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Abstract: The unprecedented melting of Arctic ice provides new opportunities for shipping by
decreasing the distance for commercial traffic between Asia and Europe by up to 40%. However, its
development is associated with inevitable problems caused by the vulnerability of polar ecosystems.
As research methods, we have chosen system and comparative analyses of open sources; national
development strategies of the Russian Federation (primarily), China, Northern Europe, and the
USA (partially); and scientific articles from the Scopus and Elibrary databases. As a result, we have
identified the reasons for possible risk situations for the Arctic region’s sustainable development:
mining on the shelf, oil and oil product spills during the transportation of goods and fishing activities,
etc. Black carbon (soot) emitted from using marine diesel fuel is the main atmospheric air pollutant.
In addition, actively developing infrastructure (ports and new industrial zones) also has a negative
anthropogenic impact on the environment. Within the framework of an ecosystem approach, we
studied ways to prevent risky situations when planning logistics routes using the Northern Sea Route.
We concluded about the need to expand the icebreaker fleet. We proposed a conceptual model of
the risk management system based on the monitoring of the key indicators’ system. We identified
possible types of risks according to the place of their occurrence and according to the stages of the
life cycle of such systems. Furthermore, we provided the steps of the risk management system and
an example of the application of a “bow-tie” diagram—a qualitative method for assessing the risk
of “collision”.

Keywords: Northern Sea Route; risk management system; environmental problems

1. Introduction

In recent decades, the role of maritime transport as part of the international transport
system has changed. The extent of the Arctic ice melt has reached an unprecedented level.
By 2008, the ice cover had shrunk to such an extent that non-icebreaking ships were able to
navigate through the Arctic Ocean [1]. This opened up significant prospects in terms of
reducing the time of transportation of goods between Asia and Europe by up to 40% [2].
The recent shipping traffic jam (March 2021) that blocked the passage through the Suez
Canal made people think about the limited possibilities of traditional sea routes from
Europe to Asia, opening up broad prospects for the development of the Northern Sea Route
(NSR). In the seaports and terminals of the Barents and White Seas, as well as in the Far East,
cargo flows and icebreaker services are formed, and comprehensive services are provided
for ships [3]. Many Asian countries, especially China and South Korea, as senders and
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European countries as recipients are interested in the NSR; however, restrictions should
be taken into account, as well as those issues that need to be resolved for the successful
development of northern sea ways.

The NSR development is associated with inevitable problems caused by the vulnera-
bility of polar ecosystems. Marine basins and coastal areas are subject to ecological impact:
due to mining on the shelf, oil and oil product spills during the transportation of goods and
fishing activities, etc. Among the atmospheric air pollutants, black carbon (soot), which
is emitted when using marine diesel fuel, has a particularly strong negative impact [4,5].
For the Arctic territories, this impact is associated not only with an increase in population
diseases but also with snow and ice pollution, which negatively affects ecosystems. In
addition, actively developing infrastructure (ports and new industrial zones) also has a
negative anthropogenic impact on the environment. Air pollution provokes immediate
health and economic risks due to the direct impact on climate change on a global scale.

In order to reduce the possible damage, it is necessary to identify the reasons causing
the risk situations, as well as possible ways to prevent their occurrence and minimize
the likely consequences. The relevance of the Arctic-based integrated development on
the ecosystem approach is obvious. However, despite the obviousness of such decisions,
there are many difficulties caused by both the unique natural and climatic conditions and
peculiarities of the Arctic region’s territorial development, including industrial, transport
and logistics, socioeconomic, and other complexes. Risk management in this case will make
it possible to predict problem situations and find solutions in the project stage.

Therefore, the main goal of the article was to study the environmental aspects of the
concept of the Arctic zone development, taking into account the prospects for the NSR. To
achieve it, we have identified two research questions:

1. What are the reasons for possible risk situations for the sustainable development of
the Arctic region?

2. What are the ways to influence risk situations for preventing them when planning
logistics routes using the NSR?

The result of the study was a developed concept for assessing potential risks that may
arise during the implementation of regional development strategies, especially those that
are environmentally vulnerable. The research goals and questions determined the article
structure. Thus, the second section describes the research methods and design. The third
section provides an overview of the articles currently available in scientometric databases,
according to the identified factors and vulnerabilities that represent the most likely hazards
and are associated with the greatest consequences caused by an increase in the transport
and logistics load on the NSR. The fourth section is devoted to the development of the
concept of a system for accounting and managing environmental risks in the development
of navigation along the NSR and the territorial development caused by this circumstance.
The fifth section includes generalized results and directions for future research.

