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Abstract 
The emerging interest in Arctic shipping driven by global warming results in a growing number of 

related academic publications. Considering the need for a systematic review that incorporates multiple 

perspectives of Arctic shipping on evaluating its economic feasibility, this study summarizes 60 

selected publications made after 1999 that focus on eleven different aspects of the Arctic shipping 

including cost comparison of Arctic and conventional routes, environment concerns for navigating via 

Arctic routes, operational aspects, route choice modelling, feasibility of NSR (Northern Sea 

Route)/SCR (Suez Canal Route) combined service, criteria for choosing Arctic routes, navigation 

speeds, required freight rate, effects of Arctic shipping on other economics, engineering aspects of 

Arctic shipping, and Russian Arctic policy. Further, this review discusses their focused geographical 

markets, commodities, methodological aspects, factors for model developments, navigable periods, 

vessel sizes and types, sailing speeds, routing geometry, fuel types, and the feasibility of Arctic 

shipping. This review also highlights the limitations in previous studies especially due to the 

simplified assumptions made with transport cost models on fuel consumption, navigation speed, and 

vessels’ engine specifications, among others if analyzing the economic feasibility of Arctic shipping.  
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1. Introduction
The retreat of Arctic sea ice driven by global

warming led to an emergent interest on Arctic shipping 

among researchers especially during the last decade 

(Theocharis and others, 2018) due to the potential cost 

and time saving of shipping via Arctic routes than the 

conventional routes (Pierre and Olivier, 2015; 

Stephenson and others, 2013; Xu and others, 2011). 

Apart from original research articles, several review 

articles (Lasserre, 2014; Meng and others, 2017; 

Theocharis and others, 2018) appeared although their 

scope was limited mainly to the comparative studies 

between the Arctic vs conventional routes and the 

commercial aspects of Arctic shipping. Owing to the 

high potential of Arctic shipping in the future, there is a 

need for a systematic review that focuses on the 

economic feasibility of Arctic shipping considering 

multiple perspectives that are summarized in a single 

article. Thus, this review aims to provide a better 

understanding of the economic feasibility of Arctic 

shipping by summarizing previous studies that focused 

on eleven different aspects. 

As the remainder of this paper, Section Two explains 

the review method, and the results and discussion are 

given in Section Three. Finally, Section Four concludes 

the paper.  

2. Review Method and Selection of Studies

Since this paper presents a systematic review of 

Arctic shipping, 60 research publications were selected 

for the review. To maintain quality, the majority of 

publications were selected from refereed international 

journals. First, we made a collection of studies using 

keywords such as Arctic shipping, Northeast Passage 

(NEP), Northwest Passage (NWP), and Northern Sea 

Route. Thereafter, we grouped the selected studies into 

eleven categories based on their main focus as 

explained in Section 3.1. Several publishers and 

databases including Scopus, Elsevier, Emerald Insight, 

and Taylor & Francis, among others were considered. 

The selected 60 papers were published in 33 

international journals, two refereed international 

conferences, and one research organization as given in 

Table 1. Regarding their publication years (Fig. 1), the 

papers published on or after 1999 were selected and the 

majority were selected from the years 2017-2020 to 

provide a more updated review than the previous 

review articles. 

Fig. 1 Publication period of selected articles 

Review 
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Table 1. Sources of selected articles 

Journal/Conference/Organization No of 

Studies 

Maritime Policy and Management 7 

Journal of Transport Geography 5 

Transportation Research Part A 5 

Asian Journal of Shipping and Logistics 3 

International Journal of Naval Architecture and Ocean 

Engineering 

3 

Climatic Change 2 

International Journal of e-Navigation and Maritime 

Economy 

2 

International Northern Sea Route Programme (INSROP) 2 

Maritime Economics and Logistics 2 

The Polar Journal 2 

Transport Policy 2 

Arctic Review on Law and Politics 1 

Canadian Journal of Remote Sensing 1 

Geographical Review 1 

Geophysical Research Letters 1 

International Journal of Geographical Information Science 1 

International Journal of Scientific & Technology Research 1 

International Association of Maritime Economics 

Conference 

1 

Journal of Cleaner Production 1 

Journal of Risk and Reliability 1 

Journal of Ship Research 1 

Maritime Business Review 1 

Marine Policy 1 

Ocean Engineering 1 

Ocean Development and International Law 1 

Polar Research 1 

Polar Record 1 

Port and Ocean Engineering under Arctic Conditions 

Conference 

1 

Research in Transportation Economics 1 

Research in Transportation Business & Management 1 

Safety Science 1 

Scientific Reports 1 

Ship Technology Research 1 

The Cryosphere 1 

Transportation Research Part D 1 

Transportation Research Part E 1 

3. Results and Discussion
This section discusses the results of the systematic

review considering several subsections as follows. 

