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Abstract 

Climate change will present many new opportunities throughout the Arctic in the 21
st
 

century. Mapping of features that indicate the opportunities will give a clearer picture of 

the impact on surrounding countries and areas. This thesis presents mapping on three 

scales: the Arctic, the northern part of the North Atlantic and Iceland, focusing mainly on 

resources and patterns that affect human settlements. The maps show key areas that might 

become the centers of activity in a changing Arctic. The thesis also discusses the main 

opportunities in the Arctic: extraction of natural resources and shipping. The areas around 

the Barents Sea have the most potential to develop looking at the entire Arctic region. 

Iceland will play a significant role because of its geographical position; however, there are 

many factors of uncertainty in how these future activities will advance such as the location 

of undiscovered resource areas and how climate change will progress during the century. 

In Iceland, the northern and northeastern parts of the country, with good existing 

infrastructure and vicinity to focal areas, have a great potential for expanding and 

providing service for future industries on the eastern coast of Greenland, in the Dreki area 

and regarding trans-Arctic shipping routes. 

Útdráttur 

Vegna loftslagsbreytinga munu mörg ný tækifæri opnast á Norðurslóðum á 21. öldinni. 

Kortlagning á þáttum sem þessi tækifæri eru háð munu gefa skýrari mynd af áhrifunum á 

nærliggjandi lönd og svæði. Þessi ritgerð kynnir kortlagningu á þremur kvörðum: 

Norðurslóðir, norðurhluti Norður Atlantshafs og Ísland, með áherslu á auðlindir og 

mynstur sem hafa áhrif á byggð. Kortin sýna helstu svæði sem gætu orðið miðstöðvar 

athafna við breytingar á Norðurslóðum. Ritgerðin fjallar einnig um helstu tækifæri á 

Norðurslóðum, nýtingu náttúruauðlinda og siglingar. Svæðið í kringum Barentshaf hefur 

mesta möguleika til að þróast ef litið er á allt svæði norðurslóða. Ísland mun gegna 

veigamiklu hlutverki vegna landfræðilegrar stöðu sinnar, en það eru margir óvissuþættir 

um hvernig uppbygging og framkvæmdir á Norðurslóðum munu fara fram svo sem 

staðsetning á ófundnum auðlinda svæðum og hvernig loftslagsbreytingar þróast. Norður- 

og norðausturhluti Íslands virðast hafa mikinn möguleika á að byggja upp þjónustu við 

atvinnustarfsemi, á austur strönd Grænlands, tengda Drekasvæðinu og mögulegri 

umskipunarhöfn, vegna góðra innviða og nálægðar við mikilvæg svæði. 
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1 Introduction 

Climate change has caused the Arctic to become a focal point for future developments on a 

global scale (ACIA, 2005). The warming climate is opening opportunities that were 

previously unavailable or too expensive to exploit (Lindholt, 2006). There is some 

uncertainty about development in the area in terms of international rights and many 

countries are staking claims to the international areas in the Arctic Ocean (IBRU, 2013). 

Many countries that are not adjacent to the Arctic Ocean have expressed interest in 

participating in projects in the region (Arctic Council, 2014). Therefore, there is already 

fierce competition for influence in the area. A great deal of work and research is being 

done regarding the Arctic in fields such as ecology, environmental protection, 

anthropology, resource utilization, sea ice, Arctic shipping and many more (Arctic 

Council, 2011), (Arctic Portal, 2014), (ACIA, 2005). However, there is a lack of a 

comprehensive, overall view of how the area might develop. 

The goal of this thesis is to identify areas that will have increased activities in the warming 

Arctic. One objective is to clarify opportunities that will become available and the potential 

effect they might have. Another one is to map positive and negative features, trying to 

estimate future patterns of human activity in the Arctic. Finally, a summary is presented of 

the key findings directly impacting Iceland. The mapping has been undertaken on three 

scales: 

1. The entire Arctic region. 

2. Areas where Iceland could be a direct participant in activities, roughly the northern 

part of the North Atlantic. 

3. Iceland’s 200 mile Exclusive Economic Zone (EEZ) and surrounding areas. 

The motivation for this thesis came mainly because of interest in the impact that changes in 

the Arctic might have on Iceland. When preparation for this thesis began in 2011 there was 

much doubt about how realistic these new opportunities could be, but every year since then 

they have been gaining more attention. There is uncertainty about the rate of the melting of 

the sea ice in the future, although it has been melting faster than most climate models have 

predicted for at least the past decade (NSIDC, 2014). As a result, investors and companies 

are increasing their activities in the Arctic. 

The main contributions of the thesis are the evaluation maps, which give a simplified 

overview of the entire Arctic so the reader can grasp the main focal points quickly. 

Iceland, as an Arctic country, is well located in terms of many future activities and already 

many different stakeholders are interested in studying and establishing projects in Iceland 

in connection with opportunities in the Arctic (Efla Consulting Engineers, 2013; Arctic 

Portal, 2012; Mannvit, 2013).  
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2 Background on the Arctic 

This chapter presents general information about the Arctic, its history, governance, politics 

and resources, both past and present. The chapter also contains a short overview of similar 

studies and articles that are focused on the future developments of the region. 

2.1 A Historical Summary 

In order to give an idea of how unavailable the Arctic has been to mankind in the past, this 

section starts by tracking major events in the history of the exploration of the Arctic region. 

The history is tracked on a timeline with a short description of major events that concern 

gaining access to the routes shown in Figure 1. 

1594-1610: Expeditions conducted in the waters of the High North commenced in hope of 

finding alternative trade routes to Asia. Two of the most famous explorers were William 

Barents and Henry Hudson, hence the Barents Sea and Hudson Bay (WHOI, 2006).  

1725-1742: Russia looks for navigational routes along the coast of North Siberia. Many 

fjords, bays and islands are discovered (WHOI, 2006).  

1776-1831: The British embark on a number of expeditions to try to find the Northwest 

Passage (WHOI, 2006). 

1878: Baron Nordenskiold leads the first expedition that crosses the Northern Sea Route 

(WHOI, 2006). 

 

 
(Source: Grid Arendal, 2003) 

Figure 1: The Northwest Passage and the Northern Sea Route 
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1886-1909: Americans venture on a number of expeditions to the North Pole. They were 

the first to cross the Greenland glacier and Robert Peary claimed to have reached the North 

Pole (WHOI, 2006). 

1890-1915: Progress is made in the design of vessels which make navigation in ice safer 

and easier (WHOI, 2006). 

1903-1905: Norwegian explorer Roald Amundsen leads the first expedition that completes 

the Northwest Passage (WHOI, 2006). 

1930: The first submarine, sent by the US, goes under the North Pole’s ice sheet (WHOI, 

2006). 

1958: The first submarine, from the U.S.,  sails under, breaks up and surfaces at the North 

Pole (WHOI, 2006). 

1969: Oil is found at Ekofisk, west of Norway; 1973 Statoil is established (Statoil, 2007). 

1970-1990: Numerous expeditions to study the geology, biology, ecology and currents of 

the Arctic (WHOI, 2006). 

1977: A Russian nuclear powered icebreaker, Arktica, is the first surface ship to reach the 

North Pole (RIR, 2012). 

1991: First steps toward the forming of the Arctic Council (Arctic Council, 2011). 

1994: United Nations Convention on the Law of the Sea (UNCLOS) enters into force 

(PCA, 2009). 

1996: The Arctic Council is established (Arctic Council, 2011). 

2004: Arctic Climate Impact Assessment (ACIA) report is published (ACIA, 2005). 

2011: The Arctic Council member states conclude the Arctic Search and Rescue 

Agreement (ASRA) (MFA, 2013). 

2012: MV Xue Long (Snow Dragon) becomes the first Chinese icebreaker to transverse 

the Northern Sea Route (Borgerson, 2013). 

2013: The Arctic States sign an agreement on Marine Oil Pollution (MFA, 2013). 

2013: The first Arctic Circle conference is hosted in Iceland with over 1200 participants, 

discussing all aspects of Arctic matters (Arctic Circle, 2013). 

2.2 Literature Review 

Many aspects of how the climate change may impact the globe are covered by Valsson 

(2006) without going into much detail on a single subject or area (Valsson, 2006). Most 

studies on the Arctic have focused on specific aspects, for example, vegetation (CAFF, 

2012), the rights of indigenous people (Nuttall, 2005), oil and gas (USGS, 2008), or they 

have focused on a single project such as a specific harbor (Efla Consulting Engineers, 
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2013; Mannvit, 2013). Looking into studies on the future development and planning in the 

Arctic, they often present general predictions about the whole region (Borgerson, 2013; 

Brigham, 2007) or are specific about the impact on a single town or the impact of a single 

project (Pearce, Ford, Caron, & Kudlak, 2012). 

Some studies focus on how the globe might develop and change with global warming, for 

example Valsson & Ulfarsson (2009) who predict that the spatial structure of the globe will 

change in such a way that the typical ribbon of habitation with its linear center will start to 

experience competition from an Arctic point-center in the 21
st
 century. This will gradually 

make the Arctic a more important area in terms of global activities (Valsson & Ulfarsson, 

2009). Examples of activities that will make the Arctic more central are new Arctic 

shipping routes. This will make the location of areas close to the shipping routes in the 

Arctic more central (Valsson & Ulfarsson, 2009). Valsson & Ulfarsson (2011) study and 

define positive and negative features with the use of evaluation maps dealing with various 

criteria, showing areas where future activities in the Arctic will increase. Valsson & 

Ulfarsson (2009, 2011) present mostly global maps, in other words, they deal with the 

Arctic on a very large scale. 

Research investigating how the area might develop as a whole include Borgerson (2013), 

who gives a good summary of the current state of affairs in the Arctic and presents a 

positive vision of how the area might develop in the near future, mainly focusing on 

resources and international cooperation. 

Brigham (2007) presents four different views on the future of the Arctic. The scenarios 

span a wide scale, from a situation that is similar to the cold war period to scenarios where 

international cooperation works and the resources in the area are utilized in a responsible 

manner (Brigham, 2007). The article gives a clear understanding of how uncertain the 

future of the Arctic region really is. 

Another article emphasizes the potential environmental impact of the Arctic as a result of 

its development (Stipo, et al., 2012). The works by Stipo et al. (2012) and Brigham (2007) 

are studies on the future of Arctic development, but do not present conclusions visually. 

Studies that focus on specific areas or types of projects include, for example the work of 

Pearce et al. (2012) who focus on how a single town can react to the changes expected due 

to climate change in the near future. Some other studies focus more on technical problems 

that arise when the planning of projects is being considered in the Arctic region (Zrudlo, 

1986). 

The mapping of the Arctic, or parts of it, has been undertaken for individual projects in 

some cases, such as the mapping of oil and gas reserves or the mapping of shipping routes 

(USGS, 2008; Humpert, 2013). 

There are a few institutions which regularly present data on maps for planning purposes, 

such as Nordregio and the Nordic Centre for Spatial Development. One report focuses on 

the current state of the Arctic as well as future developments, going to a considerable 

degree into the human dimensions (Nordregio, 2011). 



6 

The institutions Arctic Portal (2014) and GRID-Arendal (2014) both have online 

interactive maps of the Arctic (Arctic Portal, 2014; Grid Arendal, 2014). These maps 

present vast amounts of data but do not interpret it. 

In summary, the study that most resembles the one presented in this thesis is the report by 

Nordregio (2011), but this present study does not cover the human dimensions in as much 

detail but rather focuses more on resources and future developments. This study is 

therefore similar to the predictions made in Valsson & Ulfarsson (2009, 2011) and 

Borgerson (2013) but, in addition, it focuses more on mapping. The mapping is mainly 

focused on map definitions of prosperous areas and their potential collisions with certain 

restricting factors that are also mapped. 