2. Methods and Methodology

The issue of environmental sustainability is a priority for different regions of the globe,
especially those where major strategic projects are being implemented. Since such projects
are associated with the development of industrial production and urbanization of territories,
a significant number of risks inevitably arose. They can lead to serious environmental
consequences including manmade disasters. Numerous studies have been devoted to these
issues. We have chosen the Arctic region for research because, in connection with global
warming, opportunities for the development of territories are opening up, a significant part
of which was previously sparsely populated. This comes with environmental risks.

At the same time, it is important to determine how different situations can be managed
in order to reduce the impact of risks and create the most favorable conditions for both the
individual and environment. The more complex the system we are analyzing, the greater
the number of risks that can arise in it, and the risky situation can be caused both by the
sequential action of various factors and their combination and simultaneous impact. In
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order to manage risks, it is necessary to understand which of them are most likely and
can have the most significant consequences. For these purposes, classification methods
are used. Classification is one of the important risk management tools. This is primarily
due to the variety of risks, their causes, and manifestations. Based on the types of risks,
there is a need for a scientifically based classification that will allow systematizing risks and
identifying specific areas for their minimization and optimization. At the moment, there
are different opinions on the issue of risk classification, and, therefore, a generally accepted
and, at the same time, exhaustive risk classification has not yet been developed [6–10].
This is primarily due to the fact that, in practice, there are a very large number of different
manifestations of risk, and the same risk can be called by different terms, as well as the fact
that it is often very difficult to distinguish between individual types of risk.

There is an urgent need to create a risk classification as a multitasking tool that specifies
the object of management and helps to identify not only the places where risks affect
activities but also the ways for the most effective risk management, as well as determining
the areas of responsibility of those involved in managing them and having mechanisms
for adapting to the peculiarities of the activity of various organizations. Multitasking risk
classification should be based on the already existing classification of risks by types, and
in the second step, it is necessary to separate the risks within each type according to the
source of occurrence.

Cargo shipping has a specifically tendency toward an increase in the size and carrying
capacity of container ships. Thus, the largest container ship in the world—the CMA CGM
Antoine de Saint Exupéry, with a 21,000 twenty-foot equivalent unit (TEU) capacity, 400
m long and 59 m wide—was put into operation in 2018 [11]. Along with this, there are
innovative solutions for shipping and navigation systems that will bring the process of
cargo shipping to a new level. Therefore, the world’s first autonomous cargo ship—a
small-sized electric container ship designed to transport 100–150 containers—is planned to
be launched this year. It will transport fertilizers along the 37-mile route off the Norway
southern coast from the Yara International production site in Porsgrunn to the Larvik
port [12].

Such changes will inevitably affect the infrastructure (sea ports, terminals, dry ports,
etc.). For this reason, in the first stage, we identified the main strategic directions, the
development of which should be carried out in parallel to ensure the required efficiency,
sustainability, and safety of the transport system. We analyzed the features of various
regions of the Arctic zone, whereas information for the analysis was taken from open
sources; national development strategies of the Russian Federation (primarily), China,
Northern Europe, and the USA (partially); and scientific articles (from science databases
Scopus and Elibrary). To analyze the existing literature in the area under consideration, we
did not strive to follow the principles of PRISMA for sure since, in our case, it is not entirely
suitable. This method is formalized and, at the same time, the current research on the Arctic
is unique. This is not an area in which researchers in many countries are engaged. Thus,
the southern countries are not interested in studying this issue. Therefore, the specifics
of the Arctic cause a small number of researchers with unique single studies. In the first
stage, we searched for the keywords “Arctic” and “northern sea route”. Furthermore, in
the second stage, a meaningful analysis was carried out by abstracts and keywords. During
a more detailed analysis of the full texts of the article, we classified them according to the
object of the study. It was found that, at this stage, it is necessary to highlight the main
directions for the territories’ development and the ecosystems’ vulnerability, which will be
affected by each specific change. Since our research is related to the development of the
NSR, the main attention was paid to the impact of the growth of maritime traffic, providing
port infrastructure and other factors that are associated with the solution of these problems.
Accordingly, part 3 describes the reasons for the emergence of critical situations in the
Arctic ecosystems due to human activities, the negative consequences of the transport
complex development (shipping and port complexes) with the expansion of navigation
along the NSR, as well as the main scientific research directions on this topic.
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In the second stage, the risks that are inherent in these areas of development, reasons
for their occurrence, and ways of solving them should be identified. The main tasks of this
stage were the choice of an adequate method of risk classification, as well as a description
of the classification procedure. Since there are many methods for classifying risks, but no
single classification algorithm, we were guided by the purpose of the study—to assess the
impact of the maritime transport system on the ecosystem of the Arctic zone. Accordingly,
the recommendation for compiling classifiers of this kind is to highlight the environmental
risks that are associated with any human activity due to the development of the maritime
transport system and the implementation of infrastructure projects.

A variety of risk assessment and management techniques can be used for qualitative
and quantitative analysis. For this purpose, we have chosen the tree method and bow-tie
charting for critical events.

