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ABSTRACT  

This study aims to investigate predefined economic parameters, relating to the Arctic region and 

Icelandic economy, to aid in the construction of a decision model for the Arctic region. The 

research is a part of a larger research program named; “A decision model for strategic planning in 

the Arctic region” or DMA. The program is arranged by the Centre of Risk and Decision Analysis 

(CORDA) which is a research hub within The School of Science and Engineering at Reykjavik 

University. 

Former studies within the program have identified economic parameters through expert 

interviews and internet surveys. These parameters are interdependent and to construct a decision 

model these dependencies must be assessed. Building on the foundation of former studies the 

Delphi method was employed along with the cross-impact method to shed light on the 

interconnections of eight of these parameters. Experts on the subject were sought out and asked to 

estimate the cross impacts between parameters on a 7-point scale ranging from +3 to -3 or from a 

significantly positive impact to a significantly negative impact. Conforming to the Delphi method 

two rounds of the survey were conducted to gather consensus on the cross impacts. 

The findings of the research suggest that diverse views are on the impacts between 

parameter pairs although a consensus was reached in the second round of the survey. In some 

instances, level of agreement was high while other estimations had a wide range of responses. The 

diversity in answers conveys a higher level of uncertainty regarding those parameters and pairs of 

events as opposed to others. It is also implied by the survey how taxing the Delphi and cross-

impact methods are regarding expert involvement. However, when data is scarcely available these 

methods provide significant insight.  
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ÚTDRÁTTUR 

Rannsókn þessi miðar að því að skoða nánar efnahagslega áhrifaþætti sem þegar hafa verið 

skilgreindir í tengslum við Norðurskautsmál og íslenskan efnahag. Tilgangurinn er að þróa leiðir 

til að móta ákvörðunarlíkan sem varpa mun ljósi á hvernig vaxandi umsvif á Norðurskautinu munu 

hafa áhrif á efnahagslíf Íslands. Verkefni þetta er liður í stærri rannsókn á vegum CORDA (Centre 

of Risk and Decision Analysis) sem er undir Tækni og verkfræðideild Háskólans í Reykjavík. 

Rannsóknarverkefnið nefnist; “A decision model for strategic planning in the Arctic region” 

(DMA). 

Fyrri verkefni undir DMA hafa skilgreint efnahagslegar breytur og áhrifaþætti með 

viðtölum við sérfræðinga á sviði Norðurskautsmála og með internet könnunum. Þessar breytur 

mynda flókið kerfi krossáhrifa sem nauðsynlegt er að skoða nánar. Byggt er á fyrri rannsóknum 

og þær notaðar sem grunnur til að framkvæma Delphi könnun og skoða kross áhrif milli breyta 

sem þegar hafa verið skilgreindar. Átta breytur voru valdar í þessum tilgangi. Sóst var eftir áliti 

sérfræðinga og þátttöku þeirra í internet könnun. Sérfræðingar voru beðnir um að meta kross áhrif 

milli breyta á 7 punkta skala með gildi á bilinu +3 til -3. Hæsta gildið stendur fyrir mjög jákvæð 

áhrif og lægsta gildið fyrir mjög neikvæð áhrif.  Könnunin var framkvæmd í tveimur umferðum, 

eins og Delphi aðferðin segir til um, til að stuðla að auknu sammæli meðal þátttakanda um kross 

áhrifin. 

Niðurstöður benda til að sérfræðingar hafi ólíkar skoðanir um breytur og áhrif þeirra á 

milli, þó að nokkuð sammæli hafi náðst í seinni umferð könnunarinnar. Í sumum tilfellum voru 

sérfræðingar mjög sammála en í öðrum tilfellum birtist allur skalinn af skoðunum í svörum þeirra. 

Ólíkar skoðanir og svör benda til að aukin óvissa fylgi þeim breytum og breytupörum sem það á 

við um. Á niðurstöðum má einnig sjá hversu krefjandi og þreytandi Delphi og krossáhrifa kannanir 

geta verið fyrir álitsgjafa. Hins vegar eru þær nauðsynlegar til að öðlast skilning í málefnum þar 

sem aðrar leiðir til upplýsingasöfnunar liggja ekki fyrir.  
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1 Introduction 

1.1 Background  

Interest in the Arctic region has increased immensely over recent years. This is due to substantial 

decrease in multiyear ice area in the Arctic with a record decline in 2008 and again in 2012 

(Comiso, 2012). Although the ice area has recovered to some extent in individual years there is 

still a trend of rapid decline per decade (NSIDC, 2016).  As a result, the Arctic coasts will likely 

be free of ice all summer by mid-century (Laulajainen, 2009). This has opened the doors to 

industrial opportunities as well as commercial sailing through the Arctic Sea Route. There is also 

however, great uncertainty regarding outcomes of growing activity in the Arctic and how it will 

affect the environment, society and economy in the regions surrounding the Arctic.  

The Arctic region can be defined by a range of different characteristics but it is maybe most 

generally described as the area north of the Arctic Circle. The Arctic Circle is specified as an 

approximate for the southern boundary of the midnight sun at an imaginary line situated 66°32’N 

(AMAP, 1998). However, other delineations of the Arctic Region are established depending on 

the different purposes. The Arctic Monitoring and Assessment Programme (AMAP) has developed 

a definition of the Arctic Region taking into account ecological, physical and geographical 

conditions. As seen in Figure 1-1 the Arctic stretches across northern Europe, North America and 

Asia. It contains eight countries and the vast expanses of sea and ocean in between.  The eight 

countries inherent to the Arctic are: Canada, Denmark, Finland, Iceland, Norway, Russia, Sweden 

and United States of America. These countries form the Arctic Council which was established in 

1996 with the signing of the Ottawa declaration that gives the Arctic Council a broad approval to 

address issues relevant to the Arctic Region and its peoples (Arctic Council, 2016). Additionally, 

to the eight countries, six organizations representing Arctic indigenous people have the status of 

Permanent Participants in the council. In the last 20 years, the Arctic Council has focused mainly 

on environmental protection and sustainable development. Six working groups operate within the 

Arctic Council each focusing on different aspects of issues regarding the Arctic. However, none 

of these working groups focus on the economic impact of increased activity in the Arctic Region.  
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Figure 1-1 The Arctic region stretches across Northern Europe, North America and Asia (Dallmann, n.d.). 

The Arctic Council aims to study and analyze different subjects relating to the Arctic 

Region but have yet to combine all the information gathered into one comprehensive model that 

could also describe the economic impact of the relevant factors. 

As mentioned above there are many opportunities, challenges and uncertainties that arise 

with the ongoing climate changes and melting of the Arctic ice cap.  

The opportunities revolve around the natural gases the Arctic holds, rise of tourism and 

fisheries in the Arctic, amongst other things that all can be attributed to easier access to the region. 

The northeast passage and the northwest passage, jointly referred to as the Arctic Sea Route, which 

can be seen in Figure 1-2 are expected to open up for year-round commercial shipping by the end 

of this century (Laulajainen, 2009). This will lead to a more accessible discovery and exploitation 

of mineral resources, for example hydrocarbons, and possibly form a new pattern of raw material 

flows (ACIA, 2004). Substantial areas reaching beyond territorial waters are likely to gain 
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economic value and furthermore there will be an expansion northwards in areas applicable for 

forestry and some types of agriculture. In addition to this, Icelandic ports could serve as hubs in 

transshipment industry relating to the Arctic region. 

 

Figure 1-2 The Arctic Sea Route (Ellis & Brigham, 2009, p.17). 

The challenges and uncertainties stem from political issues as well as environmental, social and 

legal. Since much of the Arctic area is beyond territorial jurisdiction there are issues related to 

governance that have not been solved. With increased shipping activity comes a higher risk of 

accidental or illegal oil spills and currently there is a lack of marine infrastructure to respond to 

such incidents and other emergency safety issues (Ellis & Brigham, 2009). Other environmental 

concerns include ship strikes on marine mammals, accidental introduction of alien species and the 

disruption of migration patterns for marine life.  Furthermore, Arctic residents are apprehensive 

for the impact on their culture and society as well as disruption of marine species they rely heavily 

on.  
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To make matters more complicated all these factors are interrelated and treating them as isolated 

units will not result in a comprehensive view of the developments north of the Arctic Circle.  

Taking everything above in to account the countries surrounding the Arctic and their 

representatives now face the difficult task of economic decision making regarding their Arctic 

activities. Although there is considerable interest in matters of the Arctic, a comprehensive 

decision model has yet to be constructed. Given the many uncertainties and scenarios possible and 

interdependency between parameters a coherent overview of the problem would benefit 

stakeholders and decision makers greatly.  This paper aims to investigate some of the economic 

parameters, and their interrelations, relevant to a decision model representing developments in the 

Arctic. 

Centre of Risk and Decision Analysis (CORDA) which is a research hub within The School 

of Science and Engineering at Reykjavik University have arranged a research program named; An 

“open access” decision model for strategic planning for the Arctic Region (DMA). The DMA 

project aims to supply answers to the difficult question of how increased human activity in the 

Arctic will affect the economy in the countries surrounding it (Grimsdóttir, 2014). The objective 

is to develop a decision model based on open access ideology that can answer "what if" questions 

and respond to different scenarios.  By manipulating various parameters in the model, questions 

concerning the effect on other parameters could be answered.  Based on the decision problem 

being evaluated, investors, scientists, the government or other stakeholders could choose relevant 

information as input and output from the model. In an ever-changing environment, the model 

development will be incremental as new information in economics; social studies and science 

become available. 

The DMA project is divided into four phases, each with a set of objectives. The phases are 

defined as follows: 

Phase 1 – Model abstraction 

 Defining the most important parameters to be included in the model 

Phase 2 – Definition, data procurement and statistical attributes 

 Bring together stakeholders and parties of interest to work 

 Define, assemble and sort out the data governing the model parameters 

 Define the procedures of use and application 
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 Define the mathematical relationship between parameters 

Phase 3 – Programming and testing 

 Design a user-friendly interface 

 Programming 

 Testing 

 Launching 

Phase 4 – Implementation and application 

 Introducing the model 

 Follow up 

Requirements analysis for the DMA project has been carried out in a research by Hera Grímsdottir 

(2014). One of the main goals of the study by Hera was to define the parameters that will be most 

influential on Icelandic economy over the next two decades. The study also addressed the issue of 

interrelation between parameters and how they would fit into the decision model mentioned above. 

Grímsdóttirs's study (2014) was fundamental in establishing procedures to define the parameters 

in the DMA program.  

Grímsdóttir (2014) conducted interviews with stakeholders with background in academy, 

business and government. With the information gathered through the interviews she defined 28 

economic parameters and then went on to assess their impact on the Icelandic economy through a 

questionnaire sent to stakeholders and other interested parties. 

Sigurður Valur Guðmundsson (2015) further investigated the 28 parameters defined by 

Grímsdóttir (2014). He repeated the questionnaire to give a more current assessment of the 

parameters with a larger sample of recipients. Then the answers were utilized to demonstrate a 

cross-impact analysis through group decision support system (GDSS) and 8 of the previously 

defined economic parameters were chosen to that extent (Guðmundsson, 2015).  