2.3 Geography and Dominance 

The Arctic Region is most commonly defined as the area that lies north of 66° 33'N 

(NSIDC, 2013), although other definitions are sometimes used such as the area where the 

mean temperature in July is under 10°C (NSIDC, 2013), or thirdly, the tundra belt 

(NSIDC, 2013). 

Eight countries have land within the Arctic i.e. 66° 33'N: Canada, Russia, Greenland 

(Denmark), the United States, Norway, Sweden, Finland and Iceland. Each of the 

countries, except Finland and Sweden, has control of a 200 nautical mile EEZ that 

stretches from the coast into the Arctic Ocean (OECD, 2003). The areas that lie outside the 

EEZs are defined as international waters. However, some of the Arctic countries have 

made claims to the ocean floor outside their EEZ based on the sector principle and their 

long history of activity in the area (IBRU, 2013). There are three major international sea 

zones in the Arctic. Disputes have risen among the countries about zones that lie on the 

borders of their EEZ (IBRU, 2013). In summary, territorial disagreements in the Arctic are 

either claims to international waters or boundary issues. The territorial claims can be seen 

in Figure 2. In recent years many of the boundary issues have been settled since there is 

pressure from the international community to clarify boundaries before the area becomes 

fully open (IBRU, 2013). In 2013 there were still a few issues unsettled: Hans Island, 

which lies between Canada and Greenland, and an area in the Beaufort Sea claimed both 

by Canada and the United States (Stimson, 2013). Finally, the most controversial issue is 

the definition of the Lomonosov Ridge (Stimson, 2013). In this case Canada, Russia and 

Greenland have all made claims to large parts of the Arctic Ocean floor outside their EEZs 

based on their claim that the Lomonosov Ridge is a geological extension of their 

continental shelves (Stimson, 2013). In contrast, the United States claims that the Ridge is 

not a part of all the continental shelves in the Arctic (Stimson, 2013). The UN Commission 

has neither accepted nor rejected any of the claims (Borgerson, 2013). 

 



7 

 
(Source: IBRU, 2013) 

Figure 2: Claims to international waters in the Arctic; the areas marked 4 and 5 have 

already been settled. 

2.4 The Arctic Council 

The Arctic Council is a joint governmental project of the eight Arctic countries (Arctic 

Council, 2011). The first steps toward its establishment were taken in 1991 when the 

countries signed a declaration on an environmental conservation strategy for the North 

(Arctic Council, 2011). The Council was founded in Canada in 1996 (Arctic Council, 

2011). Its role is to discuss interests common to the countries of the Arctic region (Arctic 

Council, 2011). The Council has conducted several studies, e.g. in the fields of climate 

change (ACIA, 2005), search and rescue (EPPR, 2011) and possible transport routes in the 

Arctic Ocean (AMSA, 2009). 

Only countries that lie north of 66°N can be members of the Council but the Council has 

granted observer status to the following nations: China, France, Germany, India, Italy, 

Japan, South Korea, Netherlands, Poland, Singapore, Spain and the United Kingdom 

(Arctic Council, 2014). Chairs of the Council are elected for two years at a time and all 

members must have their turn at chairing the Council before another country can do so 

again (Arctic Council, 2011). The Council meets every six months, on average (Arctic 

Council, 2011). The Arctic Council does not get involved in security or border issues 
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(Arctic Council, 1996), which has both a positive and a negative effect on the Council 

since if it were involved in these issues it might cause the Council’s collapse due to 

internal arguments; on the other hand, having no say in these matters weakens its 

influence. 

2.5 Climate Change 

One of the main issues regarding the Arctic is climate change. Although the warming 

climate is a global issue, the Arctic is more vulnerable to the changes because of the longer 

summer days and diminished reflection of solar rays as the ice cap is reduced (ACIA, 

2005). The situation threatens the Arctic ecosystem but at the same time opens tremendous 

opportunities that are unleashed with warming weather and the melting sea ice (ACIA, 

2005). Nations are mainly looking at new navigation routes and new possibilities in oil and 

gas extraction in areas that were previously out of reach or too expensive for harvesting 

(Lindholt, 2006). 

In 1992 The United Nations Framework Convention on Climate Change (UNFCCC) was 

launched (UNFCCC, 2011). The goal was to limit global temperature increase and the 

climate change that follows (UNFCCC, 2011). As a result, the Kyoto Protocol was adopted 

in 1997 and entered into force in 2005 (UNFCCC, 2011). The first GHG emission 

reduction phase was between 2008 and 2012 with the goal of reducing emissions by five 

percent, compared to emissions in 1990 (UNFCCC, 2012). The details of the Kyoto 

Protocol are not covered here, but many and diverse of issues have been raised. For 

example, the United States has never ratified it, Canada accepted but then renounced it 

(UNFCCC, 2012), and the developing countries in the world have argued that it is their 

right to industrialize using cheap fossil fuels as the old industrial nations have done. The 

first period ended in 2012 and so far negotiations on the second period have not been 

productive (UNFCCC, 2012). 

ACIA (2005) predicts that the temperature in the Arctic will rise on the average by 4-7°C 

by 2100. The fifth IPCC assessment report reiterates a conclusion reached in the previous 

reports, IPCC (1990, 1995, 2001, 2007), that climate change due to human activities will 

have a huge impact globally in the 21
st
 century (IPCC, 2013). The high values and low 

values in the predictions depend on which climate model is used and are the values for the 

end of the 21
st
 century. In summary the report predicts the following for the Northern 

Hemisphere (IPCC, 2013): 

 The region will warm more rapidly than the global average, which is expected to be 

0.3°C to 4.8°C.  

 The reduction of the yearly minimum (in September) Arctic sea ice extent will be 

43% - 94% and the reduction of the yearly maximum (in February) sea ice extent 

will be 8% - 34%. 

 The spring snow cover is predicted to diminish by 7% - 25%. 

 The surface of permafrost is predicted to diminish by 37% - 81%. 

2.6 Resources and New Opportunities 

There are enormous resources within the Arctic region. On land there are huge forests, 

mainly in Russia and Alaska (Lindholt, 2006). Minerals, for example nickel, cobalt, 
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palladium and platinum, are mainly found in Russia, Alaska, Canada and Greenland 

(Lindholt, 2006).  

The Arctic and North Atlantic Oceans are among the planet’s richest fishing grounds 

(Lindholt, 2006). Fishing in the area will change because with reduced sea ice cover, more 

sunlight will penetrate the water, increasing the production of plankton (Sala, 2013). This – 

and increased sea temperatures – has already caused, and might still further cause, marine 

life to move north (Sala, 2013). This is a result of the warming climate but the reducing ice 

also causes plankton to sink after it forms so there is huge uncertainty about the 

development of Arctic maritime life (Sala, 2013). 

It is estimated that around 22% of undiscovered oil and gas reserves on the globe will be 

found in the Arctic, mostly in the offshore waters of Russia and Alaska (USGS, 2008). The 

melting ice will open new shipping routes, making extraction and transportation easier. 

It is not new information that there are great natural resources in the area; however, 

because of the ice and cold weather, it has in many cases been too expensive to access the 

resources and exploit them. The global demand for natural resources has been increasing 

rapidly in recent decades and this, in conjunction with an improving climate, means that it 

will soon become more advantageous to utilize the resources (Lindholt, 2006).  

The main resources and future opportunities of Iceland include green energy, fresh water, 

fishing, possible oil and gas in the Dreki area, and a potential transshipment harbor (MFA, 

2009). Opportunities within these fields have already been, and will continue to be, 

enhanced by global warming. 

2.6.1 Hydrocarbons 

Increasing global demand for oil and gas and the changing climate has put pressure on 

utilizing the Arctic reserves (Lindholt, 2006). Figure 3 shows which areas within the Arctic 

region are most likely to hold vast oil and gas reserves (USGS, 2008). In summary, the 

report states that 22% of the global undiscovered but usable oil and gas reserves lie within 

the Arctic Circle, more specifically, 13% of the oil reserves and 30% of the natural gas 

reserves (USGS, 2008). The distribution of these resources are: Russia 52%, United States 

20%, Norway 12%, Greenland 11% and Canada 5% (EY, 2013). In 2013 approximately 

10.5% of the global oil production and 25.5% of the global gas production came from the 

Arctic (Borgerson, 2013). 
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(Source: USGS, 2008) 

Figure 3: Estimated probability of a major oil or gas discovery in the Arctic. 

Tracking the history of the Arctic petroleum industry in detail is no small task but in 

summary, since the 1960s the main activities in the area have been in the Russian, United 

States’ and Norwegian territories (EY, 2013). There was some search drilling done in the 

Greenland basin in the 1970s and there was extraction in the Canadian Arctic region from 

1971 that slowly faded out due to reduced oil prices (EY, 2013). Since 2000 activities in 

the area have been increasing significantly with more licenses to explore the continental 

shelf issued to oil companies by the Arctic governments (EY, 2013). That development is 

expected to continue. 

The main factors that influence the development of the oil and gas industry in the Arctic 

are: 

 Harsh weather: Even though the Arctic is warming, the climate is still one of the 

harshest on the globe. Sea ice and icing of equipment will still be dangerous factors 

(AMSA, 2009). 
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 Infrastructure: There is a general lack of infrastructure in the Arctic, but for the oil 

and gas industry it mainly concerns icebreakers, harbors, tankers specialized for the 

region and pipelines (Lindholt, 2006). 

 Distances: Some of the promising areas are located far out in the Arctic Ocean. 

 Environment: In case of an accident, the Arctic is more vulnerable than other oil 

producing areas in the world (AMSA, 2009). The ecosystem is not very resilient 

and depends a lot on the ocean (AMSA, 2009). There is also a lack of infrastructure 

and equipment to deal with a large oil spill (AMSA, 2009). Yet another problem is 

that liquids used to dissolve oil in water are less efficient in cold water (AMSA, 

2009). 

 Overlapping claims and disputed areas: Although most overlapping EEZ claims 

have been settled, the cases of the Beaufort Sea and Hans Island still remain 

(Stimson, 2013). It is reasonable to assume that production will start within the 

EEZ of the Arctic countries as close as possible to land. There are, however, a few 

areas in international waters that might lead to future conflicts. 

 Seasonal changes: Due to the high latitude, daylight hours vary hugely between 

summer and winter, complicating working conditions. 

 Other energy sources: Oil and gas have been the main energy sources for certain 

sectors for decades. If other energy sources become cheaper that situation might 

cause the Arctic oil and gas reserves to be left underground. 

 Climate: The trend climate change that has been going on for the last century would 

have to continue. 

 Technology: New developments in oil platforms designed for Arctic conditions 

(Devold, 2006). 

 Shipping routes: How the oil and gas industry in the area and the shipping will 

develop will be interconnected since many aspects of the activities use the same 

infrastructure. 

2.6.2 Shipping Routes 

Measurements for the past 50 years have shown that the Arctic sea ice is declining in 

volume, and more rapidly in the last two decades (ACIA, 2005). Although the area of the 

ice has not been reduced severely the thickness has, and therefore the volume (ACIA, 

2005). As a result it is now possible and not as dangerous as before to sail in the Arctic 

Ocean (AMSA, 2009). 

Arctic shipping can be divided into two categories; inter-Arctic and trans-Arctic shipping. 

Inter-Arctic refers to activities within the Arctic region and trans-Arctic to sailing across 

the Arctic, connecting the North Pacific and North Atlantic Oceans. Today inter-Arctic 

shipping consists mainly of transporting bulk loads along the northern shore of Russia as 

well as the route called the Arctic Bridge that connects the Churchill harbor in Hudson Bay 

in Canada to Europe (AMSA, 2009). The main trans-Arctic routes are the Northern Sea 

Route, the Northwest Passage, the Arctic Bridge and the Transpolar Route; the Northern 

Sea Route and the Arctic Bridge are the only ones currently in use (AMSA, 2009). 