The next stage is to assess the possibility of using the existing NSR potential and the
main strategic directions for its expansion. For these purposes, a system of performance
indicators should be developed. When developing key performance indicators (KPIs),
resources, threats, and vulnerabilities of each stage of the strategic projects’ implementation
should be taken into account, whereas, for each of them, a risk management map should
be drawn up, which provides for measures to reduce the likelihood of their occurrence or
reduce the severity of the consequences (if it is impossible to prevent the risk).

3. Research Directions into the Risks of Arctic Development, Taking into Account
NSR Prospects

Numerous studies have been devoted to the prospects and risks of the Arctic develop-
ment. This part outlines the main trends and problems in the development of the Arctic
zone and its transport framework, taking into account the NSR prospects.

3.1. Sustainability of Arctic Ecosystems in Industrial Facilities Development

Climate change is irreversibly changing the ecosystems of the Arctic. The creation of
the Russian Arctic specially protected natural areas preserves vulnerable arctic and tundra
landscapes under the conditions of various anthropogenic activities [13]. It is important
to monitor the Arctic landscape transformation, which, in the conditions of existing and
created Russian Arctic protected natural areas, contributes to the solution of environmental
problems, as well as the preservation of not only the natural but also historical and cultural
heritage of Russia.

This is important in view of the development of ecotourism in the Arctic. Therefore,
Chekmareva, A.C. et al. [14] considered the anthropogenic influence on the animal world
in the high-latitude Arctic. The correlation of the damage values in the original ecosystems
with the model values makes it possible to determine the level of negative changes in the
system, level of its degradation, and level of additional allowable load at which the system
does not lose the ability to recover. Territories for tourists to visit should be equipped with
information on the stability of vegetation components and hazardous geological processes.

Sevastyanov, D.V. et al. [15] discussed the problems and opportunities for the develop-
ment of tourism in the Arctic. The authors drew conclusions about the need to develop the
transport infrastructure of the Northern Sea Route (NSR) and the operation resumption
of the Dudinka, Pevek, Tiksi, Dikson, and Provideniya ports. In particular, as a result of
modeling the constructed Bayesian network, Qiao, W. et al. came to the conclusion about
the importance of emergency response factors, icebreaking capabilities, emergency rescue,
and treatment facilities that affect the stability of the NSR [16].

The increased costs of production and life support, uncertainty of the economic situa-
tion, and need to minimize the anthropogenic impact on the vulnerable Arctic environment
create problems for managing the ecological and economic system of the Arctic regions
of Russia. Tsukerman, V.A. et al. [17] developed proposals for improving the ecological
and economic management system of the Arctic regions of Russia: the need to improve
methods for assessing the state of the environment; increase the efficiency of managing the
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ecological and economic system of regions; improve the regulatory framework; and ensure
economic sustainability in the financing of environmental protection measures.

At the same time, it is necessary to remember the possibility of involving partner
countries in the implementation of environmental projects in the Arctic because they are
also interested in the development of the NSR. Therefore, Batova, T. et al. [18] analyzed
the interests of China and the areas of cooperation with the countries of Europe, the USA,
and Canada in the Arctic region. It was noted that, in the implementation of international
projects, it is necessary to solve the problems of sustainable use of the natural resources
of the Arctic region. China has significant interest in the development of polar scientific
research, creation of a transport and logistics system, and development of hydrocarbon
energy and mineral resources. Passing through the northern coast of Siberia is of great
interest to China as it seeks to export goods to Europe and beyond using faster and less
expensive routes.

In addition to the NSR, the development of the Arctic is facilitated by the presence of
huge reserves of minerals, primarily gas and oil. Katansky, A. A. et al. [19] analyzed the
industrial safety of coastal territories and water areas of the Kola Bay of the Barents Sea
when modeling an oil or oil product spill. In [20], Pavlov, V. et al. simulated surface oil
spills in the southeastern part of the Barents Sea. According to the authors, the use of the
developed models will reduce the risk of manmade accidents with environmental pollution
associated with an oil spill. The models make it possible to calculate the number of victims
in case of an accident at a pumping station or in case of an oil or oil-product spill into the
waters of the Kola Bay.

In general, the implementation of oil and gas projects in the Arctic is associated with
high risks for the sustainable development of its ecosystems [21].

Alekseeva, M.N. et al. [22] showed that when solving the environmental problems of
the Arctic waters, satellite imagery monitoring can help since they can be used to conduct
an operational analysis of the state of oil-producing territories and timely identify and
assess environmental risks in the unique ecosystems of the northern territories that are
easily destroyed. The proposed methodology, using remote and ground data, makes it
possible to identify areas of environmental risk of oil pollution and develop plans for
preventive and remediation measures.