3.1 Classification of Studies 
Since this paper discusses the economic feasibility of 

Arctic shipping from multiple perspectives, selected 60 

studies can be grouped into eleven categories as given 

in Table 2. Although a few studies focused on multiple 

aspects simultaneously, the categorization was done 

based on their main focus such that each study belongs 

to only one category. Accordingly, eight studies were 

selected on the cost comparison between Arctic routes 

and conventional routes. Among them, a majority 

focused on the comparison between NSR and SCR 

and a few on NWP, Panama Canal route, Cape route, 

and the Trans-Siberian railway. The environment and 

climate concerns for navigating through the Arctic sea 

were discussed by seven studies. They also focused on 

emission level, and impacts of global warming and 

climate change on the retreat of Arctic sea ice, among 

other issues.  

Furthermore, eight studies focused on the operational 

aspects of Arctic shipping such as additional cost due to 

ice-water navigation, fuel types, and choice of ice-class, 

among others. The route choice between the Arctic and 

other routes were analyzed by five studies and some 

incorporated choice models to estimate the market 

share. Moreover, four studies focused on the feasibility 

of NSR/SCR combined service, which assumed the use 

of NSR during its navigable period and the SCR for the 

rest of the year. They focused on the network design for 

the combined service, scenario analysis with different 

navigable periods of NSR, vessel sizes, transit fees, and 

bunker price, among others. Further, the criteria for 

choosing Arctic shipping were discussed by two studies 

and they highlighted the significance of economic (e.g. 

time and distance saving), safety, and technical factors. 

Further, navigation speeds on Arctic routes were 

analyzed by three studies,  and two studies calculated 

Table 2. Categorization of previous studies 

Category Selected Studies 

Cost comparison of 

Arctic routes and 

conventional routes 

Cariou and others (2019), Ding and others 

(2020), Lasserre (2014), Otsuka and others 

(2013), Pruyn (2016), Shibasaki and others 

(2018), Theocharis and others (2018), Zhang 

and others (2016)   

The environment and 

climate concerns for 

navigating through 

the Arctic sea 

Chang and others (2015), Faury and Cariou 

(2016), Lindstad and others (2016), Meng 

and others (2017), Stephenson and others 

(2013), Yumashev and others (2017), Zhang 

and others (2018) 

Operational aspects 

of Arctic shipping 

Afenyo and others (2017), Erikstad and 

Ehlers (2012), Eguíluz and others (2016), 

Konygin and others (2015), Solakivi and 

others (2019), Tseng and Pilcher (2017), 

Wang and others (2018), Wang and others 

(2019) 

Route choice models 

for the Arctic and 

conventional routes  

Lasserre and Pelletier (2011), Lee and Song 

(2014), Wang and others (2018), Wang and 

others (2020), Zeng and others (2020)   

Feasibility of 

NSR/SCR combined 

service 

Furuichi and Otsuka (2014), Liu and 

Kronbak (2010), Xu and others (2018), Zhao 

and others (2016) 

Criteria for choosing 

arctic shipping over 

other routes 

Moon and others (2015), Tseng and 

Cullinane (2018) 

Navigation speed on 

Arctic routes 

Cariou and Faury (2015), Löptien and 

Axell (2014), Xu and others (2011) 

Required freight rate 

on Arctic routes 

Theocharis and others (2019), Somanathan 

and others (2009) 

Effects of Arctic 

shipping on other 

economics  

Ha and Seo (2014), Hong (2012), Rahman 

and others (2014), Sur and Kim (2020) 

Engineering aspects 

of Arctic shipping 

Aksenov and others (2017), Goerlandt and 

others (2017), Howell and Yackel (2004), 

Hu and Zhou (2015), Kamesaki and others 

(1999), Montewka and others (2019), Nam 

and others (2013), Overland and Wang 

(2007), Patey and Riska (1999), Spencer 

and Jones (2001), Wang and others (2020)  

Russian Policy on 

Arctic Shipping 

Bognar-Lahr (2020), Bognar (2016), 

Gritsenko and Kiiski (2015), Moe and 

Brigham (2017), Sevastyanov and Kravchuk 

(2020), Solski and others (2020) 
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the required freight rate for Arctic shipping services to 

cover all associated costs. Moreover, four studies 

analyzed the effects of Arctic shipping on other 

economics such as China and Korea, and they 

considered international cargo flows via Arctic routes 

for the analysis.  

