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Abstract: The development of mineral resources in the Arctic territories is one of the priorities of
the state policy of Russia. This endeavor requires modern technologies, high-quality personnel, and
a large number of labor resources. However, the regions of the Arctic are characterized by difficult
working and living conditions, which makes them unattractive to the working population. The re-
search objectives were to study the importance of Arctic mineral resources for the Russian economy,
the Arctic mineral resource potential, and the migration attractiveness of Arctic regions. The migra-
tion processes in these locations were analyzed and modeled using a new econometric tool —com-
plex-valued regression models. The authors assume that the attractiveness of the Arctic regions is
determined by the level of their social and economic development and can be assessed using a num-
ber of indicators. A comparative analysis of four regions that are entirely in the Arctic zone of the
Russian Federation was carried out based on the calculation of integral indicators of the social and
economic attractiveness of these territories. Forecasting migration growth using the proposed com-
plex-valued models produced better results than simple trend extrapolation. The authors conclude
that complex-valued economic models can be successfully used to forecast migration processes in
the Arctic regions of Russia. Understanding and predicting migration processes in the Arctic will
make it possible to develop recommendations for attracting labor resources to the region, which
will contribute to the successful development of its resource potential. The methodology of this
study includes desk studies, a graphical method, arithmetic calculations, correlation analysis, sta-
tistical analysis, and the methods of the complex-valued economy.

Keywords: labor resources; mineral resources; Arctic; resource potential; migration attractiveness;
econometric models; modeling; migration processes; complex-valued economy

1. Introduction

The development of rich mineral resources in the Arctic has been of global interest
for several decades [1-3]. Five countries with coastal access to the Arctic seas (Canada,
USA, Russia, Norway, and Denmark) have long been seeking opportunities to explore
and extract or expand their exclusive rights to these resources [1,4]. The development of
the Arctic is of great interest to both business and science communities around the world [5-
7], including Russia, which is primarily due to the depletion of proven natural resources
in traditional mining regions.

Oil and gas are the most attractive for exploration and production in the Arctic zone,
and the sustainable development of the country is impossible without the constant re-
plenishment of proven oil and gas reserves, since 30-40% of the Russian budget depends
on oil and gas revenues [5-10]. In addition to hydrocarbon resources, the Arctic territory
contains reserves and resources of platinum metals, nickel and cobalt, copper, oil and gas,
and so on [11].
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The successful development of technologically complex Arctic fields implies the cre-
ation of a technologically modern, competitive industry [12]. With the development of the
mining industry, including the oil and gas industry as the largest driver, the Arctic could
potentially attract over $100 billion of investments [13].

Nevertheless, the development of the Arctic mineral resource potential is limited by
political, climate, environmental, and other problems [14,15], which are characterized by
an outflow of human resources. The rapid population growth that occurred during the
Soviet period ceased at the end of the 1980s, after which all regions of the Arctic experi-
enced a sharp decline in population, primarily due to migration outflow.

The need to increase industrial production combined with the reduction in the work-
ing-age population is one of the most important problems in the development of the Arctic
mineral resource potential, namely, a lack of human resources. Therefore, the study of
migration attractiveness as a factor of the successful development of the Arctic mineral
resource potential is relevant.

The development of Arctic territories and mineral resource potential, especially the
functioning of high-tech industries, is impossible without skilled personnel [16,17]. How-
ever, residing in the Arctic is not appealing due to difficult living and working conditions,
including a severe climate, poor infrastructure (including healthcare), large distances
from economic and cultural centers, and other factors [18-23].

The Arctic presents unique challenges for human occupation, with snow cover for
up to 10 months a year, up to 24 h of darkness during the winter, a limited variety of
resources, and sea-ice-dependent travel and food [24]. People in the Arctic face many in-
terrelated social and economic challenges that add to the many difficulties of daily life in
the region [25].

The regions of the Russian Federation located entirely or partially beyond the Arctic
Circle are leaders in terms of the number of people involved in territorial movement.
These regions are not very attractive as places of permanent residence and work, which is
confirmed by an analysis conducted by the authors. We assume that there is a need to
create certain social and economic incentives that compensate for the specific working and
living conditions in the Arctic to attract labor resources. The combination of such incen-
tives in the region impacts the level of its socio-economic development and reflects its
attractiveness.

The research goal is to identify how the attractiveness of an Arctic region affects the
migration of the labor resources necessary to ensure its development. This will allow us
to effectively regulate and predict the inflow and outflow of the population in Arctic re-
gions, which is essential for the development of its mineral resource potential.

In the research process, extensive practical materials and academic literature were
analyzed. Particular attention was paid to the United Nations Development program and
reports, the Directorate-General for Regional and Urban Policy of European Commission
report, the report of The Reason Public Policy Institute in the USA, and publications by
international experts in scientific electronic and printed journals such as “Energy Re-
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search”, “Social Science”, “Marine Policy”, “Polar Science”, and others.

2. Materials and Methods

In the first stages of the research, desk studies were carried out based on an academic
literature review focused on the Arctic resource potential; northern territory development;
the definition of the concepts of migration, economic and social attractiveness, and re-
gional competitiveness; and approaches to their assessment. We identified the role of re-
source potential in the Russian economy and the main challenges and prospects of the
Arctic region and analyzed approaches and indicators for assessing regional attractiveness.

The analysis of the literature described above led us to the first research hypothesis:
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1. The development of the Arctic mineral resource potential is impossible without qual-
ified personnel, and there is a strong relationship between mining activities and mi-
gration processes in the Arctic regions.

To confirm this hypothesis, we investigated key indicators that reflect migration pro-
cesses in the Russian Arctic regions—the number of arrivals and departures in the region
from 2010 to 2019. To this end, we analyzed time series of official state statistics and used
a graphical method and arithmetic calculations.

Based on the analysis of migration indicators” dynamics, we formed the second research
hypothesis:

2. The migration processes taking place in the Arctic regions depend on the level of
attractiveness of the region, which can be determined by a number of social and eco-
nomic indicators.

In order to choose the number of indicators for assessing the regional economic and
social attractiveness, the following process was implemented. In the first stage, the au-
thors reviewed the literature and created a list of the most common quantitative indica-
tors, which were readily found in official Russian statistics. Then, we used an individual
expert survey and interviewed representatives from Russian universities and scientific
centers (Saint-Petersburg Polytechnical University, Saint-Petersburg Mining University,
Saint-Petersburg State University, Kola Scientific Center of the Russian Academy of Sci-
ences), as well as representatives from mining and energy companies (PJSC Gazpromneft,
PJSC Gazprom). The experts were chosen on the basis of their ability to quickly communi-
cate with the researchers, specific knowledge in the research field, high level of erudition,
and industrial or scientific experience. The authors asked the experts to choose 5 social
and 5 economic indicators that, in their opinion, could be used to assess regional attrac-
tiveness. The survey was conducted online by sending the form (Appendix A) to the par-
ticipants through e-mail. The information in the responses was processed, and the most
frequently mentioned indicators in the experts” answers were selected. Thus, the experts
helped the authors to create a list of 12 social and economic indicators affecting the migra-
tion attractiveness of the Arctic regions.

