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Abstract. Digital space allows connecting people without regard to physical space and makes many social
services available, which is especially relevant for the Arctic territories. The aim of the study is to analyze
the features of the digital space of the Russian Arctic regions. Research objectives: building a database of
series of variables in the context of the Russian Arctic regions for the period 2014-2020, making a
retrospective analysis of the dynamics of their digitalization, ranking the Russian Arctic regions by the level
of digitalization based on the construction of an integral index. The objects of the study are nine Arctic
regions of Russia. The results of the study provide recommendations for further digitalization of the Arctic
regions. The scientific novelty of the study is determined by the application of the index method for ranking
the Russian Arctic regions by the level of digitalization for the period 2014—-2020 according to four sub-
indices: activities of households, population, authorities, organizations, which made it possible to trace the
dynamics of indicators, evaluate the effectiveness of measures to develop the digital space of the regions.
The methodology makes it possible to carry out calculations based on publicly available statistical data and
can be used for territories of various levels when conducting retrospective analysis and strategic
forecasting procedures. The practical significance of the study lies in the fact that the results obtained may
be in demand when assessing the effectiveness of digitalization in the course of developing strategies and
programs for digitalization of the regional space. The prospects for further research are determined by a
deeper analysis of the degree of influence of variables on the level of digitalization of regions and the
formation of proposals and recommendations for adapting digitalization processes, taking into account the
current international situation.
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Introduction
Digital space connects people without regard to physical geography and represents the
accumulation of all information in digital form [1, Killan A.; 2, Kukul T., Coskun E.A., pp. 951-959].
However, the limitations of access to modern means of communication in different social groups

lead to digital inequality or digital barrier. Cyberspace enables the dissemination of messages and
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content [3, Castells M.], while a culture based on digital information processing can create a gap
between those generations who were born before the introduction of the Internet and those who
grew up in a digital environment [4, Castells M., p. 8].

It is worth noting that digitalization is understood both as the application of digital
technologies in business to generate income land as a way of restructuring many areas of social
life related to digital communications and media infrastructures>. A secure, sustainable digital
infrastructure with telecommunications connectivity is one of the main components of
digitalization >. The diffusion of information and communication technologies (hereinafter referred
to as ICT) is the main driver of digitalization [5, Heeks R., pp. 16—33]. The intensive application of
ICT improves existing economic activities, while the extensive application expands economic
activities [6, Bukht R., Heeks R., pp. 143—172]. Information and communication infrastructure is
necessary for the creation, distribution, search, preservation of information and knowledge in
society [7, Hardy A., pp. 278-286; 8, Stanley T.D., Doucouliagos C., Steel P., pp. 705-726; 9,
Hanseth O., pp. 122-156; 10, Pironti J.P., pp. 1-5]. The introduction of ICT is inextricably linked to
the effective socio-economic development of the territory [11, Thapa D., Seebg @., pp. 1-15; 12,
Palviaa P., Bagir N., Nemati H., pp. 160-176], productivity growth [13, Liao H., Wang B., Li B,,
Weyman-Jones T., pp. 10-25], GDP increase [14, Moulton B.R., pp. 34—48], creation of institutional
infrastructure, social justice, support for economic activity [15, Walsham G., pp. 18—41].

The digital economy is impossible without investment in information infrastructure,
including IT equipment, fiber optic lines, wireless and local networks, software [16, Haltiwanger J.,
Jarmin R.S., pp. 13-33]. In 2022, a Decree of the President of the Russian Federation was signed *
on measures to accelerate the development of the IT industry in Russia.

At the same time, according to a number of Presidential Decrees > the low level of
development of the information infrastructure of the Russian Arctic territories is recognized as

one of the main threats to national security, and its improvement is one of the priority tasks.

! Gartner Glossary. URL: https://www.gartner.com/en/information-technology/glossary/digitalization (accessed 11
June 2022).

2 Brennen S., Kreiss D. Digitalization and Digitization. URL: https://culturedigitally.org/2014/09/digitalization-and-
digitization (accessed 11 June 2022).