Due to the navigation via ice water, the economic 

feasibility of Arctic shipping is affected by its related 

engineering aspects. Although numerous studies are 

available on engineering aspects, only 11 studies were 

selected to highlight their focused issues. Accordingly, 

several studies analyzed the deforming of sea ice cover 

to examine the Arctic routes’ navigability, sailing time 

with ice conditions, implications of ice-numerals on 

safe navigation, and the risks for vessels caused by ice 

drift and convoy collisions. Sea ice resistance and 

vessel’s propulsion power were modeled incorporating 

vessel’s specifications and hull-ice friction coefficient. 

Moreover, navigation speed reduction at environmental 

conditions such as ice concentration, ridge, and current 

direction was modeled. A few studies focused on route 

planning considering ice conditions, resistance, and net 

thrust provided by the ship and the effect of multiyear 

ice and various ice cover states on energy consumption. 

Finally, the feasibility of Arctic shipping is greatly 

influenced by the Russian Arctic policy as summarized 

from six selected studies. They discussed the policy to 

develop NSR’s transport-logistics aspects, the changes 

in Russian ice-breaking tariff, and Russian policy on 

building NSR’s infrastructure by cooperating with other 

countries. They highlighted the conflict of interests 

with Russia in promoting independent navigation vs 

their income from icebreaker escorting, Russian policy 

to move their natural resources to global markets, and 

the competition between Russian state and private 

service providers on NSR activities. Several studies 

discussed the Russian policy on liberalizing the use of 

NSR by foreign actors vs increasing NSR’s traffic by 

ships of Russian investors. Lastly, studies discussed the 

positions of Russia and Canada when negotiating the 

Polar code, and Russian jurisdictional claims on 

controlling the navigation of vessels via NSR. 

Therefore, studies were selected covering multiple 

perspectives that influence the economic feasibility of 

Arctic shipping, which makes a significant contribution 

to the existing literature. The next few sub-sections 

discuss several important aspects of Arctic shipping 

which were summarized from all 60 studies.   

3.2 Focused Geographical Markets, Shipping 

Routes, and Types of Commodities 
Since the Arctic routes have different influences on 

individual markets, previous studies focused on various 

geographical markets as summarized in Fig. 2. 

Accordingly, that the majority of studies (14) included 

Japan or China as the origin/destination for shipping via 

Arctic routes could be due to their strategic locations in 

East Asia. Besides, Netherland (Rotterdam), German 

(Hamburg), and Russian ports were mainly included for 

the analysis. However, compared to Asian and 

European commercial ports, most Russian ports have a 

slightly different role as exporting ports of natural 

resources and some of them pursue becoming a hub of 

cargo transshipment. A few studies discussed the 

impacts of Arctic shipping on different regions such as 

Asia and Europe in general as their focused markets.  

Fig. 2 Major countries/regions focused by studies 

If considering the Arctic shipping routes focused by 

previous studies (Fig. 3), a majority of studies 

considered NSR/NEP (40) including the studies on 

Russian Arctic policy, and a few focused on NWP (6). 

However, 15 studies considered all Arctic routes in 

general. A comparatively less number of studies 

focused on the Trans-polar route could be due to the 

consistent presence of sea-ice and less developed ports 

and logistics infrastructure along this route.   

Fig. 3 Arctic shipping routes focused by studies 

Fig. 4 Types of commodities focused by studies 

As the types of commodities (Fig. 4), studies mainly 

focused on container cargo (18), implying the interests 

on Arctic routes from the liner shipping industry. The 
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oil tankers and dry bulk cargo were focused by a few 

studies possibly with the discovery of natural resources 

along the Arctic coast. However, several studies (10) 

discussed Arctic shipping in general to any cargo types. 