Then, we performed a correlation analysis to identify linear relationships between
each of the 12 regional attractiveness and migration indicators. Based on the statistical
analysis, we identified social and economic indicators that could potentially be used to
model migration processes in the Arctic regions.

The third research hypothesis was Equationted as follows:

3. Modern tools of the complex-valued economy can be successfully used to model mi-
gration processes in the Arctic regions.

To test this hypothesis, we applied methods for analyzing the complex-valued econ-
omy to create econometric models. Four simple linear regression models were formed
with the identified social and economic indicators.

Finally, we aimed to determine which of the four Arctic regions under consideration
(Murmansk region, Nenets Autonomous district, Yamalo-Nenets Autonomous district,
and Chukotka Autonomous district) is more appealing to working migrants in terms of
its social and economic attractiveness. For this purpose, we converted the value of each
indicator to a value on a relative scale using the “maximum-minimum” method. The at-
tractiveness of the regions was assessed by calculating integral indicators as weighted av-
erages of specific social and economic indicators.

The structure of the research is presented in Figure 1.
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Figure 1. The structure of the research.

3. Results
3.1. Resource Potential of the Russian Arctic and Its Role in the Russian Economy

The Arctic zone of the Russian Federation covers an area of about 9 million km?; it is
home to more than 2.5 million people, which is about 40% of the population of the entire
Arctic. The Arctic zone of the Russian Federation includes seven regions: the Republic of
Sakha (Yakutia); the Murmansk, Arkhangelsk, and Krasnoyarsk regions; and the Nenets,
Yamalo-Nenets, and Chukotka Autonomous districts (Figure 2) [26].

T — Murmansk Region
Krasnoyarsk Region

Arkhangelsk Region

The Republic of Sakha (Yakutia)

Komi Republic

Yamal-Nenets AQ

Figure 2. Regions included in the Arctic zone of the Russian Federation [27].
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The Arctic is a territory rich in natural resources with strategic geopolitical im-
portance. The Arctic contains more than 97% of Russia’s reserves of platinoids, 43% of the
tin reserves, and a significant amount of nickel, titanium, and apatite ores and rare earth
metals. The proven reserves provide almost 98% of the internal production of platinum,
100% of its titanium, zirconium, rare earth metal, and apatite ores, and more than 97% of
its nickel. In the Arctic, about half of the volume of copper and bauxite is extracted, and
up to a quarter of the production of diamonds, gold and silver, iron ores, and coal are
mined [11] (Figure 3).
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Figure 3. Mineral deposits in the Russian Arctic [28].

According to the Minister of Natural Resources of the Russian Federation (Dmitry
Kobylkin), the Russian Arctic zone is estimated to have 7.3 billion tons of oil reserves, 2.7
billion tons of gas condensate, and about 55 trillion cubic meters of natural gas. The Arctic
produces 17% of all Russian oil and 83% of its gas. The Yamalo-Nenets Autonomous dis-
trict has the greatest potential. It accounts for approximately 43.5% of the initial total re-
sources of the Arctic zone. Approximately 41% of the region’s oil and gas resources are
located on the Arctic shelf [11,29]. The largest fields of the Russian Arctic shelf are pre-
sented in Table 1.

Table 1. The largest fields of the Russian Arctic shelf.

Field Name Location Year of Discovery Type of Deposit
Severo-Kamennomysskoye 2000
Gas
Kamennomyskoye 2000
; Kara Sea
Leningradskoye 1990
Gas condensate
Rusanovskoye 1989
Prirazlomnoye 1989
Dolginskoye 1999 Oil
Pech
Medynskoye more echora sea 1997
Severo-Gulyayevskoye 1986 Oil and gas condensate
Ludlovskoye 1990
Gas
Murmanskoye 1983
Barencevo sea
Shtokmanovskoye 1988 Gas condensate
Ledovoye 1982

Source: Data from oil and gas companies.
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Oil and gas resources play a fundamental role in the stability of the Russian economy.
The Russian budget is calculated on the basis of three main indicators: the price of oil, the
price of gas, and the exchange rate of the US dollar against the ruble (since sales of oil and
gas resources are carried out mostly in US dollars). The share of oil and gas revenues in
the budget of the Russian Federation remained 30-50% until 2019 (Figure 4).

100
0 28
0 36 40 39
=0 sof s0] s:f *# 46

2012 2013 2014 2015 2016 2017 2018 2019 2020

m Non oil and gas revenues, % Oil and gasrevenues, %
Figure 4. Share of oil and gas revenues in the budget of the Russian Federation, 2012-2020 [6].

The year 2020 brought significant challenges [30]: the rapid spread of the coronavirus
(COVID-19) pandemic forced governments all around the world to establish lockdown
measures, which significantly affected economic activity, employment, and people’s live-
lihoods [31]. The economic crisis caused by the coronavirus pandemic has had a negative
impact on many industries; however, some of them have proved to be quite resilient
[32,33]. The world fuel and energy market experienced the greatest impact of COVID-19:
the decline in economic activity has dramatically affected global energy demand, which,
according to the Global Energy Perspective 2021 by McKinsey and Company, fell by 7%
[30]. The fall in demand for fuel and energy resources in key sales markets led to a record
drop in prices. At the end of the first quarter of 2020, the gas price had reached a 30-year
low, and the oil price had reached a 22-year low. However, due to the partial lifting of
restrictions in some countries, the demand for energy resources has partially returned
[30]. According to the International Energy Agency’s forecast published in the Global En-
ergy Review 2021, global energy demand will grow by 4.6%, with the bulk of the demand
coming from developing countries [34].

Furthermore, according to the OPEC forecast, world oil demand in 2021 will grow
by 5.9 million barrels per day. It is predicted to grow in China, India, and some Asian
countries. According to the forecast of the World Energy Agency, oil demand will increase
by 5.5 million barrels per day, and it will recover mainly in the second half of the year [35].

With the global demand for energy resources, the share of gas will increase in the
next few decades and peak in the late 2030s. The growth in oil demand will slow down,
but oil will remain the most important energy resource for many years to come [30]. In
this case, given the depletion of traditional fields with easily recoverable hydrocarbon re-
serves and the importance of mineral resources for the economy, resource provision is
crucial for Russia. Despite the current macroeconomic conditions, the Arctic shelf is a
promising area for providing Russia with raw materials, especially hydrocarbons [36,37].

3.2. Resource Potential Development and Labor Migration

As noted above, a significant share of Russian oil and gas resources is concentrated
in the Arctic zone, specifically on the Arctic shelf. Projects for the development of offshore
hydrocarbon fields in the Russian Arctic are technologically complex. The availability of
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the appropriate technologies is one of the key factors determining the commercial effec-
tiveness of such projects. Moreover, complex technologies imply the need for relevant
competencies of the workforce at all levels, from project managers to lower-level workers.
Thus, it is impossible to implement complex mining technologies without qualified personnel.