3 Tholons Global Innovation Index. URL:
https://www.tholons.com/_files/ugd/f2ce04 aae668d076c549849bca99acc08cd82d.pdf (accessed 11 June 2022).

* 0 merakh po obespecheniyu uskorennogo razvitiya otrasli informatsionnykh tekhnologiy v Rossiyskoy Federatsii:
Ukaz Prezidenta Rossiyskoy Federatsii ot 02.03.2022 goda Ne 83 [On measures to ensure the accelerated development
of the information technology industry in the Russian Federation: Decree of the President of the Russian Federation
dated March 2, 2022 No. 83]. URL: http://publication.pravo.gov.ru/Document/View/0001202203020001 (accessed 28
May 2022).

> Ob Osnovakh gosudarstvennoy politiki Rossiyskoy Federatsii v Arktike na period do 2035 goda: Ukaz Prezidenta Ros-
siyskoy Federatsii ot 05.03 2020 goda N2 164 [On the Fundamentals of the State Policy of the Russian Federation in
the Arctic for the period up to 2035: Decree of the President of the Russian Federation dated 05.03.2020 No. 164].
URL: https://base.garant.ru/73706526/ (accessed 28 May 2022); O Strategii razvitiya Arkticheskoy zony Rossiyskoy
Federatsii i obespecheniya natsional'noy bezopasnosti na period do 2035 goda: Ukaz Prezidenta Rossiyskoy Federatsii
ot 26.10. 2020 goda Ne 645 [On the Strategy for the development of the Arctic Zone of the Russian Federation and
ensuring national security for the period up to 2035: Decree of the President of the Russian Federation dated 26.10.
2020 No. 645]. URL: http://www.kremlin.ru/acts/bank/45972 (accessed 28 May 2022).
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Therefore, studies on the digitalization of the AZRF regions are relevant.

Research methodology

Researchers make attempts to rank regions and countries by the level of digitalization by
means of integral indices, using such indicators as: the human potential of the region and the
degree of use of external conditions in organizations [17, Kozlov A.V., Teslya A.B., Ivashchenko
A.A., pp. 21-31], material indicators and indicators characterizing the information and
communication subsystem [18, Kozlov A.V.; 19, Kozlov A.V., pp. 106-117], the use by
organizations of broadband access (hereinafter referred to as BBA) to the Internet, cloud services,
special software and electronic data exchange [20, Sadyrtdinov R.R., pp. 230-235], indicators of
the external environment, the availability of digital technologies and their use by the state,
business and society [21, Kamneva V.V., Baeva D.A., pp. 37-44], accessibility, infrastructure
investment, network access, capacity, usage, human capital [22, Katz R., Koutrompis P., Callorda
F.M., pp. 32-44], digital infrastructure, ability to digital innovation, the scale of digital industry and
the use of digital technologies [23, Tang L., Lu B., Tian T.]. However, a number of variables used for
calculations according to these methods are not available in open statistical sources for the
regions of the Russian Arctic. At the state level, digitalization by region can be assessed through a
number of ratings, such as “Rating of regions for the development of the information society”,
“Rating of digital maturity of Russian regions”, which are not calculated annually (some of them
even once), so it is impossible to conduct a full retrospective analysis.

Thus, the purpose of the study was to analyze the features of the digital space of the Arctic
regions of Russia. To achieve the goal, it was necessary to solve the following tasks: to build a
database of series of variables in the context of the Arctic regions of Russia for the period 2014-
2020, to conduct a retrospective analysis of the dynamics of their digitalization, to calculate the
integral index of digitalization of the Russian Arctic regions, to rank the AZRF regions by the level
of digitalization, to give recommendations. The object of the study is the AZRF regions. The
Russian Arctic as an object of statistical observation has some features that are primarily related
to its administrative structure. The Russian Arctic includes the entire territory of four regions of
the Russian Federation and a number of administrative units (cities, urban districts, municipal
districts, uluses) of five more regions, which leads to the complexity of collecting statistical data.
Most often, statistics related to digitalization are published for the whole subject of the Russian
Federation, without a breakdown by administrative units.