This study attempts to further analyze 8 of the parameters defined in the requirements 

analysis by Grímsdóttir (2014) and do a cross-impact analysis through the Delphi method. The 

results will serve as input for a conceptual model containing the relevant parameters and their 

interconnection. 
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Phase 2 of the DMA project is the focus of this study. The aim is to evaluate the cross-impact 

of eight of the earlier defined economic parameters by involving stakeholders to get expert 

opinions through the Delphi method which is a technique to gather data from respondents within 

their field of expertise (Hsu & Sanford, 2007). An abstract of the decision model will furthermore 

be constructed and their estimated cross-impact. The study abides to non-experimental quantitative 

research methods and is of a fixed design with a theoretical background in system engineering, 

risk management and decision analysis. The data will be collected through a web based 

questionnaire with purposive sampling where the opinion of experts will be sought.  

1.2 Statement of problem  

The Arctic ice sea cover has been reducing in size over the last few decades in a strong correlation 

with surface temperature which is increasing faster in the Arctic than the global average (NSIDC, 

2016). The most noticeable change in recent years in the Arctic region has been the swift decline 

of the perennial ice cover i.e. the ice that survives the summer. Consequently, scientists predict 

that in near future the Arctic sea will be largely ice free during the summer. Due to this, 

opportunities in the Arctic region related to industry and commercial sailing through the Arctic 

Ocean would become a viable option. The uncertainty is still great since there was more ice in 

2014 than the years before (NSIDC, 2016). 

 

Figure 1-3 Arctic Sea Ice Extent (Area of Ocean with at least 15% sea ice). Dashed line shows the year 
2012, yellow is 2014 and mint is 2017 so far. (NSIDC, 2017). 
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The extreme weather conditions and harsh elements have characterized the area north of 

the Arctic Circle for centuries and thus the area is a relatively uncharted territory. This presents 

several difficulties for stakeholders interested in investing in the Arctic. The rate of uncertainty is 

high and supply of accurate predictions is scarce since the precedence is non-existent. There are 

many variables to consider pertaining to environment, society, security and wildlife before 

embarking on economic ventures with undetermined outcomes.  

There is ample interest in utilizing the economic opportunities in the Arctic as can be seen 

by the number of conferences being held in the last few years and by the governmental funding of 

Arctic research and Arctic cooperation across the northern countries. It is therefore safe to assume 

that human activity in the arctic will escalate in the future but the impact and amount are unclear. 

In light of this it is of immense value to obtain the overall view of possible outcomes and scenarios 

north of the Arctic Circle. 

1.3 Aim and objectives  

The aim of this research is to contribute to the DMA project by doing a cross-impact analysis on 

eight of the economic parameters predefined by Grímsdóttir (2014) and to give insight into how 

these parameters are connected. The objective is to involve stakeholders by obtaining their expert 

opinion on cross-impact between parameters. Parameters are chosen by looking at results from a 

study carried out by Guðmundsson (2015). His study included estimations made by stakeholders 

on which parameters will be dominant in the Icelandic economy over the next 20 years. His study 

also included a cross-impact analysis based on group decision support system (GDSS) and the 

impact estimations of individual parameters made by stakeholders. Finally, a conceptual model 

featuring the relevant parameters and interconnection between parameters will be proposed.   

1.4 Research question 

The research questions are as follows: 

 Can the interrelations between the 8 chosen parameters be determined? 

 Which of the cross-impacts between chosen economic parameters convey the most 

uncertainty and risk? 

 Which of the 8 economic parameters, if any, have no interrelation between them. 
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An economic parameter in this research is defined as: A variable that can influence cost and/or 

income directly or indirectly, for business life and government in the coming decades.  

1.5 Limitations 

The parameters that will ultimately influence decision making in the Arctic originate from different 

areas of expertise and form a much larger set than will be explored here. The focus in this research 

is on the economic parameters, already defined by Grímsdóttir (2014), and their impact factor on 

Icelandic economy over the next 20 years. Furthermore, the interconnection between eight of the 

parameters is the main subject of this thesis. 

There are legal and political issues as well as environmental that will not be resolved in 

this research. A balance between environmental and economic objectives is often complicated as 

well as political and ethical issues that come to play but will not be addressed here. The effect on 

the delicate ecosystem of the Arctic, although important, is not inherent in this project. The DMA 

project in general will however hopefully help in achieving this balance in the future. 

The DMA project will fundamentally evolve over time and the conclusions of this study is 

confined to current state of affairs. The statistical distributions of parameters as they are presented 

here are only a glimpse into how stakeholders perceive these parameters at this moment in time.   

1.6 Thesis outline 

The first part of the thesis is the introduction where the research question as well as aims and 

objectives are defined. Next comes a chapter on theoretical framework where the origin and 

processes of decision analysis will be reviewed along with a description of the Delphi method and 

Cross-Impact method. The research methodology is explained in the chapter following that. 

Chapter four introduces the results and after that the concluding conceptual model is presented. 

Chapter five focuses on discussion about the research and next steps. The final chapter covers the 

conclusion of the study. Bibliography and Appendices are at the back of the paper. 
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2 Theoretical Framework 

The theoretical framework guiding this research will be described in the following chapter. The 

project is grounded in decision theory and analysis which deals with decision making under 

uncertainty. The research is approached from the perspective of systems engineering where models 

of various types are prevalent.  First there will be a discussion on decision theory and analysis. 

Next, the Delphi method will be described and finally, the theory of cross-impact analysis will be 

covered. 

2.1 History of Decision Theory and Analysis  

2.1.1 Early Years 

Our everyday lives are filled with making decisions. Many of these decisions are relatively simple 

such as deciding what to wear or which movie to watch. Other decisions require more thought, 

namely choosing a university, career or where to live. Most people have some sort of inherent 

decision making skills such as evaluating pros and cons or simply going by gut feeling, but 

ultimately, we all try to make logical decisions that will deliver the best results according to our 

sets of values. This rhymes with the definition according to Hansson (1994) which states decision 

theory is about “goal-directed behavior in the presence of options”. 

It should therefore be no surprise that there has long been interest in behavior mathematics, 

game theory and probability theory. These are all a part of the foundation on which decision theory, 

the theory of choice, is built. The expected value procedure was known already in the 17th century 

(Ore, 1960) and for over two hundred years the possibility of effective, systematic rationale about 

human action has been appreciated (Howard, 1988). The beginning of modern probability is often 

traced back to the year 1654 when two gambling problems were proposed to Blaise Pascal by the 

nobleman de Méré (Ore, 1960). The problems were related to games of gambling on a tossed coin 

or throws with two dice. Pascal’s discussions with Pierre Fermat about these problems are believed 

to be the foundation to the idea of expected value. Expected value is a common aid when deciding 

between multiple choices which each could have several outcomes with various probabilities. In 

short, the concept is to determine all possible outcomes and their values along with their respective 

probabilities and then multiply the two to give an expected value. The rational choice should be 

the one with the highest sum of expected value. Bernoulli pointed out certain limitations to the 
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expected value theory and instead defined an expected utility theory in 1738 (Schoemaker, 1982). 

The expected utility theory captures in mathematical terms the decision maker’s attitude to risk by 

introducing the utility function. 

2.1.2 Normative and Descriptive Theory 

The scholars mentioned above all lived in the age of enlightenment. During that time 

mathematicians of probability did not distinguish between the rational solution to a problem 

involving uncertainty and the reaction of a rational person in the same situation (Daston, 1988). 

When modern decision theory began developing in the mid-20th century this distinction started to 

form. The distinction is between two main approaches to decision theory. On one hand, there is 

normative decision theory and on the other descriptive decision theory. Later a prescriptive 

decision theory was also defined although many do not specifically distinguish between normative 

and prescriptive theory. 

Normative theory deals with how people should behave and make decisions in a rational 

way while descriptive theory is about how people, in fact, behave and make decisions in real life 

situations (Hansson, 1994). Likewise, normative models state what ought to happen if everything 

behaved according to certain theories whereas descriptive models strive to characterize how things 

take place without judgement of how they should operate (Howard, 1988).  

Although the line between descriptive and normative theory seems clear, many problems 

and their analysis contain aspects of both (French, 1995). Decision analysists use normative 

decision theories to help decision makers choose strategies for comparing consequences described 

by descriptive models of these strategies. This is commonly referred to as prescriptive analysis 

(French, 1995).  

Normative models are needed when we do not have the overview to comprehend the 

situation and things might not be exactly as we are tempted to think. There are many easily 

observed lapses in human decision making so it would be better not to rely on unaided judgement 

in dealing with important decision problems. The normative approach to decision making is 

decision analysis (Howard, 1988). The recognition of certain norms allows for decision mistakes 

to be caught. Using decision analysis ensures that the rules are followed to reason in simple 
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transparent situations as well as in more complex situations that need to be reduced to transparent 

ones. 

Decision analysis relates mostly to normative and prescriptive decision theory. It is the 

practical approach to finding out how decisions should be made. Behavioral decision theory was 

introduced in 1954 by American psychologist Edwards (Edwards, 1954).  It was one of the first 

models to highlight the importance of subjective values and belief in judgment and decision 

making as the basis to predict decision behavior. Decision analysis aims at finding tools and 

deriving methods to assist people in making better decisions while considering different objectives 

and uncertainty.  

2.1.3 Development of Decision Analysis 

The distinction between normative and descriptive decision theory was an important step in the 

advancement of decision analysis and the development of methods to deal with complex decisions 

under multiple objectives or uncertainty. Even though the origin can be traced 200 years back, the 

term decision analysis was first coined by Ronald A. Howard in 1966 (Howard, 1966). The role 

of decision analysis has changed significantly since earlier years when the focus was often on 

finding an optimal solution. However today in decision analysis discipline, the emphasis is on 

analysis of the complexity that decision makers face, or as described by Keeney (1982, p. 821): 

“Decision analysis will not solve a decision problem, nor is it intended to. Its purpose is to produce 

insight and promote creativity to help decision makers make better decisions”.  

Norms of rationality and the preferences of the decision maker control the structure of the 

problem in decision analysis. However, it is not within the realm of the discipline to regard norms 

of ethical or political nature. The analysis is not intended to take a stand on whether the goals of 

the decision maker are just or desirable (Hansson, 1994). 

