paper, a novel scenario planning approach is proposed for the evaluation and
selection of scenarios. The approach provides a systematic framework for the whole
process beginning with scenario development and ending with a manageable number
of scenario selection. The advantage of the method is that it takes into account multiple
criteria and the interaction between them, and also provides the selection of distinct
scenarios representing the future space. The four scenarios that have been obtained
reveal a valuable chance to identify potential opportunities, threats and challenges that
may arise regarding future urban mobility system. This in turn facilitates the
development of a long-term planning for building a sustainable and people oriented
system. Also, strategic planners can make informed decisions regarding which
strategies are most likely to be effective and sustainable in the long run by analyzing
these scenarios and associated outcomes.

The study has some limitations that should be noted. Determining interactions among
criteria may be complex as the number of criteria increases. For scenario planning,
since there are not many criteria, the approach is useful and straightforward. However,
it could be difficult to assess interactions for experts in some problems such as multi
criteria decision making problems. Different methods or approaches can be developed
when the criteria exceed five. Consistency is another limitation because only
projection pairs are taken into account. For the joint occurrences of more than two

projections, learning based methods can be utilized to extract from existing data.
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3. ANOVEL APPROACH TO SCENARIO ASSESSMENT AND
SELECTION?

In the information era, where technological advances and innovations shape our lives,
organizations and societies need to adapt to rapid changes for survival. However, this
is almost impossible without proper analysis of the environment (economic,
technological, political, social and ecological) and consideration of the associated
uncertainties and complexities. Therefore, foreseeing future changes and taking
reasonable actions become necessary to survive in a highly competitive environment.
These needs gave rise to the field of futures research (Gausemeier et al., 1998), which
aims to explore future developments (Bengston, 2019). Various tools and methods
including scenario planning, Delphi, trend impact, cross-impact, expert group meeting,
multiple-equation models, futures wheel, futures polygon, and time series have been
developed or used within the scope of futures research (Bengston, 2019; Gordon,

1992).

Scenario planning stands out as one of the most important and widely employed
methods in futures research (Bishop et al., 2007). It supports the decision making
process under risk and uncertainty at a strategic level and provides a systematic way
to deal with the limited cognitive capacity of experts in the assessments regarding the
examination of possible alternative futures (Amer et al., 2013; Stojanovi¢ et al., 2014).
Scenario planning also enables organizations to be prepared for the future by
foreseeing and managing opportunities and threats involved in alternative futures
(Cornelius, Van de Putte, & Romani, 2005). Thus, the negative effects of impactful
future events can be minimized as in the Shell case. Depending on the purpose of use
and the research domain, the term “scenario” has been defined in different ways. Kahn
defines scenario as a set of developed theoretical events to make causal events

understandable (Kahn & Wiener, 1967). According to Tietje, scenario is a future state

This chapter is based on the paper (Accepted by Reviewers) “Yanmaz, O., & Asan, U. A novel
approach to scenario assessment and selection. International Journal of Information Technology &
Decision Making”
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constructed by a combination of several factors (Tietje, 2005). There are also some
definitions in the literature that specify what a scenario is not. For example, scenario
is not a prediction (Gausemeier et al., 1998), preference (Cornelius et al., 2005) or a

future reality (Durance & Godet, 2010).

A typical scenario planning process consists of the following stages (Godet, 1994;
Schoemaker, 1995; Gausemeier et al., 1998; Polat & Asan, 2005; Saritas & Aylen,
2010; Sardesai, Stute, & Kamphues, 2021): i. “defining the decision field and
formulating the scope of the problem, ii. determining key factors that deserve more
attention in the future, iii. identifying future projections (i.e. levels) of the determined
factors, iv. developing multiple scenarios and selecting a manageable subset of them,
and v. transferring scenarios to strategies. The current study focuses on the relatively
complex fourth stage of this process. Several studies have been suggested to improve
the effectiveness and efficiency of the scenario development, assessment and selection

process.

The development and assessment of scenarios may follow one of two distinct
traditions: qualitative and quantitative. The qualitative approaches (such as the
Scenario Matrix (Rhydderch, 2017) and the Wilson Matrix (Wilson, 1998) are
generally regarded as highly subjective and biased (Favato & Vecchiato, 2017), and
suffer from limited cognitive capacity of the experts (Hogarth, 1987) in considering
several factors simultaneously. To address these issues, quantitative or semi-
quantitative approaches have been introduced in forming complex scenarios.
According to these approaches scenarios are developed through combinations of factor
levels (Gausemeier et al., 1998; Tietje, 2005). Instead of assessing entire scenarios, the
mentioned formulation simplifies the process by focusing on assessing individual
factor levels and combining them into an overall score for each scenario. Essential in
this assessment process are quality criteria (Kosow & Galiner, 2008), also referred to
as scenario validation criteria (Amer et al., 2013). Therefore, the specific criteria and
the process through which these criteria are combined to derive the quality of each
factor level need to be specified. Using quality criteria enhances the objectivity of
scenario assessments and enables decision-makers to prioritize scenarios (Wilson,
1998; Tietje, 2005; Durance & Godet, 2010; Van der Heijden, 2011; Jahanishakib,

Mirkarimi, Salmanmahiny, & Poodat, 2018) based on quantifiable metrics.
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The common criteria used in the literature are probability, plausibility, consistency,
novelty, comprehensibility, relevance, importance, transparency, completeness,
diversity, desirability, coverage and tangibility (Amer et al., 2013). Several methods
have been proposed to assess scenarios or factor levels using these criteria (Popper,
2008). However, even if these methods are effective tools and used in a wide range of
application areas (Amer et al., 2013), they have several pitfalls. For example, a
common criticism of the methods relying on probabilities is that it contradicts the main
purpose of scenario planning, which surely is not to select the most likely factors or
scenarios (Seeve & Vilkkumaa, 2022). In addition, it becomes often impractical to
estimate conditional probabilities due to the multitude of factors involved (Bishop et
al., 2007). Also, experts may assess probabilities based on the consistency among
different factor levels (Grienitz, Hausicke, & Schmidt, 2014). Considering only
plausibility or consistency in the assessment process is another point that has been
criticized in the literature. Relying on plausibility may limit the extent of exploratory
thinking (Crawford, 2019) while considering consistency alone might bring risk to
exclude scenarios being representative (Wollenberg, Edmunds, & Buck, 2000).
Similar criticism can be found in the literature for other quality criteria. A scenario
having a lower value with respect to a criterion does not mean that this scenario may
not occur. Therefore, using an assessment method based only on a single criterion may
lead to a loss of information and, consequently, a poor representation of the alternative
futures. There are also a few studies in the literature suggesting using more than one
criterion (typically two) (Tietje, 2005; Lord et al., 2016; Seeve & Vilkkumaa, 2022).
However, the suggested methods involve considering each criterion separately in
different stages or steps of the assessment process. Since each criterion provides a
specific lens through which the individual factor levels and their combinations are
evaluated, it's important to strike a balance between different considerations (criteria)
to enhance the quality and comprehensiveness of the assessment. Therefore, methods

that consider multi-criteria simultaneously are needed to overcome these issues.

Another critical issue associated with the assessment process is the lack of studies that
explicitly consider the interactions between criteria, which could be synergistic or
antagonistic. Interaction is an important concept for futures research, since two criteria
which seem unimportant may actually have a significant combined importance when

they are considered jointly (Cigdem Kadaifci et al., 2020). An approach is needed that
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allows for a more flexible representation of expert judgments, considering not only
individual criteria but also their interactions in the assessment process. It should
involve joint weights to quantify the significance of these interactions in influencing

the overall value of factor levels.

Selecting a manageable number of scenarios is the final task of the fourth stage of the
scenario planning process. This is necessary since the number of scenarios increases
exponentially depending on the number of factors and factor levels. Without restricting
the number of scenarios, the strategy development process based on scenarios may
become very complex and hard to perform (Yanmaz & Asan, 2021). While there is no
consensus on the ideal number of scenarios to choose, there is a tendency to opt for 3
to 6 scenarios (Amer et al., 2013). Several methods or procedures have been proposed
in the scenario literature to select a final set of scenarios. Some of these methods
eliminate the scenarios which include even a single implausible level pair (1998;
Rhyne, 1981; Zwicky, 1967), while others perform a selection procedure which is
based either on plausibility values or probability values of scenarios (Duperrin &
Godet, 1975; Nguyen & Dunn, 2009). Alternatively, the methods considering two
criteria perform elimination and selection procedures sequentially across distinct
stages (Tietje, 2005; Lord et al., 2016; Seeve & Vilkkumaa, 2022). In the first stage,
scenarios having lower consistency or plausibility values are filtered (Tietje, 2005). In
the selection stage, methods are used to maximize the difference between scenarios
that will be included in the final set to cover diverse futures (Tietje, 2005; Lord et al.,
2016; Seeve & Vilkkumaa, 2022). Current studies lack a comprehensive model that
simultaneously considers multiple constraints for optimum scenario selection and that
gives experts the flexibility for altering necessary parameters. Therefore, an
optimization model, whose aim is to select an optimum set of scenarios with respect
to multiple constraints and criteria determined by experts and practitioners, is needed
to solve this combinatorial problem rather than relying only on highly subjective and

cognitively limited judgements.

To address the issues and research gaps outlined above, this study proposes a new
approach that focuses on the assessment and selection stage of the scenario planning
process. Scenarios are developed through combinations of factor levels, which, in
contrast to existing literature, are assessed by experts based on multiple criteria. To be

able to represent the weights of both individual and joint criteria a fuzzy measure is
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suggested. Also, a quadratic programming model is introduced that ensures the
obtained weight assessments to be consistent with fuzzy measure properties. This
model serves also as an aggregation tool where individual expert assessments are
combined into group assessments. To calculate the overall value of each factor level
using the revised weights representing the importance of subsets of criteria, a nonlinear
aggregation operator known as Choquet integral is employed. A new indicator called
Scenario Value is introduced to represent the overall value of a scenario. It is obtained
by combining the overall values of factor levels and the consistencies of level pairs

constituting a particular scenario.

For the scenario selection step, a new mathematical model is developed that allows to
obtain a manageable number of scenarios by solving a combinatorial problem. This
will simplify the process of developing strategies based on alternative scenarios. The
model explicitly considers the dissimilarity between scenario pairs as an additional
criterion to select the most representative scenarios covering a wide range of
alternative futures. To show how the final scenario set is obtained and to demonstrate

the effectiveness and applicability of the proposed approach an application is provided.
The major contributions of the proposed approach can be listed as follows:

e To the best of our knowledge, this is the first time that multiple criteria are used
simultaneously by considering their joint weights (i.e., interactions) to assess factor
levels. For the calculations of the overall values of the factor levels Choquet integral
is used, which permits to represent the interaction among criteria. The proposed
approach effectively reduces possible loss of information and improves the

comprehensiveness and accuracy of the scenario assessment and selection process.

e The joint weights can be obtained either qualitatively by using expert assessments
or quantitatively by using mathematical approaches. If the qualitative approach is
employed, experts may find it challenging and complex to assess the joint weights
satisfying the measure properties. To address this difficulty, a quadratic programming
model is proposed to revise the individual and joint weights of criteria provided by

experts. This model also yields the aggregated assessments of experts.

e A new indicator is proposed to calculate the overall value of a scenario by
combining overall values of factor levels (obtained by Choquet integral) and

consistency values between level pairs. This indicator makes the scenarios comparable
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and allows for an elimination process to filter scenarios that have lower overall value.
Considering the Scenario Values, based on multiple criteria, instead of a criterion by

criterion elimination process minimizes the loss of information.

e A new binary integer programming model is proposed to select a manageable
number of scenarios that effectively represent a wide range of distinct futures.
Considering distinct scenarios allows organizations to be better prepared for

alternative futures and increases the robustness of the strategies they develop.

e (Consequently, this study proposes the first semi-quantitative approach to deal with
the scenario planning problem multi-dimensionally and simultaneously in terms of
quality criteria. This contribution enriches the scenario planning literature where only
a limited number of studies focus on method development for scenario assessment and

selection (Amer et al., 2013).

The rest of the paper is organized as follows. Related works are presented in the
following section. In sections three and four, the proposed methodology and the
application are introduced, respectively. Sensitivity and comparative analysis are
presented in sections 5 and 6. Finally, the conclusions and further research directions

are presented in the last section.

3.1 Related Works

The present study focuses on the assessment and selection of scenarios. To understand
the challenges and research gaps this section reviews the most relevant studies on these

topics.