The possibility of new shipping routes that will shorten the distance between markets is 

mainly of interest to those who are transporting goods between countries in Southeast Asia 

and the North Atlantic (MFA, 2009). Much of that traffic goes through the Panama and 

Suez canals, however they both have limitations in terms of capacity and vessel size 



12 

(AMSA, 2009). A positive feature of trans-Arctic shipping is that it would be possible to 

sail with much larger vessels through the Arctic because the vessels there would not be 

bound by canal size limitations (AMSA, 2009). 

Technical breakthroughs that simplify Arctic navigation and make it safer have been made 

in recent decades (AMSA, 2009). For many years the Arctic ice has been observed with 

satellites which until recently have not been able to determine the thickness of the ice, but 

with new technologies in remote sensing, thickness and cracks can now be measured 

(AMSA, 2009). Combining the information in an estimation model, the best route can now 

be found for each time of year and for each ship (AMSA, 2009). The easiest route can also 

continuously be reassessed during the trip (AMSA, 2009). 

A new type of vessel designed to sail in the ice has been developed and built by a Finnish 

company Aker Arctic, for inter-Arctic transport in the Barents Sea and also in the Baltic 

Sea (Aker Arctic, 2012). These vessels have heavily reinforced hulls and screws designed 

to shred the ice if their weight is not enough to crack it and they can sail in the Arctic 

Ocean without being accompanied by icebreakers (Aker Arctic, 2012). Since the year 

2000, sea traffic has been increasing rapidly in the Arctic, mainly because of new oil 

resources extracted in the Barents Sea (AMSA, 2009). But the increase is also due to cruise 

ship tours, which are becoming more and more popular in the area (AMSA, 2009). 

There are many factors that need to be considered in order for Arctic shipping to be a 

feasible choice.  

 Distance: The travel distance would be reduced. Tables 1-3 show a few possible 

destinations for the Northern Sea Route. 

- Rotterdam could be a final destination, but huge changes would have to be 

made to the port since it is already at full capacity and the harbor is too shallow 

for large transshipment vessels (MFA, 2005). 

- Murmansk is considered to be a feasible option for a transshipment harbor. The 

Russian government has already decided to invest a considerable amount of 

money, until 2020, into both the port at Murmansk and into improving railroad 

transportation to the city (MRG, 2013). The improvements are mainly focused 

on transporting petroleum from the Barents Sea (MRG, 2013). Murmansk is 

well located both for the Northern Sea Route and the Transpolar Route. 

- One of the main strengths of building a transshipment port in Iceland is that it 

could serve as a three-way hub between America, Asia and Europe; it could 

also serve transshipment directly across the Atlantic Ocean (MFA, 2005). 

Table 1: Comparison of travel distances via the Suez Canal and the Northern Sea Route, 

Rotterdam 

From/to: Rotterdam 

 Suez Northern Difference 

 Nautical Miles 

Busan(South Korea) 9,907 8,490 1,417 

Hong Kong(China) 8,859 9,410 -551 

Shanghai(China) 9,612 8,865 747 

Yokohama(Japan) 11,212 7,825 3,387 

(Source: MFA, 2005) 
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Table 2 Comparison of travel distances via the Suez Canal and the Northern Sea Route, 

Murmansk 

From/to: Murmansk 

 Suez Northern Difference 

 Nautical Miles 

Busan(South Korea) 11,909 6,488 5,421 

Hong Kong(China) 10,861 7,408 3,453 

Shanghai(China) 11,614 6,863 4,751 

Yokohama(Japan) 13,214 5,823 7,391 

(Source: MFA, 2005) 

 

Table 3: Comparison of travel distances via the Suez Canal and the Northern Sea Route, 

Akureyri 

From/to: Iceland (Akureyri) 

 Suez Northern Difference 

 Nautical Miles 

Busan(South Korea) 11,351 7,922 3,429 

Hong Kong(China) 10,303 8,842 1,461 

Shanghai(China) 11,056 8,297 2,759 

Yokohama(Japan) 12,656 7,257 5,399 

(Source: MFA, 2005) 

 

 Time: Given that the ships can keep the same speed, the travel time should be 

reduced; however, that is not necessarily the case. Different conditions and waiting 

for icebreakers to open a channel through the ice might slow them down (AMSA, 

2009). 

 Safety: Many factors need to be taken into account. Training crews for the new 

routes, sea ice, darkness, the instability of the route, and a harsh winter could have 

a negative impact (AMSA, 2009). 

 Cost: Possibly less tied-up capital if the travel time is reduced and less fuel (PwC, 

2009). The canal fees would be replaced by the cost of the icebreaker service (PwC, 

2009). The vessels would neither be limited by size nor capacity (AMSA, 2009). 

Higher insurance, at least in the starting phase while many uncertainties remain 

(PwC, 2009). The project will require huge investments in new infrastructure 

(AMSA, 2009). 

 Harsh conditions: Sea ice, darkness and the cold weather affects the vessels and 

might affect the cargo (AMSA, 2009). 

 New technology: Ships that could transfer cargo and break the ice would make the 

shipping easier but these vessels are more expensive (Aker Arctic, 2012). 

 Environmental impact: The Arctic routes would use less fuel in cases where there 

are shorter distances. However, in the case of an accident the negative impact 

would be worse because of the cold climate and the fragile Arctic ecosystem 

(AMSA, 2009). Increased emissions because of more traffic in the Arctic would 
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have a black carbon impact, thus accelerating the melting of the ice even more 

(AMSA, 2009).  

 Climate: The trend in climate change that has been going on for the last century 

would have to continue. 

Mainly, the shipping needs to be economical and safe, so the relevant factors, summarized 

in Table 4 are: 

Table 4: Factors influencing Arctic navigation 

Positive Negative 

Shorter distance 

Less fuel 

Less time 

Less tied-up capital 

No size limitation 

No capacity limitation 

No warzone or piracy 

Sea ice 

Darkness 

Cold weather 

Lack of infrastructure 

Search and rescue 

Eco-system 

Higher insurance rates 

Icebreakers 

Stronger ships 

Lack of trained crew 

Seasonal changes 

 

2.7 Iceland’s Position and Policy in the Arctic  

Iceland is located farthest south of all the Arctic countries. As of yet it does not have direct 

access to the oil and metal resources of the Arctic except in its own territory in the Dreki 

area at the Jan Mayen Ridge, see Figure 4, and the potential of that area is still unclear 

(MFA, 2009). However, because of its central position in the GIUK-gate, where the North 

Atlantic Ocean opens into the Arctic Ocean, Iceland is well placed as a potential hub of 

transportation and services in that area (MFA, 2009). For example: the traveling distance 

from north Iceland to east Greenland is fairly short, Figure 4, the shortest distance is only 

286 km. In addition, Iceland already has all basic modern services such as airports, ports 

and hospitals, services that are not as good in most other High North areas (MFA, 2009). 
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(Source: Arcticecon, 2012) 

Figure 4: Iceland’s exclusive economic zone 

The official Icelandic Arctic Policy, Althingi (2011), outlines Iceland’s main issues in the 

area. In general, the policy focuses on the goals of strengthening diplomatic relations and 

increasing cooperation with other stakeholders in the Arctic (Althingi, 2011). It also covers 

general guidelines regarding climate change, environmental issues, natural resources, 

navigation and social development (Althingi, 2011). However, the implementation of the 

policy and plan of action are unclear. No direct actions to achieve the goals are mentioned 

in the report, and no agency is named specifically as responsible for each goal, as is 

customary in governmental policies. The Government as a whole is responsible for the 

policy and potential changes to it (Althingi, 2011). The Minister of Foreign Affairs is 

responsible for its implementation and development in cooperation with the relevant 

agencies and organizations working on Arctic affairs (Althingi, 2011). 

The Icelandic Foreign Ministry (2009) lays the foundations for a harmonized policy of 

Iceland in the Arctic. The report covers the Icelandic policy on multinational cooperation, 

security and defense, natural resources and environmental protection, transportation, 

culture, science and monitoring (MFA, 2009). 

2.8 Opportunities for Iceland in the Arctic 

This section contains a discussion and summary of the main economic opportunities for 

Iceland in the Arctic. Some of the opportunities will depend on how fast the polar sea ice 
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melts because it so strongly impacts Arctic navigation. Others are under-explored options 

that the Arctic countries are becoming more interested in. 

2.8.1 The Dreki Area 

In general, fossil fuels are found in old geological strata and most of the layers around 

Iceland are too young for fossil fuels to have formed (MI, 2007). The exception is the 

Dreki area which is a leftover since the time when Greenland and Norway were connected 

(MI, 2007). The Dreki area is a part of the Jan Mayen Ridge, the part that is within the 

Icelandic EEZ has an area of approximately 42,700 km
2 
(NEA, 2009). 

Since 2007 there has been a great deal of discussion about drilling for oil and gas in the 

area, but in the first research bid no acceptable offers were received (NEA, 2012). The 

average depth in the Dreki area is between 1,500 and 2,000 m (NEA, 2009), which is 

technically possible, but is considered to be difficult for various reasons (Devold, 2006). 

Another problem is uncertainty about how the Icelandic government might tax oil 

extraction (MI, 2007). Oil and/or gas from the Dreki area might therefore be too expensive. 

Yet another problem is the distance of the area from Iceland (MI, 2007). On the positive 

side, ocean currents and winds are not strong in the area (MI, 2007). Norwegian 

engineering companies have been working on oil platforms that are designed to drill in the 

Arctic and can work at a depth of 3,000 m and drill 7,000 m into the ocean floor (Devold, 

2006). It is likely that when extraction in the Dreki area begins it will be in close 

cooperation with Norway because in 1981, Iceland and Norway signed an agreement on oil 

and gas extraction in the Jan Mayen basin stating that the countries have 25% utilization 

rights within each other’s EEZ (Norðurslóðanet Íslands, 2012). In January 2012, Statoil 

announced that they had discovered a huge oil reserve in the Barents Sea close to Skrugard 

in an area called the Havis area (Statoil ASA, 2012). The average depth in the area is 500 

m and the bottom is level sand (Statoil ASA, 2012). Therefore it is expected that the 

Norwegians will focus on that area rather than the Dreki area, which will make it harder 

for Iceland to proceed in the Dreki area. This may mean that the Dreki area might be on 

hold for a few more years as an area of extraction. 

The second bid for research in the Dreki area opened in October 2011 and ended in April 

2012 (NEA, 2012). The license to research the area is given by the Icelandic National 

Energy Authority, and states, in short: 

“Exploration and production licences are granted for a period of up to 12 

years and extended for up to two years at a time to a maximum total duration 

of 16 years. Once the holder of an exploration licence has fulfilled conditions 

specified in the licence, he will have priority for an extension of the licence for 

production for up to 30 years.” (NEA, 2012) 

NOPEC Geophysical Company (TGS) & Volcanic Basin Petroleum Research (VBPR) 

(2012) confirms that there is petroleum in the area. They extracted 200 kg of samples 250 

to 65 million years old (TGS & VBPR, 2012). The study confirmed that there is an active 

carbon system in the Dreki area (TGS & VBPR, 2012). 

Three companies turned in offers in the second bid: Eykon Energy, Faroe Petroleum & 

Icelandic Hydrocarbons Ltd., and Valiant Petroleum & Hydrocarbons Ltd (Arctic Portal, 

2012). 
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1. Eykon Energy is a Norwegian company owned by Icelandic and Norwegian 

investors (Arctic Portal, 2012). 

2. Faroe Petroleum & Icelandic Hydrocarbons Ltd. Faroe Petroleum is a 15-year old 

company, with a staff of 50 persons. It explores oil extraction opportunities in 

British, Norwegian and Faroe Islands seas. Icelandic Hydrocarbon Ltd. was formed 

around the bid (Arctic Portal, 2012).  

3. Valiant Petroleum & Hydrocarbons Ltd. Like Faroe Petroleum it is a moderately 

large company based in the U.K. (Arctic Portal, 2012). 