Modern decision analysis basis it foundation on a set of principles for analyzing decision 

problems (Keeney, 1982). The principles denote that the appeal of each alternative should be 

judged by the probability of the possible outcomes of each alternative, along with which outcomes 

the decision maker is partial to. The principles provide a sound basis for a systematic analysis, 

including judgement and values, to be applied to a range of decision problems. The focus of 

decision analysis is on the five elements common to all decision problems. They are: 
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1. A perceived need to accomplish some objectives, 

2. Several alternatives, one of which must be selected, 

3. The consequences associated with alternatives are different, 

4. Uncertainty usually about the consequences of each alternative, 

5. The possible consequences are not all equally valued.  

(Keeney, 1982) 

These elements allow for the decision problem to be disintegrated to analyze each component 

separately, before they are organized by the logic and principals of decision analysis, to advice 

which option should be selected. Furthermore, procedures of modelling and performing sensitivity 

analysis learnt from systems engineering legacy of the Second World War supply a vigorous way 

of analyzing decisions when added to the ideas of statistical decision theory (Howard, 1988). As a 

result, the discipline of decision analysis today provides “a systematic procedure for trans- forming 

opaque decision problems into transparent decision problems by a sequence of transparent steps” 

(Howard, 1988). These procedures and the process of decision analysis will be discussed in the 

following chapter. 

2.1.4 Decision Analysis Process  

Many problems that require decision analysis have several of the following factors contributing to 

their complexity: multiple objectives, intangibles, long time horizon, value trade-offs, uncertainty, 

attitude to risk, complex structure and multiple stakeholders (Keeney, 1982). Because of this the 

key word of interest is analysis, which entails breaking the problem up into its components and 

considering each one separately. Decision analysis then provides tools to integrate the results so a 

plan of action can be taken (Goodwin & Wright, 2004). The foundation of decision analysis is 

based on a set of axioms described similarly by different 20th century scholars (Keeney, 1982). 

The axioms indicate that the appeal of alternatives should depend on two factors. Firstly, the 

likelihoods of potential outcomes of each alternative and secondly the preferences of decision 

makers for those outcomes. 

The process of analyzing decision problems is based on the before mentioned axioms. As 

with the axioms, various scholars have outlined the process in diverse publications. Although the 

number of steps or phases and the focus in wording is different the processes described are much 

the same. Ronald A. Howard identifies three phases in the decision analysis procedure (Howard, 

1966). First there is the deterministic phase, second the probabilistic phase and finally the post 
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mortem phase. The first phase entails defining the decision, identifying alternatives, assigning 

value to outcomes along with selecting variables and establishing their relationship. The second, 

probabilistic phase is where uncertainty and risk preference is considered and the best alternative 

selected. The post mortem phase is dedicated to analysis of the impact of uncertainties on the 

outcome and then gathering more information before finally as the result of the analysis a decision 

is taken on how to move forward. 

Ralph L. Keeney decomposes the process into four steps (Keeney, 1982). These steps are: 

“1. Structure the decision problem, 2. Assess possible impacts of each alternative, 3. Determine 

preferences (values) of decision makers, and 4. Evaluate and compare alternatives” (Keeney, 

1982). The steps are outlined in Figure 2-1 below along with complexities associated with each 

step.  

 

Figure 2-1 Decision analysis steps as described by Keeney (1982) 

Although the phases and steps above are described as sequential, their relationship is not 

necessarily that simple. As Howard (1980) points out “The decision analysis process is not static 

but iterative and interactive. Although we speak of assessing probabilities or preferences the 

process is better described as the formation, encoding and verifications of these quantities” 

(Howard, 1980, p. 8). 

Step 1 Structure the 
decision problem

Step 2 Assess possible 
impact of 
alternatives

Step 3 Determine 
preferences of 
decision makers

Step 4 Evaluate and 
compare 
alternatives
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- Value tradeoffs
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proposed alternatives
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All things above considered it must be remembered that a good outcome and a good decision 

are not one and the same thing. A good outcome is a version of the future that we prefer relative 

to other results. While a good decision is one taken based on logical consistency with perceived 

options and information at hand in the moment (Keeney, 1982). Since uncertainty is often high the 

best decisions can lead to bad results and bad decisions can end up with a positive outcome. 

2.2 Delphi Method 

2.2.1 Origin of Delphi 

The Delphi technique was first developed at the Rand Corporation in Santa Monica, California, in 

the 1950’s (Cuhls, 2005). It is related to intuitive methods of foresight in operations research. The 

name is drawn from the story of the Greek oracle at Delphi were prophesies of the future were 

given (Gordon, 2009).  

The men at the forefront of Delphi development were amongst others at Rand: Olaf 

Helmer, Nicholas Rescher and Norman Dalkey (Gordon, 2009). First studies were related to 

military research in the 1950’s but the first large scale Delphi survey was published in the USA in 

1964 by the civil service sector (Cuhls, 2005; Gordon, 2009). However, shortly after that the lead 

on development of the technique and wider utilization of Delphi studies was taken over by Japan 

(Cuhls, 2005). Japan has conducted large studies, roughly every five years, on future of science 

and technology since the late sixties. Later in the 20th century governments of European countries, 

such as German, France and the UK joined in on large scale government foresight studies. 

2.2.2 Definition and the Characteristics of the Delphi Technology 

Initially, Delphi was designed as a forecasting technique to envision the likelihood of different 

situations in the future (Yousuf, 2007). The method is particularly suitable in long range 

forecasting (20-30 years) where the only information available are expert opinions (Cuhls, 2005). 

The significance of the process as such is also appreciated due to the communication effect of 

Delphi studies. 

The method is formed as group communication process and is in a sense a controlled debate 

(Gordon, 1994; Hsu & Sandford, 2007). It aims to achieve a convergence of opinion on the real-

world issue at hand. However, sometimes consensus is not reached and when that happens the 
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reasons for contrasting positions become clear through the process (Gordon, 2009). Delphi should 

inspire genuine discussion, independent of personalities. Anonymity is essential to eliminate the 

influence of indoctrination by skillful speakers. The technique consists of a survey carried out in 

two or more rounds where the outcome of the first round is provided to the participants in the 

second round (Cuhls, 2005). They then have the option to alter their opinion if they wish. The 

arguments given for extreme positions are structured to demonstrate equal importance and 

supplied in the second round along with other results. “These aspects: anonymity and feedback, 

represent the two irreducible elements of the Delphi method” (Gordon, 2009). 

The Delphi method therefore generates both qualitative and quantitative results and is 

based on explorative, predictive and normative elements (Cuhls, 2005). According to Gordon 

(2009), Delphis usually have a small number of respondents and therefore they do not nor are 

intended to produce statistically significant results. The results produced by one panel do not 

predict the outcome of a larger population or even a different panel. They serve as a fusion of 

opinions of a certain group of experts. The ideas generated by the Delphi method, both those that 

induce consensus and those that do not, determine the value of the method. The reasons given for 

the extreme positions taken are also an important product of the method (Gordon, 2009). 

To sum up the Delphi method can be defined as a technique for gathering judgement on 

complex subjects where other information is scarcely available (Yousuf, 2007)  

2.2.3 Strengths and Weaknesses 

Delphi is a tool to carefully and objectively examine occurrences/matters that require judgements 

of knowledgeable people and therein lies its strength.  One of the weaknesses is that answers to 

many questions can be much more easily obtained with other methods (Gordon, 2009). Delphi can 

therefore be a powerful technique when the applicable questions are asked. Even though the Delphi 

technique is to ensure calm debate where the opinions of everyone are heard, it may sometimes 

derive false consensus when participants switch stance if their opinion was not strongly held to 

begin with. This is one of the reasons Delphi fails, that is disagreements are ignored rather than 

explored (Yousuf, 2007). Consensus is not as important as the representation of reasons for 

disagreement, when they arise (Gordon, 2009). Delphi is also time consuming and requires a 

certain commitment from participants. To battle this, researchers must ensure that participants 
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understand the level of demand and it is also preferable to compensate respondents for their time, 

if possible.  

The Delphi method can be of great value when other methods of data collection are not 

fitting or even capable. It is especially beneficial when: “The problem does not lend itself to precise 

analytical techniques but can benefit from subjective judgments on a collective basis” (Yousuf, 

2007).  Another strength is the confidentiality of the method. The hesitancy to express unpopular 

views or disagree with colleagues are some of the obstacles to true debate that confidentiality 

overcomes. It also prevents dominant personalities from controlling the conversation. 

The main weakness of Delphi is how time consuming and resource demanding it can be 

(Cuhls, 2005). Participants are expected to consider questions carefully and partake in at least two 

rounds of the survey while the researcher must carefully prepare all questionnaires and analyze 

data for feedback. Because of this Delphi is considered an expensive research method although 

dependent on the breadth of the study. 

Ultimately, Delphi is a method to approach highly complex problems for which no suitable 

models exist (Yousuf, 2007). In some cases, the judgment of experts is all the data available and 

therefore a necessity.   

2.2.4 The Delphi Process 

There are some variations to organizing and carrying out the Delphi process although the methods 

are similar. In the following section the common Delphi steps will be described. 

The Delphi method is applicable when policies, plans or ideas depend on informed 

judgement (Yousuf, 2007).  Therefore, questions are largely about forecasts on future 

developments, benefits of future circumstances or the way to attain or avoid future developments 

(Gordon, 2009).  

Choosing the participants is an important element to a successful Delphi study and it is 

vital to include people who are likely to provide valuable ideas (Gordon, 2009). Knowledgeable 

people are usually found through published literature on the subject matter but also via 

recommendations from academia and other institutions. Panels of 15 to 30 people are common 

although on occasion hundreds of experts have been involved. The panel size depends on the issue 
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at hand and the population, since in small countries or obscure fields only a handful of experts are 

available (Cuhls, 2005) 

As mentioned before Delphi is an iterative process to gather data from experts.  It takes 

two or more rounds to complete the study. The first round is to gather input on the issue based on 

experience and judgment of the participants on the panel. This is traditionally done in the form of 

an open-ended questionnaire however comprehensive interviews with experts have also been 

successful (Hsu & Sandford, 2007; Gordon, 2009). A list of items or statements is then compiled 

from the analysis of this data. The collective list is sent to participants and they are asked to rank 

or rate the items according to a specified criterion. The group judgment is then included in the 

third round of the questionnaire and participants asked to consider revising their former answers. 

If they are not in agreement with the group judgment they are asked to explain their opinion. If 

researchers wish to continue a fourth round would contain the revised judgement and the input 

from participants who oppose the common view. More rounds could take place in the same way 

depending on the researcher and the subject however the gain from each round after the third or 

fourth often dwindles (Cuhls, 2005; Gordon, 2009; Hsu & Sandford, 2007; Yousuf, 2007). 

The data can be presented to the participants in various forms. The median should be used 

rather than the mean because the mean is more affected by even single extreme opinions. It is also 

important to display the breadth of opinions by displaying a range of answers, such as the 

interquartile range which holds 50% of the answers, excluding the top and bottom 25%.  

The Delphi method has been one of the most widely used technique for foresight and 

prediction (Bañuls & Turoff, 2011). However, the Delphi method has its limitations when dealing 

with complex futures of interacting events. A basic Delphi procedure regards events as if their 

occurrence does not impact other events on the list. The cross-impact method, described in the 

next chapter, was developed to address these limitations. 