Scenarios, which are representations of possible future developments, are typically
qualitative in nature. In order to evaluate or analyze these scenarios effectively, they
need to be translated into measurable terms. This means that the qualitative aspects of
the scenarios need to be quantified or expressed in terms of specific metrics that can
be objectively assessed or compared. Additionally, in order to simplify this process,
concentrating on the assessment of individual factor levels rather than entire scenarios

i1s more manageable and allows for clearer insights into the specific factors at play.

Various methods employ different quality criteria to assess factor levels or scenarios.
The qualitative approaches based on expert judgments have suggested to use quality

criteria such as plausibility, consistency, uncertainty, importance, novelty, relevance
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or completeness (Bradfield et al., 2005; Amer et al., 2013). For example, the Scenario
Matrix (i.e., four quadrants approach) involves pairing the two most important and
uncertain factors related to the subject to serve as the basis for possible scenarios
(Rhydderch, 2017). Similarly, the Wilson Matrix considers factors’ uncertainty level
and impact on the future (Wilson, 1998) in constructing scenarios. Morphological
Analysis (MA) (Zwicky, 1967), on the other hand, uses plausibility for evaluating level
pairs (Nguyen & Dunn, 2009). Especially the criteria relevance, completeness,
transparency, and novelty, which are subjective, abstract, and hard to understand and
evaluate, are avoided in quantitative methods. Instead, the common quantitative
methods based on historic data extrapolation and Trend Impact Analysis(Gordon,

1994) use probability.

In semi-quantitative methods, which rely on analytical approaches using expert
judgments, pairs of factor levels are commonly assessed with respect to criteria such
as probability, plausibility, consistency, and diversity. For example, Field anomaly
relaxation (FAR) (Rhyne, 1981), Optimized Linear Diversity Field Anomaly
Relaxation (OLDFAR) (Lord et al., 2016) and Batelle approach (Geschka, Storvik, &
Von Reibnitz, 1981) use plausibility for assessing level pairs (Zwicky, 1967; Lord et
al., 2016). The Batelle approach subsequently computes scenario values through the
averaging of level pairs or the consideration of the worst value. Cross impact analysis
(Nguyen & Dunn, 2009; Wiek, Gasser, & Siegrist, 2009), on the other hand, uses
marginal and conditional probabilities, considering causal relationships (Seeve &
Vilkkumaa, 2022). The probability values must comply with some linear equations.
Roponen and Salo (2023) utilize probability in the computation of scenario
probabilities through cross-impact multipliers. In a more recent study, the same
authors use probabilities to construct Bayesian networks that allows for what-if
analyses (Roponen & Salo, 2023). Another group of studies including Seeve and
Vilkkumaa (2022), Wiek et al. (2009), Spielmann et al. (2005), Tietje (2005), and
Gausemeier (1998) focus on consistency between level pairs. While Wiek et al. and
Spielmann et al. aggregate consistencies of level pairs to derive scenario consistency
value, Seeve and Vilkkuma use average consistency as a scenario value indicator.
Tietje introduces several indicators such as additive consistency, multiplicative
consistency, number of inconsistency, and minimum consistency level based on

predefined scales. Tietje (2005), Lord et al. (2016) and Seeve and Vilkkumaa (2022)
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consider diversity as an additional criterion to represent distinct futures as much as

possible.

Although the studies and methods outlined above offer an improved approach for the
development and assessment of scenarios and thereby a richer representation of the
future, they typically carry out scenario or factor level assessments relying on just one
or, at most, two criteria. Moreover, none of them consider multiple criteria
simultaneously and they completely disregard the interaction among criteria (i.e., joint

weighting).

The next step of the scenario planning process involves combining factor levels to
obtain scenarios. When all possible combinations are taken into account, a large
number of scenarios are generated. Since reducing the number of scenarios will
improve the effectiveness and efficiency of strategy development, a smaller, more
manageable set of scenarios needs to be selected. This selection process involves either
eliminating certain scenarios through predefined rules or employing specific
techniques to select a set of scenarios. MA (Zwicky, 1967), FAR (Rhyne, 1981) and
the method proposed by Gausemier et al (1998). eliminate the scenarios which include
even a single implausible level pair, while the Battelle approach performs a selection
procedure which is based either on the average plausibility value or the worst
plausibility value of scenarios (Nguyen & Dunn, 2009). Cross impact (Sarin, 1978)
ranks scenario probabilities of scenarios and chooses a subset consisting of the most
probable ones. The main weakness of these methods is that they consider only a single

criterion to eliminate or select scenarios.

On the other hand, Gausemier et al. (1998) employ a two-step approach wherein
scenarios containing completely inconsistent pairs are removed and the remaining
ones clustered to determine a manageable number of scenarios. A similar procedure is
followed by Wiek et al. (2009) where they initially filter scenarios based on
inconsistent pairs and a predetermined consistency threshold, and then utilize a cluster
analysis to introduce a diversity index for selecting a subset of scenarios characterized
by high diversity. Spielmann et al. (2005) opt for a scenario set characterized by high
consistency scores, no inconsistencies, and diversity. Seeve and Vilkkuma (2022)
initiate the scenario elimination process by excluding those with low consistency
values, and subsequently, from the remaining scenarios, employ the weighted set

covering problem to select a scenario set that covers all factor levels. Tietje (2005)
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also employs a two-stage approach, excluding scenarios with inconsistent factor level
pairs or a consistency level below a minimum threshold. Following this, one of three
distinct scenario selection procedures is used: local efficiency, distance-to-selected,
and max-min-selection (Tietje, 2005). The author defines a distance indicator, with all
three procedures being based on it. For instance, in the third procedure, a minimum
distance is established. The scenario with the maximum consistency value is chosen
initially, and the scenario with the highest consistency value among the remaining
unselected scenarios becomes the test scenario. If the distance of the test scenario to
all selected scenarios exceeds the minimum distance, it joins the scenario set. This
iterative process continues until no more scenarios are selected or tested. Mazzorana
and Fuchs (2010) uses Tietje’s approach in combination with fuzzy set theory to
enhance knowledge representation. In another study, Mazzorana et al. (2012) extends
Tietje’s approach by incorporating a third step where probabilities are assigned to the
selected scenarios. In a study based on plausibility, Lord et al. (2016) introduce an
optimization technique to select a small but maximally diverse subset of scenarios
from a multi-dimensional morphological analysis. Apart from the previous mentioned
studies, Wu et al. (2011) suggest a 0-1 integer programming model to help decision
makers select scenarios in software development to minimize cost and maximize
reliability while satisfying system requirements to a certain degree. Overall, the
methods considering two criteria perform elimination and selection processes
consecutively in different stages (Tietje, 2005; Lord et al., 2016; Seeve & Vilkkumaa,
2022). In the first stage, scenario consistency (or plausibility) values are calculated
using either additive, multiplicative or similar indicators. A set of scenarios is
constructed by filtering scenarios having lower consistency (or plausibility) values
(Seeve & Vilkkumaa, 2022) or scenarios whose consistency (or plausibility) values
are lower than a threshold value (Tietje, 2005). In the selection stage, rule-based,
clustering-based or optimization-based methods are used to minimize the number of
scenarios and maximize the difference between scenarios that will be included in the

final set (Tietje, 2005; Lord et al., 2016; Seeve & Vilkkumaa, 2022).

Consequently, the existing literature does not offer a comprehensive model that
simultaneously accounts for multiple constraints in optimal scenario selection while
providing decision makers with the flexibility to adjust essential parameters.

Therefore, there is a need for an optimization model aimed at selecting an optimal set
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of scenarios based on multiple constraints and criteria to solve this combinatorial

problem.

To address these needs, this study proposes a new approach that concentrates on the
assessment and selection stage of the scenario planning process, which details are

provided in the following sections.

3.2 Proposed Methodology

3.2.1 Mathematical basis of the proposed approach

The measure, which is used for assigning values to particular sets and generalizes
length, area and volume (Torra, Narukawa, & Sugeno, 2013), is a substantial concept
in mathematics (Murofushi & Sugeno, 2000). Two prominent examples of the measure
are Probability and Lebesgue measures (Torra et al., 2013). The main characteristic of
these measures is the additivity property (Murofushi & Sugeno, 2000). Although
additivity is useful for some applications, it is inconvenient for many real-world
problems especially multi-criteria decision making (MCDM) problems since it does
not consider synergy or interaction between elements of a system (Maleki, Gholamian,
& Yaghoubi, 2022). To address this issue, fuzzy measure was proposed by Sugeno
(1974). Note that the fuzzy measures are named by the researchers differently such as
non-additive measure (Denneberg, 1994) and capacity (Choquet, 1954). Fuzzy
measure is important to represent uncertainty involved in the information (Yager,
2020) and synergy between elements (Kacprzyk, Sirbiladze, & Tsulaia, 2022). For
example, the total performance of a sports team may not be equal to the sum of

individual performances. A negative or positive synergy between players may occur.

For example, suppose that we evaluate different alternative future scenarios using the
criteria Adaptability and Importance. Adaptability describes that the company can
easily adapt to a future scenario, while Importance describes that a future scenario has
a critical impact on the company's success. Now consider a future scenario where
adaptability is low and importance is high. Low adaptability suggests that the company
struggles to adapt to changes in the environment. This could be due to factors like rigid
organizational structures or a lack of resources to implement necessary changes. High
importance indicates that the scenario has a critical impact on the company's success.

This could be due to factors such as new market opportunity, technological
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advancements, or regulatory shifts that greatly influence the company's future
prospects. In an additive model, the overall value of the future scenario would be
expressed as the sum of the individual values for Adaptability and Importance.
However, the decision maker might believe that when adaptability is low, the high
importance of the scenario exacerbates the negative impact on the overall value. If the
company is unable to adapt to changing market conditions (low adaptability), even a
scenario of high importance (e.g., a new market opportunity) may not translate into
success due to the company's limitations in responding and adjusting. This could
represent a situation where the critical importance of a scenario is severely
compromised due to the company's inability to adapt effectively. The negative synergy
implies that the joint consideration of these conditions has a more adverse impact on
the overall value than would be expected based on their individual contributions. This
illustrates how a nonadditive model can capture negative synergies and provide a more

nuanced representation of decision maker preferences in evaluating future scenarios.

Highlighting the importance of considering the synergy effects among criteria, this
approach leads to a more accurate representation of real-life scenarios. By
acknowledging the interactions between different criteria, we can enhance the
precision and reliability of results in practical problem-solving situations. Hence,
incorporating the concept of synergy is imperative for achieving more nuanced and

realistic outcomes in decision-making processes.
Fuzzy measure is defined as follows:

Definition 1 (Michio Sugeno, 1974): Let X be a finite set and a fuzzy measure u
defined on X be a set function u: P(X) — [0,1], where P(X) is power set of X. It has

following properties:
iii. Boundary, u(@) = 0, u(X) = 1.
iv. Monotonicity, u(4) < u(C)ifA < C.

When positive synergy exists among elements, it is expressed by (4 U B) > u(A) +
u(B), and for negative synergy, the inequality becomes u(A U B) < u(A4) + u(B),
where 4,B C X.
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3.2.1.1 Choquet integral

Choquet integral (Chl), proposed by Gustave Choquet (1954), is a nonlinear
aggregation operator based on fuzzy measure (Islam, Anderson, Pinar, & Havens,
2017). It is used to combine uncertain information and produces a single value (Haile,
2017). The main feature of the Chl is representing the interaction between elements of
a system (Mohamed & Xiao, 2003). Due to this feature, it has been used in many
applications such as regression (Du & Zare, 2018), classification (Grabisch, 2000;
Yang, Wang, Heng, & Leung, 2007), cross-impact analysis (Cigdem Kadaifci et al.,
2020), and pattern recognition (Fang, Rizzo, Wang, Espy, & Wang, 2010;
Karczmarek, Kiersztyn, & Pedrycz, 2018). Besides, in decision making problems
(Grabisch, 1996; Demirel, Demirel, & Kahraman, 2010; Tehrani, Cheng, &
Hullermeier, 2012; Chen, Duan, Wang, & Ma, 2020) Chl is commonly used to
calculate the aggregated value of an alternative with respect to several criteria which
are correlated. Thus, joint effects of criteria are considered in the calculation process
of the aggregated values (Grabisch, 1997). For this reason, Chl is a more powerful tool
than other well-known aggregation operators like arithmetic means, weighted sum and
ordered weighted averaging (OWA). Moreover, the use of Chl provides more accurate

results in practice (Chen et al., 2020).