It follows that the Arctic regions have great job opportunities for potential high-
skilled labor immigrants. However, jobs in the field of raw material extraction in the Arctic
are characterized by difficult working conditions, as mentioned above, including low tem-
peratures, long and dark winters that provoke a depressive emotional state, a large num-
ber of physically stressful tasks, weak infrastructure, lack of social life, and so on. These
factors make the work related to the development of the resource potential of the Arctic
and its territories unattractive to the working population. At the moment, there is an acute
personnel problem in the field of mineral resource extraction in the Arctic [38, p. 1]. As
the analysis below shows, the Russian Arctic was characterized by an outflow of human
resources at the time of this research.

There is unquestionably a close relationship between the migration of labor and the
development of raw materials in the Arctic, which is clearly identified in a number of
scientific works [38] (p. 3), [39,40]. Heleniak [39] (p. 2) demonstrated this for two Russian
Arctic regions, Khanty-Mansiy and Yamalo-Nenets districts, which are key regions for the
extraction of raw materials that are vital for the country: oil and gas. These regions were
the only Russian Arctic territories that had constant migration inflows during the post-
Soviet period due to high incomes, in contrast to the considerable outflows from other
Arctic regions that do not possess rich natural resources. The same situation can be ob-
served in the Nenets Autonomous district, which is rich in hydrocarbon resources. This is
the only region in which migration inflows exceeded outflows throughout 2010-2019, as
shown below (Figure 5).
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Figure 5. Dynamics of migration processes in the Arctic regions in 2010-2019, number of people.

In this regard, the task of attracting qualified personnel to work at Arctic mining en-
terprises, which are the main employers in the Arctic regions, is currently relevant. This
task should be planned and solved primarily within industrial enterprises that perform
the extraction of Arctic mineral resources. Such organizations should form material and
non-material incentives for personnel that would increase the inflow of human resources
from other regions to the Arctic. All of this should take place with active support from the
state for the development of the Arctic regions and their infrastructure, thus increasing
their attractiveness to migrant workers.

The next task in our study was to analyze the factors that influence the attractiveness
of the Arctic region from the point of view of a potential labor immigrant.
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3.3. Migration Processes in the Arctic Regions

The aim of this stage of the study was to identify the main trends associated with the
inflow and outflow of the population in the Arctic regions. To this end, we chose an indi-
cator of migration growth calculated as the difference between the number of arrivals and
departures in the region. The dynamics of migration growth in the Arctic regions between
2010 and 2019 are shown in Figure 5. Data from state statistics bodies were collected for
all the municipal areas of the Russian Arctic regions and used as the initial information
for the analysis [41].

Figure 5 shows that the Yamalo-Nenets Autonomous district had the highest volatil-
ity of migration growth (calculated as the difference between migration increase and de-
cline): its values ranged from 6249 people in 2011 to —11,972 people in 2015. These peak
values are due to a significant inflow of labor resources to the city of Novy Urengoy in
2011 (5448 people), as well as the cities of Gubkinsky, Salekhard, and Nadym (1886, 1088,
and 1071 people, respectively), and a significant outflow of the population across all mu-
nicipal districts of the region in 2015. The maximum outflow of 5361 people was observed
in the city of Novy Urengoy. Mass inflows and outflows of labor resources in such cities
and municipalities are due to the launch of new oil and gas projects and the development
of new fields, the closure of old ones, the movement of employees working in shifts, the
outflow of young residents to promising regions of the country, and the departure of sen-
ior citizens to favorable climatic zones.

The lowest volatility of migration growth was in the Nenets Autonomous district,
the Republic of Sakha, and the Murmansk region, which showed a consistent significant
outflow of the population throughout the entire period, with an average of 5072 people
per year.

Negative dynamics of migration growth were typical for the following Arctic regions
(or the parts that are located in the Russian Arctic zone):

. Nenets Autonomous district;
e  Arkhangelsk region (except for the last two years).

Positive dynamics of migration growth were observed in:

e Murmansk region;

¢  Komi Republic;

e  Sakha Republic;

e  Krasnoyarsk region;

e  Chukotka Autonomous district.

“Above-zero” values of migration growth from 2010 to 2015 are observed only in the
territory of the Nenets Autonomous district. This indicates that the inflows to the region
were higher than the outflows over that period. However, since 2016, the situation has
changed.

The results of the analysis show that migration processes in the Yamalo-Nenets Au-
tonomous district have the highest volatility among the Arctic regions, which is primarily
due to the ongoing mining activities in this region. At the time of the study, all Arctic
territories were characterized by a stable outflow of the population. To identify the rea-
sons for such trends, we analyzed key factors and socio-economic indicators that affect
the influx of the population, particularly labor resources, to the Arctic regions.

3.4. Analysis of Methods and Indicators Used for Assessing Regional Attractiveness

In the literature, the attractiveness of a region to the working-age population is often
described by the term “migration attractiveness”. There are various methods and ap-
proaches to assessing the level of migration attractiveness of a region [42—49]. Niedomysl
[42] described two alternative approaches to analyzing a location’s attractiveness—as-
sumption-based and statement-based —and their pros and cons. Portnov [43] identified
employment and housing factors of interregional migration and proposed an approach to
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determine sustainable regional development policies aimed at a more balanced distribu-
tion of a country’s population. Karachurina [44] focused her research on the attractiveness
of centers and secondary cities in 74 Russian regions to internal migrants. Lundholm and
others [45] examined interregional migration within the five Nordic countries —Sweden,
Norway, Denmark, Finland, and Iceland —with a focus on the main motivating factors for
moving.

Beglova and others [46] calculated the coefficient of migration attractiveness as a root
of the ratio of the arrival coefficient to the departure coefficient, which reflects the excess
of migration inflows over outflows. In addition, researchers studied the correlation be-
tween the coefficient of migration attractiveness and the economic, social, demographic,
and environmental factors that determine it, resulting in a total of 16 quantitative indica-
tors [46]. Similarly, in [47], the correlation between the migration balance and the migra-
tion attractiveness of cities was assessed using 18 socio-economic indicators.

Petrov et al. [48] investigated the relationship between migration growth rates and
the quality of life of the population in the regions of Russia. The latter was used to assess
the attractiveness of a region and was calculated on the basis of 12 indicators divided into
4 groups: physiological needs, safety needs, communication needs, and achievement
needs. The researchers suggested assessing regional attractiveness in terms of the system
of needs of migrants. Moreover, the study showed that migration growth in the Yamalo-
Nenets Autonomous district, the Republic of Komi, Magadan, Murmansk, and some other
regions was much lower than the national average. This is due to the fact that these re-
gions are located in the Arctic zone of the Russian Federation and are characterized by
special living conditions. Druzhinina et al. [49] focused their study on the influence of
factors on the processes of external and internal migration in the northern territories of
the Russian Federation. According to the authors, population density is the most attractive
factor for internal migration, while external migration largely depends on the provision
of communication services and the social security of the population. Additionally, provid-
ing the population with new housing is the most important area of socio-economic devel-
opment for all migrants in the northern territories.