2.3 Cross-Impact Analysis  

2.3.1 Origin and Purpose 

The origin of the cross-impact method goes back to the sixties when Theodor Gordon and Olaf 

Helmer sought an answer to the question if predictions could be made based on how future events 

might impact one another (Gordon, 1994).  Future events carry a great level of uncertainty and 
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therefore policies and decisions regarding them also contain great risk. However, decisions cannot 

be avoided and thus ways to analyze the uncertainty must be derived. Cross-impact analysis has 

been conducted on different occasions to that end. It has also been combined with the Delphi 

method to gather expert opinion on the interdependencies of events numerous times (Alarcón & 

Ashley 1998; Bañuls & Turoff, 2011; Gordon, 1994). Another advantageous coupling of methods 

has been between cross-impact and simulation modelling.  

2.3.2 Cross-Impact Analysis Processes 

The first step in the initial form of the cross-impact method was to select the events to be included 

in the analysis. The value of results obtained from the method rely heavily on the selection of 

events because impacts excluded from the collection are thereby excluded from the study. On the 

other hand, it is unfortunate to include impacts not significant to the study since the number of 

interactions to be valued increases promptly with each event added (Gordon, 1994). This is 

apparent when considering that the number of event pairs to be evaluated is equal to n2 – n (n being 

the number of events). It is however not a straight forward procedure to decide on incidents to 

include. The events are often compiled by reviewing literature, interviewing experts and arriving 

to an educated guess regarding the relevant set of impacts.  

When the set has been determined, the initial probability of each event must be estimated. 

This is the likelihood of the event taking place within a previously decided timeframe. The next 

step is to evaluate the conditional probabilities by asking what the posterior likelihood of event m 

would be if n occurred. The entire set of evaluations is completed for each event occurring and 

impacting all other events. Because of laws of probability there may arise some inconsistencies in 

the estimations which requires them to be reviewed before going further (Gordon, 1994). They are 

nevertheless not within the scope of this research and will therefore not be described further at this 

point. The final steps of the original cross-impact method then include calibrating the cross-impact 

matrix and after that analyzing how sensitive the system is to fluctuations in probabilities, both 

initial and conditional, of different events. If there are substantial changes from the first run it 

implies this event and judgment is important to the future outcome of events.  

Different ways of calculating the cross-impact matrix to reduce inconsistencies have been 

approached. Turoff (1972) generated scenarios from the cross-impact matrix by assuming events 

with probabilities less than 0.5 did not occur and those with probabilities equal to or greater than 
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0.5 did occur. Blanning and Reinig developed a method using Group Decision Support System 

(GDSS) were experts are only asked to judge whether an event will occur or not. GDSS is a system 

where a facilitator manages a discussion between a panel of experts, usually in real time. Similar 

to the Delphi technique the participants keep their anonymity and feedback is controlled (Blanning 

& Reinig, 1999).  Probabilities and conditional probabilities are derived based on the three rules 

below: 

1. p (β) is the number of participants who estimated that β will occur divided by the total number of 

participants;  

2. p (β | α) is the number of participants who said that α and β will both occur divided by the number of 

participants who said that α will occur; 

3. p (β | ¬α) is the number of participants who said that α will not occur but β will occur divided by the 

number of participants who said that α will not occur (Blanning & Reinig, 1999) 

This method ensures panelists are only asked a minimal amount of questions since the number of 

questions will equal the number of events chosen for the set. 

Others have modified the questions by asking about direction and strength of impacts 

between events (Alarcon & Ashley, 1998; Han, 2001; Weimer-Jehle, 2005). Alarcon and Ashley 

derived a 7-point scale with index numbers from -3 to 3. Considering the events in matrix form, 

the question becomes; “If column states were to occur how would this affect the probability of row 

states?” (Alarcon & Ashley, 1998) The scale center, zero, represents no effect on row states when 

column states occur. The scale is mirrored around the center. The indexes -3, -2 and -1 represent 

significantly, moderately and slightly decreasing the probability of the affected state, respectively. 

While +3 to +1 represent an increase in the probability in the same manner. Posterior probabilities 

are then calculated by analytical inferences and Monte Carlo simulations. Similar 7-point scale is 

proposed by Weimer-Jehle (2005) where +3, +2 and +1 represent strongly promoting direct 

influence, promoting direct influence and weakly promoting direct influence respectively. Zero 

represents no influence and -3, -2 and -1 restrict direct influence from strongly to weakly. When 

the cross-impact matrix has been constructed, every possible scenario is evaluated regarding 

discrepancies using a method designed by Weimer-Jehle (2005). Scenarios that are found to be 

inconsistent are rejected and scenarios found to be self-consistent are employed as basis for 

strategy development.  
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2.3.3 Limitations to the Cross-Impact Method 

The cross-impact method usually requires experts to estimate joint probabilities or conditional 

probabilities of event pairs. These estimations are one of the limitations to the cross-impact 

method. To estimate these event pairs, the participants are expected to have insight on 

interrelations of parameters in often complex systems. Experts with in-depth knowledge are in 

many instances few and far between depending on the subject at hand. The number of events to 

include in cross-impact analysis is also limited due to how quickly the sum of event pairs increases 

and the collection of data can become taxing. 

The method also calls for judgment on pairs of events when in the real world the 

meaningful interrelations may include additional events (Gordon, 1994). The complexity of 

gathering judgments would however grow enormously where these to be covered as well.     

Some of the cross-impact methods have also been criticized for relying on overly complex 

or mathematically heavy calculations (Weimer-Jehle, 2005). Decision makers do not necessarily 

have deep mathematical training and thus are forced to blindly trust methods they have no clear 

understanding of.  

It must also be remembered that cross-impact methods rely on judgment and the events 

included. Expert opinions are often the best estimations available but they should not be viewed 

as facts. The outcomes can also be limited by the included events, for instance if impactful factors 

are absent from the event set, there are no calculations that will reflect that. 
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3 Methodology 

The research methodology of this study will be described in this chapter along with the 

argumentation for choosing said methods. As mentioned before this study is a part of a larger 

research project by the name Decision Model for the Arctic (DMA) at the CORDA research hub 

within The School of Science and Engineering at Reykjavik University. Firstly, the methods 

employed in former DMA studies that directly relate to this study will be discussed. After that, the 

methods and procedures carried out during the work on this thesis will be described. 

3.1 Background 

The DMA project addresses the uncertainty regarding developments in the Arctic region which 

leads to uncertainty in decision and policy making for stakeholders. It is a real world research 

aiming to find practical ways to manage the lack of a holistic view on the issue. In a dynamic 

environment, this study serves as an input aiming to mirror a part of the current situation with the 

hope it will aid further work on the DMA project. 

This thesis utilizes the requirements analysis developed by Hera Grímsdóttir (2014) and 

her definitions of parameters and impact factors. Her study was the first step in building a decision 

model for the Arctic by forming the conceptual model to work from. Grímsdóttir (2014) relied on 

input from various stakeholders and their pragmatic experience. The initial phase was a research 

of flexible design where qualitative data was gathered through expert interviews which was then 

analysed to define the relevant parameters and economic impact factors that would affect the 

Icelandic economy in the next 20 years. In the second phase the purpose was to validate findings 

from the first phase and obtain a numerical value for each economic impact factor. Quantitative 

data was gathered through an internet survey of a fixed design that was aimed at stakeholders with 

background in either industry, government or academia. Respondents were asked to rate each 

impact factor on a 5-point scale with regards to its impact on Icelandic economy in the next 20 

years. Through this work Grímsdóttir (2014) defined 8 different economic parameters and 28 

impact factors that were each within subgroup of an economic parameter. The impact factors can 

be seen in Appendix A along with definitions of the economic parameters they relate to.  

Acquiring response to internet surveys is essentially difficult, especially when the sample 

criteria is narrow. The survey by Grímsdóttir received 25 responses which was just under a 50% 
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response rate (Grímsdóttir, 2014). Aiming to gather data of more statistical significance Sigurður 

V. Guðmundsson repeated the internet survey. Guðmundsson received 65 responses and a 

response rate of nearly 28% (Guðmundsson, 2015). Guðmundsson planned to conduct a cross-

impact analysis by conducting a second survey and utilizing a method by the name of group 

decision support system or GDSS. Due to lack of time the second survey was cancelled but 

Guðmundsson still demonstrated the method. He chose 6 of the 28 economic impact factors and 

deduced values from the survey results to compute the cross-impacts and display the method 

(Guðmundsson, 2015).  

This research follows up on the groundwork carried out by Grímsdóttir and Guðmundsson 

with the objective to continue their work and analyze further interdependencies between 8 of the 

28 economic impact factors. A cross-impact analysis was conducted by employing the Delphi 

method as will be explained in the following chapters. 

3.2 Research classification 

The researcher aims to shed a light on the relationship between 8 of the 28 economic impact 

factors, defined in former research, and their inter connection to serve as an input to a decision 

model for the Arctic. The aspiration is also to determine if the methods and practices applied in 

this project serve the purpose of the DMA project well enough to go forward in the same direction.  

The work begun by reading articles about the Arctic region, changes in ice cap cover over 

the last decades and getting familiar with different stakeholders and institutes that are concerned 

with matters of the Arctic region. Extensive reading on previously defined impact factors, their 

possible interrelation and different methods of assessing these relationships was also of 

importance. Additionally, it was central for this study to inspect former work on the DMA project 

as this is an ongoing project and thus essential to acknowledge and make use of former research 

as the project progresses. 

Since economic parameters and impact factors related to each of them have already been 

defined it is logical to continue the work of quantification to forward the work on building a 

conceptual model for the Arctic region.  



23 
 

The research is primarily quantitative which entails that a method to generate numerical 

measurements is developed and the numeric data is analyzed and modelled. There is a qualitative 

element in the research where the purpose was to provide feedback between participants to share 

their expert opinions. The design is of non-experimental fixed style where the phenomena studied 

is not intentionally changed by the researcher as the interest is in understanding and explaining. 

The data was collected over a rather brief period which makes the design cross sectional (Robson, 

2011). 

Primary and secondary data sources were used during the work on this thesis. The 

secondary data was in the form of academic research, reports by government agencies and other 

texts that where helpful in gaining insight into the topic and in creating a historical review and the 

underlying theories and methods that would guide the work. 

The primary data was gathered via two separate rounds of a questionnaire designed by the 

researcher. The participants formed a non-probability sample through purposive sampling, as 

experts on the matter at hand were sought out. The former questionnaire was presented to experts 

as internet survey with an introductory letter by email. The second round was presented only to 

respondents of the first round. Questions were omitted in the second round if wide consensus was 

on the answer in the first round, as will be further discussed in the next chapter.  

As described in chapter 2.22 about the Delphi method, it can be used in most forecasting 

applications and is especially beneficial when other methods of data gathering do not apply. This 

is the main reason for using it in this study as numerical data is not available and expert input must 

be relied on. The cross-impact method has strong relations to the Delphi method and was initially 

formed as an extension of Delphi, see chapter 2.3.1. Because the interest was in inter connection 

between parameters the cross-impact method is applicable especially since other methods of 

gathering data are not available. The cross-impact judgment was thus gathered through a Delphi 

study to obtain information on how and if the impact factors chosen were connected. 
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3.3 Research Process  

The practical approach to the research will be described in the following section. The sample 

choice will be discussed first and after that the determination of impact factors to study will be 

covered. The development of questions and choice of scale is then described. Lastly the processing 

of survey data is explained. 