In early 2013 Faroe Petroleum and Valiant Petroleum were granted exploration licenses 

(NEA, 2013) and in January 2014 Eykon Energy in cooperation with a Chinese company 

CNOOC International Ltd. was granted the third license (MII, 2014). 

The services can be divided into two phases: research and oil extraction (Helgason & 

Ágústson, 2008). During the research phase the needed services are not that extensive; 

however, if oil extraction begins in the area, the eastern part of Iceland needs to be ready to 

provide the necessary services (Helgason & Ágústson, 2008). The companies are not 

bound to base their operations in Iceland so it is important for Icelandic companies to be 

well prepared to provide what the oil companies might need (MFA, 2009).  

Helgason & Ágústson (2008) focus on three possible locations: Thorshofn, Vopnafjordur 

and Gunnolfsvik (Finnafjordur). Reydarfjordur is also a possible location, especially for 

the research phase, because it already has much of the infrastructure needed, but for the 

extraction phase it is probably too far from the Dreki area (Helgason & Ágústson, 2008). 

Thorshofn and Vopnafjordur are small fishing villages in the northeast of Iceland and are 

the two most populated areas that are closest to the Dreki area (Helgason & Ágústson, 

2008). Both would need some development in order to be able to provide services for the 

research operations (Helgason & Ágústson, 2008). Both have good natural harbors that 

could service the huge tanker ships needed if oil extraction takes place, provided some 

changes are made to the harbors (Helgason & Ágústson, 2008). 

Gunnolfsvik (Finnafjordur) is the closest of these locations that could service the Dreki 

area. There are almost no basic services there but building it all from scratch is not 

necessarily negative; making changes to the other places might be more expensive 

(Helgason & Ágústson, 2008). 

Table 5: Distances from the Dreki area to the most likely ports in Iceland 

Distances from harbors to the Dreki area 

Location: Nautical 

miles 

Kilometers Sailing in hours, 

12 nau/hour 

Gunnolfsvik 214 396 17.80 

Reydarfjordur 264 489 22.00 

Vopnafjordur 227 420 18.92 

Thorshofn 217 402 18.00 

(Source: Helgason & Ágústson, 2008) 
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A German company Bremenports, in association with the Icelandic engineering firm Efla, 

is now investigating the possibility of building a transshipment harbor in Finnafjordur in 

Iceland (Efla Consulting Engineers, 2013). Gunnolfsvik is located in Finnafjordur (Efla 

Consulting Engineers, 2013). The project assumes that the necessary services for the Dreki 

area will include a harbor, helicopter services and a treatment plant (Efla Consulting 

Engineers, 2013). 

2.8.2 Iceland’s Role in Arctic Shipping 

In terms of inter-Arctic shipping Iceland’s opportunities lie in its central and isolated 

location. Although resources lie within the territories of other countries, Iceland might be 

the best place to service operations, such as supporting mining or oil extraction on the east 

coast of Greenland or oil extraction on the Norwegian part of the Jan Mayen Ridge (MFA, 

2009). Another inter-Arctic opportunity is that Iceland could become a hub related to 

safety and monitoring for the region (MFA, 2009). Yet another opportunity is the green 

energy of Iceland and the already existing metal working industry in Iceland; minerals 

from other Arctic regions could be shipped to Iceland and processed here. 

In terms of trans-Arctic shipping Iceland’s strength is that the harbors in North America 

and Europe are too shallow because Arctic shipping requires larger vessels with greater 

draft (MFA, 2005). Reconstructing the existing harbors would be extremely expensive 

(MFA, 2005). Iceland’s location is also favorable for Arctic shipping, especially if the 

Transpolar Route opens. 

PwC (2009) covers the economics of Arctic navigation. In the report, a few Arctic 

navigation cases are compared to the current routes, as follows: 

1. Dalian - Reykjavík 

2. Dalian - Rotterdam 

3. Dalian - Rotterdam, with Rotterdam as a hub for New York 

4. Comparison of Iceland vs. Rotterdam as a hub for the EU and the U.S. 

5. Comparison of Iceland vs. Gioia Tauro as a hub for the EU and the U.S. 

The main findings are that it depends much on the size of the ships whether Arctic 

navigation is economical or not (PwC, 2009). The case study assumes 5,000 and 12,000 

TEU vessels and they are too small to be economical (PwC, 2009). In some cases the 

Arctic Route is more economical but the difference is so small that it is unlikely to be 

worth the investment (PwC, 2009). However, when the cases are recalculated with 20,000 

TEU vessels it becomes more economical to sail the Northern Route (PwC, 2009). The 

main cost factors taken into account in the report are: fuel, building of the vessels, tied-up 

capital, fees for the canals, insurance and days at sea (PwC, 2009). 

The most important qualifications for a transshipment harbor of this size are the depth of 

the harbor and the surrounding available land for storage (Heidarsson, 2007). MFA (2005) 

covers potential locations for a large transshipment harbor, the following locations are 

considered: Eyjafjordur, Reydarfjordur and Hvalfjordur. In addition to these three, the 

option of Dyrafjordur, in the West Fjords, is mentioned in Heidarsson (2007). The main 

conclusions of Heidarson (2007) are: 
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 The depth is greatest in Reydarfjordur and Eyjafjordur. 

 Most available land is in Eyjafjordur and Hvalfjordur. 

 Most shelter from waves in extreme weather is in Eyjafjordur and Reydarfjordur. 

 Best access to work force is in Eyjafjordur. 

 Best access to basic services is in Eyjafjordur and Hvalfjordur. 

Currently, in early 2014, there are two potential locations for a large harbor undergoing 

environmental studies: Dysnes in Eyjafjordur (Mannvit, 2013), and Finnafjordur in 

northeastern Iceland (Efla Consulting Engineers, 2013). 

2.8.3 Services for Operations in Greenland  

Greenland is vastly unexplored because most of it is covered by thick ice. In recent years, 

mining operations have begun on the west and south coasts, where the country is more 

populated (GGG, 2012). One of the biggest mining companies operating there, Greenland 

Minerals and Energy Limited, expects operations to increase on the east coast in the 

coming years (GGG, 2012). Iceland has all the basic services that the mining companies in 

Greenland might need in the West Fjords or Siglufjordur (MFA, 2009). Extraction of oil on 

the east coast of Greenland could begin as early as 2020 and a number of exploration 

licenses have already been given (MFA Denmark, 2011). A geologist interviewed at Dana 

Petroleum, a British oil company, stated it is very likely that the oil companies working in 

the area would seek services in Iceland (Gunnarsson, 2011). 
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3 Methods 

The goal of this thesis is to examine Arctic opportunities and the potential effects they 

might have on the Arctic Region – and in more detail – on Iceland. The effects are 

evaluated by using maps, mapping positive and negative features, trying to estimate future 

patterns of human activity in the Arctic. Their objective is to present the areas that will be 

important in the future development of the Arctic. The mapping has been undertaken on 

three scales: 

1. The entire Arctic region. 

2. Areas where Iceland could be a direct participant in activities, roughly the northern 

part of the North Atlantic. 

3. Iceland’s 200 mile Exclusive Economic Zone (EEZ) and surrounding areas. 

This chapter contains general information on the methods used to make the maps and 

analyze them. In order to make evaluation maps on the three scales the appropriate data 

were collected from various sources (Table 9). Then megapatterns affecting human 

settlements were estimated, and in some cases mapped. The megapatterns were then 

compared to the data maps to locate areas that have a high potential for both methods, 

Figure 5. 

 
(See Table 9 for data sources) 

Figure 5: Description of the maps used to analyze the area 
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This was done for all three scales of the project. When planning on a country level, it is 

important to look at the big picture, especially for a small country like Iceland because of 

the magnitude of outside effects. The main idea is to use the large scale maps to make 

estimations on a small scale, similar to methods commonly used in urban planning, see 

Table 6. 

Table 6: Planning scales 

Planning scale Urban planning Country planning In this thesis 

Large scale Sector plan Regional plan The Arctic 

Medium scale Master plan Sector plan Northern part of 

the North Atlantic 

Small scale Detail plan Country plan Iceland and 

surrounding areas 

 

In order to get an idea of what impact the warming of the Arctic might have on Iceland, 

first the main features of the entire Arctic region must be mapped. These maps can then be 

used to interpret more detailed maps of the northern North Atlantic and similarly, they can 

be used to make maps for Iceland focusing on the impact that increased Arctic activities 

will have. The thesis does not go into the details of individual projects that are taking place 

in the region but rather emphasizes the potential for increased activities in general. 

3.1 Geographic Information System  

Geographic Information System (GIS) refers to a system used to manage geographical data 

(Esri, 2013). The main features of GIS used in this study are linking data to map layers. 

This was mainly used for classifying resource areas, giving them different values 

depending on their potential. Features of GIS software are also used to make the maps, 

such as finding distances between places and finding the intersections between layers. 

3.2 Overlay 

Overlay refers to putting map layers on top of each other in order to analyze their 

connection. The method can be used either to find areas of cumulative positive or negative 

effects or, on the other hand, conflicting areas, where positive and negative features 

collide. In this thesis, this is done by either changing the pattern of the layers or making 

them transparent: 

1. The patterns used in the thesis are hatches and it is observed where they cross- 

hatch with other layers. The tightness of the hatches also indicates the strength of 

the area in terms of the given criterion. 

2. By making the color of layers transparent their collision with other colored layers 

can be found by the new color which the two layers form together. 
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(Source: Hunter College of the City University of New York, 2013) 

Figure 6: Example of an overlay 

 

3.3 Graded Matrix 

Graded matrices are the simplest form of matrices used to evaluate options and/or impacts 

in environmental impact assessments (Glasson, Therivel, & Chadwick, 2012). A list of 

options, locations in this case, is given and a list of factors that can have a positive or a 

negative effect on future development in the area. The matrix is then used to evaluate the 

difference between the major development areas identified in the mapping. The grades in 

the tables do not follow a strict linear scale, ++ simply means better suited than +. The 

factors are graded for each location: 

Table 7: Grades in matrices 

Grades 

 Very positive 

 Positive 

0 Neither 

 Negative 

 Very negative 
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3.4 Megapatterns 

The second part of the mapping was defining megapatterns that either push or pull 

settlements and activities to certain areas. Megapattern refers here to a trend occurring over 

a long time period because of a general development in the world (Valsson & Ulfarsson, 

2012; Valsson, Ulfarsson, & Gardarsson, 2013). The used megapatterns are based on the 

patterns identified in Valsson & Ulfarsson, (2012). Each pattern has pull and push forces; 

pull represents the positive impacts of the pattern that will attract activities to the area, 

whereas push refers to the negative impacts of the pattern on other regions that pushes 

activities to move to the area (Valsson & Ulfarsson, 2012; Valsson, Ulfarsson, & 

Gardarsson, 2013). 

The patterns’ effect on the Arctic will either be represented on maps or explained in text. 

The patterns chosen from Valsson & Ulfarsson (2012) are driven by: 

1. Global warming 

Megapattern 1: Towards the poles; the pattern will be described in text explaining 

the main pull and push forces. This pattern shows how, due to global warming, 

there will be a general increase in population and activities in the Arctic and 

subarctic regions (Valsson & Ulfarsson, 2012). Even if temperatures rise 

significantly in the 21
st
 century, the Arctic will still be a cold and harsh area with 

short days during the winter. Therefore, the main population increase will probably 

be in the subarctic but supported by the economic opportunities within the Arctic 

Circle. Another contributor to development in the Arctic is the push factor of 

temperature increases in already hot areas making them less suitable for habitation 

(Valsson & Ulfarsson, 2012). 

Table 8: Push and pull forces for the megapattern: towards the poles, driven by global 

warming. 