Much attention in the literature is paid to the issues of population migration and the
attractiveness of territories. For decades, researchers have been studying the factors that
contribute to the attractiveness of specific regions and territories to migrants. Thus, factors
such as urban attractiveness, ecology, and proximity to amenities now play a more im-
portant role in the migration of young people than in the past [50]. The Organisation for
Economic Co-operation and Development (OECD) names seven determinants that con-
tribute to a country’s attractiveness to high-skilled migration: quality of opportunities;
income and tax; future prospects; family environment; skills environment; inclusiveness;
and quality of life [51]. Each determinant includes several specific indicators, which can
be both qualitative and quantitative. The term “talent attractiveness” is used to identify
highly educated and talented people migrating in search of better living conditions. Its
level is assessed in [52]. Ewers and Dicce [53] examined the relationship between highly
skilled international migration and urban-regional development.

It is abundantly clear that the prospect of a better job, improved living conditions,
and personal development are the principal motives that drive people to emigrate.
“Power of attraction” is based on notable differences in social conditions, the situation in
the labor market or, for example, the quality of life of society. Matuszczyk [54] analyzed
14 different indicators to measure migration attractiveness, such as the unemployment
rate, GDP per capita, median of annual income (PPS), cost of living index, rent index, law
enforcement index, severe material deprivation rate, and others. However, many re-
searchers consider the unemployment situation to be one of the main factors influencing
the resettlement of people [48].

The sustainable attractiveness of regions, including the Arctic zone, is influenced by
economic and social circumstances within the territory. The latter can be estimated with
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the help of specific indicators. For this purpose, a number of methods exist and are widely
discussed in the academic literature.

In 1993, Lipshitz [55] summarized the key factors and methods for assessing the de-
velopment of a territory. In further research, Cziraky and others [56] proposed a multi-
variate statistical framework for assessing regional development, and Shahraki [57] inves-
tigated important factors in the process of regional development. Erlinda and others [58]
provided an evaluation framework for the assessment of sustainable regional develop-
ment using multiple criteria related to development scenarios established by stakehold-
ers.

According to some research, assessing regional development is often performed us-
ing aggregate indexes. They involve various economic, social, and other indicators such
as GRP, the number of beds in hospitals, investment attractiveness, income values, budget
characteristics, and other factors [59,60].

Professor Svetunkov [61] highlights two main groups of methods used to evaluate
the development of a region: integral indicators and econometric modeling.

Many researchers have assessed the attractiveness of a region, territory, or city using
concepts such as its competitiveness [62-65]. The competitiveness of the region mainly
involves the allocation of capital in the territory, the development of productive forces,
the internal stability and strength of the role and influence of the region in external sys-
tems, and the ability to compete with homogeneous systems in their economic develop-
ment and to offer a stable environment for business and residence. Some researchers have
also included the living standards of the population.

Similar to the level of socio-economic development, researchers have proposed dif-
ferent approaches to assessing the level of competitiveness of a region, territory, or city
based on various indicators or mathematical and statistical models [66—68].

International institutions and administrative bodies also participate in the calculation
of territorial competitiveness indices. For example, the following techniques can be used:

The Human Development Index (HDI) is assessed by the United Nations Develop-
ment Program. The HDI is a cumulative measure of key aspects of human development:
a long and healthy life, knowledge, and suitable living standards [69].

The Regional Competitiveness Index (RCI) is assessed by the Directorate-General for
Regional and Urban Policy of the European Commission. It aims to provide a consistent,
comparable, and effective measurement of economic and social issues in the EU regions
and is based on 11 factors, such as infrastructure, health, opportunities for education and
business, technologies and innovation, and employment [66].

The level of competitiveness of the largest cities in the state of California is assessed
by The Reason Public Policy Institute in the USA. It identifies the best cities to live in in
the state. The rating is based on indicators that assess the location of the city, the temper-
ature conditions, and services (medicine, transport, recreation, etc.) [70].

Almost all approaches studied by the authors assess the competitiveness of the re-
gion using a set of particular social and economic indicators combined into several key
factors. The factors often include the standard of living, investment attractiveness, inno-
vative activity, the level of development, the efficiency of resource use, and the financial,
environmental, and organizational potential of the region.

The most commonly used indicators are the average per capita monetary income of
the population; the profitability of gross output (works, services) of the region; the share
of unprofitable organizations; the share of investments in fixed assets in the GRP; ex-
penses of the consolidated budget per capita; the share of innovatively active organiza-
tions in their total number; exports; the share of small enterprises in the total number of
registered enterprises; the share of graduated specialists, postgraduates, and doctoral stu-
dents in the economically active population, etc.

The estimates obtained reflect various aspects of competitiveness at the regional level
as well as the integral competitiveness of the region, allowing us to determine its strengths
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and weaknesses and serving as a basis for developing sustainable regional development
strategies.

3.5. Correlation Analysis

To identify indicators that have a strong linear relationship with migration processes

and the attractiveness of the Arctic regions, a number of economic and social indicators
were selected with the help of experts.

N

12.

Social indicators:

The population size, thousands of people;

The number of registered crimes per capita, pcs.;

Commissioning of residential buildings, thousands m? of total area of residential
premises per person;

The volume of paid services to the population (in actual prices for the period), million
rubles;

The birth rate, natural population growth (decline) per 1000 people;

The gross enrollment rate in preschool education as a percentage of the number of
children aged 1-6 years.

Economic indicators:

Income per capita, rubles;

Average consumer expenditure per capita (per month), rubles;

Number of enterprises and organizations per 1000 people, pcs.;

Unemployment rate, percentage;

Share of the population with incomes below the subsistence minimum in the total
population, percentage;

Cost of a fixed set of consumer goods and services, rubles.

We assessed the influence of each factor on migration processes by evaluating linear

correlation coefficients between each of the above-mentioned indicators and the number
of arrivals and departures in the region from 2010 to 2018. Table 2 presents the values of
linear correlation coefficients calculated for the Murmansk region.

Table 2. Linear correlation coefficients for socio-economic indicators of the Murmansk region.

No. Economic Indicators Arrivals Departures
1 Share of population with incomes b.elow the subsistence minimum in the total _0.0541 0.0041
population, percentage
2 Unemployment rate, percentage -0.3511 -0.3551
3 Income per capita, rubles 0.7635 0.6615
4 Average consumer expenditure per capita (per month), rubles 0.7960 0.7003
5 Number of enterprises and organizations per 1000 people, pcs. -0.1367 -0.1183
6 Cost of a fixed set of consumer goods and services, rubles 0.8501 0.7368
No. Social Indicators Arrivals Departures
Volume of paid services to the pop'ulatlon (in actual prices for the period), mil- 0.7594 0.6593
lion rubles
Gross enrollment rate in presc.hool education as a percentage of the number of 0.9035 0.8057
children aged 1-6 years
9 Population size, thousands of people -0.8079 -0.7027
10 Commissioning of residential'buildings, thousands m? of the total area of resi- 0.5216 04272
dential premises per person
11 Number of registered crimes, pcs. 0.0955 0.0574
12 Birth rate, natural population growth (decline) per 1000 people -0.6249 -0.5613

The correlation analysis led us to Equationte the following conclusions:
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1. The share of the population with incomes below the subsistence minimum in the total
population of the region has almost no linear relationship with migration indicators.
This is due to the high volatility of the indicator. Similarly, the unemployment rate
indicator has a low linear impact on migration, since it is characterized by the absence
of any clearly defined linear trend that is inherent in indicators of migration inflows
and outflows. Therefore, these indicators are not recommended for use in linear econ-
ometric migration models.