3.3.1 Identifying and Inviting Experts 

One factor in conducting a successful Delphi study is the selection of participants (Gordon, 2009). 

For this study, the participants had to qualify as experts on matters related to developments in the 

Arctic region.   

To find possible respondents a search was conducted on the internet. Members and heads 

of committees and institutes on matters relating to Arctic region were sought out along with 

executives from the industry sector who have shown interest in developments in the Arctic. 

Politicians and other people that have been at the forefront of Arctic debate were not excluded. At 

the end of this process 50 invitations were sent out to participate in this research via email. The 

invitation letter can be seen in Appendix B along with the invitation for the second round. The 

invitation letter stressed the importance of participating in all rounds of the study and taking some 

time to answer the questions. It was anticipated the answer rate would be low but a panel of 10 – 

15 experts was sufficient. A link to the survey which was set up on surveymonkey.com was 

included in the invitation letter. The survey of round 1 can be seen in Appendix C as can the 

feedback for round 2 of the survey. 

The first round received 16 responses including 1 partial response. The second round got 

even fewer responses or only 11 including 1 partial response. This was expected as the more rounds 

are held participants begin to drop out (Gordon, 2009). However, the response rate was acceptable 

as Iceland is a small country and so an abundance of experts cannot be expected as was pointed 

out in 2.2.4 The Delphi Process.  

At this point it was not likely to get adequate response to the third round. Also, as 

mentioned before in chapter 2.2.4 the gain from each round starts diminishing at this stage so it 

was decided to stop the process. 
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3.3.2 Selection and Forming of Questions 

The interviews conducted by Grímsdóttir (2014) and the economic parameters formed 

consequently serve partially as the first step of the Delphi process. Because of her work it was 

possible to skip the first round which consists of interviews or open-ended questionnaires to gather 

a list of events to include in the study as explained earlier in chapter 2.2.4. Instead the impact 

factors and the rating they got in both Grímsdóttir (2014) and Sigurðsson (2015) were looked at to 

decide on questions. The topic as it was presented in the news at the time also influenced what was 

chosen for study.  

Eight of the 28 impact factors were chosen for this study, the following factors are all 

related to the Icelandic economy in the next 20 years and are as follows: 

 Impact factor of oil and gas exploration 

 Impact factor of tourism in the Arctic region 

 Impact factor of cruise ships in the Arctic region 

 Impact factor of fisheries in the Arctic region 

 Impact factor of re-shifting of fish stocks in the Arctic Region 

 Impact factor of need to monitor marine traffic (such as fishing vessels, ice breakers, 

cruise ships etc.) 

 Impact factor of a transshipment port in Iceland 

 Impact factor of cargo aircraft in the Arctic region 

When the factors had been chosen the questions had to be formed. The cross-impact method is 

commonly used for a list of events that occur or do not occur as discussed in 2.3.2. As seen by the 

list above the impact factors do not represent single events so a different approach to the cross-

impact was taken to evaluate their relationships. Rather than asking about occurrence the 

respondents were asked to evaluate the impact one factor would have on the others. A 7-point scale 

was used, similar to those discussed in 2.3.2 that other researchers have used. The questions were 

on the following form (with question 1 as an example): 

 How would oil and gas exploration in the Arctic region affect the impact, of the following economic 

factors, on the Icelandic economy in the near future (20 years)? 

The other factors were listed below and the scale was from -3 to 3 with corresponding impacts as 

shown below: 
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-3 High negative impact 

-2 Moderate negative impact 

-1 Slight negative impact 

 0 No impact 

+1 Slight positive impact 

+2 Moderate positive impact 

+3 High positive impact 

Respondents also had an opportunity to give a reason for their estimate and these were used along 

with survey data as feedback in round 2. The questionnaire from round 1 and 2 can be seen in 

Appendix C, similar to how it appeared to respondents. 

The wording of questions was reviewed numerous times to ensure as possible that wording 

was clear and misunderstanding would be minimized. The wording was in direct context to the 

wording Grímsdóttir (2014) suggested after expert interviews she conducted. 

The analysis of data after both first and second round and the cut off criteria for questions 

will be described in the subsequent chapter. 

3.4 Data Analysis of Survey Results 

Data from the first round of the survey had to be analyzed for delivering feedback in the second 

round of the survey. To give comprehensive feedback without flooding participants with 

information the results from each question were presented in separate graphs along with any 

reasons given by the respondents. A box and whisker plot was constructed of judgment on each 

interrelation between factors. A box and whisker plot shows the median of answers along with the 

interquartile range and the full range of answers. The interquartile range contains 25% of answers 

on each side of the median forming the box referred to in the name.  The whiskers are lines that 

show the full range of answers. Often the whiskers only represent a certain parameter around the 

interquartile range and outliers (data points that are outside of the range) are shown as single points. 

Since this research deals with expert judgment the whiskers represent the range of answers given 

in the feedback. The respondents sample is small so one could argue that outliers should not be 

treated as mistakes or glitches as often is the case in other applications. Along with the plots for 
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each question, a summary of reasons given for different answers was also supplied. The data as 

represented to the participants can be seen in Appendix C along with questionnaires 1 and 2. 

The Delphi method aims at consensus by giving feedback but also at exploring 

disagreements further. Impact assessments between parameters that panelists widely agreed on 

where therefore excluded from round 2 of the questionnaire. The cut off criteria was developed 

through literature review along with feeling for the subject. The criteria developed called for 80% 

of the responses to be fixed within 2 points on the 7-point impact estimation scale. The distribution 

of answers was also required to remain within 3 points in alignment on the 7-point scale. If there 

were any comments given the mode (most common value in the data set) was required to be over 

70% for the question not to be repeated.  

The data gathered in the second round was analyzed in much the same way along with the 

(probability) distribution of each cross-impact being considered. Finally, interconnection model of 

the impact factors chosen was constructed by using the expert judgments as input. 
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4 Results 

This chapter displays the results to both rounds of questionnaires conducted. The findings are 

arranged in the order of questions in the survey. After that the model of interconnection between 

the parameters is discussed.  

Respondents to first round of the survey were 16 for the first 4 questions and 15 for the 

remaining 4 questions. In the second round 11 responded to the first question but 10 finished the 

survey and responded to the remaining 7 questions. Reasons for judgment were more freely given 

in the first round but were rare in the second round. This was one of the reasons for stopping after 

2 rounds. It was concluded that further rounds would not be beneficial since number of participants 

was clearly diminishing and remaining diversity in answers would serve as a result in itself. 

4.1 Oil and Gas Exploration 

The first question was about how oil and gas exploration in the Arctic would impact the other 

factors with regard to the Icelandic economy over the next 20 years. The results of the first round 

can be seen in Figure 4-1. The answer median is shown in blue and the interquartile range as the 

box surrounding it. The whiskers, the lines outside the boxes, represent the full range of answers. 

The narrower the interquartile range the smaller is the box in height since this range covers 25% 

of answers above and below the median. 

 

Figure 4-1 Impact oil and gas exploration in the Arctic region – round 1 
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The range in judgment is quite outspread regarding impact on all other factors. The impact of oil 

on the need to monitor traffic spreads over the entire 7 point-scale of estimations and the 

interquartile range stretches from slight negative impact to moderate positive impact. Estimation 

of impact on the rest of the factors is also diverse and in line with the cut off criteria discussed in 

chapter 3.3.2 all the questions were asked again in the second round. The impacts estimated in the 

second round can be seen in Figure 4-2. 

 

Figure 4-2 Impact of oil and gas exploration in the Arctic Region – round 2 

Comments from the first round were fed back to participants in the second round along with results 

from the first round as shown in Figure 4-1. The median of answers did not change in the second 

round but breadth of responses reduced. The outcome of round 2 is seen in Figure 4-2. 

In the second round the distribution of answers was examined further and it revealed a split 

judgement on impact of oil and gas exploration on cruise ships in the Arctic region as seen in 

Figure 4-3. More experts predict it will have a negative impact on cruise ships but there is still a 

group that predicts slight positive impact. Comparing this to answers from the first round it is 

observed that participants have somewhat moved away from answering no impact and estimates 

have transferred from a moderate negative impact to a slight negative impact. 
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Figure 4-3 Distribution of answers on oil and gas impact on cruise ships 

There is also not consensus on the impact on the need to monitor marine traffic in the Arctic region. 

The majority believes it will have a positive impact either slight or moderate. Those who believe 

it will have a negative impact either say moderate or high impact. The diversity in answers is rather 

large on this impact as can be seen in Figure 4-4. 

 

Figure 4-4 Distribution of answers of oil and gas impact on monitoring marine traffic 

 

0 1 2 3 4 5

High negative impact

Moderate negative impact

Slight negative impact

No impact

Slight positive impact

Moderate positive impact

High positive impact

Number of experts

Im
pa

ct
 o

f o
il 

an
d 

ga
s 

on
 c

ru
is

e 
sh

ip
s



31 
 

4.2 Tourism in the Arctic Region 

The impact of tourism in the Arctic region on other factors, with regards to the Icelandic economy 

over the next 20 years, was the subject of the second question. The results of round 1 are displayed 

in Figure 4-55. 

 

Figure 4-5 Impact of tourism in the Arctic region – round 1 

More consensus was on the impact of tourism than that of oil and gas in question 1. Participants 

were mostly in agreement about the impact of tourism on oil and gas exploration, fisheries and re-

shifting of fish stocks. Majority of respondents or 75%, 70% and 70% respectively agreed that 

tourism would have no impact on these three factors. The estimation for other factors was more 

spread out. The impact on need to monitor traffic has the widest interquartile range and stretches 

from no impact to moderate positive impact.  

The impact of tourism on cruise ships ranged from moderate negative impact to high 

positive impact however, most participants estimated the impact to be either slight or moderate 

positive. The cut off criteria allowed for only impact of oil and gas exploration to be skipped in 

the second round of the questionnaire. Respondents gave reasons for their estimations in other 

categories and since the Delphi method encourages exchange of opinion these were kept through 

to the second round. Impact of tourism as estimated in the second round is seen in Figure 4-66. 
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Figure 4-6 Impact of tourism in the Arctic region – round 2 

The only impact that changed between rounds regarding the median value was the impact of 

tourism on transshipment port in Iceland.  The estimation went from no impact to slight positive 

impact. The range of answers decreased for most questions repeated excluding the ones that 

already had a narrow answer range. Same can be said about the interquartile ranges. The impact 

of tourism on cruise ships is now between slight and moderate positive with everyone agreeing it 

will be on the positive side. The average value is however 1.8 so this impact is estimated as 

moderate positive impact for the cross impact matrix. 