Modern information and communication technologies should also be maximally
involved in ensuring the environmental safety of technogenic objects of the Arctic in-
frastructure. Yakovlev, S. et al. [23] developed a technology for assembling poorly struc-
tured problem-oriented data for safety management in the Arctic regions, as well as an
information-analytical system for supporting emergency protection planning on the ter-
ritory of such hazardous objects. The authors have tested the system in solving applied
problems of reducing the environmental load on the Northern Sea Route and developing
design documentation for a number of potentially hazardous facilities in the Murmansk
region.

One cannot but agree with Varotsos, C.A. et al. [24], who considered the pollution of the
Arctic Ocean one of the most important problems of this region. To assess the anthropogenic
load during the development of the region, they recommended using big data methods and
technologies, namely the geoecological information modeling system (GIMS). Conducted
computer runs showed that heavy metals, petroleum hydrocarbons, and radionuclides are
considered the main pollutants, and to predict the state of the Arctic ecosystem, indicators
of biocomplexity and survivability were considered as informational values.

That is why a systematic approach is needed in the development of the Arctic.

3.2. Emissions from Marine Diesel and Potential Measures to Reduce the Harmful Effects of
Maritime Transport

Emissions from marine diesel engines are one of the main pollutants of the Arctic
territories. Fine particulate matter (FPM) in diesel and gasoline engine exhaust is associated
with an increase in various diseases [4,25]. Wu, D. et al. [26] showed that FPMs are
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potentially hazardous and highlighted the importance of assessing the health risks posed
by FPMs in exhaust gases. To a large extent, this problem will grow as part of the expansion
of shipping in the Arctic because, as mentioned above, the combustion of liquid fuel
in marine engines results in emissions of light-absorbing particulate matter (PM). As
Corbin, J.C. et al. [27] have established, when heavy liquid fuel (HLF) PM is burned, the
main particle of light-absorbing carbon (LAC) is the brC resin, which has key defining
properties similar to those of black carbon (BC): it is insoluble, refractory, and significantly
absorbs visible and near-infrared light, which causes darkening snow in the Arctic. This
negative effect may intensify in the coming decades as Arctic shipping intensifies.

Corbin, J. C. et al. [28] characterized the chemical composition and optical properties
of PM emitted by a marine diesel engine powered by HFO, marine gas oil (MGO), and
diesel fuel (DF). The emission factors were found to slightly vary with the engine load. Ac-
cording to the authors, emissions and light-absorbing properties of organic light-absorbing
particulate matter (OM) may vary depending on the engine performance, condition, and
fuel type. For this reason, modeling studies are needed to assess the overall climatic effects
of the ability of brC in exhaust gases to influence light absorption, especially in high albedo
environments such as the Arctic.

Jiang, Y. et al. [29] examined the influence of the measurement method, type of fuel,
and engine load on black carbon emissions from marine engines. Differences in black carbon
emissions by load and type of fuel suggest that these parameters should be considered
when developing test protocols for measuring black carbon emissions on ships. It also
suggests that marine black carbon emission models should include a wider range of black
carbon emission factors to account for fuels and loads. Various methods are used to reduce
the negative environmental impact of diesel fuel. Thus, the moisture contained in the
emulsion fuel contributes to the atomization of the fuel due to microexplosion, reducing
the combustion temperature due to the latent heat of vaporization, which reduces the
emissions of nitrogen oxides and particulate matter. Choi, I. et al. [30] found through
experimental and numerical analysis that the combustion temperature of emulsion fuel
containing 16% water decreased, and the degree of reduction of nitrogen oxide and black
carbon was approximately 60% and 15%, respectively.

The reduction characteristics of black carbon and nitric oxide depending on the water
content of the emulsion fuel were explored by numerical methods in [31]. By optimizing the
compression ratio of the turbocharger, a reduction in fuel consumption, exhaust emissions,
and, consequently, black carbon content was achieved. By adjusting the water content of
the fuel, fuel consumption is reduced and power output is also greatly improved.

Choi, J.H. et al. [32] proposed to crystallize spent black carbon to transform it into an
all-graphite nano-onion structure that can be used as a conductive material in batteries. The
authors viewed thermally treated black carbon as a new type of black carbon, arguing that
the black carbon material has many uses, such as shielding electrical cables and specialty
electrical parts in automobiles where unique characteristics are desired.

One of the ways to reduce emissions is the use of alternative fuels, one of which
is liquefied natural gas. Corbin, J.C. et al. [33] provided a detailed characteristic of PM
composition emitted by a modern liquefied natural gas ship. The authors found that when
running on diesel fuel, this engine emitted 8 times more particulate matter and 37 times
more black carbon at loads above 25%, which, according to the authors, would reduce BC
emissions by at least an order of magnitude. It was found that emissions at idle in both
cases were significantly higher by an order of magnitude; therefore, idle should be avoided.