2. Income per capita has a stronger linear correlation with the number of arrivals than
with the number of departures. This can be interpreted from the point of view of the
region’s economic attractiveness: relocation to the Far North and Arctic regions is
often due to material incentives, which, in this case, is the growth of income. A simi-
lar trend is observed for indicators that reflect consumer expenditure on goods and
services.

3. The number of enterprises and organizations per 1000 people has a very low corre-
lation with migration indicators and thus has little influence on the attractiveness of
the region. This is also the case for the indicator “Number of registered crimes”.

4.  Migration inflows and outflows have a strong linear relationship with the indicators
“Gross enrollment rate in preschool education” and “Population size” and a slightly
weaker association with the indicator “Commissioning of residential buildings”. At
present, the correlation coefficient values of these indicators suggest that they are
acceptable for use in simple linear econometric models.

5. “Birth Rate per 1000 people” has an insignificant linear relationship with migration.
In other words, a natural increase or decrease in the population within the region is
unlikely to be an incentive for potential migrants to relocate to the Arctic region and
will not significantly contribute to a population influx from other regions.

6. Inaddition, analysis of the correlation of indicators shows that the population has an
inverse linear relationship with income per capita with a correlation coefficient of
-0.984.

7. In general, migration processes have a stronger linear relationship with social indi-
cators than with economic ones, which may be a confirmation of the fact that migra-
tion of the population to/from the Arctic regions is not caused only by material in-
centives but, on the contrary, is mainly determined by social factors.

3.6. Econometric Modeling

In this research, we applied a contemporary economic and mathematical instrument
that uses complex variables. It has been successfully used by some researchers to solve
different economic problems [61]. The key principle of this tool is to combine two eco-
nomic indicators into one model variable. This approach allows different aspects of a phe-
nomenon to be addressed and its influence on parameters to be analyzed, which, in turn,
could be a complex variable. Thus, we applied basic complex-valued model (1) with re-
gard to migration processes.

Vv, tiy, =(a, +ia,)+ (b, +ib)(x, +ix,), 1)

where yrand yiare components of an endogenous complex variable; xr and xi are compo-
nents of an exogenous complex variable; and a0+ ia1 and bo+ ibr are model coefficients.
Correlation between two complex indicators is evaluated as follows [61]:

_ Z (yrt + iyit )(xrt + ixit)
VXY - i 2 . 2 (2)
VXG4 Y0 4,

If the real part of rxvis close to 1, then the endogenous variable is linearly dependent
on the exogenous one, while the imaginary part reflects the plot scatter of the regression
model.
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Econometric modeling of migration processes was carried out using data published
by state statistics bodies using the Murmansk region as an example. We used indicators
representing migration processes —the number of arrivals and departures from the region
in the period —as the dependent complex variable in all econometric models. As factors
that determine the variability of the considered indicators of migration, we chose seven
socio-economic indicators that have high linear correlations with the dependent variables
(Table 2). Then, we formed complex variables by grouping a pair of particular indicators
that describe one process or phenomenon from two different aspects. The time series in-
cluded seven observations, namely, the real values of the indicators from 2011 to 2017.
Using the developed models, we predicted the values of migration inflows and outflows
in the Murmansk region for the year 2018. The actual values in 2018 were used as bench-
marks to assess the adequacy of the obtained forecasts.

Taking the above into account, we studied simple linear complex-valued models of
type (1), as follows:

e  “Income per capita” (X7, rubles) and “Volume of paid services to the population” (Xi,
million rubles) are variables in model 1. The complex coefficient of linear correlation
between the exogenous and endogenous variables of the model is quite high: 0.731-
0.048i.

e  “Average consumer expenditure per capita” (Xr, rubles) and “Cost of a fixed set of
consumer goods and services” (Xi, rubles) are variables in model 2. The complex co-
efficient of linear correlation between the exogenous and endogenous variables of the
model is high: 0.814-0.005:.

e “Gross enrollment rate in preschool education, as a percentage of the number of chil-
dren aged 1-6 years” (Xr) and “Commissioning of residential buildings” in thou-
sands m? of the total area of residential premises per person (Xi) are the variables in
model 3. The complex coefficient of linear correlation between the exogenous and
endogenous variables of the model is high: 0.875-0.046i.

e  “Gross enrollment rate in preschool education, as a percentage of the number of chil-
dren aged 1-6 years” (Xr) and “Birth rate, natural population growth (decline) per
1000 people” (Xi) are variables in model 4. The complex coefficient of linear correla-
tion between the exogenous and endogenous variables of the model is high: 0.895-
0.066i.

Model 1 includes social and economic indicators as factors. Income per capita is the
real part of the complex factor, and its imaginary part is the indicator of the volume of
paid services provided to residents in the Arctic regions. This indicator reflects the degree
to which high-level personal needs are satisfied in contrast to the basic ones.

The profit indicator is normally the main appeal to potential labor migrants to the
region [71]. Additionally, high-level needs require appropriate social infrastructure. The
amount of money spent indirectly indicates the availability of various social opportunities
[61]. Therefore, we deemed the volume of paid services rendered to be a crucial factor in
judging regional attractiveness and incorporated it as an imaginary component.

Model 2 is a simple linear regression model in which migration processes are the
result of variation in two economic indicators that characterize the average expenses of
residents of the Arctic regions. Consumer expenditure per capita and the cost of a fixed
set of consumer goods and services both describe the process of spending personal funds
but from different angles. In fact, they represent the average amount of money that the
consumer possesses after all compulsory monthly expenses. This value is of interest to
potential migrants to the Arctic regions, since it characterizes their material security if they
move there.

Model 3 is a simple linear regression model in which the values of migration indica-
tors depend on the social components of the attractiveness of the region; these compo-
nents represent the provision of families with preschool educational institutions and



Resources 2021, 10, 65

14 of 25

housing. Model 4 is a modification of Model 3 and incorporates the social indicator of
natural population growth instead of the indicator “Commissioning of residential buildings”.

Figures 6-9 show graphs of the actual and calculated values of arrivals and depar-
tures in the Murmansk region. The calculated values were obtained using the above econ-
ometric complex-valued models.

Chmamics of migration processes in the Mmwmansk region from

2011 to 2017 and forecast for 2018, people
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Figure 6. Actual and calculated values of migration indicators in the Murmansk region: Model 1.

Dynamics of migration processes in the Murmansk region from 2011to
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Figure 7. Actual and calculated values of migration indicators in the Murmansk region: Model 2.

Dynamics of migration processes in the Murmansk region from 2011 to
2017 and forecast for 2018, people
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Figure 8. Actual and calculated values of migration indicators in the Murmansk region: Model 3.
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Dynamics of migration processes in the Murmansk region from
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Figure 9. Actual and calculated values of migration indicators in the Murmansk region: Model 4.

The figures show that the predictions of all four econometric models closely match
the initial data and are suitable for forecasting. In addition to the four models presented
above, we performed a linear extrapolation of trends of migration inflows and outflows
based on their dynamics from 2011 to 2017 in order to calculate forecast values for 2018.
Table 3 shows the results of an analysis that compares different forecasts of arrivals and
departures in the Murmansk region.