General scientific methods were used as the methodological basis of the study: cause-and-
effect and logical-structural analysis and synthesis; applied economic and statistical methods:
systematization of statistical information, compilation of information and analytical database.
Data processing was carried out using MS Excel.

This study was conducted in stages. The first stage involved the collection of statistical data

and the construction of a database of series of variables by regions of the AZRF for the period
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2014-2020 according to the data of the Federal State Statistics Service 6 (Figures 1-3; 5-8, Tables
2-5 were based on this data). The information base was also the data of the Ratings of ICT costs of
the Russian regions for the period 2014-2021 (Figures 9 and 10), digitalization ratings (Table 1).

The variables for analysis were selected due to the fact that they are used as target
indicators in a number of legislative acts of the Russian Federation, and are also contained in the
Federal Statistical Work Plan 7, which has been supplemented with official information
characterizing the socio-economic development of the Russian Arctic since 2016.

At the next stage, a retrospective analysis of the dynamics of digitalization of the Russian
Arctic subjects for the period 2014-2021 was carried out.

Then the AZRF regions were ranked by the level of digitalization based on the construction
of the index. The ranking of regions by the level of digitalization was carried out according to four
sub-indices, consisting of a number of variables:

1. Sub-index “Digitalization of households” (Slpy):

share of households with a computer, X;;

e share of households with access to the Internet, X5;

e share of households with broadband access to the Internet, X3;

e share of households not using the Internet due to high connection costs, Xg;

e share of households using Internet access to search for information on goods, services,
order goods, Xs;

e number of mobile phones per 100 households, Xs.

2. Sub-index “Digitalization of population” (Slpp):

e share of population using personal computers, X7;

e share of population using the Internet, Xs;

¢ share of population using the Internet to order goods and/or services, Xg;

e share of population not using the Internet for security reasons, Xo;

e share of population using the Internet to receive state and municipal services, X;4;

e share of population using a mobile phone or smartphone in the last 3 months, Xi,.

3. Sub-index “Digitalization of government activities” (Slpg):

share of public authorities and local governments using the Internet, Xy3;

share of public authorities and local governments using the Internet at a speed of 256

Kbps or higher, X4;

6 Monitoring razvitiya informatsionnogo obshchestva v Rossiyskoy Federatsii [Monitoring the development of the in-
formation society in the Russian Federation]. URL: https://rosstat.gov.ru/statistics/infocommunity (accessed 05 May
2022); Itogi federal'nogo statisticheskogo nablyudeniya po voprosam ispol'zovaniya naseleniem informatsionnykh
tekhnologiy i informatsionno-telekommunikatsionnykh setey [Results of the federal statistical observation on the use
of information technologies and information and telecommunication networks by the population]. URL:
https://rosstat.gov.ru/statistics/infocommunity (accessed 05 May 2022).

7 Federal'nyy plan statisticheskikh rabot: rasporyazhenie Pravitel'stva Rossiyskoy Federatsii ot 6 maya 2008 goda No
671-r [Federal plan for statistical work: Decree of the Government of the Russian Federation dated May 6, 2008 No.
671-r]. URL: https://rosstat.gov.ru/folder/462 (accessed 28 May 2022).
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e share of public authorities and local governments using the Internet at a speed of at
least 2 Mbit/sec, Xis;
e share of electronic document flow between public authorities in the total volume of
interdepartmental document flow, Xy¢;
e share of population who encountered problems in obtaining state and municipal
services through official websites and portals, X;;
e share of population satisfied with the quality of electronic public services, Xis.
4. Sub-index “Digitalization of organizations” (Slpo):
e number of personal computers in organizations, Xig;
e number of personal computers with Internet access, Xy;
e share of organizations using broadband access to the Internet, X,3;
e share of organizations that had a website, X,»;
e share of organizations that used the Internet to place orders for goods (works, services),
X23;
e share of employees of organizations using personal computers at least once a week, Xy;.
The variables were normalized by converting them into dimensionless values in the range
from 0 to 1. For this purpose, the current value of the variable for each of the AZRF regions was
divided by the maximum possible value for this variable according to the formula:
Xij

N; = ey (1)

max(Xj)
j

max(x;)

where x; — the value of the i-th variable in the j-th region, and — the normalizing

(“reference”) value of the variable.