Park, J. et al. [34] showed that dimethyl ether has significant potential as a clean fuel
with a reduced content of sulfur oxides and particulate matter. To prove this, the authors
analyzed the characteristics of the combustion products in accordance with the timing of the
injection and the change in the injector orifice. Another option for reducing carbon dioxide
emissions in some niches of the merchant marine may be the use of nuclear installations.

Schøyen, H. et al. [35] explored three nuclear-powered merchant ships currently in
operation in the world: Otto Hahn (West Germany), Savannah (USA), and Mutsu (Japan).
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The fourth vessel, Sevmorput (Soviet Union or Russia, 1988—present), is a pioneer in terms
of its logistic functions and nuclear facility. The authors have developed a theoretical basis
for assessing the stability of a nuclear power plant in ocean-going merchant shipping.

Technical and organizational measures also help to reduce the emissions’ harmful
effects. For example, Lindstad, H.E. et al. [36] found that the combination of batteries with
internal combustion engines for auxiliary vessels serving oil and gas operations on the high
seas reduces pollution and climate impact (annual global warming potential by 40–45% in
the Arctic regions and about 20% in the North Sea).

Kim, M. et al. [37] investigated the effectiveness of applications such as compression-
ignition marine engines, engines that can be used with an existing installation of 2.0 L
automobile engines with common rail direct injection. They improve the efficiency of
combustion and contribute to the reduction of NOx and soot emissions.

The introduction of restrictions on the sulfur content in fuel forces the use of “purer”
types, as, for example, Zetterdahl, M. et al. described in [38]. The authors analyzed air
samples taken on board a vessel in the Baltic Sea. The results of the analysis showed that
changing fuel reduced particulate emissions by up to 67%. In addition, emissions of total
volatile organic compounds (VOCs), including SO2, were reduced by 80%. The switch
to RMB30 fuel has resulted in a decrease in the number of priority carcinogenic PAHs,
although emissions of some monoaromatics such as benzene and toluene have increased.

As the use of scrubbers on ships to reduce sulfur emissions has increased, Winnes,
H. et al. [39] believe that it is necessary to study the impact of this technology on the
environment and human health. The study found that widespread use of scrubbers can
reduce the predicted emission reduction effects that could be achieved with low sulfur fuels.

Since environmental problems in the Arctic are primarily associated with the use of
traditional methods of burning solid and liquid fuels using coal or fuel oil that pollutes
the environment, the transition to alternative fuels (LNG, dimethyl ether, nuclear energy)
in conjunction with organizational and technical measures for energy supply significantly
improves the environmental situation.

3.3. Contribution of Port Infrastructure and Ships in Ports to Environmental Pollution

As shown by Zhao, J. [40], as ports in China have developed, cargo ships and container
ships with high engine power are the main sources of air pollution in port cities and
surrounding regions. The authors tested the emission coefficients for particulate matter and
gases from an offshore cargo ship operating in various real-world conditions, which they
believe may be important data for the use of certification values for emission inventories.

In [41] Xu, L. et al. presented the results of serial monitoring of the activities of a port
industrial facility. They sampled daily PM 2.5 in an urban area and a nearby port industrial
facility on the coast of southeast China starting April 2015 for 10 months. The comparison
results showed that ship emissions and port activities distributed in the wind sectors of the
northeast, east, and southeast directions were responsible for the contribution of sources in
the form of industry emissions, as well as ship emissions and secondary aerosols.

Wan, Z. et al. [42] monitored 28 sampling vessels that were plying through the Shang-
hai Port to investigate how air pollutants including oxysulfides (SOx), nitrogen oxide
(NOx), and particulate matter less than 10 microns (PM 10) will change in accordance with
ECA regulations. As a result, it was found that emissions depend on the type and size of
ships, and the highest shares of pollutant emissions are occupied by cruise ships, container
ships, and tankers for the transport of liquefied gas. Due to their higher-average gross
tonnage, they have more powerful marine engines.

The need to study [43] the contribution of the port activity to the pollution of nearby
territories was driven by the fact that several harbors are located close to the urban and
industrial areas of Porto (Portugal), where there are residential urban areas, highways, and
oil-refining industries. The study used numerical simulations based on web-based C-PORT
study screening tool to assess the relative contribution of different sources to outdoor air
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quality concentration—port infrastructure, roads, and industrial facilities—that pose a
direct threat to the nearby city’s ecosystem and its population.

To compile an inventory list of emissions in the Oslo port, López-Aparicio, S. et al. [44]
proposed to apply a bottom-up approach. This list is an important starting point for devel-
oping measures to reduce the environmental impact of shipping in port areas. The main
emission sources from ocean-going ships are international ferries, cruises, and container
ships, whereas the main sources of emissions from port ships are inland ferries. In the port
of Oslo, the OGV is the emitter, especially when it is berthed. Therefore, onshore energy
can provide an effective strategy to reduce the environmental burden.