Definition 2 (Choquet, 1954; Kadaifci et al., 2020): Let u be a fuzzy measure on the
set X = {xq,x,, X3, ..., X, }. The Chl of a function f: X — [0, 0] w.r.t. fuzzy measure
u is defined as:

n

[ raw = (1 - reucan G.1)

i=1

where the indices i = 1,2, 3, ..., n represents the position of permutated function 0 <
fx) < fx) < f(xg) << f(xn) f(x) =0 and A; ©X. Graphical

representation of Choquet integral is given in Figure 3.1:

Fxn)-fxn 1)

Xn1 X2

Figure 3.1 : Graphical representation of Chl.
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3.2.2 Proposed approach

The proposed approach fundamentally consists of three stages: assessment of factor
levels, calculation of scenario values and selection of final scenarios (see in Figure.
3.2). Since scenarios involve the combinations of a large number of factor levels,
evaluating them as a whole is impractical. Instead, the factor levels are assessed and
aggregated to represent the scenario itself. Factor levels are assessed with respect to
multiple criteria and the assessments are aggregated using Choquet integral to obtain
an overall value of each factor level considering the interaction among the criteria. The
Choquet integral is an effective tool to aggregate assessments considering both criteria
and their interactions in addition to overcoming the lack of representation issue of the
additivity property in real-life problems. To ensure that the scenarios are measurable
and thereby comparable, the aggregated values and consistencies between level pairs
are combined to obtain the overall scenario values as inputs to the scenario selection
stage. In the final stage, a binary integer programming model is developed to determine
the final scenario set consisting of a small number of scenarios by maximizing the
weighted sum of the dissimilarity between scenarios and scenario values to be included
in the final scenario set. The steps of the proposed approach are explained in detail
with the help of a simple example application about Australia’s regional environment
in 2030 which is crucial in determining the strategic plans of Australia’s Defense Force
(Nguyen & Dunn, 2009). Note that the only data used in this paper are the factors and

their levels. The assessments are randomly generated.

Scenarios are described as possible states of a system in the future and they are
represented by means of factor levels (Tietje, 2005). Simply, a scenario is a
combination of levels of these factors. The steps of the proposed approach are

explained below.

Definition 3: Let F be a set of factors denoted by F = {fc, ..., fc;}and fc; € F be a
set of levels of factor i denoted by fc; = {lil, e ll-]}, i.e.l;;j € fc;, where factor indices
i =1,..,1 and level indices j = 1, ...,J. Each factor may have a different number of
levels. Then a scenario, that is constructed by selecting one level from each factor, is
represented as a vector of a combination of factor levels Sy = [l;; ... [};], where
scenario indices k = 1, ..., K. All combinations of levels construct a scenario set S =

{S1, ..., Sk }. The cardinality of the scenario set is calculated as K = |S| = [T}|fc;l.

45



Identification of factor and
their levels
(Step 1)

¥

Scenario Assessment : s -
Identification of criteria

¢ (Step2) ¢

Assessment of criteria
weights
(Step 3.2)

v

Calculation of revised criteria

Assessment of factor levels
w.r.t. multiple criteria
(Step 3.a)

weights v
(Step3.b) P Calculation of values for
factor levels using Choquet
Integral
(Step 3.¢)

v

Calculation of scenario
values
(Step 4)

Consistency assessment

(Step 4) <+

Scenario Selection

Selection of scenarios using
integer programming

Dissimilarities of scenarios ¢
(Step 5) > (Step 5)

Visualization of selected
scenarios
(Step 6)

Specification of parameters
(Step 5)

Figure 3.2 : Framework of the proposed approach.

Step 1.Identification of factors and their levels: Factors and levels, which are
relevant to the application area, are determined based on expert opinions and literature
review. Factors and their levels in the example, given in Table 3.1, constitute 36
scenarios (K = 2 X 3 X 2 X 3). One of the scenarios consisting of a stable political
environment, collapsing economy, conflict between groups and sustainable habitat is

denoted by 516 = [l11 l23 l32 l41].

Table 3.1 : Factor and their levels.

Factor Level

Political Governance (fc;) Stable environment (l;,)

Unstable environment (1;,)

Economic Growth (fc,) Developing (I,1)
Declining (15,)
Collapse (I,3)
Social Cohesion (fc3) Tolerance between groups (l3)

Conflict between groups (I3,)
Health and Habitat (fc,) Sustainable (l44)

Degradation (I4,)

Collapse (I43)
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Step 2.Identification of criteria: The relevant criteria to measure scenario quality are
selected among the existing criteria in the literature or a new criterion can be identified

by the researchers.

Definition 4: Let X be a set of criteria. The set is denoted by X = {x4, ..., x; }, where

X, € X is a criterion and indicesu =1, ..., U.

In the example, five criteria, namely plausibility (x4), significance (x,), adaptability
(x3), consistency (x,) and dissimilarity (x5), are determined. Definitions of the

criteria are given in Table 3.2.

Table 3.2 : Definitions of criteria.

Criteria Definition
Plausibility The degree of being capable of happening
Significance To what extent the levels are affecting the industry
Adaptability The organization’s adaptation capability
Consistency The degree of coexistence of the factor levels
Dissimilarity Dissimilarity between scenarios

Step 3.Evaluation of factor levels with respect to multiple criteria: Factor levels,
which are qualitative by nature, are required to be evaluated with respect to the selected
criteria for obtaining values for each. Three criteria, plausibility, significance and
adaptability, are used in this step. Consistency and dissimilarity will be used in the

following steps. The sub-steps are described below:

a. Assessment of criteria weights and factor levels: Assessments are made by
experts working in the application area. Note that an MCDM method can be utilized
to obtain criteria weights. Since the primary concern of this study is not obtaining
criteria weights, they are collected directly from experts on a pre-defined scale. The
individual and joint criteria weights as well as assessments of factor levels, which were
specified arbitrarily for the illustrative example, are given in Table 3.3 and Table 3.4,
respectively. The scales used in the example are [0, 1] for criteria weights and [0, 100]
for factor levels. We may assume that zero represents ease of adaptability while it
becomes more difficult to adapt to the environment when the scale value increases. On
the other hand, the greater the scale value, the higher the significance and plausibility

of the factor level.
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Table 3.3 : Criteria weights.

Criteria Weights
Plausibility 0.40
Significance 0.20
Adaptability 0.30
Plausibility and Significance 0.75
Plausibility and Adaptability 0.60
Significance and Adaptability 0.50

Table 3.4 : Assessment values of factor levels.

Level Plausibility Significance Adaptability
Stable environment (I;,) 15 43 3
Unstable environment (I, ,) 6 42 41
Developing (I51) 10 41 5
Declining (l,,) 31 30 30
Collapse (I,3) 49 21 4
Tolerance between groups (l3;) 27 23 37
Conflict between groups (l5,) 25 1 12
Sustainable (I4,) 42 36 33
Degradation (l,5) 14 18 3
Collapse (ly3) 59 71 14
b. Calculation of revised criteria weights: As stated above, individual and joint

criteria weights, which are represented by fuzzy measures («), are evaluated by a group
of experts. Since the assessments are based on subjective perception, it is practically
very hard to assess all weights meeting the fuzzy measure properties for experts
because of their limited cognitive capacity. Another issue related to the weights is
reaching a compromise between differing expert assessments. Therefore, the
assessments should be revised to obtain proper values that are consistent with the fuzzy
measure properties. A quadratic programming model, which is based on minimizing
the total deviation between expert and revised assessments, is introduced to handle
these problems. Since the model is expected to revise the criteria weights, the signs of
the corresponding weights direction of the relationships (i.e. the positive or negative
synergy) among all subsets of the criteria set are provided by experts. The collected
information regarding the signs is incorporated into the model in the form of

constraints.
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Definition 5: Let X = {x;,%,,x3,..,Xy} be a finite set of criteria and I, €
{—1 (negative synergy),1 (positive synergy)} be the sign of the synergy, where the
set C € X. When there is a positive synergy (I = 1), the inequality u(A) + u(B) <

u1(C) must be satisfied, where VA, B c C and A N B = @, while for negative synergy
(I = —1) the inequality u(A) + u(B) = u(C) must be satisfied.

The general model is given below.
Indices:

u: criteria indices (1, ..., | X|)

d: expert indices (1, ..., |D])
Parameters:

pa®: criteria assessments of set 4 by expert d, where p(4) = p,, VA € X and py® =
1

I: sign of the synergy of the set C
Decision variable:
f4: revised criteria weights of set 4

Quadratic programming model:

IXI b
Min Z Z(ﬁA — 1a®)? (3.2)
ACX d
fig =0 VACX,|Al =1 (3.3)
< VAcX,1<|A|<|X|—1andVu € (3.4)
Ha = Havu X.VueA .
Ie(he — (g + fip)) VC CX,VABC C,1< |4 <|B| < 55)
>0 ICI<|X,AnB =9 '

In the solution of the model, if iy # 1, then the revised criteria weights are normalized

with the equation fi," = g—A, where VA C X.
X

The objective function minimizes the sum of squared deviations between revised
values and expert assessments (Eq. 3.2). Eq. 3.3 ensures that individual criteria weights

are greater than zero (i.e. fi; = 0). Eq. 3.4 satisfies the monotonicity property (i.e. fI; <
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f12, By < f412), while Eq. 3.5 is the synergy inequality (i.e. for I;; = 1, the constraint

becomes fl1, = fi; + [iy).

In the example, the set X = {x;, x,, X3} consists of three criteria where the weights are
‘Ull = l,l(xl) = 0.4‘,#21 = 02, l,l,31 = 03, ,11121 = 075, ‘U131 = 060, ‘U231 = 050,

and py,31 = 1. Signs of the synergiesare I,, = 1, I;3 = —1, I,3 = 1,and I;,3 = —1.
The solution of the model based on given parameters is fi; = 0.4, fi, = 0.25, [i; =

0.275, ﬁlz = 0.75, ﬁ13 = 0.675, ﬁ23 = 0.525, Ij'123 = 0.925. Slnce ﬁlzg(ﬁx) ls

not equal to 1, values are normalized with fi,* = Z—A. Normalized values become fi; * =
X

0.43, ﬁz* = 0.27, ﬁg* = 0.30, ﬁlz* = 0.81, ﬁlg* = 0.73, ﬁ23* = 0.57, Ij'X* = 1.

c. Calculation of values for factor levels: The assessments of the factor levels are
required to be aggregated considering joint criteria weights. The aggregated values for

each factor level with respect to the criteria are calculated using Chl as in Eq. 3.6.

Definition 6: Let f;,.(x,) be the value of factor level [;; w.r.t. criterion x, and
ij
Vli]. {x1,%5,x3} (ie. Vli].) be the aggregated value of factor level [;; w.r.t. criteria x4, X,

and x;.

The notations in Eq. 2.1 are modified as follows considering the structure of the

proposed approach:

Vlij = ZUESU (ﬁl} (xu) - ﬁl] (xu—l)) ﬁAu* (36)
where Su is the sorted set of criteria w.r.t. level values in increasing order.

For the level [y, (stable environment), assessments are f; _ (x;) = 15, fi, (x;) = 43,
f1,,(x3) = 3. The calculations are clarified below while the graphical representation

is demonstrated in Fig. 3.3.

Vlll = ﬁll (x3):a{x1,x2,x3}* + (ﬁll (xl) - ﬁll (x3)) ﬁ{xl,xz}*
o (fray (e2) = fiyy (1)) iy

Vi, =3%x1+(15-3)x0.81+ (43 —15) X 0.27 = 20.28
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Figure 3.3 : Graphical representation of the calculation of Chl.

Accordingly, the aggregated values of factor levels are obtained as shown in Table 3.5.

Table 3.5 : Aggregated values of factor levels.

Level V,i]_
Iy 20.28
L 26.22
Iy, 17.42
Iy, 30.43
ly3 29.81
I3, 28.92
I3, 14.62
lyy 38.01
lyy 12.99
ly3 53.69

Step 4.Calculation of scenario values: At this step, the consistency assessments are
included in the aggregated values of factor levels to obtain the overall scenario values.
Consistency measures the degree of coexistence of factor levels. To ensure the
representativeness, all possible combinations of factor levels should be considered.
Since the number of combinations grows exponentially as the number of factor levels
increases, higher order coexistences are omitted and only the consistencies of level
pairs are considered. Consistencies between level pairs are assessed by experts on the
scale [0 1]. The proposed indicator to combine the aggregated values and consistencies

is given in Eq. 3.7.
Definition 7: Let ¢, ; _be a consistency value for the level [;; and L, in scenario k,
1j*pr

where indices i and p for factors, and indices j and r for factor levels. Let SV}, be the

value for scenario k. The proposed equation for aggregation is given as follows:
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SVk = (Z{lij'lpr }EW(Vlij + ler) Clijlpr)/(l - 1) (37)

where the set W contains all two elements subsets of the set consisting of all levels

involved in scenario £.