Table 3. Forecast and actual values of migration indicators in the Murmansk region for 2018.

Forecast Values of Migration In-

. C lex R-
Forecast Econometric Models dicators for 2018, People omplex
; Squared
Arrivals Departures
Extrapolation of vy, = 20989t + 21,937
trend 14613t + 31005 40,827.10 44,156.70 -
Model 1 ¥r ++l(y(; o (f'ggl.;&gigl:%l) * 38,145.25 4223390 0535+0.002i
. : r i
y, + iy; = (6177.87 + 20,181.98)) + 0.663 +2.63 x
Model 2 +(1.05 + 0.1)) (x, + ix;) 36,597.09 42,371.07 1055
V. + iy; = (—148,520.7 — 89,153.8i) + .
Model 3 +(2158.6 + 1519.20) (x, + ix;) 37,238.93 41,778.19 0.765 + 0.002i
Model 4 r ‘+y(i;7(6_ 21 16'1677845;891._) (1x1 1'+6l.3 ;’ ')‘“) * 38,937.17 39,725.04  0.801 +0.004i
. " T l
Actual values of migration indicators for 2018, people 35,198 40,477 -

As indicated in the table, the forecasts of the arrivals and departures derived from
the four studied complex-valued models are closer to the actual data than the results of a
linear extrapolation of their trends for 2018.

Furthermore, the best forecasting results are obtained with model 2 for the indicator
“arrivals” and model 4 for the indicator “departures”. The fourth model has the highest
complex R-squared. Thus, we can conclude that linear complex-valued models are suita-
ble for predicting migration processes in the Arctic regions of Russia, despite their sim-
plicity and inability to consider many factors.

3.7. Integral Estimation of the Attractiveness of Arctic Regions

As mentioned above, a large number of domestic studies have been devoted to as-
sessing the attractiveness of territories. However, the literature contains little research as-
sessing the attractiveness of the Arctic regions to labor migrants. However, it should be
noted that living and working conditions in the regions of the Russian Arctic differ signif-
icantly. In this regard, one of the objectives of the study was to conduct a comparative



Resources 2021, 10, 65

16 of 25

analysis of four Arctic regions that are entirely included in the Arctic zone of the Russian
Federation (Murmansk region and Nenets, Yamalo-Nenets, and Chukotka Autonomous
districts) according to a number of key indicators. For this purpose, we calculated two
integral indicators characterizing the economic and social attractiveness of the territories
of the Russian Arctic using state statistics data.

To calculate the integral indicators of economic and social attractiveness of the Arctic
regions, the authors used the values of six economic and six social indicators presented
above for the period 2010-2018. To this end, four source data tables were generated for
each region under consideration, one of which is shown below as an example (Table 4).
The source data series were converted into values on a relative scale according to the
“maximum-minimum” method. Its minimum and maximum values correspond to 0 and
1, respectively. The following Equations were used:

Xi—Xmin (3)
Xmax_Xmin’
1— Xi - Xmin (4)

Xmax - Xmin

where Xi is the value of the indicator for region 7, Xua is the maximum value of the indi-
cator among the regions in the year under review, and Xwin is the minimum value of the

indicator among the regions in the year under review.

Table 4. Initial data for the Murmansk region for calculating integral indicators of attractiveness.

Indicators Values 2010 2011 2012 2013 2014 2015 2016 2017 2018
Social Indicators
The population size, thou- g 1 7e500 78040 77110 76630 76220 757.60 75360  748.10
sands of people
The number of registered () 00 g2 002 002 002 002 002 002
crimes per capita, pcs.
Commissioning of residential
buildings, thousands m*of to- 5y g4 003 003 003 003 004 008 006
tal area of residential premises
per person
The volume of paid services to
the population (in actual prices 47.59 51.06 55.29 65.73 71.50 72.11 74.94 74.93 80.00
for the period), million rubles
The birth rate, natural popula-
tion growth (decline) per 1000 -0.20  -0.07 0.50 0.90 0.30 0.30 -030 -0.80 -1.50
people
The gross enrollment rate in
preschooleducationasaper- g, o )10 go50 8120 8340 8470 8500 8530  86.10
centage of the number of chil-
dren aged 1-6 years
Economic Indicators
Income per capita, rubles 24,047 25,303 28,932 32,912 34,149 36,848 36,116 37,108 41,564
Average consumer expendi-
ture per capita (per month), 15,640 17,262 19,526 23,404 26,547 27,113 27,469 28,744 30,699
rubles
Number of enterprises and or-
ganizations per 1000 people, ~ 27.72 2913 2744 2754 2815  28.61 29.80 2516 2297
pcs.
Unemployment rate, percent  8.60 8.60 7.70 7.20 6.70 7.80 7.70 7.00 6.80
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Share of population with in-
comes below the subsistence
minimum in the total popula-
tion, percentage
Cost of a fixed set of consumer
goods and services, rubles

19.10 13.20 13.60 11.10 10.80 10.90 12.70 12.80 9.90

6286.1 11,063 11,490 12,175 13,128 14,688 16,236 17,099 18,384

The authors used the “maximum-minimum” method because it avoids the excessive
influence of each individual indicator on the integral one. Equation (3) is used when
higher values of the indicator are preferred, and Equation (4) is applied otherwise.

The integral indicators of economic and social attractiveness were calculated sepa-
rately for each year of the studied period according to Equations (5)—(7):

EA; = Yisi ayw;, (5)
m
SA]- = Z CijZi, (6)
i=1
n m
Ywi=1,Yz=1, @)
i=1 i=1

where EAjis the economic attractiveness of the region in year j; aj, cij are values of the i-th
economic and social indicator in year j, respectively; Saj is the social attractiveness of the
region in year j; w;, zi are the i-th economic and social indicators” weights, respectively; n
and m are the number of economic and social indicators, respectively.

Table 5 presents the values obtained for each of the four regions, which were calcu-
lated based on 12 socio-economic indicators. We assume that the weight coefficients of all
indicators are equal in order to avoid the excessive influence of any of the studied indica-
tors on the integral assessment.

Table 5. Integral evaluation of economic and social attractiveness of the Arctic regions in 2010-2018.