The normalized values of the variables are in the range from 0 to 1, respectively, if the
region of the Russian Arctic has a “reference” value of the variable, then its score for this indicator
is 1, therefore, the region’s lag behind the “reference” value is determined by the value of the
normalized value.

The final value of each variable was found as the arithmetic mean of the normalized
indicators of this variable for the period 2014-2020. The sub-indices values were calculated as the
sum of the final values of the variables.

The final digitalization index for each region of the Russian Arctic (Ipr) is calculated as the
arithmetic average of four sub-indices. The AZRF regions were ranked on the basis of the obtained

value of the final digitalization index.

Results

The level of ICT inflow in the regions of the Russian Arctic can be judged by various ratings
of digitalization of regions. The Yamalo-Nenets Autonomous Okrug is the leader in almost every of

the five ratings reviewed, while the Chukotka Autonomous Okrug is among the outsiders. The
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remaining regions of the Russian Arctic occupy average places.
Table 1
Positions of the Russian Arctic regions in the Russian digitalization ratings
1 2 3 4 5
Leading regions Yamalo- Yamalo- None of the Yamalo- None of the
(top 10 places) Nenets AO Nenets AO AZRF regions | Nenets AO | AZRF regions
. All other All other All other All other .
Mid-level . . . . All regions of
P regions of regions of regions of regions of AZRE
g AZRF AZRF AZRF AZRF
Lagging regions Chukotka Chukotka Chukotka None of the
Chukotka Al .
(last 10 places) AO AO ukotka A AO AZRF regions
where, 1 — Index “Digital Russia” ® (2017-2018), 2 — Rating for the development of the
information society ° (2016-2017), 3 — Rating for the quality of public services in electronic
form ™ (2020), 4 — Digital maturity rating of Russian regions " (2021),5 — Digital maturity
rating of Russian regions in the healthcare sector 2 (2021)

Table 2 shows the average values of the normalized variables and the average value of the
“Digitalization of population” (Slpp) sub-index for the period 2014-2022 in the regions that are
part of the Russian Arctic. In five regions, the Russian Arctic does not include the entire territory,
but only a few municipalities, but due to the lack of statistical data, the analysis was carried out for
the whole region, so they are highlighted in tables 2—5 as a separate block. The Yamalo-Nenets
Autonomous Okrug leads in terms of the “Digitalization of Population” sub-index, lagging behind
only one indicator — share of population not using the Internet for security reasons — from the
Nenets Autonomous Okrug, the Krasnoyarsk Krai and the Chukotka Autonomous Okrug.

Table 2
Average values of normalized variables and values of the sub-index “Digitalization of population" (SIDP) in
the regions of the Russian Arctic for the period 2014-2020

Region [ % | % [ % | X [ X | X | Sl
Included in AZRF throughout the region
Murmansk Oblast 0.89 | 0.88 | 0.70 | 0.66 | 0.37 | 0.97 | 4.47
Nenets Autonomous Okrug 0.86 | 049 | 0.74 | 0.46 | 0.20 | 095 | 3.70
Chukotka 0.98 | 0.88 | 0.57 | 0.28 | 0.05 | 1.00 | 3.75
Yamalo-Nenets Autonomous Okrug 1.00 | 1.00 | 0.92 | 0.99 | 0.23 | 1.00 | 5.14
Included in AZRF by some municipalities of the region

Arkhangelsk Oblast 0.79 | 0.81 | 0.64 | 0.56 | 0.53 | 0.90 | 4.23
Krasnoyarsk Krai 0.81 | 0.82 | 0.40 | 0.67 | 0.24 | 091 | 3.75
Republic of Karelia 0.82 | 0.85 | 0.58 | 0.53 | 0.56 | 0.98 | 4.32
Komi Republic 0.81 | 0.84 | 0.60 | 0.50 | 0.50 | 0.94 | 4.20
Saha Republic 0.82 | 0.84 | 0.46 | 0.48 | 0.34 | 0.96 | 3.89

& Index “Digital Russia”. URL: https://www.skolkovo.ru/researches/indeks-cifrovaya-rossiya/ (accessed 05 May 2022).
? Minkomsvyaz' predstavila reyting informatizatsii regionov-2017 [The Ministry of Telecom and Mass Communications
presented the rating of informatization of regions-2017]. URL: https://d-russia.ru/minkomsvyaz-predstavila-rejting-
informatizatsii-regionov-2017.html (accessed 05 May 2022).