3.3 Methodological Aspects 
For the data analysis methods (Fig. 5), the majority 

of studies (13) considered transport cost models to 

compare the costs via Arctic routes with alternatives 

and the optimization and simulation models especially 

considering engineering aspects. The macroeconomics 

models were used by several studies to analyze the 

impacts of Arctic shipping on trade patterns among 

countries. A few studies (4) used Multi-Criteria 

Decision-making (MCDM) techniques for analyzing 

perception-based data. The potential use of AIS 

(Automatic Identification System) for modeling Arctic 

shipping aspects was highlighted by five studies. 

Besides, 10 studies considered qualitative approaches 

mainly for analyzing expert opinions on the Arctic 

shipping potential and discussing the Russian Arctic 

policy.  

Fig. 5 Data analysis methods of previous studies 

3.4 Factors Considered in Model Developments for 

Analyzing the Feasibility of Arctic Shipping 
The feasibility of Arctic shipping was sensitive to the 

factors used in model development by previous studies 

as summarized in Table 3. Thus, the majority of studies 

(19) considered voyage costs including fuel cost, and a

few studies considered different fuel consumption rates

for arctic routes than conventional routes. Capital cost

was significantly highlighted in many studies due to the

higher ship-building cost (+10% by Otsuka and others

(2013); +20%–30% by Zhao and others (2016)) when

navigating through ice-water than the open water.

Transit fees and ice-breaking fees of NSR, and canal

toll of SCR were included in cost calculation with 16

studies and several studies (e.g. Liu and Kronbak;

2010; Zhao and others 2016) analyzed scenarios by

changing NSR’s transit fee. Besides, the insurance cost

was significantly highlighted due to the risk associated

with navigating through ice-water. Considering the

impacts of Arctic shipping on the environment, the

Carbon tax was incorporated in cost calculation by

several studies (4). However, factors such as delays and

waiting time, and exchange rates were incorporated by 

a limited number of studies.  

In summarizing the factors considered in models for 

analyzing Arctic shipping feasibility (Table 3) and the 

various issues discussed from the studies that focused 

on engineering aspects of Arctic shipping, it is observed 

that most of those engineering aspects were not directly 

incorporated in economic feasibility analysis due to the 

simplified assumptions on average navigation speed for 

the entire route, fuel cost, and vessels’ engine 

specifications, among others.   

Table 3. Factors considered in model development 

Factors Considered No of Studies 

Voyage cost, fuel cost, fuel consumption rates 19 

Capital cost, depreciation cost 17 

Transit fee, ice-breaking fee, canal toll 16 

Insurance 12 

Crew cost 12 

Maintenance cost 11 

Operating cost in general 10 

Port charges 8 

Ice condition, ice thickness 5 

Carbon tax, emission 4 

Load factor 3 

Delays and waiting time 2 

Port time 2 

Exchange rates 1 

3.5 Arctic Shipping Specific Considerations 
3.5.1 Navigable Period 

The navigable period has crucial impacts on the 

feasibility of Arctic shipping. Regarding the duration of 

the navigable period assumed by previous studies, the 

majority of studies highlighted the feasibility of 

summer navigation, although several studies (Furuichi 

and Otsuka, 2014; Ha and Seo, 2014; Liu and Kronbak, 

2010; Shibasaki and others, 2018; Wang and others, 

2018; Zhao and others, 2016) assumed multiple 

navigable periods as scenario analysis. Despite the ice 

condition, a few studies assumed all year navigation via 

Arctic routes. Besides, Xu and others, (2018) assumed 

a dynamic navigable window depending on the sea-ice 

extent.  

3.5.2 Vessel Sizes and Types 

Due to the differences in routes’ geometry, the 

characteristics of vessels passing through Arctic routes 

can be different than those of conventional routes. Thus, 

Table 4 summarized the sizes and types of vessels used 

by previous studies if modeling traffic via Arctic routes. 

Considering the limitations with Arctic routes, the 

majority of studies assumed container vessels with less 

than 10,000 TEUs capacity, although a different range 

of capacities including larger vessels was assumed for 

scenario analysis by a few studies (3). In terms of bulk 

cargo vessels, Panamax vessels were used by the 

majority of studies including multiple vessel sizes for 

scenario analysis. Moreover, the majority of studies 
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assumed ice-classed vessels mainly 1A-class despite 

that a few studies did not consider ice-classed vessels. 

Further, the scenario analysis with different ice-classed 

vessels was done by a few studies (7).  