Pull Push 

Warming of cold areas, making them 

suitable for habitation 
Warming of hot areas, making them less 

suitable for habitation  
Less sea ice Sea level rise 

Melting of glaciers More extreme weathers in hot regions 

Plenty of unused land Water shortage in hot regions 

Fresh water  

Northern migration of fish stocks  

Better access to natural resources  

 

Megapattern 2: To central areas in cold but warming regions; the pattern will be 

described using elevation maps looking for suitable places of habitation. The 

highlands in cold areas are usually uninhabitable due to harsh winters. Global 

warming could change this, making interior areas more suitable for habitation and 

agriculture. Other factors of climate change, such as sea level rise and increased 

storms, could also push people farther into the interior. 
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2. Improved technology 

In Valsson & Ulfarsson (2012), the pattern was driven by technology and 

resources, but since the resource areas are mapped in this thesis, the pattern will 

focus on technological improvements that will help with utilization of the areas. 

Two patterns from Valsson & Ulfarsson (2012) are described here as one pattern 

because of the similarity of their drivers. The original patterns were: Towards 

coasts, focusing on improvements that will make Arctic shipping and petroleum 

extraction easier and Towards the Poles focusing on improvements that will make 

life in the Arctic easier. 

Megapattern 3: Towards coasts and towards the poles; the pattern describes how 

settlements move toward the coasts and toward the poles. Many of the Arctic 

resources and opportunities are in the ocean, and this will have a pull effect on 

settlements as they become easier to access. Among the improvements that might 

contribute to the pull to the coasts of the Polar Regions are: 

 Improved deep-drilling methods for petroleum. 

 Platforms that lie on the bottom of the ocean and can pump petroleum up to 

vessels. 

 Better remote sensing technology that decreases the risk of sea ice. 

 Improvements in Arctic shipping, mainly in icebreakers and vessels that do 

not need icebreakers. 

 Improved search and rescue networks around the Arctic will increase the 

attraction of the area. 

 Improvements in fishing technology. 

 

3. Important spatial position 

Megapattern 4: Towards new prospering centers of Arctic activity; the pattern will 

be represented on a map looking at cities and locations likely to benefit from 

increased Arctic activities. Large cities often have gravitational effects on 

settlement and people tend to move to large cities because of existing 

infrastructure, safety measures, and employment opportunities. 
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3.5 Data 

The availability of data varies hugely between fields. In many cases good GIS data were 

available but not so in others. When the data were not available but other images or maps 

were, new data layers were produced using GIS. Note that these layers do not have Global 

Positioning System (GPS) precision but are sufficiently accurate for the kind of predictions 

made here. In Table 9, the data used for the maps in this thesis are listed and described. 

The figures in which the data are used are also listed as well as where to locate them in the 

data references. 

 

Table 9: GIS data 

Data Description Used in figure 

number: 

Number in 

data references 

Countries, coastlines, the 

Arctic Circle, the North 

Pole, major rivers, glaciers 

railroads, major roads, 

glaciers, populated places 

General geographical 

data and infrastructure. 

7, 8, 9, 10, 11, 

12, 13, 14, 15, 

16, 17, 18, 19, 

20, 23, 24, 25, 

26 

NED (2013). 

Protected areas Areas that are under 

natural protection laws. 

8, 9 CAFF (2010). 

Oil and gas in the Arctic The data categorize areas 

in the Arctic based on the 

probability of a major oil 

or gas discovery. Data 

obtained from a source 

map. 

8 USGS (2008). 

Arctic fishing grounds Shows fishing areas in 

the Arctic, in four classes 

based on catch in the 

area. Data obtained from 

a source map. 

8 Arctic Portal 

(2012). 

Elevation data Shows the elevation both 

on land and the sea floor 

depths. 

8, 11, 13, 14, 

15, 16, 17, 18, 

19, 24, 25 

SRTM (2013). 

Arctic ports Harbors within the 

Arctic, the data set also 

contains information on 

the number of people 

living in the harbor 

towns. 

9, 15, 21, 22, 

23 

AMSA 

(2009). 

(Continued) 
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Table 9: (Continued) GIS data 

Data Description Used in figure 

number: 

Number in 

data references 

Arctic shipping routes and 

the sea ice forecasts 

Shows the four major 

Arctic shipping routes 

and forecast of the 

summer sea ice extent 

until 2100. Data obtained 

from a source map. 

9, 10, 15 Humpert 

(2013). 

Mines in the Arctic Shows active mining 

sites in the Arctic. Data 

obtained from a source 

map. 

10 Roto, & 

Sterling 

(2011). 

Exclusive economic zones Shows the exclusive 

economic zones of the 

globe 

7, 13, 14, 16, 

17, 22, 23, 24 

Marine 

Regions 

(2013). 

North Atlantic oil and gas 

areas 

Shows potential oil and 

gas areas. Data obtained 

from multiple source 

maps. 

14, 18, 22, 23 ArcticEcon 

(2011), NED 

(2012), Roto 

& Sterling 

(2011), USGS 

(2008). 

North Atlantic fishing areas Shows current fishing 

grounds. Data obtained 

from multiple source 

maps. 

14, 18, 24 Arctic Portal 

(2012), Roto 

& Sterling 

(2011). 

Potential mining areas in 

Greenland 

Shows promising mining 

areas. Data obtained 

from a source map. 

16, 18, 23 GEUS (2011). 

Iceland: Coastline, roads, 

glaciers 

General geographical 

data and infrastructure. 

21, 22, 23, 26 NLSI (2013). 

Airports Location of the 

international airports in 

Iceland. Data obtained 

from points in other 

datasets. 

21 NLSI (2013). 
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3.6 Evaluation Features 

Table 10 contains four types of information: positive and negative features, basic 

information, and important areas. Which aspects are mapped depends on the scale and 

theme of the map. Some of the features are not mapped but covered in the text analyzing 

the maps. 

Table 10: Evaluation features. 

Positive (+) Negative () Basic Information 

Resources: 

Oil and gas 

Minerals 

Fish grounds and spawning 

areas 

 

Reserved areas: 

Nature conservation zones 

Protected species 

 

Basic information: 

EEZ 

Glaciers 

The Arctic ice cap 

Navigation routes 

Habitable areas 

Population 

Elevation 

 

Weather: 

Small ocean currents 

 

Weather: 

Strong ocean currents 

 

Important areas: 

Support for oil and gas 

extraction 

Support for industry in 

Greenland 

Transshipment harbors 

 

 Natural hazards: 

Sea ice 
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4 Results 

This chapter contains the evaluation maps made for this thesis. The megapatterns that were 

mapped, as described in Chapter 3, are the last two maps for each scale. The key findings 

of the mapping are discussed in Chapter 5. 

4.1 Large Scale—The Arctic 

The themes covered in the large scale mapping focus on natural resources, shipping routes, 

and possible conflicts that could arise due to these activities. The first part focuses on 

petroleum extraction, the fishing grounds, and protected areas. The second part looks at the 

main Arctic shipping routes in relation to protected areas and populated places. The third 

part looks at mining sites and transportation in the Arctic. Finally the megapatterns that 

were mapped are shown. The large scale mapping focuses mainly on the area within the 

Arctic Circle, Figure 7. 

 
(See Table 9 for data sources) 

Figure 7: The Arctic, exclusive economic zones and major landmarks. 



30 

4.1.1 Hydrocarbons and Fishing Areas 

Figure 8 shows areas where future petroleum extraction might collide with fishing grounds 

and protected areas. The figure also contains elevation data of the ocean floor. By looking 

at the areas that have both high fishing and petroleum extraction values coupled with a 

relatively low elevation, the key areas are found. The depth of the ocean floor in the Arctic 

is usually less than 500 m or deeper than 2000 m, and operations, both fishing and oil 

extraction, are much more expensive in depths beyond 500 m. The protected areas in the 

vicinity of these key areas can then be identified. 

 
(See Table 9 for data sources) 

Figure 8: Promising oil and gas extraction areas mapped in relation to major fishing 

grounds, protected areas, depth of the ocean floor. 

From the map interpretation, five areas that score high on petroleum, fishing, and depth 

were identified: 

The area showing the most promise in both fishing and petroleum is the Barents Sea off the 

coast of Norway and Russia, which might cause conflict. Extraction of petroleum has 

already started in the areas off both the Norwegian and Russian coasts (Roto & Sterling 

2011). The cod stock in the Barents Sea has been increasing in recent years and moving 

further north and east (Petterson, 2013). The depth of the ocean floor is little and the ocean 

floor extends far out at shallow depths. The major protected land and sea areas in the 

region are in Svalbard and Franz Josef Land. 

On the opposite side of the Arctic Ocean, in the Beaufort Sea, there is great promise for 

petroleum, mainly on the U.S. side. The Alaskan Pipeline was built to transfer oil from the 
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region and it is currently not at full capacity, but production in the area will increase in the 

near future (USEIA, 2013). In this area, there is less fishing than in the Barents Sea, but 

that could change if the stocks south of the Bering Strait move north with the changing 

climate. Protected areas in the region, which could be affected by increased operations, lie 

mainly on the northern coast of Alaska. One of the remaining border issues in the Arctic is 

in the region between the Canadian and U.S. EEZ (Stimson, 2013). 

The Kara Sea has great potential for petroleum extraction but since there is more 

infrastructure in the Barents Sea area for offshore drilling, the main focus will initially be 

there. There is one extraction point in the Kara Sea but in that region there are many 

extraction points inland in the rich Pechora oilfields; there is also already a high capacity 

pipeline leading west from the area (EY, 2013). There is little fishing in the area and the 

main protected areas are on the Yamal Peninsula. 

Around the Queen Elizabeth Islands in the northernmost part of Canada there are 

promising petroleum fields; extraction in the area began in the 1960s (EY, 2013). There are 

no fishing grounds around the islands but there are a few protected areas around the 

surrounding islands. 

Off the west coast of Greenland, exploration licenses have been given to a number of 

companies (EY, 2013). The area is also Greenland’s major fishing ground; it is lower in 

catch than other areas in the region but is a major area in terms of local fishing in 

Greenland. There are only a few protected areas in the region and they are on the west 

coast of Greenland. 

4.1.2 Arctic Shipping Routes 

Figure 9 shows the four Arctic shipping routes and the protected areas that are within 100 

km of each of them. The lines on the figure are not the exact routes because they change 

from year to year and some are not yet accessible, but they give an indication of the future 

scenario. The map also shows a forecast for the minimum yearly sea ice, in September, 

until the year 2100, but a larger area will be covered during the winter. The Arctic ports on 

the figure are divided into two categories, with over and under 1000 inhabitants; some of 

them have been abandoned but the harbor is still there. Finally, the 300 km distances from 

the Arctic ports are approximately the areas in which helicopters can make round trips to 

the ports where they could refuel in case of an accident. 
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(See Table 9 for data sources) 

Figure 9: Future Arctic shipping routes mapped in relation to protected areas, distance 

from ports, and a forecast of the reduction of the Arctic sea ice. 

There is huge uncertainty in Arctic shipping, mainly related to the melting and drifting of 

the sea ice. More ice generally builds up in the area around Greenland and the Canadian 

islands because of the solid foundation they provide. That ice also retreats more slowly and 

there is therefore a longer period where sea ice is more of a danger than along the coast of 

Russia. The Northern Sea Route and the Arctic Bridge have the most potential in the near 

future and are already open during the summer, whereas the Transpolar Route and the 

Northwest Passage are likely to open up later in the century. 

The protected areas within 100 km of the routes that would be most vulnerable to accidents 

are mainly along the coasts of Canada and Russia. Areas that are most threatened include 

the Bering Strait with three routes passing it, and Svalbard and Franz Josef Land which are 

passed by two of the routes. 

Lack of search and rescue facilities and infrastructure are common topics in Arctic affairs. 

Although not all the ports in the figure can support helicopters, especially not the smaller 

ones, the map gives an idea of the infrastructure needed for Arctic shipping to be safe. 