4.3 Cruise Ships in the Arctic Region 

Next the impact of cruise ships in the Arctic region on other factors was estimated with regards to 

Icelandic economy over the next 20 years. The outcome of the first round of replies is displayed 

in Figure 4-77.  
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Figure 4-7 Impact of cruise ships in the Arctic region – round 1 

As seen in Figure 4-77 above, a high rate of consensus is reached regarding impact of cruise ships 

on fisheries, re-shifting of fish stocks and cargo aircraft. This can be seen on how small the 

interquartile range is for each of these factors and few are no estimations are outside of that range. 

The other impacted factors received a wider range of answers with tourism and the need to monitor 

traffic being especially notable since responses range from high positive impact to moderate 

negative impact. Estimation for these two impacts was requested again in the second round as well 

as for oil and gas and transshipment. 

 

Figure 4-8 Impact of cruise ships in the Arctic region – round 2 
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The outcome of the second survey revealed a new value of median for 3 of the 4 impacts included 

in round 2 as seen in Figure 4-8. Estimates for impact on tourism and need to monitor marine 

traffic are still spread although the interquartile range has decreased for monitoring of marine 

traffic. Due to fewer negative estimates of the impact of cruise ships on tourism in the Arctic the 

interquartile range has moved upwards. The interquartile range for impact on transshipment port 

stays the same however consensus has moved towards a slight positive impact. 

4.4 Fisheries in the Arctic Region 

Question 4 asked participants to estimate impact of fisheries in the Arctic region on other factors, 

with regards to the Icelandic economy over the next 20 years. The outcome of round 1 is displayed 

in Figure 4-99. 

 

Figure 4-9 Impact of fisheries in the Arctic region – round 1 

Consensus was reached on impact of fisheries on tourism and cruise ships in the first round. The 

majority estimate was no impact with 94% and 88% respectively. The majority estimate for impact 

of fisheries on oil and gas was 56% at no impact however 44% voted for slight negative impact 

and thus participants were asked to consider the impact again. Other judgments got a wide range 

of estimates so although the interquartile range was relatively small, participants were asked to 

reevaluate based on the outcome and reasons for estimates given as feedback. 
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Figure 4-10 Impact of fisheries in the Arctic region – round 2 

The median value for 3 of the 5 factors changed in the second round as seen in Figure 4-10. Values 

moved slightly in the direction of positive impact and the range of answers decreased. Due to a 

researcher mistake in the survey the impact of fisheries on re-shifting of fish stocks was not 

evaluated in the second round. Participants were instead asked to evaluate impact of fisheries on 

fisheries. Some noticed, others did not but the answers from the first round must be used as the 

result here. As seen in Figure 4-10 the impact index moved up as those who noticed concluded 

that fisheries would have high positive impact on itself.  

4.5 Re-shifting of Fish Stocks 

The outcome from the first survey on impact of re-shifting of fish stocks on other factors with, 

regards to Icelandic economy over the next 20 years can be seen in Figure 4-111. The interquartile 

range for 4 out of 7 impacted factors only contains 1 estimate, that is no impact. This shows that 

clear majority of respondents agreed regarding impact on these factors. 
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Figure 4-11 Impact of re-shifting fish stocks – round 1 

The range of estimates for impact of re-shifting of fish stock on fisheries covered the whole 7-

point scale. Participants were asked to reevaluate their estimates on fisheries, need to monitor 

marine traffic and transshipment. The results from the second round are displayed in Figure 4-122. 

 

Figure 4-12 Impact of re-shifting fish stocks – round 2 

The median value for each impact of re-shifting of fish stocks was concluded to be zero or no 

impact. Except the impact of re-shifting of fish stocks on the need to monitor marine traffic where 

the impact is 0.5 or between no impact and a slight positive impact. In this situation, it is helpful 

to look at the average value which is 0.7. This put the impact at slight positive rather than no 
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impact. Again, the estimates for impact of re-shifting fish stocks on fisheries cover the range of 

the scale but the interquartile range has decreased decidedly. 

4.6 The Need to Monitor Marine Traffic 

Question 6 asked participants to estimate how the need to monitor marine traffic in the Arctic 

region would affect other impact factors, regarding the Icelandic economy over the next 20 years. 

Results can be seen in Figure 4-133. 

 

Figure 4-13 Impact of need to monitor marine traffic – round 1 

Following in line with the cut off criteria participants were asked to reassess impacts for 4 of the 

7 factors in the second round. The outcome is displayed in Figure 4-144.  
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Figure 4-14 Impact of need to monitor traffic – round 2 

As seen on the plots participants moved towards greater consensus in the second round. The 

median values of impact on oil and gas and tourism have both moved to 0.5. The average values 

are 0.6 and 0.5 respectively. Due to the average value these impacts will be approximated as slight 

positive impacts in the cross-impact matrix in 4.9. 

4.7 Transshipment Port in Iceland 

The impact of transshipment port in Iceland on the other factors, with regards to the Icelandic 

economy over the next 20 years was the subject of question 7. The outcome can be seen in Figure 

4-155. 
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Figure 4-15 Impact of transshipment port in Iceland – round 1 

Judgment on impact of a transshipment port in Iceland were quite diverse. Only consensus reached 

in the first round was the impact on re-shifting of fish stocks and the conclusion was no impact. 

The other 6 impacted factors were included in round 2 and participants asked to reassess their 

judgments. The results are displayed in Figure 4-166.   

 

Figure 4-16 Impact of transshipment port in Iceland – round 2 

The median value for these impacts did not change between rounds excluding the impact on cargo 

aircraft which moved from no impact to slight positive impact. However, judgments on impact of 

transshipment port in Iceland on fisheries and need to monitor marine traffic are still rather diverse. 
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4.8 Cargo Aircraft in the Arctic Region 

Lastly participants were asked to estimate how cargo aircraft in the Arctic region would impact 

other factors regarding the Icelandic economy over the next 20 years. These results can be seen in 

Figure 4-177. 

 

Figure 4-17 Impact of cargo aircraft in the Arctic region – round 1 

The interquartile range for all impact judgments is reasonably small conveying some degree of 

consensus. However, criteria for consensus was not met and participants were asked to consider 

their judgment again in round 2. This was largely due to how evenly answers were distributed 

between the impacts estimated and the many comments given on reasons for judgments. The 

outcome of the second round can be seen in Figure 4-188. 
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Figure 4-18 Impact of cargo aircraft in the Arctic region – round 2 

The outcome of the second round satisfied the criteria for consensus however the median for 

impact rate did not change apart from the impact of cargo aircraft on fisheries which moved from 

a slightly positive impact to sitting between no impact and slightly positive. The average for this 

impact is at 0.4 and therefore cargo aircraft are approximated as no impact in the cross-impact 

matrix. 

4.9 Cross Impact Matrix and Interdependencies Model 

The interdependencies of the impact parameters judged by the expert participants are represented 

in a cross-impact matrix and a model below. This is an attempt to gain oversight on cross-impact 

relations between these factors. 

The cross-impact matrix is displayed in Table 4-1 and the interdependencies model can be 

seen in Figure 4-199. 
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Table 4-1 Cross-impact matrix according to expert judgments 

 

 

The cross-impact matrix provides a better overview of the parameters studied. According to the 

expert judgments none of the parameters impact re-shifting of fish stocks and only one parameter, 

oil and gas exploration impacts fisheries in the Arctic region. Oil and gas exploration in the Arctic 

is also the only parameter concluded to have negative impact on other parameters. Tourism in the 

Arctic region and cruise ships in the Arctic region have moderate positive impact on one another. 

Moderate positive impact is the highest impact observed in the study and no impact between 

parameters is the most frequent judgment. 

 

How will the row factors affect the 
impact of column factors with 

regards to the Icelandic economy in 
the next 20 years?

Oil and gas 
exploration in the 

Arctic region
Tourism in the 
Arctic region

Cruise ships in 
the Arctic region

Fisheries in the 
Arctic region

Re-shifting of fish 
stocks in the 
Arctic region

Need to monitor 
marine traffic in 

the Arctic
Transshipment 
port in Iceland

Cargo aircraft in 
the Arctic region

Oil and gas exploration in the 
Arctic region SLI- SLI- SLI- No Impact SLI+ SLI+ SLI+

Tourism in the Arctic region No Impact MOD+ No Impact No Impact SLI+ SLI+ No Impact
Cruise ships in the Arctic 

region No Impact MOD+ No Impact No Impact SLI+ SLI+ No Impact

Fisheries in the Arctic region No Impact No Impact No Impact No Impact SLI+ SLI+ SLI+
Re-shifting of fish stocks in 

the Arctic region No Impact No Impact No Impact No Impact SLI+ No Impact No Impact
Need to monitor marine 

traffic in the Arctic SLI+ SLI+ SLI+ No Impact No Impact SLI+ No Impact
Transshipment port in 

Iceland SLI+ No Impact No Impact No Impact No Impact SLI+ SLI+
Cargo aircraft in the Arctic 

region SLI+ No Impact No Impact No Impact No Impact No Impact SLI+
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Figure 4-19 Cross impacts of factors inherent in this study 

Figure 4-19 displays the same information as the cross-impact matrix in Table 4-1. The light green 

arrows represent a slight positive impact from one parameter to the other but the light blue arrows 

represent slight positive impact both ways between parameters. The red arrows represent a slight 

negative impact of one parameter on the other. The only arrow in turquoise shows a reinforcing 

moderate positive impact between tourism and cruise ships in the Arctic. The parameter of re-

shifting of fish stock was close to not being part of the system but was concluded to have a slight 

positive impact on need to monitor marine traffic in round 2 of the survey. 
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5 Discussion 

The results from the Delphi method showed that in many cases it does induce a larger degree of 

consensus but if strong opinions are held people are less likely to divert from them. The feedback 

given from the first round clearly influenced results of the second rounds however it is difficult to 

say whether people carefully considered their evaluation again or were simply swayed by the 

comments given and results from the first round. Of course, one must trust that participants 

answered to the best of their knowledge in both rounds. Respondent rate for the first round was 16 

out of 50 or 32% in the first round and 11 of 50 or 22% for the second round which is in line with 

what is to be expected in Delphi studies. The respondent rate could possibly have been improved 

by taking the time to recruit experts in a more personal manner via a phone call for instance or by 

offering reward for participation. However, the former could be extremely time consuming and 

the second dependent on resources of the researcher. 

As often is the case in surveys, participants are cautious in their judgments and shy away 

from extreme values unless they hold strong opinions on certain issues. This study was likely no 

different as the impact values ranged between slight negative impact to a moderate positive impact. 

The median impact values must not be taken as absolute as the interquartile ranges must also be 

considered as well as the extreme opinions since these are expert judgment but not repeated 

processes in controlled settings. Consensus on estimation should indicate less uncertainty however 

in some cases it can be a sign of experts compromising instead of arguing for their opinion.  

The wording of questions is also crucial to minimize misunderstanding. In complex cases 

such as the Arctic where definition of parameters is somewhat conceptual the possibility for 

experts from different disciplines to have some clash in understanding questions is bigger. Delphi 

does however resist this by having participants explain their views on the subject. 

The impact factor of re-shifting of fish stocks had a median of no impact on other factors 

and other factors except for the need for monitoring marine traffic where the impact was slight 

positive. Other parameters were considered to have no impact on the re-shifting of fish stocks. 