Table 4. Sizes and types of vessels on Arctic routes 

Study  Size  Type  

Cariou and Faury 

(2015) 

40,000 DWT 

Handymax 
1A (IAS) 

Theocharis and 

others (2019) 

Suezmax, Aframax, 

Panamax, Handymax 
1A (Arc4) ice class 

Ding and others 

(2020) 

9 ship sizes between 

5089 - 21237 TEUs 
ice-class 

Erikstad and 

Ehlers (2012) 
N.A. 

Non-ice-class to 1AS 

ice class 

Faury and Cariou 

(2016) 
Panamax oil tanker 1A 

Furuichi and 

Otsuka (2014) 

6,500 CEU car 

carrier, 4,000 TEUs 
Ice class 

Ha and Seo (2014) 
650, 4300, 5000, 

8000 TEUs 
DAS 

Konygin and 

others (2015) 
70 000 t DWT tanker Arc 6 

Lasserre (2014) 4500 TEU 1AS 

Lindstad and 

others (2016) 

Dry bulk (Panamax 

and Capesize)  
 N.A. 

Liu and Kronbak 

(2010) 

Wang and others 

(2018) 

4300 TEU Ice class 1B 

Otsuka and others 

(2013) 

75,000 dwt (bulk), 

147,500 m3 (LNG), 

12,383GT (reefer) 

Ice-class IA 

Pruyn (2016) 

11 ship sizes between 

17,800- 289,400 

DWT 

ice-class 0, 1, 2, with 

given specifications, 

regular vessel with 

ice breaker  

Shibasaki and 

others (2018) 

147,500 m3, 172,000 

m3, LNG carrier  
Arc 4, Arc 7 

Somanathan and 

others (2009) 
N.A. CAC3 

Solakivi and others 

(2019) 

 7 ship sizes between 

500–700 TEU, 

10,000–12,000 TEU 

IA and IAS Ice Class 

(FSCIR)  

Stephenson and 

others (2013) 

  

N.A. 

PC3, PC6, 

open-water vessels 

with high, medium, 

and no ice-breaking 

capability 

Xu and others 

(2011) 
10,000 TEU non-ice class 

Xu and others 

(2018) 

8000, 10 000, 12 000, 

14 000 and 16 000 

TEUs  

ice-class 1A 

(Finnish-Swedish) or 

ARC4 (Russian) 

Yumashev and 

others (2017) 

> or < 2500 TEU, > or 

< 50,000 DWT (bulk) 

ice-strengthened 

vessels in the future   

Zhang and others 

(2016) 
Panamax, Aframax  Arc 4  

Zhao and others 

(2016) 
4800 TEU 

ice-strengthened 

ship 

 

3.5.3 Vessel Sailing Speeds 

Several studies assumed lower speed for vessels on 

Arctic routes than those on conventional routes (Ding 

and others, 2020; Furuichi and Otsuka, 2014; Lasserre, 

2014; Pruyn, 2016; Shibasaki and others, 2018; Wang 

and others, 2018; Zhang and others, 2016). A few 

studies assumed multiple speed levels based on the 

ice-numeral (Somanathan and others, 2009; Zhang and 

others, 2018) or ice-thickness (Cariou and others, 2019; 

Xu and others, 2018; Olivier and Pierre, 2016). 

However, the majority of studies assumed the speed at 

ice water in between 10-15 knots although Pruyn 

(2016) assumed 9 knots with ice-breaker assistance.  

 

3.5.4 Fuel Types for Vessels  

Table 5 summarizes the fuel types assumed by previous 

studies for vessels navigating via Arctic routes. 

Accordingly, the majority assumed IFO 380 and some 

studies analyzed scenarios with multiple fuel types such 

as LFO, MGO, and LNG considering environmental 

aspects. Further, several studies assumed changes in 

fuel prices as scenarios without specifying the fuel 

types to understand the sensitivity of fuel price.  