Since ports are a place of ships’ congestion and, accordingly, the concentration of
emissions, they are mandatory objects for monitoring the environmental situation.

4. Results: Concept of a System for Accounting and Managing Environmental Risks in
the Development of Navigation along the NSR

The NSR is becoming not only a short water route between the European part of
Russia but also a unique transcontinental route of significant interest to the economies
of many countries. The seaports and terminals of the White and Barents Seas, as well as
the ports of the Far East, are necessary for the NSR operation. Cargo flows are formed
in them, icebreaker support is based, and comprehensive services for ships are carried
out. Moreover, since the climatic conditions in the region are extreme, such territories’
development can lead to environmental problems with more severe consequences than in
other climatic zones.

4.1. Opportunities for Growth in Cargo Traffic along the Northern Sea Route

The Arctic development is planned through a system of so-called “support zones”
(SZs). Nine such zones will form the basis of the socioeconomic development of the Arctic
zone, will link all the projects and resources of the Arctic zone, and will allow to obtain
the maximum synergistic effect. They are comprehensive socioeconomic development
projects that provide for the synchronous application of interrelated existing instruments
of territorial and sectoral development, as well as mechanisms for the implementation
of investment projects, including the principles of public–private and municipal–private
partnerships.

The SZ spatial structure is formed by the transport and industrial complex, the main
elements of which are (1) highways providing access to the Northern Sea Route, com-
munication with neighboring regions and SZ, and transport accessibility of new sources
of raw materials; and (2) transport (ports, stations), mineral resources (extraction and
primary processing of raw materials), and multifunctional nodes and centers (processing
of resources, transshipment of goods, social and cultural sphere, energy, construction, etc.).

In the location of the reference zones, there is an uneven distribution of them through-
out the Arctic territory. In the western part, they are quite concentrated, and in the eastern
part (Republic of Sakha—Yakutia and Chukotka), whose territories are large, there are a
large number of settlements with a small number of people living in rather difficult socioe-
conomic conditions. In addition, the implementation of such a megaproject requires not
only the attraction of public investment but also a large contribution of regional business
structures, which do not yet have sufficient production and investment potential. All these
problems require a comprehensive and systematic study of industrial and socioeconomic
development potentials throughout the Arctic zone of the Russian Federation.

Closely related directions determine the development prospects, which depend on
the characteristics of the transport framework, and in accordance with the development of
which, the support zones can be clustered as follows: zones with a developing framework—
Arkhangelsk, Kola, and Karelian; zones with an emerging framework—Yamalo-Nenets
and North Yakutsk; zones with a projected frame—Nenets and Vorkuta; and zones where
reconstruction and formation of a frame is required—Taimyr-Turukhansk and Chukotka.
Based on this, goals are formulated to ensure the development of the transport network
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through all modes of transport; railway access to the NSR port; and strengthening of the
main transport axis “road–sea” or “river–sea” with the reconstruction of ports on the NSR.

It should be borne in mind that during the ports’ functioning, constant work is required
to ensure the coastal navigational aid operability, including the GLONASS/GPS monitoring
and corrective stations network [45]. Currently, the entire Northern Sea Route is covered by
a network of control and correction stations. It is located on the islands of Oleniy, Andrew,
Stolbovoy, and Kamenka; on Cape Sterligov; and on the Indigirka River. This can improve
the accuracy and authenticity of finding the vessel location coordinates, which, in turn,
contributes to the navigation safety [46].