When looking at the range of answers and the comments given as reasons for judgment it is 

obvious that the reason is not that it is not relevant. Many participants were confused by the 

wording although it was similar to the wording of earlier research by Grímsdóttir (2014) and 
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Guðmundsson (2015). In further research, this factor should rather be named re-shifting of fish 

stocks further towards the Arctic. Since this wording implies it would stay within areas that Iceland 

could gain quota rights on. Possibly it should even be defined in more detail with help from experts 

via interviews since comments were made that it would matter which species of fish were moving. 

The main limitation to this research is the number of parameters it explores. As the cross-

impact method is time demanding on participants it was concluded that estimating cross impacts 

of eight parameters would be applicable. The selection of parameters is a difficult task since 

parameters excluded might be of great importance to the system and parameters included could be 

of little value for the research. However, as cross-impact valuations have not been conducted 

before, regarding the DMA project, the information gathered is not only indicating of how these 

parameters interact, but also suggests improvements regarding questions and solicitation of 

experts.  

This research did not focus on heuristic calculations of the cross-impact matrix. The cross-

impact matrix is constructed from the expert opinions and further mathematical inferences are left 

to other researchers. The reason for this is that more focus was on constructing the questions and 

gaining an overview of the parameters. If there is an interest in the cross-impact matrix can be 

calibrated by using methods from Alarcon & Ashley (1998) for example. Initial probabilities and 

odds could be approximated from former research and the impact values from this research used 

to calculate new odds. Scenarios could be derived and parameters manipulated. Although it is 

debatable how much these calculations would achieve since only 8 out of 28 impact factors and 

their cross impacts have been estimated. Heuristic and inference methods have also been criticized 

since the output ultimately depends on the input and often the most intricate part of the analysis is 

figuring out the set of events to include and exclude and how to ask the right questions. 

Moving forward with the DMA project it could be beneficial to construct events from the 

definitions of parameters, as it might make judgments easier and scenario construction more 

comprehensible. The aim with analysis is not to map all the complexities of the system into a 

model but rather to gain insight by deriving an adequate model which can then be manipulated for 

sensitivity analysis.  
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6 Conclusion 

The aim of this project was to explore formerly defined economic parameters to aid in the 

construction of an open access decision model for strategic planning in the Arctic region. The 

Delphi and cross-impact methods were chosen since other data on influences in the Arctic region 

is not available and research must rely on expert opinions. As always when predictions of the 

future are concerned the uncertainty level is high and expert judgments should not be interpreted 

as facts but as no more or no less than synthesis of opinions. 

The research questions formed early in the work on this thesis were as follows: 

 Can the interrelations between the 8 chosen parameters be determined? 

 Which of the cross-impacts between chosen economic parameters convey the most 

uncertainty and risk? 

 Which of the 8 economic parameters, if any, have no interrelation between them. 

The Delphi method was used to gather expert judgments on the cross-impacts between parameters. 

Consensus was reached on most parameters excluding one. The re-shifting of fish stocks was a 

parameter that caused some confusion due to inadequate wording. This should be considered going 

forward in the DMA project. 

The impact factors with the widest interquartile range and overall range after two rounds 

of Delphi questionnaires should be considered to convey the most uncertainty. The judgment on 

the impact of transshipment port in Iceland was quite diverse regarding all other factors. This 

suggests that this parameter should be included in further studies as it carries a greater degree of 

uncertainty than others.  

The impact of oil and gas exploration on the need to monitor marine traffic also got diverse 

judgement after the second round of the survey which suggests uncertainty. 

Many pairs of parameters gathered diverse response in the first round which indicates some 

uncertainty but less than if judgments were still far apart after the second round. 

Re-shifting of fish stocks was the parameter that seemed to have almost no relation to other 

parameters bus as discussed this could be because of confusion regarding the wording of the 
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question. Fisheries in the Arctic region are not impacted by six of the remaining seven factors. Oil 

and gas exploration is the only parameter estimated to impact fisheries. However, fisheries do 

impact three of the seven factors and those are transshipment port, need to monitor marine traffic 

and cargo aircraft in the Arctic. 

Apart from re-shifting of fish stocks the parameter to have least impact on others is cargo 

aircraft in the Arctic. This parameter is only considered to impact oil and gas exploration and 

transshipment port in Iceland. 

The research questions have all been answered although there is always room for further 

analysis and contemplation. 

Each of the parameters chosen for this research should be considered in further work on 

the DMA project. Since all of them carry a level of uncertainty and impact some of the other 

parameters. There are also still to be discovered the impacts between these eight and the other 

twenty not included in this research.  

The final words to sum up the conclusion of this research are from Ronald A. Howard (1980): 

“The overall aim of decision analysis is insight, not numbers “. 
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Appendix A: Definition of Economic Parameters 

Following are the definitions of economic parameters as presented by Grímdóttir (2014). After 

that is a table of the economic parameters along with their sub category impact factors as defined 

by Grímsdóttir (2014). The factors chosen for this study are highlighted in gray in the table. 

Fisheries  

The Arctic Ocean is connected to several significant breeding areas of fish stocks, which are 

anticipated to move farther north as an apparent result of changes in Arctic water temperatures. As 

a shift in fish stocks takes place, increased fishing opportunities are likely to result in disputes over 

quotas and fishing areas.  

Greenland  

Possible future oil and gas exploration, mineral extraction, constructions, shipping and tourism in 

Greenland will not only impact the economy in Greenland but possibly the whole Northern 

hemisphere. These activities call for increased shipping to and from Greenland. The infrastructure 

will grow as a result and this could also lead to increases in population if not only due to foreseen 

increased demand for the workforce.   

Natural Resources – Oil, gas, minerals, energy  

New commercial opportunities in the Arctic arise as the sea ice retreats. Natural resources that 

were once unreachable are becoming available for extraction. In addition to hydrocarbon deposits 

the Arctic is also believed to be rich in nickel, iron ore, and rare earth minerals. Although the full 

extent of these resources is not yet known, each of the different Arctic states has made efforts to 

exploit these resources. Simultaneously, there is a need to develop new technologies and 

approaches for tackling the harsh and unpredictable environment for offshore drilling and 

transportation in the Arctic.  

Rescue and Security  

With the rise of Arctic economics, and an increasingly ice-free and hostile climatic environment 

the security challenges are major. This includes search and rescue, environmental remediation, 

piracy, terrorism, natural and man-made disaster response, around fishing vessels, surveillance of 

ice thickness and border protection. The Arctic Region faces a new security challenge with 

increased oil and gas exploration, mineral extraction, intra-Arctic shipping, tourism, commercial 
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fishing and additional borders to protect. Oil-spill prevention, preparedness and response and 

enhanced search and rescue capabilities will require training, equipment and cooperation with 

civilian agencies.  

Service   

Various services due to increased economy, growing infrastructure and population in the Arctic 

are foreseen in the future. Types of service might include various engineering, management, 

maintenance of tools and equipment, hospital, construction of infrastructure and software/internet 

services.  

Tourism  

The tourist trades with wide variety of companies in different industries. Tourism industries 

include, for example, accommodation, food and beverages, passenger transport and travel 

agencies. The core business of tourism is defined as transportation, activity and accommodation  

Transportation – Shipping and air  

The changes in the climate and melting of the ice in the Arctic Region could influence the 

transportation net as it is today for delivering goods between Asia and Europe/USA with the 

opening of new shipping routes. Mining, power plants, constructions and seeking for oil in the 

Arctic Region will also have impact on transportation of equipment, material, products and labor 

both by sea and air.  

Transshipment Port  

Transportation between Asia and Europe/USA is vastly important and shipping efficiency 

compared to land transport is unambiguous. Without transportation, areas and countries would 

need to be self-sufficient in all manners.  
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Table A.1 Economic Parameters and Sub Categories 

 

 

  

Economic Parameter Sub Category of Parameter #
Fisheries in the Arctic region 1
Shifting of the fish stocks in the Arctic region 2
Mining activities in Greenland 3
Local knowhow and experience in relation to miscellaneous 
service in Greenland 4
Cargo shipments to and from Greenland 5
The need of educated workforce in Greenland 6
Geographical closeness to Greenland 7
Processing oil and gas in Greenland 8
Oil and gas exploration in the Arctic region 9
Processing minerals in the Arctic 10
Processing oil and gas 11
Energy consumption in the Arctic 12
Joint coordination center for search and rescue operations 13
Need of coordination, collaboration and interoperability 
among and between the Arctic nations 14
Need to monitor marine traffic (fishing vessels, ice breakers, 
cruise ships etc.) 15
Interaction and information sharing with the private sector 16
Migration of people to the Arctic region 17
Local knowhow and experience in relation to miscellaneous 
service in Arctic 18
Need to support infrastructure in the Arctic (public transport 
and acommodation) 19
Need for educated workforce in the Arctic region 20
Cruise ships in the Arctic region 21
Tourism in the Arctic region 22
Maritime activities across the Arctic 23
Maritime activities in the North East passage 24
Passenger aircraft in the Arctic region 25
Cargo aircraft in the Arctic region 26
Maritime activities in the North West passage 27

Transshipment Port Transshipment port in Iceland 28

Transportation - Sailing/Air

Fisheries

Greenland

Natural Resource

Rescue and security

Service

Tourism
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Appendix B: Invitation Letters 

The letters of invitation sent to participants via email can be seen below. 

B.1  Letter of invitation – Round 1 

Subject: I need your expert opinion for my research regarding the Arctic 

 

You are invited to take part in the research on economic impact factors regarding the Arctic region. 
This survey is a part of a thesis by Freydis Dögg Steindórsdóttir to achieve an MSc degree in 
Engineering Management at Reykjavik University. The project is under the supervision of Þórður 
Víkingur Friðgeirsson Assistant Professor at Reykjavik University. This research is a component 
in a larger research program named DMA (Decision Model for the Arctic) arranged by CORDA 
(Centre of Risk and Decision Analysis) which is a part of School of Science and Engineering at 
RU.  

The main objective of this research is to examine the economic factors, and their cross impact, 
believed to have the most effect on decision making regarding the Arctic region and Icelandic 
economy in the next 20 years.   

Results of former studies revealed and assessed the significance of the main impact factors in 
Icelandic economy in the near future. These results also brought to light the uncertainty relating to 
those factors which brings up questions and is interesting to explore further.  

I have contacted you because of your expertise in issues regarding the Arctic region. The 
participation in this research involves answering a questionnaire about cross impact between 8 
impact factors. You will be asked to answer this questionnaire up to three times with one week 
intervals. The questionnaire can be completed in approximately 10 minutes. I would be extremely 
grateful if you would take some time to consider the questions and answer each one carefully. It 
is also important to get your response to the questionnaire in each round to make the results 
as reliable as possible. 

I would be very grateful if you can find some time to answer this questionnaire and participate in 
all 3 rounds.  
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Answers will not be traceable to individual participants.  

Thank you in advance.  