Table 5. Fuel types for vessels 

Fuel Types No of Studies  

Intermediate Fuel Oil (IFO 380/IFO 180) 10 

Marine Gas Oil (MGO) 5 

Heavy Fuel Oil (HFO) 4 

Liquified Natural Gas (LNG) 3 

Light Fuel Oil (LFO) 2 

Do not specify the fuel type  8 

 

3.5.5 Routing Geometry 

To enhance the accuracy of cost estimation, previous 

studies divided the entire Arctic route into different legs 

and zones. Studies assumed seven zones (Ding and 

others, 2020; Olivier and Pierre, 2016; Pierre and 

Olivier, 2015; Zhang and others, 2016) along the NSR 

based on NSR transit fee and ice pilotage fee and three 

legs along the NSR (Xu and others, 2011; Yumashev 

and others, 2017; Zhao and others, 2016) considering 

the sea ice condition. Chang and others (2015) assumed 

four zones based on the navigability along the NSR and 

Cariou and others (2019) assumed 49 subzones along 

the NSR based on ice thickness data from 2006 to 2016. 

Considering the NWP, Somanathan and others (2009) 

assumed 9 legs based on spatial and temporal variation 

of ice conditions.   

3.6 Feasibility of Arctic Shipping   
In summarizing the findings of previous studies, the 

majority of studies highlighted the feasibility of Arctic 

routes in general or under some conditions as listed in 

Table 6. The feasibility of Arctic routes was mainly 

highlighted at high fuel prices (5), with a long 

navigable period (4), with certain vessel sizes (4), for 

specific origins/destinations (4), when sea-ice 

diminishes (4) and with low transit fees (3). Moreover, 

Arctic routes were feasible with certain fuel types and 

with emission tax based on two studies. Significance of 

having a high load factor and average vessel speed was 

also highlighted. Considering the distance-saving effect, 

the feasibility of short-haul navigation was discussed. 

Conversely, 13 studies highlighted that Arctic routes 
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will not be feasible due to the number of reasons given 

in Table 6. Among them, the risk with weather 

conditions and a short navigable period (5), limited 

navigation speed (5), high cost of ice-class vessels (5), 

and ice-breaking and transit fees (5) were highlighted 

by the majority of studies.   

Table 6. Feasibility of Arctic shipping 

Feasibility of Arctic Shipping No of Studies 

Feasible in general 8 

Feasible 

only at 

High fuel prices 5 

Long navigable period 4 

Certain vessel sizes 4 

Specific origins/destinations 4 

Sea-ice diminishes 4 

Low transit fees 3 

Certain fuel types 2 

With emission tax 2 

Certain sailing speed 1 

High load factor/ cargo volume 1 

Independent sailing without 

ice-breaker  1 

High global emission 1 

Short-haul 1 

Not 

feasible 

due to 

Risk with difficult weather 

conditions and a short navigable 

period 5 

Limited navigation speed 5 

High cost of ice-class vessels 5 

Ice-breaking and transit fees 5 

Vessel size’s restrictions on 

navigation paths 4 

High emission per unit cargo 3 

Low load factor/ cargo volume 2 

Under-developed infrastructure 2 

Supply chain risk and uncertainty 2 

Political and legal aspects 2 

Impacts of cold temperature on cargo 1 

Differences in navigational practices 1 

The majority of studies quantitatively discussed the 

benefits of Arctic routes (e.g. 40% reduction of voyage 

distance with NSR than SCR according to Liu and 

Kronbak, 2010) and some as the reduction of sailing 

days and emission levels. A few studies evaluated the 

expert opinions on the feasibility of Arctic routes (e.g. 

Lasserre and Pelletier, 2011; Moon and others, 2015; 
Tseng and Pilcher, 2017). Several studies that 

concluded Arctic shipping as not feasible followed 

qualitative approaches, thus they could discuss negative 

aspects with various non-quantitative factors that were 

not incorporated in transport cost models. Moreover, 

the parameters, assumptions, input values, and target 

markets for cost calculations were different among 

studies, which could be a reason for deriving their 

different conclusions on the Arctic shipping feasibility. 

Besides, the difficulty in identifying all credible 

parameters to incorporate with model development 

might lead to diverse conclusions from previous studies. 

Thus, it is challenging to make a unified conclusion on 

the Arctic shipping feasibility from previous studies.  

3.7 Limitations of Previous Studies and Future 

Research Directions 
As the limitations of previous studies, the feasibility 

of Arctic routes was sensitive to the parameters used in 

their models. Some studies analyzed the feasibility for a 

single voyage, which did not consider the factors such 

as the number of possible round trips that can be made 

and a reduction in capital cost by reducing the number 

of vessels. Studies excluded important stakeholders 

such as shippers, port operators, and vessel owners. 