4.2. Icebreaker Fleet Role in Sustainable NSR Development

It has been tried to locate transport hubs closer to the places of commodity flow
formation, so the northern ports are brought as close as possible to the industrial complexes
under construction and created on the Arctic Ocean coast, as well as in the mouths of
deep-water rivers. To date, most of the cargo is hydrocarbons transported in tankers.
Therefore, to ensure the economic viability of the NSR in the future, it is necessary to have a
large-capacity fleet. However, traditional routes with insufficient depth are not suitable for
its movement. In this regard, there is an urgent need for hydrographic studies that will help
solve the problem of the shallow depth of traditional routes and form deep-water routes
at higher latitudes. On the other hand, the importance of the Russian nuclear icebreaker
fleet is growing. It should be noted that, at present, only the Russian fleet has ships of
this class. Their main advantage is the ability to make passages for many months without
entering the port for transshipment operations. Plans have been developed to upgrade the
icebreaker fleet: by 2035, it should include five nuclear-powered icebreakers of the UAL
type with a capacity of 60 MW, three icebreakers “Leader” with a capacity of 120 MW, four
icebreakers using gas engine fuel with a capacity of 40 MW, and an atomic icebreaker “50
Let Pobedy” (Figure 1) [47].
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Project 22220 nuclear icebreakers (Figure 1) are the largest and most powerful in the
world (for comparison, they are 4 m wider than nuclear ships of the Arktika type (Figure 1)
and are 34 m wide). In addition to a nuclear installation, these ships have an electric
propulsion system. This will reduce the cost of operation, and the work of the ship crew
will become easier. The vessel favorably compares with the icebreakers of the previous
generation: thanks to the new nuclear reactor, it will be able to make passages for more
than 6 months without entering to the port for refueling. Reactors serve not only for the
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operation of steam turbines, which, in turn, drive the propeller shafts. They act as power
plants and provide all the ship’s consumers and engines with electricity. Icebreakers of
Project 22220 will be able to pave the way in ice up to 3 m thick for ship caravans. First of
all, this refers to tankers with a displacement of up to 70,000 tons, delivering hydrocarbons
from the fields of the Yamal and Gydan peninsulas and the Kara Sea shelf to the countries
of the Asia-Pacific region. The unique ability to effectively operate these vessels both in
Arctic waters and the lower reaches of polar rivers is possible thanks to a special two-axle
design with adjustable immersion depth [48].

In addition to the icebreakers themselves, ice-class vessels are used in the Arctic—
tankers and others. New nuclear-powered ships are called upon to provide all-season
navigation along the NSR and expeditions to the Arctic. The Arctic countries cannot claim
leadership with Russia, which has the world’s largest icebreaker fleet, both in quantity
and quality. For example, the US icebreaking fleet is limited to only three diesel-electric
shore-based icebreakers, two of which are highly depreciated with more than 30 years
of operation. It seems that even the allocation of USD 9 billion for the construction of
two more non-nuclear icebreakers will not be able to radically change the position of the
United States in the international arena on this issue. The Canadian icebreaker fleet is also
highly depreciated: out of 17 diesel-electric icebreakers, only 3–4 have reached their end
of life. The Canadian government plans to allocate USD 550 million to build four military
icebreakers and replace the flagship CCGS Louis S. St. Laurent. There are seven icebreakers
each in the fleets of Sweden and Finland, four in Denmark, and one in Norway. Non-Arctic
countries such as China, South Korea, and Germany also have one icebreaker each.

In Russia, a transport strategy has been adopted until 2030, according to which
the marine fleet will be expanded in order to provide conditions for a safe navigation
process and support year-round transit along the NSR [49]. This includes nuclear-powered
icebreakers for escorting transport ships, diesel-electric icebreakers for servicing Arctic
offshore fields, multifunctional rescue vessels, new-generation tugs, and means of technical
rescue from offshore oil and gas facilities in ice conditions. There is a network of control
and correction posts along the NSR. It ensures the operability of the coastal navigation
infrastructure, GLONASS/GPS monitoring, and correction stations. Together, this makes
it possible to ensure the reliability and accuracy of observations, calculation of the ship’s
coordinates, and, as a result, safety of the navigation process [50].

4.3. Risk Management in the Expansion of Shipping along the NSR

As follows from the above review, the main risks identified by numerous researchers
can be grouped according to different criteria: by the object of influence (ecosystem,
atmospheric air, water area of seas and rivers, etc.); by the type of activity (production,
transportation, tourism, etc.); and by the duration of exposure (seasonal and permanent).
In addition, it is necessary to understand what is the likelihood of a risk situation, whether
its occurrence is inevitable, and whether its consequences can be reduced. Figure 2 shows
the main types of risks at their place of occurrence, which must be taken into account when
developing a strategy for the development of the Arctic. For risk management, a balanced
scorecard (BSC) can be used, for which key performance indicators are developed. Figure 3
shows a conceptual model of a risk management system using a BSC.
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Since we are considering development projects that involve the creation of large
organizational and technical systems, it is logical to classify risks by stages of such systems’
life cycle (Figure 4).
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Risks can be classified according to different criteria; however, at each stage of the
large project implementation, it is necessary to create a risk management system (Figure 5),
since it is necessary to understand which of them can lead to serious (or even catastrophic)
consequences, as well as what measures and steps should be taken to reduce both the
likelihood of a risk situation occurring and the severity of its consequences if it does occur.
In addition, it is necessary to understand whether the risks can be controlled and who will
be responsible for this process.
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For each stage of the risk management process, there are qualitative and quantitative
methods; for each specific case, it is necessary to select the most effective. For example, in
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Figure 6, for the risk of collision, we used the bow-tie method, which makes it possible to
determine preventive measures to avoid a risk situation, as well as measures to mitigate the
consequences’ severity. In similar ways, one can consider any risk situation and highlight
possible solutions.
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5. Conclusions

Climate change opens up great opportunities for the development of the Russian
Arctic, including the NSR. In general, it should be noted that for the development of new
territories, complex projects are being implemented. They are related to the creation and
development of urbanization, expansion of human economic activity, creation of transport
and logistics infrastructure, and development of recreational and tourist areas. All this
inevitably leads to various kinds of risks that can lead to serious consequences. Therefore,
they must be carefully considered and, if possible, managed.