For the example, the first scenario is S; = [l11 [31 l31 l41]- The setW =

{{l11: l1h (e b (s la b {ley, aa ) {la) Laa b {Tse, l41}}- The value of scenario 1 is
calculated by utilizing the consistency values arbitrarily specified in Table 3.6 as

follows:

SVy = ((Vln + V121)Cl11121 + (Vln + V131)Cl11131 + (Vl11 + Vl41)cl11l41

+ Vi, + Vi, ), + (Vi + Vi, )00 + (Vi + Vi, )C0,.)/3
= ((20.28 + 17.42) x 0.44 + (20.28 + 28.92) x 0.12

+(20.28 + 38.01) x 0.16 + (17.42 + 28.92) x 0.97

+(17.42 4+ 38.01) x 0.52 + (28.92 + 38.01) x 0.49)/3 = 45.87

Table 3.6 : Consistency values of level pairs.

Ly oP) Loy L, L3 L3y ls; Ly Ly Ly
114 0 0 044 058 063 012 098 0.16 091 097
lyy 0 0 059 063 09 091 037 097 020 0.86
lyq 0.44  0.59 0 0 0 097 056 052 030 0.66
1y, 0.58 0.63 0 0 0 091 021 0.09 035 0.68
I3 0.63 0.96 0 0 0 041 0.03 031 0.15 0.99
l34 0.12 091 097 091 041 0 0 049 045 024
I3, 098 037 056 021 0.03 0 0 026 0.69 0.04
Iy 0.16 097 052 009 031 049 0.26 0 0 0
lyr 091 020 030 035 0.15 045 0.69 0 0 0
lys 097 086 066 068 099 024 0.04 0 0 0

Step 5.Selection of a small number of scenarios: As aforementioned, scenarios are
useful tools to develop strategies. Yet, considering all possible scenarios is not
manageable and reasonable even though an elimination procedure based on selected
quality criteria is performed. Obtaining the overall scenario values in the previous
stages enables a comparison among the scenarios, as well as interpretation regarding
the content of scenarios. But, the overall value itself does not guarantee to span a wide
range of future developments due to the uncertainty involved in the future. Therefore,

scenarios that best cover the future and also meet certain constraints in terms of criteria
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should be selected. Accordingly dissimilarity (xs), is defined to measure the difference

between qualitative scenarios.

Definition 8: Let Dy, be the dissimilarity (i.e. distance) value between scenario k and
scenario t, where scenario indices k,t = 1, ..., K. The measure for the dissimilarity is

defined as (Prasetyo & Purwarianti, 2014):

m

I—
Dkt = T (38)

where [ is the number of factors and m is the number of factor levels which match in

scenario k and scenario t.

The distance between the scenarios S; = [l11 51 31 l4q] and Si¢ = [111 L3 I35 14q]

in the example is D; 14 = 0.5 where | = 4 and m =2 (l;; and l4,).

A binary integer programming model is proposed to select a combination of scenarios
that are dissimilar and also have greater values than a threshold value with respect to
criteria. Because selecting a small number of scenarios satisfying the determined

criteria allows to be prepared for alternative futures.

Definition 9: Let wy, be the normalized value of scenario k. To obtain wy, the value of
scenario k is divided by the sum of the two largest scenario values to ensure the sum
of the weights of the selected scenario pairs should not exceed one. As the first part of
the objective function can take values in the interval [0,1], this normalization enables
the second part to be in the same interval. The sum of y largest elements is defined by
Eq. 3.9 (Todd, 2018). This equation is adapted to the sum of the two largest elements

as given in Eq. 3.10, which corresponds to the normalized value of scenario £.
TY(SV) = maxjy|=y, ycsn Zker SV (3.9)

where Y is is any subset, which contains y elements, of scenario set Sn =

{1,2,...,|8n|}, T is the sum of y largest elements.

Note that all calculations are performed in Python by coding the required algorithms.

So, calculations are made easily regardless of the number of factor levels and factors.
The model is formulated as:

Indices
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k,t: Index for scenarios (1, ..., K)

Parameters

SVy: The value of scenario k

Dy : The distance between scenario k and t

Wy : Normalized value of the scenario k

a : The weight of distance in the objective function

[ : The weight of scenario values in the objective function
TV: Threshold value for scenario values

MaxS: The maximum number of scenario to be selected
MinD: The minimum distance between scenarios to be selected
M : Big number

Decision Variables

S . {1 scenario k is selected
e 0 o/w

. .{1 if scenarios k and t are selected
ke 0o/w

Max Zﬁ‘lprk Zye (@D + B (Wi + wy))

Sy =1 k = argmax;=, _xSV;

YR_1Sk < MaxS

TV — SV, <M (1 —S) vk

S+ Se— 1<z, Vk,t vek <t
2=5,— S <M —z,) Vk,t vek <t
Dyt = MinD z,, Vk,t vek <t
S, Zre € {0,1} Vk,t vek<t
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Eq. 3.11 is the objective function which maximizes the weighted sum of distances and
normalized scenario values. In the objective function, weights of distances and
normalized scenario values can be determined using the parameters a and . Eq. 3.12
ensures that the scenario with the largest scenario value is selected. Eq. 3.13 limits the
number of scenarios to be selected. Eq. 3.14 ensures that scenarios whose values are
lower than the threshold value are not selected. Eq. 3.15 and Eq. 3.16 guarantee that
only scenarios involved in the determined scenario set are considered in the objective
function. Eq. 3.17 ensures that there are at least MinD differences between scenarios

to be selected. Eq. 3.18 is a binary constraint.

When the mathematical model is solved by taking the threshold value for scenario
values as 58, the maximum number of scenarios (MaxS) as 4, the minimum distance
between scenarios (MinD) as 0.5, a and [ as 0.5, the selected scenarios are Sy =
[l1 b2l laz],  Sis=[l1lazlsa laz],  S19 = [li2 l21 131 l44] and  S33 =
[ Li2 153 131 l43]. The mathematical model can be solved under varying values of the
parameters to obtain different solutions. These solutions can be examined by experts

to choose the most suitable one.

Step 6.Visualization of scenarios: The scenarios, which have a greater scenario value
than the threshold value, are visualized to observe how the selected scenarios and the
others disperse in the future space and show the representativeness of the selected
scenarios. This enhances the transparency of the method. Multidimensional scaling
(MDS) is used via ‘Scikit-learn’ (Pedregosa et al., 2011) for mapping scenarios into a
two-dimensional space using dissimilarities between scenarios. The scenarios are

illustrated in Figure 3.4. The red ones represent the selected scenarios.

1.0

05 5
0.0

-0.5

1979 05 00 05 10

Figure 3.4 : Visualizations of scenarios.
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3.3 Application

Warehouse systems are evolving due to recent technological developments to be
operated in a more efficient and flexible way. The companies will have to improve and
adapt their operations in a way that complies with the technologies in the next ten
years. Although technologies like 10T, robots and RFID provide many advantages to
them over accuracy and efficiency of operations, the new form of technology and
transformation may lead to some risks and challenges like high investment costs,
cybersecurity, skilled labor and economic instability. Hence, companies should
foresee and analyze future changes to create competitive and sustainable practices. In
this regard, the proposed approach was applied for a medium-sized manufacturing
company to explore a final set of scenarios about future warehouses in 2030 in order

to support their strategy development process.

Based on the literature review and experts’ opinions, 10 factors with two or three levels
were identified. The factors and their levels are shown in Table 3.7. Considering the
factor levels, all the combinations constitute 3,456 scenarios. The scenario set becomes

as follows:

51([111» la1, 131, L, Us1, Le, 171, Lga, Log, l1o,1]);

S = Sz([ln: 121,131, a1, Us1, Le1, 71, Lga, Loa, l10,1]): e

53456([113» l22, 132, a2, sz, Lg2, 173, Uga, Loz, 110,3])
To measure the quality of these scenarios, five criteria were determined. The
determination of criteria varies depending on the type of the scenario process, purpose,
and problem domain of the study. Different criteria are employed in normative and
exploratory studies, as well as quantitative and qualitative approaches. In this study,
criteria were determined considering its semi-quantitative and exploratory nature, as
well as application area. The criteria are plausibility (x;), significance (x,),
adaptability (x3), consistency (x,) and dissimilarity (x5). Individual factor levels

were assessed with respect to plausibility, significance and adaptability.
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Table 3.7 : Factors and factor levels.

Factors

Factor Levels

Skilled Labor Shortage (fc,)

Auvailability of Technologies (i.e. advanced robotics,
vision cameras, radio waves, magnets, or laser) (fc,)

Adoption of IoT (fc3)

Cybersecurity Risk (fc,)

Initial Investment Cost (fcs)

Managing Effort (fcg)

Pace of Demand (fc;,)

Attitudes toward Transition (fcg)

Legal Issues (fco)

Government Support (fc;o)

Increased (l,)

Current state (I;,)
Decreased (l,3)

Widely improved and Sufficient (I,,)
Partly Improved (1,,)

Low level (I3,)
High level (l5;)

High (l41)
Limited (I,,)

Increased (l54)
Decreased (I5;)

More (overcoming problems will be more time-consuming)

(l1)

Less (easy solution) (lg;)

Faster (1;1)

Current state (I,,)
Slower (I;3)

Positive (lg1)
Negative (lg;)

Developing more strict policies and procedures (lg;)
Current state (lg;)

More financial support and incentives ({11)

Current state (I19,)
Tightened (11,3)

Domain experts assessed criteria weights (on the scale 0-1) and factor levels (on the
scale 0-100) with respect to plausibility, significance and adaptability. The first two
criteria are assessed by experts who are academics and experts in manufacturing and
supply chain, while the company's adaptability can only be assessed by an expert with
more than 10 years of experience working in the company. Criteria were determined
in accordance with scenario planning and the application area. Consistency,
plausibility and dissimilarity are the most important criteria for quantitative
assessments in scenario planning. Significance and adaptability are important for

companies to determine strategic plans. The assessments are given in Table 3.8 and

Table 3.9.
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Table 3.8 : Criteria weights.

o Weights
Criteria
Expert 1 Expert 2 Expert 3
Plausibility 0.45 0.40 0.45
Significance 0.40 0.40 0.30
Adaptability 0.35 0.30 0.25
Plausibility and Significance 0.75 0.80 0.75
Plausibility and Adaptability 0.60 0.65 0.70
Significance and Adaptability 0.50 0.60 0.55

The revised criteria weights are calculated using the quadratic model given in step

ILb. The revised weights are [,y = 0417y, = 03500, =
0.283 ,ﬂ{xl’xz}* =0.767, :a{xz,x3}* = 0.550, ﬁ{xl,x3}*: 0.650, and ﬁ{xpxz,xs}* = 1.05,
where the set X = {x;, x,, x3}. The aggregated values for factor levels (Vlij) given in

the last column of Table 3.9 were calculated using Eq. 3.6. Considering the
assessments f;  (x;) =40, f; (x;) =35, f;,(x3) =50, the calculations are

clarified for the factor level [, as follows:

V112 = f(xz).a{xl,xz,x3}* + (f(xl) r f(xz)).a{xl,x3}* + (f(X3) - f(xl))ﬁ{x3}*
Vi, =35X 1+ (40 —35) X 0.65 + (50 — 40) x 0.283 = 41.08
Consistency values between level pairs were assessed by each expert. The scenario
values were calculated using Eq. 3.7 by utilizing the average consistency values. Due

to involving a huge number of scenarios, namely 3,456, the entire data cannot be

provided here. The calculations are demonstrated through §; =

[111; 21,131, Lo, Isq, Lea, L7, g1, Log, l10,1] as follows:

SV, = ((Vl11 +V, ), + (Vi + Vi e, + Vi, + Vi e,
+ (Vi Vi ee, + Vi, + Vi e e, +
+ (Vigy + Viyos)Ciaataon + (Vio, + V,m)clgllmyl) /9
= ((67.00 + 62.58) X 0.4 + (67.00 + 60.75) x 0.5
+(67.00 + 72.01) X 0.6 + (67.00 + 75.58) X 0.5

+ (67.00 + 69.50) X 0.9 + -+ (49.76 + 58.26) x 0.7
+(60.00 + 58.26) x 0.75)/9 = 346.43
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Table 3.9 : Assessment values of the factor levels.