They barely considered the operational challengers with 

NSR/SCR combined service when changing routes 

twice a year, just-in-time operations in liner shipping, 

and the loss caused by excluding strong intermediate 

markets (e.g. Singapore, India) when using Arctic 

routes. The diseconomy of scale with small vessel sizes, 

opportunity cost with heavy vessels which limit the 

cargo-carrying capacity, and changes in load factors 

with Arctic routes were not highlighted by many studies. 

Studies on economic feasibility analysis barely 

incorporated detailed engineering aspects of sea-ice 

navigation such as multiyear ice and sea-ice resistance, 

among others discussed by related previous studies. 

Therefore, these limitations highlight the directions for 

further research. 

4. Conclusion
This paper presents an updated review on Arctic

shipping based on 60 selected articles published after 

1999, that focus on cost comparison of Arctic vs. other 

routes, environmental and climate concerns, operational 

aspects of Arctic shipping, route choice, NSR/SCR 

combined service, criteria for choosing Arctic routes, 

sailing speed, required freight rate, effects on other 

economics, engineering aspects and Russian Arctic 

policy. Studies were summarized by highlighting their 

focused geographical markets, commodities, 

methodological aspects, factors for model 

developments, navigable periods, vessel sizes and types, 

sailing speeds, fuel types, routing geometry, the 

feasibility of Arctic shipping, and the limitations 

highlighted by them. Accordingly, Arctic routes were 

feasible mainly at high fuel prices, with a long 

navigable period, with certain vessel sizes, for specific 

origins/destinations, when sea-ice diminishes, and with 

low transit fees. However, the risk with weather 

conditions and a short navigable period, limited 

navigation speed, high cost of ice-class vessels, and 

ice-breaking and transit fees were highlighted as the 

main reasons for concluding the infeasibility of Arctic 

shipping. Studies mainly focused on container cargo, 

including Japan or China as origins/destinations, and 

considered summer navigation mostly with 1A-class 

vessels. Most studies used transport cost models for the 

feasibility analysis. However, apart from some 

operational aspects that were not incorporated by 
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previous studies, it is also important to incorporate 

sea-ice resistance, ships’ propulsion systems, and 

variations of ice-thickness, among others if analyzing 

economic feasibility because they were highlighted as 

the important engineering aspects of Arctic shipping by 

related previous studies. Moreover, to confirm the 

economic feasibility, the Russian Arctic policy should 

promote the NSR’s attractiveness regardless of their 

monopolistic features because the NSR is one 

alternative that is compared with other routing options 

in the global shipping market.  Hence, this review 

develops a better initial understanding of Arctic 

shipping from multiple perspectives simultaneously. As 

the limitations, this review did not discuss the 

regulatory and political agreements of Arctic states 

which also influence the economic feasibility of Arctic 

shipping, thus they can be incorporated in further 

studies.  
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Summary in Japanese 

和文要約 

多様な観点に基づく北極海輸送の経済的実現性に

関する体系的レビュー 

Chathumi Ayanthi Kavirathna1, 柴崎隆一1 

1 東京大学 

 地球温暖化を契機とする北極海輸送への関心の高まり

により，最近では多くの関連研究が発表されている．本研

究は，北極海輸送の経済的実現性を多様な観点から評

価する体系的な研究レビューを行うことを目的に，1999

年以降に出版された北極海輸送に関する60 編の研究論

文・報告書を整理し，その主目的に応じて１１の分野に分

類した．具体的には，北極海輸送と他ルートとのコスト比

較，北極海航行時における環境への影響，運航に関す

る検討，輸送ルート選択モデル，既存ルートとの混合輸

送の実現可能性，北極海輸送利用の基準，航行速度，

通航料金の水準，北極海輸送利用による経済的影響，

北極海輸送に関する工学的側面，そしてロシアの北極政

策である．さらに，各研究の対象地域と品目，分析手法，

分析において着目した要素，航行可能期間や船舶のサ

イズ・アイスクラス・速度に関する想定，分解能，燃料の種

類，各研究において得られた北極海輸送が成立する条

件についても整理した．また，特に北極海輸送の経済的

実現性を検討するにあたり，多くの既存の輸送費用算定

モデルにおいて燃料消費，航行速度，エンジン規格等の

もたらす影響が十分に考慮されていないことなど，既存

研究の限界についても明らかとした．
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