2010 2011 2012 2013 2014 2015 2016 2017 2018

Region Economic Attractiveness
Murmansk region 0.34 0.35 037 035 042 039 036 033 037
Nenets Autonomous district 0.58 0.51 0.60 053 057 050 044 044 0.50
Yamalo-Nenets Autonomous district 0.68 0.73 074 075 0.75 076 081 0.80 0.84
Chukotka Autonomous district 0.49 0.40 046 046 046 040 041 048 0.47

Social Attractiveness

Murmansk region 0.37 0.38 036 034 036 034 035 041 0.50
Nenets Autonomous district 0.22 0.22 0.40 047 0.25 030 029 022 0.16
Yamalo-Nenets Autonomous district 0.55 0.53 0.53 043 041 0.52 0.58 0.56 0.61
Chukotka Autonomous district 0.63 0.68 052 053 0.68 070 066 0.72 0.70

The data in this table show that the Yamalo-Nenets Autonomous district had the
most economic stimulation in the 9 studied years. The economic activity is related to the
high income per capita in the region, which, in turn, is conditioned by the presence of oil
and gas extraction companies with good salaries and a small population. This region has
had the best values of average consumer expenditure per capita, share of the population
with incomes lower than the subsistence minimum in the total population, and unem-
ployment rate. The Murmansk region has the lowest economic appeal. This is due to low
incomes and consumer spending and high unemployment rates.
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The Chukotka Autonomous district also has low economic attractiveness. It ranks
last in terms of “Cost of a fixed set of consumer goods and services”, which is significantly
higher in the Chukotka district than in the other regions, and “Average consumer ex-
penditure per capita”. Although the “Unemployment rate” and “Share of population with
incomes below the subsistence minimum in the total population” are quite low, these var-
iables have had little effect on its attractiveness. “Income per capita” is also quite good.
However, the Chukotka district does not have a leading position in any of the indicators
for the studied period, which determined its relatively low attractiveness.

In terms of social attractiveness, the Chukotka Autonomous district is highlighted by
the set of studied indicators. When analyzing the individual values of indicators, it was
found that this region was characterized by the lowest crime rate per person for almost all
9 years under review. Moreover, the region has a large number of square meters of com-
missioned residential buildings per person, which is several times higher compared to the
Nenets Autonomous district, which has almost the same population size.

In addition, this region has consistently had the leading position among the four re-
gions in terms of “Gross enrollment rate in preschool education” since 2010. In 2013, the
“Volume of paid services per capita” in the Chukotka Autonomous district almost dou-
bled compared to its value in 2012.

As a result, the region took the leading position for this indicator until 2018. In terms
of “Birth rate”, the Chukotka Autonomous district is significantly behind the Yamalo-Ne-
nets Autonomous district, which has a population that is about 10 times higher.

Despite having the largest population of the four Arctic regions studied, which seems
to be an attractive factor for young people, the Murmansk region ranks only third after
the Chukotka and Yamalo-Nenets Autonomous districts according to the integral indica-
tor of social attractiveness. This is due to its low (or even minimum) values of indicators
such as “Commissioning of residential buildings per person”, “Volume of paid services
per capita”, and “Birth rate”, which is actually associated with a natural population de-
cline. In addition, the Chukotka, Nenets, and particularly Yamalo-Nenets Autonomous
districts show stable natural population growth.

The Nenets Autonomous district ranks last in terms of social attractiveness, primarily
because it has the lowest values of “Population size” and “Volume of paid services per
capita”, as well as poor values of all the other indicators in comparison with other regions.

In the course of the study, the authors attempted to analyze the relationship between
migration growth and the integral indicators of the attractiveness of the region. We hy-
pothesized that changes in indicators of social and economic attractiveness have linear
effects on the number of arrivals and departures in the region. However, the calculation
of the linear complex correlation coefficient did not reveal a simple linear relationship
between them, and this hypothesis was not confirmed. Further research can aim to iden-
tify non-linear models that reflect the relationship between migration flows in the regions
of the Russian Arctic and their attractiveness to labor migrants.

4. Discussion

This study focused on the socio-economic assessment of the attractiveness of Arctic
territories to potential migrants. We should note that the regions under consideration are
significantly heterogeneous in terms of most indicators. The Murmansk region is charac-
terized by the highest population, which is largely due to its milder climatic conditions,
proximity to European countries, and developed infrastructure. The lowest population
for the 9 studied years was in the Nenets Autonomous district, whose indicator values are
17-19 times lower than those in the Murmansk region. The rest of the indicators are also
scattered for different Arctic regions. However, the territories under consideration have a
common problem: the outflow of the working population to more favorable climatic zones.

The main limitations of the study are discussed below.
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It is evident that the migration attractiveness of the Arctic region to the working pop-
ulation is determined by a range of indicators. However, not all indicators can be quanti-
fied. This is due to the fact that people rarely base their choices only on quantitative indi-
cators in the decision-making process. In particular, it seems doubtful that a potential im-
migrant would analyze regional statistics on indicators such as GRP per capita, invest-
ment in fixed assets, or infant mortality rates before moving to a region. The decision to
move is made on the basis of the individual’s principles, life attitudes, beliefs, and other
personal characteristics that cannot be quantified, as mentioned in [71]. Thus, the migra-
tion attractiveness of a region also depends on a range of non-measurable personal char-
acteristics, such as tolerance to difficult weather conditions. Our research does not sepa-
rate the influence of quantitative and qualitative parameters on migration processes, as
the qualitative characteristics of the research object are difficult to formalize. This fact also
prevents their use for assessing the attractiveness of the region together with socio-eco-
nomic indicators. In addition, only measurable parameters can be analyzed with the pro-
posed research methods. For these reasons, we limited our research to the investigation
of quantitative characteristics of the object. Additional research covering qualitative char-
acteristics in order to analyze their influence on migration processes in the Russian Arctic
and assess the attractiveness of regions would provide further insight into the problem of
migration outflows. Nevertheless, we consider it possible to identify key economic and
social indicators that can be used to objectively assess the attractiveness of the Russian
Arctic regions based on statistical data, which was performed in the framework of this study.

The second limitation is that this study focuses only on simple linear regression rela-
tionships between migration indicators and the indicators that cause their variation. In
this regard, as dependent variables of the models, we studied only those indicators that
have a close linear correlation with migration. The presented models do not account for
other factors. In the future, we plan to apply complex-valued non-linear econometric
models and include a wider range of indicators. In addition, it is possible to apply an
individual approach to each region separately, adjusting the list of indicators for building
regression models depending on their individual characteristics.

Finally, the research was limited by the relatively small amount of retrospective data
for the following key reasons: (1) the investigated time series data must be stationary, and
(2) statistical data are not publicly available for all analyzed regions. Since migration pro-
cesses are very sensitive to changes such as legislative and legal regulations, social bene-
fits, and economic incentives, we considered time series that were formed in relatively
stable conditions, which limits the study timeframe. Moreover, we faced a data acquisition
problem when trying to separate the statistical data for areas located beyond the Arctic
Circle from the whole administrative region’s dataset. For this reason, we had to analyze
only those regions that are fully located beyond the Arctic Circle. In addition, some Arctic
regions do not have any publicly available unified statistical information within the 2010-
2019 timeframe, which also limited our research.

There is also one disputable point that should be mentioned. The choice of specific
indicators for assessing the social and economic attractiveness of regions and building
regression models may seem controversial. However, in the course of the study, the au-
thors conducted a thorough analysis and selected attractiveness indicators based on the
works of Russian and foreign researchers, specifics of the studied regions, and possibili-
ties of accessing quantitative information for their assessment. According to our assess-
ment, the list of selected indicators best characterizes the attractiveness of the Arctic re-
gion to migrants from other territories, especially Russian ones. Choosing equal weight
coefficients for all indicators is debatable, although it prevents the excessive influence of
any indicator on the result.