Factor Level
Factor Level Plausibility Significance Adaptability actor Leve

Value
Increased (114) 60 65 80 67.00
Current state (I;,) 40 35 50 41.08
Decreased (l;3) 30 70 40 46.00
Widely improved and Sufficient (I5;) 35 80 90 62.58
Partly Improved (l,,) 60 65 75 65.58
Low level (I3) 50 75 60 60.75
High level (I5;) 40 60 70 53.83
High () 75 90 40 72.10
Limited (1,) 40 50 45 44.50
Increased (I5,) 70 75 85 75.58
Decreased (l5;) 45 60 30 46.76
o s somuming) Gy O 7S 10 950
Less (easy solution) (I4;) 50 55 30 47.09
Faster (1;,) 80 70 75 75.34
Current state (I;;) 70 60 45 60.68
Slower (I;3) 30 45 20 32.92
Positive (lg;) 55 60 25 49.76
Negative (lg,) 70 80 75 74.50
l];)rz\:zl((;fri:sg(zlf)re strict policies and 40 - i 60.00
Current state (lo,) 50 40 35 43.01
I(\;Il(;rf) financial support and incentives 60 75 30 s3.26
Current state (I10,2) 50 40 35 43.01
Tightened (15,3) 40 70 65 55.50

After the scenario values were obtained, the parameters of the mathematical model
were determined. Distances between scenarios and normalized scenario values were
calculated using Eq. 3.8 and Eq. 3.10. Nine different cases were constructed to select
the best solution by adjusting the threshold value (TV) and the minimum distance
between scenarios (MinD). These cases also simplify the selection of parameter values
to get better results. Recall that the number of cases to solve the model was selected
considering the trade-off between the effective parameter selection and the
convenience of the solution performance — i.e. avoiding to create a time consuming
model requiring an overburden. The maximum number of scenarios (MaxS) was
determined as 5, a and S as 0.5 for all settings. The parameters and model solutions
are given in Table 3.10. Visual representation of scenarios is also given in the first
column (red circles represent the selected scenarios). The mathematical model was
solved using Gurobi 9.5 with Python 3.8. Based on the settings, the problems are
solved within different durations. For the parameter settings 337 (threshold) and 0.7
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(minimum distance), the lowest number of potential scenarios and the shortest duration
are obtained, while for the parameter settings 321 and 0.5, the highest number of
potential scenarios and the longest duration are obtained (see Table 2.10). Examining
the time data, it's evident that as the number of scenarios increases, the solution time
also increases significantly. Therefore, the complexity can be considered to fall within

the exponential time class.

Table 3.10 : Different cases for the mathematical model.

. X . Minimum . Objective Total distance and
Setting Visualization of Threshold . Solution i
X distance . function # selected
No scenarios value (TV) . time (sec) X
(MinD) value scenarios
1 321 0.7 0.03 0.85 0.7 (2)
2 329 0.7 0.01 0 0(1)
3 337 0.7 0.01 0 0(1)
4 321 0.6 17.76 7.85 6.6 (5)
5 329 0.6 0.07 4.66 3.7 (4)
6 . 337 0.6 0.04 2.34 1.8(3)
R R T
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Table 3:10 (continued): Different cases for the mathematical model.

. . o Minimum X Objective Total distance and
Setting Visualization of Threshold . Solution i
. distance X function # selected
No scenarios value (TV) . time (sec) .
(MinD) value scenarios
o e
©
7 we e g 321 0.5 4000.2 7.81 6.6 (5)
ag 67F : @
04 w5
04 02 00 02 04
04 X
02 :
8 U e, 329 0.5 1021.92 7.75 6.3 (5)
VN gt "
04 it 8
TR Y R T R PR
04 ¥
L] .
9 WL 337 05 4.48 7.68 6(5)
IV ED. : «
% ASRRE) o2

04 02 00 02 04

When the objective function value, the total distance between the selected scenarios
Xk Xt Dit zxe) and visual representation of scenarios were taken into account, the
best two solutions were Cases 4 and 7. For these cases, the graphs demonstrated that
the selected scenarios satisfactorily cover the scenario space. While producing 6.6 total
distance with 5 distinct scenarios, case 7 is suffering from a time limit. Since there is
a trade-off between the solution time and solution quality, case 4 was selected as the
best solution. It will be reasonable to select the threshold value between the median
and third quartile and assign at least 0.5 to the minimum distance to ensure that at least
half of the factor levels in scenarios are different. The selected scenarios are given in

Table 3.11.

Table 3.11 : Selected scenarios.

Scenario No. Scenario vectors
295 (L1 Lo, Lz Lans Usas Lo, Ly Loy Lo, Lroa]
672 [111: a2, 131, Ly Uszs 61, U720 g2y Loas 110,3]
2087 [l1z: o2, U3, Lans Us, L6y Lrs, Lga, Log, llO,Z]
2857 [113: Lot ls2, Lag, Uso L6y Lr2, Lga,y Lon, 110,1]
3027 [113: Loz U310, Lz, Us 1, L1y Ly, g Lon, 110,3]

Finally, scenario narratives are described based on the selected scenarios to assist
organizations’ strategic planning process. For the application, an example narrative

based on the first scenario can be: “The warehouses will experience rapid
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developments of technologies, also legal policies and incentives will support the
industry for investments. At the same time, the industry will face some risks and
challenges regarding investment costs, labors’ competence and attitudes.”.
Accordingly, the company may formulate the following strategy “Implementing the
transition process gradually to reduce the risks”. It should be noted that these examples
are provided for clarification purposes and the strategy planning process is beyond the

scope of the proposed approach.

3.4 Sensitivity Analysis

The sensitivity analysis is implemented by altering the parameters a and f in the
mathematical model. Scenario planning experts may want to assign different weights
for dissimilarity and normalized scenario values. For some experts, the dissimilarity
may be more important than the scenario values or vice versa. Besides, some may want
to use only dissimilarity or only scenario values. In this regard, four cases displayed in

Table 3.12 are analyzed in the application.

In Table 3.12, when only dissimilarity (¢ = 1) is considered (Case 2), one of the
maximum total distance (Qx Xt D+ Zx:) 1s obtained. However, the total scenario
values O X:((Wy, + W) X zi;) become the smallest in comparison to other cases.
When only normalized scenario values (f = 1) are considered, the maximum total
weight is obtained along with the minimum total distance which results in selecting
more similar scenarios compared to other cases. For a more balanced solution, both of
them are used as in the first and fourth cases. The fourth case dominates the second
case due to having equal total distance with higher scenario values. These four cases
demonstrate that preferences regarding parameters may bring advantages or
disadvantages at some points. The proposed model produced reliable and meaningful
results. These results clearly illustrate that the significant changes observed in total
distance and scenario values provide evidence on the impact of considering different

weights.
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Table 3.12 : Cases for different weights in the objective function.

. L P t L Total dist: d .
Setting Visualization of aram«? ers a, Solution time otal distance an Total normalized
N . TV, MinD, (sec) # selected . I
(o) scenarios MaXS ﬁ SeC scenarios scenario values
04 RE I ]
0 o Sian s 39
o, * AR 321 03
1 B T 0.6 : 31.55 6.4 (5) 9.19
e Y, 0.7
02| * ¥ { 5
04
04 02 00 02 04
04 i
02
0 | R 321 1
2 0o Ol 0.6 0 16.92 6.6 (5) 9.07
e g, Y 5
04 Rk
04 -02 00 02 04
04 v
02
R LI ik 321 0
3 W e W, 0.6 | 13.94 6.2 (5) 9.21
02 3 R " ! A 5
04 i
04 -2 00 02 04
04 h
02,
L hEEER 321 07
4 Wi e 0.6 : 19.56 6.6 (5) 9.09
42 . 5
4

04 02 00 02 04

3.5 Comparative Analysis

In order to demonstrate the effectiveness of the proposed approach, it was compared
with the existing methods in the literature. To ensure an unbiased and comprehensive
comparison, alternative weighting, assessment and selection methods were employed
using the same data. In this regard, three alternative approaches were specified. The
first two approaches differ from the proposed one in that they employ alternative
(subjective and objective) methods to weigh the criteria. Stepwise Weight Assessment
Ratio Analysis Method (Chang, 2023) (SWARA) was used as the subjective weighting
method, while Entropy (Singh, Singh, Ranakoti, & Kumar, 2023) method was used as
the objective weighting method. Once the weights for the criteria were established,
the same remaining stages of the proposed approach were applied using these
determined weights.

In the third approach, the proposed approach is compared with the method proposed

by Tietje (2005), which is one of the most widely used quantitative methods in scenario
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planning. Tietje's method performs scenario assessment and selection based on
consistency and distance criteria. The assessment is based only on the consistency
criterion. It calculates the consistency value of the scenarios by using different
indicators for the pairwise consistency of the factor levels in the scenario. A filtering
process is performed by setting a threshold value for the scenario consistency values.
Selection is also based on the distance criterion. In the comparison, the overall
consistency of a scenario was calculated using the additive indicator and the procedure,
“distance to selected”, was performed for the selection process.

In the mathematical model of the proposed approach, a threshold value was determined
to eliminate scenarios based on their quartile values. This threshold for scenario values
is chosen as the midpoint between the median and the third quartile value in all
approaches. In Tietje's method, this value is used for scenario filtering. The methods
and results used in the four alternative approaches together with the proposed approach

are given in Table 3.13.

Table 3.13 : Comparison of methods.

Total
distance

Approaches Weightin Scenario Scenario between Objective
crgr)n ared M e%ho dg Assessment Selection selected Function Selected Scenarios
P Method Method ; Value
scenario
pairs
Proposed Proposed
1 SWARA 6.4 7.78 [295, 743, 2088, 2487, 3289]
Approach Approach
Proposed Proposed
2 Entropy Approach Approach 6.4 7.69 [295, 648, 2253, 2788, 3026]
3 - Consistency  Distance to 6.6 737 [959, 1476, 2005, 2357,2773]
based selected
Proposed
4 Approach imprgzeccl‘l imprgzec% 6.6 7.85 [295, 672, 2087, 2857, 3027]
(Choquet) pp PP

According to total distance and objective function values, the proposed approach
performed better than the approaches based on the weighting methods SWARA and
Entropy. The proposed approach has allowed the selection of a more representative set
of scenarios. Tietje's approach lacks a weighting method as it solely relies on
consistency without incorporating an objective function value. Additionally, it doesn't
employ any objective function value due to its iterative selection solely based on
distance after the scenario filtering process. While both approaches yield the same total
distance, the proposed method stands out for its selection based on four distinct criteria
and distance, allowing for an exploration of different scenarios, and leading to more

robust results.
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Each selected scenario in an approach was compared to every scenario in other
approaches based on distances. The minimum distance for each scenario was then
chosen, and the total distances were obtained by summing these minimum distances
(see Table 3.14). Approaches 1, 2, and 4 are closer to each other, as they account for
multiple criteria, while approach 3 shows greater distance due to its focus on a single

criterion and a different scenario selection method.

Table 3.14 : Distances between selected scenarios across approaches

Approach 1 2 3 4
1 0 1.4 1.5 0.8
2 1.4 0 1.8 1
3 1.5 1.8 0 1.6
4 0.8 1 1.6 0

3.6 Discussion and Conclusion

This study proposed a novel approach for the assessment and selection of future
scenarios which support organizations in determining a future perspective and
specifying strategies. The theoretical and practical implications as well as the

limitations of the proposed approach are summarized below.

In the proposed approach, scenarios were evaluated based on combinations of factor
levels as it is complex and impractical to evaluate scenarios directly. Factor levels were
assessed with respect to multiple criteria considering individual and joint weights to
improve the effectiveness and accuracy of the process. A new indicator has been
proposed to derive Scenario Values by considering both factor level assessments and
the consistency between factor level pairs. Thanks to the proposed assessment
approach, scenarios, inherently qualitative, have been quantified for comparability.
Since the combining factor levels yields too many scenarios to consider, a
mathematical model was developed to select the most representative and effective
scenarios. An application was presented for the assessment and selection of scenarios
about future warehouses to support the development of strategies for the warehouse of
a production company. The application along with a sensitivity analysis also allowed
us to examine the applicability and effectiveness of the proposed approach. Also, a
comparative analysis has provided evidence that supports the contributions of the

proposed approach.
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A quadratic model was proposed to determine the weights of the criteria according to
the measure rules. It is generally very difficult to have experts directly evaluate the
weights according to these rules. Therefore, the absence of any rules simplifies the
assessment for experts and the proposed quadratic model updates these weights to
satisfy the rules. Additionally, the aggregation of individual assessments into group
judgments is also facilitated by this model. The overall values of the factor levels were
calculated by using the Choquet integral considering the individual and joint criteria
weights. The use of joint criteria weights was intended to obtain more accurate results.
The findings of the comparative analysis, where different weighting methods
(Choquet, SWARA, and Entropy) were compared, indicate better results for the
proposed method. The proposed approach has revealed scenarios with higher

representativeness and greater importance in terms of the criteria.