There are noticeable gaps in the areas along the coast of Russia and the northern parts of 

Canada and Greenland have small communities. The largest gap involves the central part 

of the Transpolar Sea Route where no land territory is available for search and rescue 

facilities. 

As for transshipment hubs, the area around the Barents Sea looks most promising for the 

Northern Sea Route. The ships passing the Northwest Passage will probably go to the 
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major ports on the east coast of the U.S. and Canada. Iceland is to the east side of 

Greenland so ships passing the Northwest Passage would have to make a long detour to 

reach Icelandic harbors. Iceland’s position, on the other hand, is promising as a 

transshipment hub when the Transpolar Route, the shortest route through the Arctic, 

becomes free enough of sea ice to become economically operational. 

4.1.3 Mining 

The third part of the Arctic mapping focuses on minerals and their transportation. There 

are less data and fewer studies on minerals in the Arctic than on petroleum and shipping, 

so the map only shows current mines. Data on future mines or prosperous areas were only 

available for small sections of the Arctic and one of those, in Greenland, is shown in the 

second scale of the mapping. Figure 10 shows the mines in the Arctic and subarctic regions 

and possible means of transporting the minerals to markets. The transport means shown 

are: by trains, trucks, rivers, and the major Arctic shipping routes. 

 
(See Table 9 for data sources) 

Figure 10: Mines in the Arctic region and the potential for transporting the minerals. 

It is generally cheaper to transfer bulk loads by sea than land, and cheaper to transfer by 

train than by truck (Jonsson, 2008). In 2012 there were 600 inter-Arctic shipments of bulk 

loads and petroleum along the Russian coast (NSRIO, 2014). It is hard to draw a direct 

conclusion from the figure, but it is clear that the grid of roads and railroads becomes 

thinner in the north. The thawing of the permafrost—resulting in less bearing capacity of 

the soils under roads and rails—might also cause problems in transporting on land in the 

Arctic (ACIA, 2005). Therefore the potential of moving bulk shipments in more quantity 
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by ever more ice-free rivers to the major shipping routes has promise. Since the map only 

shows current mines, they are already connected to existing transportations routes. But 

other areas in the Arctic are also believed to hold vast amounts of minerals, so the opening 

of the shipping routes could change the transportation means and make the minerals more 

accessible. 

Figure 10 is harder to interpret than the other two figures presented in the large scale 

mapping, Figure 8 and Figure 9, both because of the lack of data and the complexity. But it 

does show that there are many mines in the northern part of Russia and Canada. Rivers 

have been used in the ice-free season to transfer bulk south to the railroad systems. That 

south direction could change to a north direction in the future, with increased river 

transportation north to the shipping routes in the Arctic Ocean. 

4.1.4 Megapatterns 

Figure 11 shows mapping of the megapattern Driven by global warming: To central areas 

in cold but warming regions in the Arctic. There are four elevation categories on land, 

representing how suitable areas might become for habitation. By looking at large areas of 

continuous low elevation key areas can be identified. 

 
(See Table 9 for data sources) 

Figure 11: Possible future habitable interior areas in the Arctic. 

The largest areas that show promise for better weather conditions in the Arctic and 

subarctic regions are in Russia and Canada. Other large areas are found on the northern 

coast of Alaska and Finland. On this scale the changes in Iceland and the North Atlantic 

are barely noticeable. 
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Figure 12 shows mapping of the megapattern Driven by an important spatial position: 

Towards new prospering point centers of global activities in the Arctic. There are four size 

categories of populated places in order to identify areas of high population density that 

might have a gravitational pull effect in the Arctic. 

 
(See Table 9 for data sources) 

Figure 12: Populated places in the Arctic. 

The densest population area is the coast of the Barents Sea and northwestern Europe. Other 

places that have rather large population centers are on the coast of the Kara Sea in Russia, 

the two largest cities in Alaska, Anchorage and Fairbanks, and the capital of Iceland, 

Reykjavik. 

4.2 Medium Scale—The Northern North Atlantic 

The second part of the mapping focuses on the area where Iceland could be a direct 

participant or competitor for the activities taking place. Figure 13 defines a rough study of 

the area, although the area is larger for the Arctic shipping map in order to show other 

potential destinations. Iceland’s strength in the North Atlantic is the isolated but central 

location and good infrastructure. The potential for supporting activities in the eastern part 

of Greenland is high because it is remote from other countries and the distance from 

Iceland is in some cases shorter than from the west coast of Greenland. The main themes 

covered in this section are fishing areas, potential petroleum areas, minerals in Greenland, 

shipping routes, and the distance of these activities from Iceland. 
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(See Table 9 for data sources) 

Figure 13: The northern part of the North Atlantic and major landmarks. 

4.2.1 Hydrocarbons and Fishing Areas 

Figure 14 shows promising areas for future petroleum extraction and current fishing 

grounds. The figure also contains elevation data of the ocean floor. Key areas are again 

defined to show fishing and petroleum potentials as well as little ocean depth. The 

petroleum and fishing areas are not classified because the data for the subarctic regions 

were not comparable with the Arctic data, but the potential of the petroleum areas is 

discussed in the text following the figure. The map is interpreted in a similar manner as the 

previous large scale map, focusing on crosshatched areas and low depths. 
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(See Table 9 for data sources) 

Figure 14: Fishing and potential petroleum areas. 

The most promising extraction areas are in the North Sea and Norwegian Sea, because of 

the depth of the ocean floor, currently explored basins, and because of the milder climate 

compared to further north. Most of the area is within the EEZ of the United Kingdom, 

Norway, or the Faroe Islands. Iceland would not be a suitable service hub for these areas 

simply because there are other locations in other countries much closer. The previously 

mentioned area in the Barents Sea is also visible in the upper right corner. 

Looking to the west of Iceland, towards Greenland, the basin in the Denmark Strait could 

be serviced from either Greenland or Iceland because there are only few and small 

settlements in the southern and eastern parts of Greenland. However, north of Iceland there 

is a basin that is far from other potential service hubs. 

Inside the Icelandic EEZ there are two areas, the Dreki area and Gammur. The latter one is 

thought to have less potential (NEA, 2010). If a workable amount of petroleum is found in 

the Dreki area the eastern part of Iceland would be a suitable location for the operation. 

The fishing areas in the North Atlantic are mostly concentrated around countries with the 

depths of their continental shelves less than 500 m, mainly because the sprawling areas are 

near land and fishing is easier in lower depths. In the case of the effects of the warming 

climate on the ecosystem, it is generally assumed that the fishing stocks will migrate north 

from their current location. Judging from the map and the depth, there is a potential for fish 

to migrate to the north of Iceland without going into too deep waters, but there is more 

danger of sea ice in the area northwest of Iceland. There is also the potential, with global 

warming, for more southern stocks to migrate to areas surrounding Iceland. 
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4.2.2 Navigation and Harbors 

Figure 15 shows where the major Arctic shipping routes enter into the Atlantic in relation 

to potential transshipment harbors. Three of the trans-Arctic shipping routes will enter into, 

or pass by, the North Atlantic, the Northern Sea Route, the Northwest Passage, and the 

Transpolar Route. It is unlikely that the Arctic Bridge shipping route will need a 

transshipment harbor in Iceland, but the other two routes might. In summary, it all comes 

down to the feasibility of each option. The major factors are: how long the routes will be 

open during the year, the extra cost of sailing in the Arctic, and what types of vessels will 

be used. Iceland as a hub for the Northern Sea Route has been receiving less attention in 

recent years mainly because it increases the travel distance to Europe, and if ships with 

cargo headed for North America go as far west as Iceland they might as well go all the 

way. Therefore Murmansk in Russia or Kirkenes in Norway are considered to be more 

viable options, especially Murmansk due to present development in the area to serve the oil 

and gas fields in the Barents Sea (MRG, 2013). The main focus of a transshipment harbor 

in Iceland is therefore linked to the Transpolar Route. If the Transpolar Route opens, 

transshipping in Iceland would not increase the distances to Europe or North America 

significantly. 

 
(See Table 9 for data sources) 

Figure 15: Trans-Arctic shipping routes in the North Atlantic and potential transshipment 

harbors. 
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4.2.3 Minerals in Greenland 

Figure 16 shows areas that have a high potential of becoming major mining areas in the 

near future. Greenland is believed to hold vast amounts of minerals, many of which are not 

covered by the ice cap (Lindholt, 2006). Some of the ice-free, promising areas are far away 

from settlements capable of providing the basic services needed for mining operations. The 

red areas are the ones that are expected to have workable amounts of minerals, and the ice 

on the coasts is heavier the further north you go. Some mining in Greenland is a 

controversial Arctic issue, especially uranium mining on the southern tip. A few mining 

companies have already started mining in Greenland, mainly on the west coast (GGG, 

2012).  

 
(See Table 9 for data sources) 

Figure 16: Promising areas for mining in Greenland. 

4.2.4 Distance from Iceland 

Figure 17 shows some key distances from Iceland. The first buffer zone, 250 km, shows 

approximately the area where a helicopter could make a round trip without refueling. The 

second one is the distance that could be made in a one way trip, refueling at the 

destination. The range of helicopters varies but, for example, the range of the helicopters 

used by the Icelandic coast guard is 580 km (Eurocopter, 2013) and they are designed for 

range rather than transportation capacity like the craft used for service operations. The 750 

km buffer zone, the outer rim of the Icelandic potential service area, is within the range of 

long range helicopter. If the basins off the coast of Greenland will be serviced by ships 
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from Iceland it would for example take a ship 33 hours to sail 750 km, assuming a speed of 

12 nautical miles per hour. 

 
(See Table 9 for data sources) 

Figure 17: 250 km buffer zones from Iceland. 

Figure 18 shows the resource areas that are within the 750 km buffer zone. The areas in the 

Norwegian Sea will most likely be serviced from the nearest country. Iceland’s real 

potential lies to the northeast and northwest. The basins off the coast of Greenland are 

believed to have a higher probability of a major petroleum find than the ones within the 

Icelandic EEZ (USGS, 2008). The basin in the Denmark Strait is approximately 650 km 

from Nanortalik, a town on the southern tip of Greenland, so it is uncertain where it would 

be best to service that area. The same goes for the westernmost mining area. As for other 

areas on or off the coast of Greenland, Iceland is the closest place with the necessary 

infrastructure since the east coast of Greenland is almost unpopulated. As for services for 

the Dreki area, the eastern part of Iceland is the most suitable location. Iceland´s fishing 

areas, Figure 18, in Iceland are well located in case stocks migrate to the north due to 

climate change; there are large parts of the ocean to the north of Iceland where the depth is 

still suitable for fishing. 
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(See Table 9 for data sources) 

Figure 18: Resource areas within 750 km of Iceland. 
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4.2.5 Megapatterns 

Figure 19 shows mapping of the megapattern Driven by global warming: To central areas 

in cold but warming regions in the northern North Atlantic. There are four elevation 

categories on land, representing how suitable areas might become for habitation. By 

looking at large areas of continuous low elevation key areas can be identified. 

 
(See Table 9 for data sources) 

Figure 19: Possible future habitable interior areas in the North Atlantic. 

The suitable areas are mainly on the mainland of Europe, in Denmark, Sweden, and the 

U.K. Greenland, Iceland, and Norway have more highlands but there are still large red 

marked areas indicating settlement potential. Also, in Greenland and Iceland the melting of 

glaciers would change the elevation. 
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Figure 20 shows mapping of the megapattern Driven by an important spatial position: 

Towards new prospering point centers of global activities in the northern North Atlantic. 

There are four size categories of populated places in order to identify areas of high 

population density that might have a gravitational pull effect on future habitation in the 

northern North Atlantic. 

 
(See Table 9 for data sources) 

Figure 20: Populated places in the North Atlantic. 