The objectivity of the research in selecting indicators for estimating the attractiveness
of regions was achieved by using a number of independent experts and conducting cor-
relation analyses to determine indicators that have a significant linear relationship with
migration processes. The use of complex-valued econometric methods makes this study
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unique, since this is the first time that the tools of a complex-valued economy are used to
simulate migration processes in the Arctic regions. The procedure for evaluating regional
attractiveness is also new, as it involves a unique list of indicators identified during the
research, which are specific to Arctic regions.

Thus, the results of this study are the six economic and six social indicators identified
on the basis of a thorough literature review and expert surveys; the assessments of the
linear relationship between each indicator and migration processes in the Arctic regions;
four complex linear regression models that can be used to predict the number of arrivals
and departures in the region; and evaluation of the attractiveness of four Arctic regions in
terms of their social and economic development.

The key findings of the research are as follows: (i) all Russian Arctic regions are char-
acterized by a stable outflow of the population throughout the 10 studied years; (ii) mi-
gration processes are more linearly dependent on social indicators than on economic ones,
which confirms the importance of the former; (iii) the four presented complex linear mod-
els produced better forecasting results than the simple extrapolation of the trends, so lin-
ear complex-valued models are suitable for predicting migration processes in the Arctic
regions of Russia; (iv) the Chukotka Autonomous district has the highest social attractive-
ness, while economic incentives for migration are the highest for the Yamalo-Nenets Au-
tonomous district.

The unexpected result of the study was that among all Arctic regions, the Chukotka
Autonomous district took the lead in terms of social attractiveness. It should be empha-
sized that Chukotka is the most sparsely populated region of Russia and the most distant
from the center. According to the Russian Statistical Agency, the area of the region is 4%
of the total area of Russia, the population in 2021 is 49,527 people (0.03% of the population
of Russia), and the population density is only 0.07 people/km? The region is very rich in
mineral resources, so all socio-economic indicators are at a high level. The finding that the
Yamalo-Nenets Autonomous district emerges at the top in terms of economic indicators
is more predictable since oil and gas resources, the basis of the national budget, are con-
centrated in this region. The region is in 7th place for GRP among all regions of the coun-
try. However, due to the larger population (547.01 million people) and the population
density (0.71 people/km?) compared to Chukotka, the Yamalo-Nenets Autonomous dis-
trict has a lower score in terms of social attractiveness.

The scientific contribution of this article to the study of migration processes in Arctic
regions is the use of complex-valued econometric models to predict future migration flow.
These studies were conducted for the first time, and the calculations proved to be effective
and have potential practical applications.

We suggest that this method be tested on a larger dataset on migration.

5. Conclusions

The social and economic development of the Arctic region depends directly on the
number of its residents, migration changes, and its migration attractiveness. The analysis
of the region’s migration attractiveness helps to identify the reasons for population out-
flow and, therefore, makes it possible to influence and eliminate them.

The study of the migration attractiveness of the Arctic regions was carried out in
several stages. The first stage was devoted to a detailed analysis of the foreign and do-
mestic literature on the problems and prospects of the development of the Northern ter-
ritories, the migration attractiveness of the region, and various ways of assessing it. Anal-
ysis of migration processes in the Russian Arctic showed that there was an outflow of
population from all regions over the past decade. The authors assume that there is a rela-
tionship between the migration processes currently taking place in the Arctic regions and
their attractiveness to the working population.

In the second stage of the study, key social and economic indicators that contribute
to the region’s attractiveness to potential migrants were identified. For this purpose, the
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authors involved experts on the problems of economic development of the Arctic territo-
ries. The result of the expert survey was a list of 12 quantitative socio-economic indicators
characterizing the attractiveness of the Arctic region.

To assess the dependence of migration processes on each of the selected socio-eco-
nomic indicators, the authors conducted a correlation analysis using official data from
state statistics bodies. It was revealed that not all indicators have a linear relationship with
migration growth; simple relationships are attributed to a greater association between the
number of arrivals and departures in the region and the level of its social development.
This confirms that the motives for moving to the Far North are not just economic incentives.

Migration processes were modeled using the tools of a complex-valued economy. In
particular, simple linear regression complex-valued models were used that reflect the re-
lationship between a pair of dependent and a pair of independent model variables. The
number of arrivals and the number of departures in the Arctic region were selected as a
pair of dependent variables. For the independent variable of the linear complex-valued
model, four pairs of indicators were proposed that reflect the social and economic attrac-
tiveness of the region. Thus, the authors formed four linear complex-valued models in
order to test them for their ability to form good predictions of migration indicators. Cal-
culations performed on the Murmansk region as an example showed that these models
are suitable for forecasting, since the values of the number of arrivals and departures in
the region calculated for 2018 are close to the actual data.

In the final stage of the study, a comparative analysis of the attractiveness of the Arc-
tic regions (Murmansk region and Nenets, Yamalo-Nenets and Chukotka Autonomous
districts) was performed. The authors evaluated the integral indicators of the social and
economic attractiveness of the region on the basis of 12 indicators by calculating the
weighted averages. It was found that the most attractive region over a 10-year period in
terms of the economic situation is the Yamalo-Nenets Autonomous district, whereas the
Chukotka Autonomous district is the most attractive in terms of social conditions. How-
ever, it should be noted that the Yamalo-Nenets Autonomous district is the country’s oil
and gas center, which implies significant tax revenues at all budget levels, as well as a
high level of income of the population. The Chukotka Autonomous district is a region
with a minimum population density, which affects the statistical indicators in terms of
their increase.

Further research in this area will focus on modeling migration processes in all Arctic
regions using linear and non-linear econometric complex-valued models.
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Appendix A

Dear colleague, please fill in the information about yourself and select five economic
and five social indicators from the list, which, in your opinion, are advisable to use to
assess the migration attractiveness of the Russian Arctic region. Put a cross or any other
sign in a free field.

Full name
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Position
Place of work

The List of Indicators
No. Social Indicators:
1. The population size, thousands of people
2. The number of registered crimes per capita, pcs.
3. The number of doctors per 10,000 population, people
4. The number of hospital beds for 24 h hospitals per 10,000 population, people
5. The capacity of outpatient clinics per 10,000 population, visits per shift
6. The birth rate, natural population growth (decline) per 1000 people
7 Commissioning of residential buildings, thousands m? of total area of residential premises
per person
The volume of paid services to the population (in actual prices for the period), million ru-
bles
9. Putting into operation of sports and recreation complexes, units
10. Commissioning of hotels, places
1 The gross enrollment rate in preschool education, as a percentage of the number of children
) aged 1-6 years
No. Economic Indicators:
1. Number of enterprises and organizations per 1000 people, pcs.
2. Average annual number of employees of organizations, thousand people
3. Income per capita, rubles
4. Average consumer expenditure per capita (per month), rubles
5. Retail trade turnover (in actual prices), mIn. rubles
6. Unemployment rate, percent
7. Recognized as unemployed, thousands of people
8 The volume of work performed in the type of economic activity “Construction”, min. ru-
’ bles
9 Share of population with incomes below the subsistence minimum in the total population,
percent
10. Public catering turnover, min. rubles
11. Cost of a fixed set of consumer goods and services, rubles
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