For scenario selection, an integer programming model with a flexible objective
function based on distances and scenario values was proposed. The sensitivity analysis
showed that the results differ according to the importance given to the distance or
scenario values. Furthermore, different settings were proposed to determine
parameters within the model, with two prominent settings emerging. While the total
distance between scenarios remains the same (6.6), differences arise in objective
function values (7.85 vs 7.81). Considering the trade-off between time and results, a
practical approach was adopted to quickly arrive at a viable solution and select the

final set of scenarios.

Compared to a well-known approach from the literature, proposed by Tietje, the
proposed method yields similar results in terms of total scenario distances (6.6).
However, considering multiple criteria has led to differentiation among selected
scenarios. Consequently, it has obtained more representative scenarios with respect to
different constraints and reduced information loss, which improved the

comprehensiveness and accuracy of the scenario assessment and selection process.

From a managerial point of view, identifying potentially significant future scenarios
allows organizations to proactively prepare and adapt to these circumstances. This
enables them to generate strategies or test existing ones by identifying opportunities
and threats. In the warehouse application, potential future scenarios were revealed.
Based on these scenarios, necessary projects can be developed, and long-term

strategies can be defined. As processes evolve, strategies can be tested and updated in
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response to technological advancements, political shifts, and other factors. For
example, it is important to think in advance about what to do in the scenario where
regulations will be introduced and incentives will be provided, but at the same time
costs will increase significantly and the skilled workforce will diminish. The company
must evaluate decisions regarding investments in areas such as automation and
workforce optimization, determining when to increase these investments based on
different scenarios. In short, by developing strategies in the light of scenarios,

organizations can reduce future uncertainties and increase their adaptability.

The proposed approach also involves some limitations. Consistency was considered
only between level pairs because of the difficulty and complexity in assessing all
subsets of the factor level set. Representing consistency among more than two factor
levels also increases the number of assessments excessively for experts. If there is a
manageable number of factors and levels, the higher order consistencies can be
assessed by the experts. Otherwise, it may bring a burden that is beyond the cognitive
capacity of human beings and also end up with a huge cost in terms of time and effort.
To include higher order consistencies, a calculation method may be developed.
Similarly, as the number of criteria increases (especially for more than five), the
assessment process becomes very complex for experts. Alternative aggregation
procedures or methods can be applied or developed to overcome this assessment

burden.

The assessments in the approach are based on expert judgments. If the application area
has enough sources to extract information, text mining may be used along with the
expert assessments. Learning based approaches to determine higher order joint criteria
weights can be derived. If there exist casual relationships between criteria, techniques
like Multi Stepwise Weight Assessment Ratio Analysis (M-SWARA) can be utilized
for weighting criteria.(Kou, Pamucar, et al., 2024) To address long computational
times for some settings in the proposed mathematical model used to select scenarios,
heuristic methods can be developed. Moreover, the mathematical model can be
formulated and solved as a multi-objective model, when additional objectives need to
be considered (Kou, Xiao, Cao, & Lee, 2021). Strategies or projects developed based
on selected scenarios can be chosen using Quality Function Deployment (QFD)-based
approaches (Kou, Dinger, Yiiksel, & Alotaibi, 2024). The approach may also be

applied to different domains such as product or service development (Asan, Polat, &
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Sanchez, 2008) where alternative combinations of components or processes are

assessed.
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4. A SYSTEMATIC APPROACH TO THE ANALYSIS OF BARRIERS AND
DRIVERS OF THE ESCO MARKET IN TURKEY?

Energy efficiency has become one of the major concerns of many industries due to the
overall climate change, economic developments, fluctuating prices of energy
resources, technological innovations and increasing demand for renewable energy.
The increasing awareness of sustainable development in recent years has promoted
this growing interest. In this study, energy efficiency will be defined as “reducing the
energy consumption without causing any decline in production quality and quantity in
industrial establishments” (see (EIE, 2007)). By implementing energy efficiency
activities, firms may avoid waste, increase their productivity, and decrease their costs
and emission levels. These activities can be either outsourced or they can be performed
inside the firm by investing to the necessary assets such as workforce, equipment,
technology, etc. As a form of outsourcing, energy service contracting plays a critical
role in realizing energy efficiency improvements (Steve Sorrell, 2007). These
contracts, offered by energy service companies (ESCOs), provide an inclusive service
package to the clients that enable firms to deal with various difficulties in planning,
implementing and monitoring their energy efficiency projects. The type of contract
mostly preferred by ESCOs suggests an energy savings offer to commercial and
industrial customers in which payments are subject to the energy savings achieved or

the renewable energy produced (Okay, Okay, Konukman, & Akman, 2008).

Although a trend of growth can be observed across many ESCO markets during the
past few years (Bertoldi & Boza-Kiss, 2017), there are still certain factors hindering
the development of the energy service industry. Especially, capital inadequacy of local
firms, lack of effective risk management, transparency and disclosure problems of
firms, risk-averse approach of the banking system, difficult to fulfill principles and

procedures in the recent legal communiqué on ESCOs, and insufficient knowledge of

3 This chapter is based on the paper (A shorter version of this publication has been provided to avoid
repetitive explanations) “Yanmaz, O., Kadaifci, C., Asan, U., & Bozdag, E. (2018). A Systematic
Approach to the Analysis of Barriers and Drivers of the ESCO Market in Turkey. Energy
Management—Collective and Computational Intelligence with Theory and Applications, 405-426.”
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end-users and firms are some of the typical barriers reported in the literature (Onaygil
& Meylani, 2007; Okay et al., 2008; Akman, Okay, & Okay, 2013). Recently, a
number of articles and reports have been published that identify and analyze key
barriers and drivers for the development of the ESCO markets. Most of these studies
rely on survey data collected by means of questionnaires (Kalangos, 2017; Bertoldi &
Boza-Kiss, 2017; Kindstrom, Ottosson, & Thollander, 2017), in-depth interviews
(Hannon, Foxon, & Gale, 2015; S. Sorrell et al., 2000) or Delphi studies (Patiri &
Sinkkonen, 2014). Providing either an overview of locally relevant factors or of factors
within a specific sector (see Bertoldi & Boza-Kiss, 2017), the main concern of these
studies is to group and prioritize these factors. However, they do not employ any
further systematic analysis to closely examine the causalities and the relationships
between the actors and barriers. Only few studies suggest a systematic approach to
analyze the causal relationships between factors shaping the ESCO market. Fuzzy
cognitive mapping (Asan, Kutlu, & Kadaifci, 2011), fuzzy time cognitive mapping (C.
Kadaifci, Kucukyazici, Asan, & Bozdag, 2014) and DEMATEL (Basak, Asan, &
Kadaifci, 2012) are methods employed for this purpose. These studies also ignore the

roles played by the main actors of the market.

In order to address the issues mentioned above, this chapter suggests a systematic
approach that allows a detailed analysis of the barriers, drivers and actors of the energy
service contracting market. It does not only examine the barriers and their direct causal
relationships but also reveals important indirect relationships which may change the
priorities of the barriers. The proposed approach provides also an overview of the
interplay between the actors. Examining the actors' plans, motivations and the balance
of power among them allows a better understanding of the strategic issues of the
energy service contracting market. To justify the effectiveness and applicability of the
proposed approach, a case is provided where the energy service contracting market in
Turkey is examined. In the recent past years the energy industry in Turkey has
undergone a change in terms of restructuring and deregulation. The high growth rate
of Turkey’s annual energy demand, the high dependence on imports to meet the current
demand, the high energy intensity of the economy and the geopolitical position of
Turkey indicate the need of further energy-efficiency investments and also the
necessity of planning, implementing and controlling these investments (Turkyilmaz,

2016). Experts who have knowledge and experience on energy service contracting
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were involved in the process of determining the barriers, drivers, actors and their
relationships. The findings provided the basis for developing strategies for the energy

service contracting market in Turkey.

The rest of this chapter is organized as follows. In order to familiarize the reader with
structural analysis and actors’ behavior analysis, the theoretical foundations of the
proposed approach are summarized in Section 2. In the following section the proposed
approach and its stages are presented. In order to demonstrate the applicability and
effectiveness of the proposed approach an application to the ESCO Market in
TURKEY is provided Section 4. Finally, the contributions and limitations of the

proposed approach are summarized.

4.1 Theoretical Basis of the Proposed Approach

Scenarios are not intended to predict the future, instead they are stories for anticipating
it (Saritas & Aylen, 2010) and are used when several interdependent external and
internal factors need to be considered and especially the future is somewhat uncertain
(Godet, 1994). It seems unrealistic to predict a single future while dealing with
numerous interdependent factors, which the decision makers may or may not have
control on them, and the uncertainty about the future. Thus, scenario methodologies
are developed to consider all possible futures, to explore alternative ways to reach
them, and to show possible consequences (Godet, 1994). Among different scenario
methodologies, the one belongs to the “la prospective” school, is proposed by Michel
Godet in order to i) detect the priority issues, namely key variables, ii) determine the
relationships between these variables and the main actors related to the system under
study, and how powerful these actors to bring their projects into reality, and finally iii)
describe the system in form of scenarios under some specific assumptions (Godet,

1994).

In this study, the first two steps of the aforementioned scenario methodology, which
are two separate qualitative approaches, respectively called as structural analysis and
MACTOR (Matrix of Alliances and Conflicts: Tactics, Objectives and
Recommendations), are used. Structural analysis allows to detect the priority issues, in
other words the key variables related to the scenario field, and MACTOR provides a
strategic point of view by exploring actor-variable relationships and the power of these

actors. In the following part, the theoretical basis of these approaches are given.
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After determining the key variables or scenarios, the actors and their objectives related
to the system need to be identified. Key variables provide a manageable scenario
building process by dealing with a few critical factors, namely the most influential,
dependent, and key factors, instead of all of them, but they constitute only one single
dimension of the process. The actors in the system have different objectives either
compatible or incompatible with the system’s overall objectives and they may take
several actions to reach their own goals. Thus, the moves of actors, their actions, and
the balance of power need to be examined (Godet, 1994). Examining the relationships
between the actors as well as their role and power on the specific topics concerning
the subject and on each other provide a significant information to build more realistic

and reliable scenarios.

The MACTOR method, developed in 1985, is based on a structural analysis which
identifies actors and key strategic issues (Heger, Monath, & Kind, 2010), relationships
between actors, potential alliances and conflicts, and also the balance of power
(Munteanu & Apetroae, 2007). As pointed out by the developer of the MACTOR
method, Michel Godet, “In order to identify the most probable results, it is necessary
to fully understand the actors’ projects and intentions, their methods of action on one
another, coupled with the constraints imposed on them” (Godet, 1982). The MACTOR
method produces either a graphical representation which can also be identified as a
positioning map of actors based on their influence and dependence values or the
convergence and divergence matrices and maps. The distances between actors show
the potential alliances and conflicts by demonstrating how convergent or divergent
they are. Besides observing the relative strength through convergence and divergence
matrices and maps, the actors can be classified based on their position on the
positioning map as dominant, dominated, independent, and key actors (Munteanu &

Apetroae, 2007).

This qualitative scenario methodology consisting of two distinct and also sequential
methods provides scenario analysts a useful approach to deal with interrelations among
numerous factors and also among considerably high number of actors. Even they are
proposed as scenario tools, each can be separately or successively used in many areas
and for different managerial problems. In the scope of this study, both structural
analysis and MACTOR are used and a new approach to energy efficiency studies is

proposed in terms of ESCOs.
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4.2 Proposed Approach

The proposed approach consists of two methods of scenario methodology: structual
analysis and MACTOR. Determining key variables in the selected area provides a
more compact and manageable scenario building process, while determining particular
actions corresponds to these key variables and key actors have a significant power on
taking these actions and examining the relationships between them result in more
coherent and reliable scenarios. Instead of identifying the drivers directly based on the
scenario field analysis, literature review, and/or expert opinions, determining them by
considering the key variables improves relevance of the process of thought through the
right questions asked to the actors (Godet, 1994). This approach aims to provide a new
systematic way to recommend macro level strategies to the leading actors who have a

significant impact on the actions determined.