A number of complex projects are being implemented in the Arctic zone, and we can
say that, along with the positive effects from the Arctic zone development, there will be
problems caused by the vulnerability of its ecosystems due to increased emissions from
the marine fleet, the activities of ports, industrial enterprises, the tourism industry, etc.
Based on the results of the analysis of the literature, we have concluded that one of the
ways to reduce emissions is the introduction of alternatives to diesel fuel, for example,
gas piston and nuclear power plants. It is also important to model hazardous situations
due to accidents at potentially hazardous production facilities and complexes, as well as
the development of information and analytical systems to support emergency protection
planning. It is necessary to form the ecological consciousness of the urban population and
personal responsibility for maintaining the ecological balance in nature. However, without
active and real support from the state, it will be difficult, if not impossible, to achieve the
preservation of the uniqueness and further Arctic territories development.

A limitation of this study is that the areas of activity analyzed are not exhaustive.
Thus, within the framework of the strategic Arctic development, the development of the
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mining complex is envisaged. About 70% of the total volume of mined rock is transported
by road. Therefore, in addition to analyzing the impact of maritime transport on the sur-
rounding area, road transport should also be analyzed. The second risk is associated with
open-pit mining, which leads to a number of environmental problems, such as landscape
degradation, soil pollution, and emissions of harmful substances. The resource potential
of the Arctic zone is about 25% of the world’s undiscovered mineral reserves, so the risks
associated with hydrocarbon production are high. In any case, the construction of mining
and industrial enterprises and the creation of a transport and logistics framework for the
delivery of raw materials increase the risk of accidents and manmade disasters.

The collapsing Arctic cryosphere also creates environmental risks. In particular, thaw-
ing permafrost threatens to release biological, chemical, and radioactive materials.

Social risks constitute a separate group. Indigenous peoples in the Arctic face threats to
food security and cultural disruption. Indigenous lifestyles and traditional livelihoods are
closely linked to the Arctic environment. Furthermore, with the development of resources
and of the trans-Arctic maritime trade, as well as the growth of interest in tourism, along
with new opportunities, new threats for the indigenous peoples of the Arctic are growing.

Thus, any type of activity in the implementation of projects for the new territory’s
development is accompanied by risks. Moreover, they are interconnected and mutually
influential. We can calculate some of them, such as manmade risks associated with tourism,
fishing, oil production, shipping, and mining. However, other risks, related to natural
conditions, can only be predicted by estimating how they will be superimposed on techno-
genic risks. In this sense, with the joint occurrence of risks, a synergistic effect arises;
therefore, risks should be considered by various specialists in a complex, including social
ones. Therefore, clearer classifications are needed. A good classification allows one to
quickly select methods for dealing with risks. The problem tree method, which connects
problems and their consequences, can be effective in this sense. If we formalize this, then it
will be possible to predict the ways of risk management and to try to completely prevent or
minimize them.

In this article, we identified factors that negatively affect the ecological state of the
Arctic territories and classified possible types of risks: by the object of influence (ecosystem,
atmospheric air, water area of seas and rivers, etc.); by the type of impact of activities
(production, transportation, tourism, etc.); and by the duration of exposure (seasonal and
permanent). As an alternative, we proposed a classification of risks according to the stages
of the life cycle of large systems, since the development of the Arctic involves the creation
of large organizational and technical systems. However, it should be noted that a unified
risk classification system has not yet been developed. In this regard, the latest research
needs to overcome the current limitation of the study: to analyze the literature devoted not
only to environmental risks and to develop a multiclassifier of risks for strategic projects
for the Arctic territories’ development.

Understanding the causes of risk situations, as well as the severity of the likely conse-
quences of their occurrence, will make it possible to foresee possible ways to prevent such
situations, as well as to minimize negative consequences in order to reduce possible damage.
Therefore, it is important to perform strategic planning and forecasting when developing
programs and infrastructure projects, taking into account the risks and consequences in the
short and long term. In this regard, we developed and described in this paper a conceptual
model of the risk management system, which can be useful in the practical implementation
of the strategy for the Russian Arctic development until 2035. In the future, it is necessary
to expand the concept of risk management in order to move from a conceptual one to a
real system of risk analysis and management in the implementation of strategic projects.
It is necessary to formalize ways to identify risks, identify the most critical ones, taking
into account external factors, and then select the most effective management methods
for each case. In addition, further research should be directed to the development of the
composition of key performance indicators within the framework of a balanced scorecard
and the determination of their minimum and maximum standard values.
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