The most densely populated places in northwestern Europe are in Denmark, the southern 

parts of Norway and Sweden, and the northern part of the U.K. The figure shows how 

isolated Iceland is in terms of population. 

4.3 Country Scale—Iceland 

There are a few features about conditions in Iceland that the reader should know because 

they can influence the choice of a location for servicing Arctic activities. In general there 

are stronger winds and higher waves in the southern part of Iceland rather than the 

northern. The highest danger of sea ice is in the northwestern part because of the vicinity to 

Greenland. The south and southwestern coasts are in general less suitable for harbors 

because there are almost no fjords there. This section covers how the Arctic projects would 

fit into the existing infrastructure in Iceland and a compares suitability of various locations 

for the projects. 
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4.3.1 Transportation System 

It will simplify all projects, especially large ones, if they are close to the existing 

transportation systems in the country. In Figure 21, the main transportation systems in 

Iceland are mapped: paved roads, large airports and ports. The glaciers are also included in 

the figure to show areas that are off limits for land transportation. 

 
(See Table 9 for data sources) 

Figure 21: Transportation systems in Iceland 

The transportations systems in Iceland are mainly along the coastline. Due to the fishing 

industry there are numerous harbors surrounding the country, except in the southern part. 

There are four international airports in Iceland; Keflavik is by far the largest but the 

domestic airports in Reykjavik, Akureyri and Egilsstadir also fulfill international standards 

(ICAA, 2007). The paved road system mainly involves the Ring Road which connects all 

major towns around the country. The southwestern part has the best connections but the 

Arctic projects mainly focus on the northern part. Looking at the northwest of Iceland, the 

West Fjords do not have access to an international airport and the road system there 

traverses many fjords which lengthens the travel distance and makes the roads less safe 

than in other regions. The West Fjords are also far away from the Ring Road, making it a 

more isolated area. The area around the town Akureyri, in the central north, is well located 

along the Ring Road and has an international airport and a number of ports in the vicinity. 

The northeastern part of Iceland around Egilsstadir has an airport and is connected to the 

Ring Road. There are a number of harbors close to Egilsstadir, both to the north and east. 

The area in the far northeast has potential in terms of distance to the Dreki area, and is 
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already developing as a service hub for the Dreki area, but it is an isolated area in terms of 

distances from the Ring Road and the nearest airports. 

4.3.2 Dreki Area and Service Harbors 

Figure 22 shows the northeastern part of Iceland and the Dreki area. The figure also shows 

potential locations for harbors that could service the area. 

 
(See Table 9 for data sources) 

Figure 22: The Dreki area and potential service harbor locations. 

Both Akureyri and Reydarfjordur are well established towns and are both close to an 

airport and the Ring Road. Both Vopnafjordur and Thorshofn are small fishing villages; 

Vopnafjordur is closer to the Ring Road and the airport at Egilsstadir. There is no 

settlement in Finnafjordur, only one farm. There are pros and cons of each location and the 

best location depends on the magnitude of the project. Exploration, which will always be 

the first project, only requires a small part of the infrastructure needed for extraction. 

Akureyri and Reydarfjordur are the towns located furthest from the Dreki area of those 

mentioned, but they have the best infrastructure. They are both out of round trip helicopter 

range from the Dreki area. Vopnafjordur and Thorshofn are closer to the area and within 
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round trip helicopter range and have large enough harbors for the exploration ships. Either 

of the two would probably suit best to service the exploration phase. As for the extraction 

phase, there are a few problems that arise; the harbors in Vopnafjordur and Thorshofn are 

too shallow for the ships needed and placing a petroleum cleaning facility near a settlement 

might threaten the people living there. Finnafjordur is mainly considered an option because 

of the weather, and depth conditions in the fjord. However, it might also be a good idea to 

place industrial complexes away from the settlements. Placing the clearing facilities near 

Akureyri and Reydarfjordur is also an option, but then the helicopter service for the 

platforms would have to be placed in a different location. Future developments related to 

the Dreki area also depend on whether Finnafjordur will be chosen as a location for a 

shipping hub. 

4.3.3 Operations in Nearby Greenland 

Figure 23 shows the potential resource areas in Greenland and locations in Iceland that 

could service operations. 

 
(See Table 9 for data sources) 

Figure 23: Potential resource areas in Greenland and potential service harbor locations. 

If the operations are to be serviced from Iceland, the locations in the West Fjords are closer 

but more isolated. There is one mining area, not shown in Figure 23, further north that is 

similarly close to all the locations. Again the best location would depend much on the type 

of operation and whether it will be only partially placed in Iceland. In many cases, the 

towns in the West Fjords are suitable for supporting exploration and small transportation 
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projects. Finnafjordur, not on Figure 23, has also been mentioned as a harbor serving 

mining in Greenland. 

4.3.4 Fishing Areas 

Figure 24 shows the fishing areas around Iceland and the depth of the ocean. 

 
(See Table 9 for data sources) 

Figure 24: Fishing areas around Iceland and the depth of the ocean floor. 

One of the main reasons for Iceland’s rich fishing grounds is good plankton conditions 

around the country. One of the effects of climate change on the maritime ecosystem is that 

fishing stocks might migrate to the north; examples of this are increased numbers of cod in 

the Barents Sea and mackerel around Iceland in the last years. It can be seen from Figure 

24 that there are areas of little depth north of Iceland that could become future fishing 

grounds. 
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4.3.5 Megapatterns 

Figure 25 shows mapping of the megapattern Driven by global warming: To central areas 

in cold but warming regions in Iceland. There are four elevation categories on land, 

representing how suitable areas might become for habitation. Key areas can be identified 

by looking at large areas of continuous low elevation. 

 
(See Table 9 for data sources) 

Figure 25: Possible future habitable interior areas in Iceland. 

Focusing on Iceland, there are four areas of increased interest with global warming: the 

south, the southwest, the northwest and the northeast. The largest area in Iceland that lies 

under 200 m is the southwestern part of the island. In the south, the largest area that is 

lower than 50 m, is a sand desert that is not suitable for habitation. In the northwestern 

part, the West Fjords, the land is mainly under 600 m but there are steep hills up to the 

highlands so there is not much land under 200 m. In the northeastern part of Iceland, there 

are large suitable areas, but mainly either lower than 50 m or above 200 m. 
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Figure 26 shows mapping of the megapattern Driven by an important spatial position: 

Towards new prospering point centers of global activities in Iceland. There are four size 

categories of populated places in order to identify areas of high population density that 

might have a gravitational pull effect on future habitation in Iceland. 

 
(See Table 9 for data sources) 

Figure 26: Populated places in Iceland. 

The area in the southwest of Iceland that has the highest population density is the area 

around the capital, Reykjavík. Other notable areas in terms of population are in the north 

close to Akureyri, the second largest populated area in Iceland. There is also a high 

concentration of yellow dots in the eastern part of Iceland, the area of Egilsstadir and 

Fjardabyggd. 
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5 Discussion 

This chapter compares the data maps and the megapatterns, looking for occurrences where 

the megapatterns make the opportunities and resources in the Arctic more available or 

where they make specific locations more suitable than others. The first megapattern, 

towards the poles, driven by global warming, describes general changes in the Arctic that 

will make it more suitable for habitation. The pattern is included in the thesis to list factors 

that will contribute to increased activities in the Arctic and is therefore not linked to 

specific areas. 

Arctic 

The key areas are summarized in Table 11 giving grades for different factors from negative 

 to positive ++ effects on future developments. 

Table 11: Positive and negative features of major development areas in the Arctic. 

Factor/Area 
Petroleum Fishing 

Distance 

from 

mines 

Gain 

from 

shipping 

Existing 

infrastructure 

Danger 

from sea 

ice 

Barents Sea ++ ++ + ++ ++ ++ 

Beaufort Sea ++ + 0 + + ++ 

Kara Sea ++ + 0 + + ++ 

West Coast 

of Greenland 
+ + 0 +   

Queen 

Elizabeth 

Island 

++  + + +  

 

The most significant Arctic development area in the near future will be around the Barents 

Sea. The area is within the EEZ of Norway and Russia. Major factors are the little depth of 

the ocean and the high concentration of resources. The area has a high petroleum potential 

and utilization has already started. It is also where the Northern Sea Route becomes less 

dangerous because of less sea ice. A transshipment hub for the route is likely to be either in 

Murmansk, Russia, or in Norway in either Kirkenes or Tromso. The Barents Sea has rich 

fishing grounds that could become even richer if stocks in the North Atlantic migrate 

further north with the continued warming of the ocean and the climate. In terms of existing 

infrastructure, the area is the most developed in the Arctic, and with the 2011 border 

settlement on the overlapping EEZ of Norway and Russia, there are no disputed areas there 

anymore (Stimson, 2013).  
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Looking at Iceland on an Arctic scale, it is not classified as a major development area. The 

most potential for development in Iceland lies in the full opening of the Transpolar Route 

and Iceland’s rich fishing grounds. Potential petroleum areas in the vicinity of Iceland are 

ranked low on an Arctic scale. 

The megapattern, to central areas in cold but warming regions, driven by global warming, 

looks at the elevation in the Arctic Region focusing on areas that might become suitable 

for habitation with continued global warming. Comparing the megapattern to Figure 8, 

which shows resource areas in the Arctic, all the high resource areas have access to plenty 

of low elevation land near them except for the areas in Greenland. Both Russia and Canada 

have continuous low elevation land from their resource areas to the subarctic, whereas 

Alaska has a high mountain ridge between the northern shore and the subarctic. This might 

cause the areas in Russia and Canada to draw more attention.  

How the megapattern, towards coasts and towards the poles, driven by improved 

technology, will affect the Arctic depends on in which field the technological 

improvements will be made. The greatest impact could come from improvements making 

petroleum extraction safer and less expensive, and making Arctic navigation more reliable. 

The areas that would gain most from improvement in petroleum extraction are, of course, 

the previously mentioned high potential areas; however, if significant improvements are 

made, other areas that have less potential or reserves at greater depths could become 

available. Improvements in Arctic shipping could benefit the Barents Sea, Iceland, and a 

hub for the operation on the Pacific side of the Arctic, for which many locations are 

possible. Other technological improvements in fishing and remote sensing would also pull 

toward the area.  

The final megapattern, towards new prospering point centers of global activities, driven by 

an important spatial position, looks at population in the Arctic and predicts that areas of 

already dense population will pull more activities toward them. The most populated areas 

in the Arctic near the Barents Sea are in Russia, Norway, Sweden, and Finland. Other areas 

that have high populations are Iceland and the subarctic regions in Russia and Alaska. 

Northern North Atlantic 

There are four main focuses of the North Atlantic mapping: petroleum, fishing, mining, 

and shipping. And there are a few scenarios possible for each of these, depending on 

whether the whole operation would be based in Iceland or just a part of it. Table 12 lists 

the projects, their scale and ideal location. 
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Table 12: Arctic projects in which Iceland could be a direct participant. 

Project Scale of the project, rough 

estimates 

Ideal location in Iceland 

Transshipment harbor Very large North or northeast. 

Full service for petroleum 

extraction 

Large North or northwest for 

Greenland. Northeast for 

Dreki area. 

Full service for mining in 

Greenland 

Large North or northwest. 

Partial service or 

exploration 

Medium North or northwest for 

Greenland. Northeast for 

Dreki area. 

Search and rescue or 

research hub 

Small Northern part, depending on 

area of focus. 