Based on the key barriers determined in structural analysis, the drivers correspond to
these variables and the actors have a considerable role in the system are identified and
relationships between them are analyzed to reveal the importance of drivers and also
the actual roles of actors on them to take strategic actions to deal with existing barriers.
In this study, the policies to be followed in ESCO market to overcome existing barriers
are selected as drivers, and from this point on, the term driver is used to refer to the

policies. The MACTOR method consists in the following steps (Godet, 1994):

1. Identifying Drivers Correspond to the Key Variables: The drivers
correspond to the determined key variables are identified and described. These drivers
represent strategic issues on which the actors confront each other, or in other words on

which the actor have convergent or divergent objectives.

2. Identifying Actors Related to the Problem on Hand: The key actors having

a direct or indirect control over the determined drivers are identified.

3. Assessing Actor-Driver Relationships: In order to run the MACTOR method,
there are two main inputs collected in two matrices. The first matrix is the position
matrix (MAO) that gives the position of actors over issues. The second matrix (MDA)
gives the direct relationships between actors. The matrix is used to obtain agreement
and disagreement coefficients, in other words convergence and divergence of actors to

the particular drivers.
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The actor-driver matrix is prepared in order to examine the relationship between the
actors and the drivers. A group of experts assess these relationships by using a
predetermined scale where 0 indicates being neutral, +1 indicates being in favor of and

-1 indicates being opposed to a particular driver.

4. Building Direct and Indirect Relationship Matrices: To associate the
impacts of actors on drivers to the power of actors and to obtain the weighted actor-
driver matrix, the relationships between actors are examined. The direct relationships
between actors are assessed by a group of experts and by using matrix multiplication,
the indirect relationships are obtained. Note that only the second degree paths are

checked, so the square of the actor-actor matrix is calculated.

The actor-driver matrix and actor-actor matrix are merged by using a power
coefficient. Actors’ balance of power, a scalar determining the relative strength of each
actor, is used in order to provide reasonable strategic recommendations. Power
coefficient for each actor is calculated by using Eq. 4.1 based on the values in the
indirect relationship matrix. If the scalar is high, the actor is in a stronger position.
Then, the balance of power coefficients is calculated by using Eq. 4.2 to facilitate

understanding and calculation.

4.1)
= = 4.2)

where M; is the total direct and indirect influence value of actor i, D; is the total direct
and indirect dependence value of actor i, 7; is the power coefficient of actor i and 7;” is

the balance of power coefficient of actor i.

5. Calculating the Weighted Matrix: The weighted matrix is obtained by
multiplying the rows of actor-driver matrix by corresponding power coefficient to

show the convergence and divergence that reflect the strength of the actors.

6. Calculating Matrices and the Graphs of Convergence and Divergence: The
convergence and divergence matrices are calculated by using the weighted matrix. To
obtain the convergence (or divergence) values of each actor pair on a particular policy,
the values associated with these two actors are compared. If these actors have the same
position towards any policy (i.e. the sign of the assessment is same), the absolute sum

of the relevant assessments are calculated and then it is divided by two. This absolute
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arithmetic average demonstrates the common approach of these actors to the relevant
policy. The average has a positive sign to represent the convergence and a negative
sign to represent the divergence values. The convergence and divergence maps are
prepared by using the values in these matrices separately where actors are represented
by nodes connected by arcs, the thickness of which is proportionate to the intensity of
the convergence (or divergence) between pairs of actors (Bendahan, Camponovo, &

Pigneur, 2004).

4.3 Application

4.3.1 The ESCO market in Turkey

During the last decade, the energy industry in Turkey has been greatly affected by the
deregulation and restructuring activities. The global competitiveness has become very
critical and to become a powerful player in this competitive environment, Turkey has
to make difference with its technological innovations, effective and efficient energy

activities, production and service quality (C. Kadaifci et al., 2014).

According to the report of International Energy Agency in 2005, ESCOs were not yet
operating in the Turkish market, however energy efficiency activities have actually
been being performed since 1995 in different sectors such as pharmaceuticals,
chemicals, automotive, agriculture, paint, food and beverages, airport, hospital, and
building by several medium-scale energy companies (Akman et al., 2013). In Turkey,
ESCOs (which are known as Energy Efficiency Consulting Companies) operate as
consulting firms which are state authorized and obliged to obey the Energy Efficiency
Law (EEL) and its communiqué, which primarily aims to increase competitive
advantage of Turkey in the global market (Akman et al., 2013). Although the EEL has
been developed in 2007 as a result of adapting with the European Union accession
period, the communiqué of the EEL related to ESCOs was released in 2012. During
the development process of this communiqué, ESCO licenses have been suspended by
the Ministry of Energy and Natural Resources (MENR) and candidate companies had
to wait until the regulations are approved (Akman et al., 2013). Today, MENR, Energy
Efficiency Coordination Board (EECB) and General Directorate of Renewable Energy
(GDRE) are responsible for energy efficiency activities. The EEL promotes the
efficient use of energy and covers administrative structuring, energy auditing, financial

instruments and incentives, awareness raising and the establishment of an ESCO
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market for energy efficiency services. With the EEL it is aimed to end the state
monopoly and allow private-sector participation in energy industries, aiming at cost-

effective pricing through competition (Okay et al., 2008).

A strategic plan for energy efficiency covering the years 2012-2023 have been
developed by General Directorate of Renewable Energy (EIE, 2012). According to this
plan, the decrease in the amount of energy consumed per GDP of Turkey in the year
2023 is targeted as 20%. The strategies reported in this plan, which are critical for the
energy service contracting market, can be summarized as follows 1) to reduce energy
intensity and energy losses in industry and services sectors, ii) to decrease energy
demand and carbon emissions of the buildings; to promote sustainable environment
friendly buildings using renewable energy sources, iii) to provide market
transformation of energy efficient products, iv) to increase efficiency in production,
transmission and distribution of electricity, to decrease energy losses and harmful
environment emissions, v) to reduce unit fossil fuel consumption of motorized
vehicles, to increase share of public transportation in highway, sea road and railroad
and to prevent unnecessary fuel consumption in urban transportation, vi) to use energy
effectively and efficiently in public sector, and vii) to strengthen institutional
capacities and collaborations, to increase use of state of the art technology and
awareness activities, to develop financial mechanisms except public financial
institutions (see EIE, 2012). These strategies can only be achieved in collaboration

with ESCOs.

In the literature, there are a number of informative studies about the ESCO market in
Turkey which helped us identifying the potential barriers and drivers influencing the
market’s development. Onaygil and Meylani (2007) give an overview of energy
service contracting and ESCOs and provide policy suggestions for the forthcoming
Turkish ESCO market. Okay et al. (2008) present views with regard to the funding and
related risks that are likely to be associated with the forthcoming Turkish ESCO
market. Also, the current situation of the Turkish ESCO market is analyzed through
the latest communiqué by Akman et al. (2013) from the 2013 perspective by
considering the present barriers and opportunities. In another recent study, Kalangos
(Kalangos, 2017) investigates the barriers and policy drivers to energy efficiency (EE)
in specific sectors in Turkey (automotive, chemicals and textile industries). Results

point to the need for a policy structure that tackles the recorded poor behavioral and
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managerial practices on energy efficiency (EE), the lack of private EE capital funds,
the inadequate energy service companies’ marketplace and energy suppliers’ loose EE
practices. Besides, there are studies focusing on the analysis of barriers and/or success
factors of energy performance contracting projects in different countries (Bertoldi &

Boza-Kiss, 2017; Kindstrom et al., 2017).

4.3.2 Steps of the proposed approach

The proposed approach is applied to the ESCO market in Turkey. Effective use of
energy resources is a non-negligible issue for Turkey when it comes to increasing
energy consumption, climate change, and trade balance deficit. While energy
efficiency has such a great significance, awareness created and precautions taken about
this issue are quite a little. For a good future to live, it is inevitable to take potential

energy efficiency actions and give this topic the credit it deserves.

In this study, barriers that hinder development of ESCO market being important factor
on energy efficiency are analyzed using structural analysis. Then necessary actions to
overcome these barriers and actors playing a significant role to take these actions are

analyzed using MACTOR method.

Key barriers determined to be based on structural analysis are listed below (Please
refer to the publication for a detailed explanation of how the key barriers were

determined).
- D1: Economic market barriers
- D3: Poor market incentives
- D4: Lack of customer awareness and understanding
- D6: Lack of customer information
- D7: Lack of trust by the clients in ESCOs
- D8: Lack of well-established partnerships between ESCOs and subcontractors
- D9: Negative influence of failed projects on the market
- DI1: Organizational and behavioral barriers

- D14: Taxation rules that discourage investment
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Improvement of ESCO market depends on overcoming these key barriers obtained by
using structural analysis. In order to deal with these hindering factors, some significant
actions are needed to be taken. Not only the actions but also the key actors who are
responsible for or have impact on these actions are crucial in terms of the future
progress of the ESCO market. The actor-related part of the proposed approach
produces positioning map of actors, the conflicts and potential strategic alliances

among them, and consequently the strategic actions recommended to the practitioners.
Identifying Policies and Actors

Policies to overcome key barriers and actors having direct or indirect effects on these
barriers are identified. Here, the main questions are who are the actors in ESCO
market, how many actors should be taken into account, and which policies are
considered correspond to the key barriers determined in the previous methodology.
Since the purpose of this study is to propose a new systematic approach for
recommending macro level strategies in general to any market, but in particular to the
ESCO market in Turkey, the leading actors who have a significant impact on the
policies are selected. Besides, the policies are identified based on a detailed literature
survey including the academic articles and industry reports, and also on the opinions

of experts in the related area.

Policies cover six issues including increasing financial incentives (O1), enabling
regulations about the market such as energy price, project development processes, etc.
(02), aligning strategies and priorities of ESCOs with the market (O3), providing
information and awareness for customers (O4), establishing national policies and
legislations to improve the sector (O5), forming documentation of market analysis and
sectoral memory (06). Eight actors which are Governments/Ministries (A1), Local
Authorities (i.e. Municipalities) (A2), Energy Efficiency Coordination Board (covers
TUBITAK, TMMOB, etc.) (A3), European Union (A4), ESCOs (AS5), Technology
Suppliers (A6), Customers/End Users (A7), and Organizations Providing Financial
Support (A8) are identified based on their role in the ESCO market.

Assessing Actor-Policy Relationships

Two types of relationships including actor-policy and actor-actor are assessed by the
same group of experts formed to assess the interrelationships among barriers. First, the

actor-policy relationships are assessed by using a predetermined scale where +1
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indicates being in favor of a particular policy, -1 indicates being opposed to that policy,
and 0 means being neutral. In contrast to the previous methodology, the average
assessments of experts are used for the further analysis. In Table 4.1, the overall

assessments are shown.

Table 4.1 : The overall assessments of expert w.r.t the actors’ position towards

policies

o1 02 03 04 05 06
Al -1 -1 0 1 1 1
A2 0 0 0 1 0 0
A3 1 1 0 1 1 1
A4 1 1 0 1 1 1
AS 0 1 1 1 1 1
A6 0 0 -1 0 0 0
A7 0 0 -1 0 0 0
A8 -1 0 0 0 0 1

Building Direct and Indirect Relationship Matrices

While it is difficult to make actors talk about their strategies and priorities, and ask
them to reveal their own purposes as well as their strengths and weaknesses, it is
considerably easy to direct them to talk about other actors in the system (Godet, 1994).
Thus, after identifying their divergence and convergence to the particular policies,
examining their relationships with others and seeking for their power on others will

show the whole picture.

Actor-actor direct relationship matrix is filled based on the influence of one actor on
another by using a scale from 0 to 3 (0: No, 1: Weak, 2: Average, and 3: Strong
influence). The overall assessments of experts related to the actor-actor relationships

is given in Table 4.2.