Best regards,  

Freydís Dögg Steindórsdóttir   

freydiss12@ru.is (do not hesitate to contact me if you have any questions) 

 

B.2 Letter of invitation – Round 2 

Subject: I need your expert opinion for my research regarding the Arctic – Round 2 

 

Dear Participant 

First I would like to thank you for taking the time to take part in this survey. Your response in the 
first round was extremely important for my research to reach the desired number of experts. 

The results of the first round of the questionnaire have now been summated and are presented 
before each question in this second round.  

Your responses are as important as before and I kindly ask you to take part in this questionnaire. 
Please review the summation of responses and comments from the first round and consider 
revising your estimation or specify in brief the reason for remaining outside the consensus.  

I assure you of complete confidentiality. Your email address will be stored only to track survey 
completion. The data will be reported only in the aggregate and no individual will be identified. 

I would be very grateful if you can find some time to answer the questionnaire in this round.  

Thank you in advance.  

Best regards,  

Freydís Dögg Steindórsdóttir   
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Appendix C: Surveys – Rounds 1 & 2 

C.1 Survey – Round 1 
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C.2 Survey Feedback for Round 2 

For round 2 of the survey, feedback was presented before each question. After the feedback 

respondents were asked to revise their estimation given the information displayed. They were also 

asked to specify reasons for remaining outside the consensus if their judgment remained outside 

of the interquartile range. Below is the feedback for each question in round 2. 
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High negative 
impact

Moderate negative 
impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate positive 

impact
High positive 

impact

13% 25% 13% 38% 13% 0% 0%

High negative 
impact

Moderate negative 
impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate positive 

impact
High positive 

impact

6% 38% 6% 31% 19% 0% 0%

High negative 
impact

Moderate negative 
impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate positive 

impact
High positive 

impact

0% 44% 25% 25% 0% 6% 0%

High negative 
impact

Moderate negative 
impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate positive 

impact
High positive 

impact

6% 6% 25% 50% 13% 0% 0%

High negative 
impact

Moderate negative 
impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate positive 

impact
High positive 

impact

6% 0% 25% 13% 25% 25% 6%

High negative 
impact

Moderate negative 
impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate positive 

impact
High positive 

impact

0% 6% 6% 25% 31% 25% 6%

High negative 
impact

Moderate negative 
impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate positive 

impact
High positive 

impact

0% 6% 0% 19% 44% 25% 6%

Moderate Positive Impact The need will increase which will have a positive economical impact.

Cargo aircraft in the Arctic region

Answer chosen Summary of Comments

Slight Positive Impact The search for oil and gas will call for some input from cargo aircraft.

Moderate Positive Impact
Iceland will definitely be used as hub for oil and gas industry in the Arctic north of Iceland. The need will increase which have 
positive economical impact.

Answer chosen Summary of Comments

No Impact Scepticism that such port will materialize in the near future.

Moderate Positive Impact More emphasis will have to be put on traffic monitoring since it will increase and vessels carrying oil and gas are involved.

Transshipment port in Iceland

Answer chosen Summary of Comments

Slight Positive Impact
Pressure will increase to monitor marine traffic and this will benefit other traffic such as cruise ships and freight vessels as 
well.

Need to monitor marine traffic

Answer chosen Summary of Comments

Slight Negative Impact
Immediate connection between oil and gas exploration and shifting of fish stocks is not obvious but of course there are the 
long term effects of fossil fuels that we are already dealing with.

No Impact If accidents are avoided there should be no impact on fisheries.

Re-shifting of fish stocks in the Arctic

Moderate Negative Impact Extra caution should be practiced regarding the fish stocks to avoid destroying the trademark of freshness.

Answer chosen Summary of Comments

Slight Positive Impact
Exploration of oil and gas would prompt building of infrastructure such as transportation, health care and security in the Arctic 
region which would be positive for cruise ships.

Fisheries in the Arctic region

No Impact
The impact on cruise ships will proceed very slowly given the price of oil and increasing environmental caution. The cruise 
ship routes are also expected not to be through the oil and gas exploration areas.

Answer chosen Summary of Comments

Cruise ships in the Arctic region

No Impact
The impact on tourism will proceed very slowly given the price of oil and increasing environmental caution. The tourist 
experience is also expected to be at different places from the oil and gas exploration areas.

Slight Positive Impact
Exploration of oil and gas would prompt building of infrastructure such as transportation, health care and security in the Arctic 
region which would be positive for tourism.

Impact of Oil and Gas Exploration in the Arctic Region on the Following Factors

Tourism in the Arctic region

Answer chosen Summary of Comments
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High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 6% 0% 6% 44% 25% 19%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 19% 69% 13% 0% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 31% 69% 0% 0% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 6% 25% 31% 31% 6%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 6% 56% 25% 6% 6%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 6% 50% 31% 6% 6%

Impact of Tourism in the Arctic Region on the Following Factors

Cruise ships in the Arctic region

Answer chosen Summary of Comments

Moderate Positive Impact More tourism will be followed by more cruise ships.

Fisheries in the Arctic region

Answer chosen Summary of Comments

Slight Negative Impact If more people are employed in tourism that could lead to less people available for fisheries.

Re-shifting of fish stocks in the Arctic

Answer chosen Summary of Comments

Slight Negative Impact Pollution is likely to increase due to more tourism.

Need to monitor marine traffic

Answer chosen Summary of Comments

Slight Positive Impact Pressure will increase to monitor marine traffic.

Moderate Positive Impact With more traffic of cruise ships the need for monitoring will rise.

Transshipment port in Iceland

Answer chosen Summary of Comments

Slight Positive impact Fuel and other stores will be needed for cruise ships for example.

Slight Positive impact More goods will be needed for increased traffic of tourism.

Cargo aircraft in the Arctic region

Answer chosen Summary of Comments
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High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 6% 19% 69% 0% 6% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 6% 0% 0% 25% 50% 19%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 6% 13% 0% 38% 25% 19%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 0% 56% 38% 6% 0%

Need to monitor marine traffic

Transshipment port in Iceland

Tourism in the Arctic region

Impact of Cruise Ships in the Arctic Region on the Following Factors

Oil and gas exploration in the Arctic
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High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 44% 56% 0% 0% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 25% 56% 13% 0% 6%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 6% 31% 38% 13% 13%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 6% 0% 50% 38% 6% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 6% 44% 44% 6% 0%Cargo aircraft in the Arctic region

Need to monitor marine traffic

Transshipment port in Iceland

Impact of Fisheries in the Arctic Region on the Following Factors

Oil and gas exploration in the Arctic

Re-shifting of the fish stocks
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High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

13% 20% 7% 20% 20% 13% 7%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 7% 13% 47% 13% 20% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 7% 73% 13% 7% 0%

Moderate Positive Impact It is not possible to say if this is positive or negative, it all depends on how the shift will be.

Moderate Positive Impact
It depends on how the fish stocks will shift but there will likely be an increase in need for transshipment port in 
Iceland.

Transshipment port in Iceland

Answer chosen Summary of Comments

No Impact This could also depend on how the fish stocks will shift.

No Impact This could also depend on how the fish stocks will shift.

Moderate Positive Impact There will be an increase in need to monitor marine traffic.

Need to monitor marine traffic

Answer chosen Summary of Comments

Slight Positive Impact
It is difficult to predict the impact of this since the loss of one stock could mean we would gain other fish 
stocks

Fisheries in the Arctic region

Answer chosen Summary of Comments

No Impact This depends a lot on how the shift will be.

Impact of Re-shifting of the Fish Stocks in the Arctic Region on the Following Factors
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High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 7% 47% 27% 13% 7%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 0% 40% 40% 13% 7%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 13% 20% 40% 7% 20%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 7% 47% 27% 13% 7%

Moderate Positive Impact More information would be available which would lead to more safety in fisheries and thus positive impact.

Fisheries in the Arctic region

Answer chosen Summary of Comments

More information would be available which would lead to safety for tourism and thus positive impact.Moderate Positive Impact

Moderate Positive Impact More information would be available which would lead to safety for tourism and thus positive impact.

Cruise ships in the Arctic region

Answer chosen Summary of Comments

Tourism in the Arctic region

Answer chosen Summary of Comments

Moderate Positive Impact The affect will be positive since the industry will be safer.

Oil and gas exploration in the Arctic

Answer chosen Summary of Comments

Impact of the Need to Monitor Marine Traffic in the Arctic Region on the Following Factors
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High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 0% 20% 40% 33% 7%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 7% 27% 47% 13% 7% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 13% 47% 33% 7% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 7% 20% 53% 13% 7% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 13% 13% 40% 27% 7%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 0% 60% 33% 7% 0%

Moderate Positive Impact More importance on this since a transshipment port and cargo aircraft go hand in hand.

Moderate Negative Impact There would be a risk of pollution accidents.

Moderate Positive Impact More traffic from the island will call for more monitoring.

Cargo aircraft in the Arctic region

Answer chosen Summary of Comments

Need to monitor marine traffic in the Arctic region

Answer chosen Summary of Comments

Fisheries in the Arctic region

Answer chosen Summary of Comments

Moderate Positive Impact There will be a better possibility to transport goods in the fishing industry.

Cruise ships in the Arctic region

Answer chosen Summary of Comments

Moderate Positive Impact There will be a better possibility to transport and provide goods for the cruise ships.

Tourism in the Arctic region

Answer chosen Summary of Comments

Moderate Positive Impact There will be a better possibility to transport and provide goods for the tourist industry.

Oil and gas exploration in the Arctic region

Answer chosen Summary of Comments

Moderate Positive Impact Transshipment port will provide better service to the oil and gas exploration and that will have positive affect.

Impact of Transshipment Port in Iceland on the Following Factors
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High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 0% 33% 47% 13% 7%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 0% 67% 33% 0% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 0% 53% 40% 7% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 0% 40% 40% 20% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 0% 60% 40% 0% 0%

High negative 
impact

Moderate 
negative impact

Slight negative 
impact

No impact
Slight positive 

impact
Moderate 

positive impact
High positive 

impact

0% 0% 7% 33% 40% 20% 0%Transshipment port in Iceland

Answer chosen Summary of Comments

Moderate Positive impact These two go hand in hand, so there would be a positive impact for the transshipment port.

Need to monitor marine traffic in the Arctic region

Answer chosen Summary of Comments

Slight Positive impact
Cargo aircraft would call for more safety in the case of a crash which would have positive impact on 
monitoring.

Moderate Positive Impact More opportunity to export fresh fish by air. It would also service the fish industry with materials needed.

Slight Positive Impact Goods needed for the cruise ships and the tourist industry would be more available

Fisheries in the Arctic region

Answer chosen Summary of Comments

Slight Positive Impact Goods needed for the tourist industry would be more available

Cruise ships in the Arctic region

Answer chosen Summary of Comments

Moderate Positive Impact Service material would be more readily available to the industry.

Tourism in the Arctic region

Answer chosen Summary of Comments

Impact of Cargo Aircraft in the Arctic Region on the Following Factors

Oil and gas exploration in the Arctic region

Answer chosen Summary of Comments
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