 

The largest project, by far, would be if a large transshipment hub serving the major Arctic 

shipping routes is built in Iceland. This would require a huge harbor in a deep fjord with 

enough land around it to support storage requirements; the potential locations were 

discussed in Chapter 2. There is also the possibility that a large service harbor would be 

built in Iceland that would be one of many Arctic hubs, and therefore not be as large. A 

harbor in that size category could provide the necessary services needed for petroleum 

extraction, mining in Greenland, and search and rescue. The location of the harbor would 

depend on the area it services. In case of development of the Dreki area, the northeastern 

part of Iceland is well suited because of the relatively short distance, and it is also the only 

place in Iceland within helicopter range of the Dreki area. In the case of the Greenland 

basins, a hub could be located further to the west on the north coast of Iceland. The two 

most promising Arctic harbor projects in Iceland are now in Finnafjordur in the northeast, 

and in Dysnes, close to Akureyri in the north. The necessary conditions to provide full 

services to an extraction area are a large harbor, helicopter platforms, and a crude oil 

refining and storage facility. It would be preferable to locate the facility close to a large 

settlement but not necessary. A harbor providing full services to mining areas in Greenland 

would need the same items, except for the cleaning facilities; however, a large amount of 

land for storage would be needed. 

Smaller scale projects would include parts of the previously mentioned services; these 

would not require as much infrastructure, and, for example, service helicopters could be 

based in Iceland with a main harbor in Greenland. Service to petroleum exploration could 

also be based in Iceland, which is a much smaller project than those supporting extraction. 

Another small-scale project would be basing a search and rescue or a research hub in 

Iceland. 

A topic not yet covered in this thesis is the fishing areas. Of all the topics covered so far it 

probably has the largest uncertainty, mainly because of the complexity of the ecosystem. 
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The megapattern in the second part of the mapping, to central areas in cold but warming 

regions, driven by global warming, clearly show that the mainland of Europe is more 

suitable for habitation than Iceland and Greenland, and also that the elevation above 200 m 

becomes less habitable in northern latitudes. However there are areas in Greenland and 

Iceland that are big enough to support a large settlement and because of their isolated 

location there are no other countries that could support operations in the region. 

However, the megapattern, towards coasts and towards the poles, driven by improved 

technology, is unclear as the improvements in Arctic petroleum extraction could negatively 

impact the region, especially the region north and west of Iceland. Iceland’s real 

opportunity in Arctic shipping lies with the Transpolar Route and therefore improvements 

in the field of Arctic navigation would impact the region heavily. Many of the countries in 

the northern North Atlantic—Iceland, Norway, Greenland, the Faroe Islands and the 

U.K.—are major fishing nations and therefore technical improvements, both in navigation 

and fishing at greater depths, could make the areas even more attractive in terms of fishing.  

The final megapattern, towards new prospering point centers of global activities, driven by 

an important spatial position, shows highly populated areas on the mainland of Europe and 

more rural areas in Iceland, Greenland, and the northern parts of Norway and Sweden. The 

focus of the pattern is the pull of large settlements, especially the most populated places in 

the northern part of the map, which are Tromso and Narvik in Norway, and Reykjavik in 

Iceland. The main resource areas in the vicinity of these settlements in Norway are in the 

Norwegian and Barents Seas. The main resource areas in the vicinity of Reykjavik are 

within the EEZ of Greenland and the fishing grounds in the area. The main attraction to 

these populated places will perhaps not only be in relation to resources, since in general 

people do not want to live near industrial complexes, but rather proximity to existing 

infrastructure. Also these places might become centers for administration and education 

and, in a sense, become “the capitals” of the Arctic regions. 

Iceland 

The major industrial Arctic projects that could take place in Iceland are: a large 

transshipment harbor, services for petroleum extraction in the Dreki area, and services for 

mining or petroleum extraction in Greenland. Smaller projects include a search and rescue 

hub, and a research center. It is challenging to make predictions about how, where, and 

when these projects will begin, but currently there are preliminary environmental studies in 

progress both for Finnafjordur in the northeast and Dysnes near Akureyri with respect to 

potential harbors. The Norwegian oil exploration company NorSea Group announced in 

January 2014 that they are going to base their exploration for the Dreki area in 

Vopnafjordur (RUV, 2014). There could possibly be many such explorations and others 

could be based elsewhere. 

In Table 13 the northern parts of Iceland are graded based on how suitable they are to 

handle the Arctic projects and their transportation system access is also graded. Dividing 

the northern part of Iceland into three sectors, west, central, and east; the central sector has 

the best connections to existing transportation systems and the western sector the worst. 

The grades for the locations represent the distances from the activities, though note, that 

placing a transshipment harbor in the central northern section of Iceland would only 

increase the distance slightly. However, transshipping to North America from the north 
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central part of Iceland would mean sailing west of Iceland, which is a more dangerous 

route—because of possible sea ice—than sailing east of Iceland. 

Table 13: Comparison of locations in northern Iceland for servicing Arctic projects. 

Northern 

sectors of 

Iceland 

Dreki area Transshipment 

harbor 

Services for 

operations in 

eastern 

Greenland 

Transportation 

systems 

Western 0 0 ++ 0 

Central + + + ++ 

Eastern ++ ++ 0 + 

 

The major factors making Iceland’s fishing grounds some of the richest in the world are: 

Iceland is located where warm ocean currents from the south and cold sea from the north 

meet, and the continental shelf of Iceland pushes nutrition from the deep sea up to the 

surface (Gíslason, 2002). These two are contributing factors for the rich growth of 

plankton, which sustains all life in the ocean (Gíslason, 2002). It is easier to catch fish at 

lesser depths and it can be seen in Figure 24 how the Icelandic fishing grounds follow the 

Reykjanes Ridge. If the border where the warm and cold sea meet moves north with 

climate change, the fishing grounds could also move north. There are areas of relatively 

little depths north of Iceland although they are not as large as the Reykjanes Ridge. 

The megapattern, to central areas in cold but warming regions, driven by global warming, 

shows that the largest areas in Iceland that have continuous lowlands are in the southwest 

and northeast. The sand deserts in the southeast are ignored because they are not habitable. 

Focusing on the west, central, and east of the north Icelandic coast, the West Fjords have 

little lowland. The region in the central northern part, around Akureyri, has a fair amount 

of lowland, but expansion might be restricted by the high mountains surrounding the area. 

The pattern shows most promise for the northeastern part of Iceland where the land is both 

low and continuous. 

Advances in technology that could minimize the negative impacts of the Arctic conditions 

would greatly impact Iceland’s opportunities. The effects of the pattern, towards coasts 

and towards the poles, driven by improved technology, could be significant. Improvements 

in Arctic navigation would make a transshipment harbor in Iceland more feasible, 

impacting the north or northeastern part heavily. Improvements that would make the 

Transpolar Route more viable would have the largest impact, since Iceland’s location is 

well suited for the route. The improvements in navigation would mainly be in vessels with 

stronger hulls and icebreaking capability and actual icebreakers. Improvements in search 

and rescue and remote sensing around Iceland would improve the conditions for all Arctic 

projects, making the area safer and more stable. Improvements in petroleum extraction 

would impact the northeastern and northwestern parts of the country, if significant finds 

are made. The potential improvements are many, but particularly strong impacts are likely 

in the Dreki area with technological improvements in platforms designed for deep water, 

lying on the ocean floor, and far away from land because the average depth of that area is 
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dangerously deep for a petroleum field. Other improvements include vessels that can 

transport oil and gas more efficiently, the construction of safer under-water pipelines, and 

development of a better way to clean oil in cold waters in the case of a major spill. 

Judging from the final pattern, towards new prospering point centers of global activities, 

driven by an important spatial position, the southwest of Iceland is by far the most densely 

populated area. But there are relatively dense areas around Akureyri, which is in the central 

north, and in the central east around Egilsstadir and Fjardarbyggd. These places might 

attract attention if the Arctic projects become a reality, both in providing a work force for 

the projects and as good places for centers for research and operations. The northwest—the 

West Fjords—is more rural than the other northern parts of Iceland, with the largest 

settlement Isafjordur, which could attract attention if the Greenland projects are serviced 

from there. 
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6 Conclusion 

The first scale of the mapping, the entire Arctic region, shows that the Barents Sea will be 

the most active Arctic area in the near future. Natural resources, the location in relation to 

the Northern Sea Route, geographical conditions and existing infrastructure are key 

factors. The area also shows promise for future developments if the effects of the 

megapatterns are taken into account. Other Arctic areas that score high lack some of the 

promising conditions near the Barents Sea such as: the Beaufort Sea is further away from 

populated areas, the Kara Sea has less infrastructure and population, and both the Queen 

Elizabeth Islands and areas on the west coast of Greenland have harsher climate conditions 

and are farther from populated areas. 

Focusing on Iceland on an Arctic scale, the most significant opportunity lies in the opening 

of the Transpolar Route but the route will probably be the last of the Arctic shipping routes 

to become active and it is very dependent on continual warming. The petroleum areas in 

the vicinity of Iceland do not have a high potential on an Arctic scale but there are large 

fishing areas near the country that do. Although the majority of Iceland is highlands that 

are not suitable for habitation it does have one of the largest cities in the northern latitudes. 

The second scale, the northern part of the North Atlantic, shows that the most prominent 

opportunities in the vicinity of Iceland are potential petroleum fields in the Dreki area and 

the provision of services for industries in Greenland. Both these projects could utilize 

helicopter and harbor services from Iceland, and the places that are potentially best suited 

are in the northern parts of Iceland. The mapping also shows large hydrocarbon basins in 

the Norwegian Sea and North Sea but it is unlikely that Iceland will be connected to those 

activities simply because of distance. There are rich fishing grounds in the North Atlantic 

and many of them are close to Iceland. The population in the area is mainly in southern 

Scandinavia, however Iceland is isolated in terms of population and there are large areas 

where Iceland is the only suitable party to service operations. 

There are three Arctic projects, where Iceland could be a direct participant, highlighted in 

this thesis: A transshipment harbor, the Dreki area and support for operations for 

Greenland. A transshipment harbor would be the largest project but involves the most 

uncertainty both because Iceland is not a feasible option unless the Transpolar Route 

opens, and even if the route becomes available it is not certain that it would be economical 

to transship cargo in Iceland. The second project, the Dreki area, could have a huge impact 

on both on the community serving the operation and Iceland as a whole but there are still 

uncertain factors such as: the amount of workable hydrocarbons, there is little 

infrastructure and experience in Iceland in extraction, and the geographical conditions in 

the Dreki area are complicated in that it is far from land and the basins are in deep waters. 

The third project, support for operations in Greenland, has a lot of potential for Iceland. 

There are many large mining and oil companies researching areas in Greenland that are 

close to Iceland but the main uncertainty involves the exact locations of major discoveries 

and whether Iceland will be the most suitable location.  
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The third scale, Iceland and surrounding areas, shows potential locations in Iceland for 

supporting Arctic activities. They all have their pros and cons. For example, the 

northwestern part of Iceland is closest to Greenland but has the least developed 

infrastructure. The central north area around Akureyri has the best infrastructure, but is 

farther away from Greenland than the northwest and farther from the Dreki area than the 

northeast. Finally, the northeastern part of Iceland ranks in between the other two in terms 

of infrastructure but it is closest to the Dreki area and has the most potential for a large 

transshipment harbor. In terms of the population distribution the most populated area in the 

northeast is located farther away from some of the potential locations but in the central 

north the locations are close to the largest town there. Looking at the elevation in northern 

Iceland the northeastern part has the most lowland that could become suitable for 

habitation in the future and the population core in the central north is surrounded by high 

mountains which might cause problems for expansion in the area. The northwestern part of 

Iceland is low in population and mountainous with steep slopes which do not leave much 

low land. The location choice will depend heavily on the developer, the magnitude of the 

project, and the local municipality.  

It is important that the government of Iceland form a clear strategic policy based on well-

founded reports and studies in order to maximize the potential gain from the opportunities 

offered and also to mitigate negative impacts. Developments in Arctic affairs are occurring 

faster every year and gaining more attention, both in Iceland and internationally. Because 

of the fast pace, many factors of uncertainty presented in this thesis will become clearer in 

the near future. This thesis can provide the reader with a good overview of Arctic affairs 

and contribute to further studies on where Arctic projects might be located in Iceland. 
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