Table 4.2 : Overall assessments on actor-actor relationships

Al A2 A3 A4 AS A6 A7 A8
Al 0 2.33 233 1.00 2.67 1.83 1.33 1.83
A2 0.83 0 0.50 0.17 1.17 0.33 1.00 0.50
A3 1.67 1.33 0 0.17 1.67 0.17 0.50 0.33
A4 1.83 0.50 1.33 0 1.83 0.67 0.00 0.83
A5 1.33 0.83 1.17 0.33 0 1.83 2.83 1.17
A6 0.50 0.17 0.33 0.33 233 0 0.50 0.50
A7 0.17 0.50 0.17 0.17 2.83 0.33 0 0.33
A8 0.67 0.00 0.17 0.17 2.67 1.33 0.67 0
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Similar to the CIA, indirect relationships are examined through matrix multiplications.
At this point, only the second degree paths are checked whether there is an indirect
influence of a particular actor on others. This matrix, given in Table 4.3, shows overall

dependence and influence values.

Table 4.3 : Indirect Relationships Between Actors

Al A2 A3 A4 AS A6 A7 A8 1

Al 0.00 6.81 6.75 2.81 21.39 9.61 13.19 7.25 67.81
A2 3.36 0.00 3.89 1.67 8.31 4.86 5.17 3.69 30.94
A3 4.03 5.64 0.00 2.64 9.00 7.28 8.58 6.06 43.22
A4 5.97 7.69 7.03 0.00 11.47 8.22 9.69 6.53 56.61
AS 5.42 6.56 5.25 2.94 0.00 5.64 4.89 5.39 36.08
A6 4.83 3.97 4.58 1.53 5.44 0.00 7.94 4.28 32.58
A7 5.17 3.11 4.33 1.39 3.28 6.25 0.00 4.22 27.75
A8 4.92 4.64 5.44 2.14 7.36 6.47 9.19 0.00 40.17
D 33.69 38.42 37.28 15.11 66.25 48.33 58.67 37.42

Constructing the Weighted Matrix

In order to provide reasonable strategic recommendations, actors’ power coefficients
are calculated and by using these, the balance of power coefficients is obtained to
represent actors’ relative strength. The calculated coefficients are given in Table 4.4.
According to the findings, while Government/Ministries (Al) has the strongest
position of power, Customer/End Users appears to be in the weakest position in ESCO

market.

Table 4.4 : Balance of Power Coefficients

Actors r*
Al 1.99
A2 0.61
A3 1.02
A4 1.96
A5 0.56
A6 0.58
A7 0.39
A8 0.91

The balance of power coefficients and actor-policy matrix are used to construct
weighted matrix. The weighted actor-policy matrix, given in Table 4.5, is obtained by
multiplying each row of actor-policy matrix by power coefficient of the related actor

corresponds to that row.
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Table 4.5 : The weighted actor-policy matrix

o1 02 03 04 05 06
Al -1,99 1,99 0,00 1,99 1,99 -1,99
A2 0,00 0,00 0,00 0,61 0,00 0,00
A3 1,02 1,02 0,00 1,02 1,02 1,02
A4 1,96 1,96 0,00 1,96 1,96 1,96
A5 0,00 0,56 0,56 0,56 0,56 -0,56
A6 0,00 0,00 -0,58 0,00 0,00 0,00
A7 0,00 0,00 0,39 0,00 0,00 0,00
A8 0,91 0,00 0,00 0,00 0,00 0,91

Calculating Matrices and the Graphs of Convergence and Divergence

Two types of output are obtained as a result of MACTOR method: convergence and
divergence matrices and maps. While convergence matrix identifies actors which have
common positions over policies, divergence matrix identifies actors which have
conflicts over them. Convergence and divergence maps in Figure 4.1 and 4.2 are
prepared by using these matrices to show the position of actors on a map. The more
the actors are distant one to another, the more the intensity of their convergence (or
divergence) is important. The thickness of the lines between actors indicates how

powerful the alliance or the conflict between the actors are.

Convergence map shows that the Energy Efficiency Coordination Board and European
Union have strong relationship and they are carrying out similar works about policies
determined. Government/Ministries and ESCOs have common objectives. There are
some allies and conflicts between Government/Ministries, Energy Efficiency
Coordination Board, and European Union. Government/Ministries have common
policies either with the Energy Efficiency Coordination Board and European Union.
On the other hand, divergence map shows Govern-ment/Ministries strongly conflicts
on some policies with these actors being allies. This shows coherent works are not
carried out among these actors. Local Authorities, Technology Suppliers,
Customers/End Users, and Organizations providing Financial Supports have not
considerable common benefits with the other actors. Local Authorities, Technology
Suppliers, ESCOs, and Customers/End Users have negligible conflicts on drivers with

the other actors.
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Table 4.6 :

The Convergence and Divergence Matrices

Al A2 A3 A4 A5 A6 A7 A8
0,00 1,30 3,00 3,94 3,81 0,00 0,00 1,45
Al 0,00 0,00 -4,50 5,92 127 0,00 0,00 -1,45
1,30 0,00 0,81 1,28 0,58 0,00 0,00 0,00
A2 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
3,00 0,81 0,00 7,44 236 0,00 0,00 0,96
A3 -4,50 0,00 0,00 0,00 0,79 0,00 0,00 -0,96
3,94 1,28 7.44 0,00 3.77 0,00 0,00 143
Ad 5,92 0,00 0,00 0,00 -1,26 0,00 0,00 -1,43
3,81 0,58 2.36 3.77 0,00 0,00 0,00 0,00
AS 127 0,00 20,79 -1,26 0,00 -0,57 0,47 0,73
0,00 0,00 0,00 0,00 0,00 0,00 048 0,00
A6 0,00 0,00 0,00 0,00 0,57 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,48 0,00 0,00
A7 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00
s 1,45 0,00 0,96 143 0,00 0,00 0,00 0,00
-1.45 0,00 -0,96 .43 0,73 0,00 0,00 0,00
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Figure 4.2 : The divergence map

The 2023 strategies associated with policies developed to improve ESCO market are
demonstrated in Table 4.7. In order to accomplish these strategies, required actions need to be

taken for corresponding policies.
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Table 4.7 : Strategies-policies

2023 Strategies Policies
SP-01: To reduce energy intensity and energy losses in industry and services sectors P2
SP-02: To decrease energy demand and carbon emissions of the buildings; to promote

. . . s . P2-P5
sustainable environment friendly buildings using renewable energy sources
SP-03: To provide market transformation of energy efficient products P2-P5-P3
SP-04: To increase efficiency in production, transmission and distribution of electricity, to P

decrease energy losses and harmful environment emissions

SP-05: To reduce unit fossil fuel consumption of motorized vehicles, to increase share of

public transportation in highway, sea road and railroad and to prevent unnecessary fuel P2-P4-P5
consumption in urban transportation

SP-06: To use energy effectively and efficiently in public sector P2-P5

SP-07: To strengthen institutional capacities and collaborations, to increase use of state of
the art technology and awareness activities, to develop financial mechanisms except public ~ P1-P2-P3-P4-P6
financial institutions.

All dominant actors have common understanding of and support for P4 and P5. Thus, these
policies are likely to be realized. However, a considerable difference appears when it comes to
the policies P1, P2, and P6. All 2023 strategies are related to P2 on which
Government/Ministries have conflicts with the European Union and Energy Efficiency
Coordination Board. Unless these three actors ensure coordination on this policy, realization of
the following strategies seems rather challenging. Governments/Ministries and Organizations
providing financial support have different opinions with European Union and Energy
Efficiency Coordination Board with respect to P1 associated with the strategy SP-07. These
actors should settle the conflict to accomplish SP-07. Even it creates an additional workload to
maintain systematic documentation, analysis and control of the ongoing activities,
Government/Ministries and ESCOs should try to reach a common ground with other actors to

provide a better understanding and awareness as well as sectoral improvement.

4.4 Conclusion

This chapter suggests a new approach to the analysis of the potential barriers and drivers of
energy service contracting markets. It allows to closely examine causalities by analyzing both
direct and indirect relationships between the barriers as well as the actors and policies. Since
the proposed approach considers the actors' plans, motivations and the balance of power among
them, it provides the basis of a better understanding of the strategic issues of the energy service
contracting market. The effectiveness and applicability of the proposed approach is

demonstrated by a case study where the energy service contracting market in Turkey is
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examined. The findings of the case study, verified by experts, point out the presence of potential
conflicts among the actors and the risk of failure in realizing some critical policies in the future.
Since the barriers and policies may vary depending on country specific factors such as
managerial cultures, market structures and political-legal systems, it is difficult to generalize
the empirical findings of the present study. A possible future research direction might be

extending the proposed approach to consider also the uncertainty involved in the judgments.
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5. CONCLUSIONS AND RECOMMENDATIONS

Scenario planning is a strategic tool for dealing with the complexities and uncertainties
of the future. In today's highly competitive world, where rapid and dramatic changes
are the norm, anticipating and responding to future adjustments is vital to
organizational survival and success. Scenario planning provides a methodological
framework for overcoming experts' cognitive constraints, allowing for a more
complete analysis of possible alternative futures while promoting decision-making
under risk and uncertainty. Furthermore, it provides companies with the foresight to
identify and address both opportunities and threats, ensuring that they are better
prepared to adapt to a changing environment. As a result, the adoption of systematic
and comprehensive techniques for scenario planning is critical for efficiently

managing uncertainty and assessing complexity.

Within the scope of the thesis, important problems in the scenario planning approach
were addressed. To be more specific, scenarios, along with the factors and factor levels
that constitute them, are qualitative concepts. To make a selection of a limited and
small number among a huge number of scenarios, it is essential to quantify these
concepts. In the methodological studies, to quantify and obtain high quality scenarios,
the first three criteria were utilized to evaluate factor levels which constitute scenarios,
which the future developments in multiple perspectives. Also, considering the
interactions between the criteria in the aggregation process led to more realistic and
dependable outcomes. A new indicator has been proposed to derive quantitative
scenario values by considering both factor level assessments and the consistency
between factor level pairs. To address the combinatorial problem of scenario selection,
linear with a single objective and non-linear with multiple objective mathematical
models were developed. By defining constraints and objectives to ensure the selection
of diverse and high-quality scenarios that comprehensively represent future
possibilities, the model supports the identification of scenarios that best prepare for
future uncertainties. As a result of the models, four scenarios for urban mobility system
were selected in the first methodological approach, while five scenarios for warehouse

system were selected in the second methodological approach.
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Some limitations of the first methodological study were addressed in the second
methodological study. In the first study, interactions between criteria were assumed to
be only positive by taking into account the measure rules. In the second study, a
quadratic model was developed to take into account both positive and negative
interactions, and the individual and joint weights of the criteria were optimized in
accordance with the measure rules. In addition, while in the first study, a non-linear
model considering only distance in the scenario selection model was proposed, in the
second study, a linear model with an objective function considering scenario values
and distance together was developed. Thus, both better quality scenario selection in
terms of criteria and the selection of different scenarios that can cover the future are
ensured. The linear model was also chosen to achieve faster solutions in applications

with high complexity.

To demonstrate the effectiveness of the proposed approaches, a comparative analysis
was conducted with existing methods from the literature. This allowed us to analyze
both the impact of using criteria interactions and the effectiveness of the method. As a
result, the proposed methods yielded better results in selecting high-quality and diverse

scenarios in terms of criteria.

From a managerial point of view, identifying potentially significant future scenarios
allows organizations to proactively prepare and adapt to these circumstances, which
enables them to generate several objectives to pursue. However, achieving these
objectives requires consideration of the plans, motivations, and power dynamics of
relevant actors. To address this, MACTOR method was performed to analyze
relationships between objectives with respect to selected scenarios and actors. This
analysis identified allied actors with shared objectives, with whom strategies were
developed to achieve these goals. Thus, a structured framework was provided to guide

the progression from selected scenarios to the formulation of effective strategies.

The proposed approaches have certain limitations that could be addressed. If data
extraction is feasible within the study area, evaluations could be streamlined by
incorporating text mining techniques alongside expert assessments. To reduce
complexity in the methodological approaches, only the consistencies of factor-level
pairs were considered. An automated method could be developed to calculate higher-
level consistencies based on these pairwise consistencies. Scenario selection is a

combinatorial problem that becomes computationally expensive as problem
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complexity increases. To address this, heuristic algorithms could be developed to solve
the mathematical model used for scenario selection, enabling faster solutions for large-
scale problems with numerous factors and levels. For the MACTOR, the uncertainty

involved in the judgments could also be considered.

The approaches proposed in these studies are not limited to scenario planning
problems, they can also be applied to decision-making problems involving systems
composed of discrete components. Product development is one such example, where
the methodologies can be applied. Products consist of many different parts, each with
several characteristics. Using the analogy between products and scenarios, the

proposed methodologies can be effectively applied to similar problems in other areas.
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