°The rating of regions on the quality of the provision of electronic public services-2020 has been published. URL:
https://d-russia.ru/wp-content/uploads/2021/01/gos_regulirovanie_v_usloviyah_covid19_itogi_2020.pdf.pdf (ac-
cessed 05 May 2022).

" Digital maturity rating of Russian regions. URL:
https://www.tadviser.ru/index.php/CraTtba:Liudposusaumsa_permoHos_Poccum (accessed 05 May 2022).

2 2020: Digital maturity  rating of  Russian regions in  the healthcare  sector. URL:
https:zdrav.expert/index.php/Cratba:PeTUHr_LndpoBoit_3penoctu_pernoHos_Poccuun_B_chepe_3apaBooxpaHeHun
(accessed 05 May 2022).
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During the analyzed period, the digitalization of population increased in all regions, except
for the Yamalo-Nenets Autonomous Okrug, but the largest growth took place in the Murmansk

Oblast and Chukotka Autonomous Okrug (Fig. 1).

7,00
6,00
5,00
4,00
3,00 -
2014 201t 2016 2017 2018 2019 2020
== Arhangelsk Oblast == Krasnoyarsk Krai
=== Murmansk Oblast =>e=Nenets Autonomous Okrug
== Republic of Karelia =@—Komi Republic
—===Saha Republic === Chukotka Autonomous Okrug

Yamalo-Nenets Autonomous Okrug

Fig. 1. Values of the sub-index “Digitalization of population” (SIDP) in the regions of the Russian Arctic in 2014-2020 B,

The population of the Russian Arctic using the Internet has doubled: from 3.3 million
people in 2014 to 6.6 million people in 2020. The share of the population that is active Internet
users is 88.6%, which is higher the all-Russian indicator by 4.5% (Fig. 2).

Share of households
with a computer, %

Share of organizations
using broadband access
to the Internet, %

Share of households
with Internet access, %

- re of the population

that are active Internet
users, %

Number of PCs that had
access to the Internet,
per 100 employees of

organizations
Share of the populatio
that used the Interne
to order goods and (or)
services, %

Share of households
with broadband
Internet access, %

== Artic regions of Russia == Russia

Fig. 2. Indicators of ICT development in the Russian Arctic for 2021 "

B source: calculated by the author.
Y Source: calculated by the author.

Arctic and North. 2023. No. 50



NORTHERN AND ARCTIC SOCIETIES

Lyubov A. Kuratova. Features of Digitalization of the Arctic Regions of Russia 132

In 2020, the population of the AZRF actively used various mobile devices to access the
Internet, in particular tablets, mobile phones and smartphones. The share of households using
personal computers to access the Internet in a number of regions decreased from 8% (Republic of
Sakha) to 36.5% (Komi Republic). The largest decrease in the use of laptops and netbooks to
access the Internet, by 26.8%, was observed in the Republic of Sakha. The number of mobile
broadband Internet subscribers has grown significantly, the largest increase in 2020 compared to
2010 occurred in the Chukotka Autonomous Okrug (by 247%), the Komi Republic (by 189%) and
the Arkhangelsk Oblast (by 165%).

For the period 2014-2020, the Yamalo-Nenets Autonomous Okrug was the leader in terms
of the share of the population that prefers to receive public services via the Internet almost every
year, although the largest increase in this indicator was observed in the Nenets Autonomous
Okrug and the Republic of Sakha. The Republic of Komi, which in 2021 ranked first in the North-
Western Federal District and 11th in Russia in terms of the number of registered users on the
Gosuslugi portal, can also be singled out.

Among all the regions in the sub-index “Digitalization of households” (SIDH), the Yamalo-
Nenets Autonomous Okrug stands out, whose leadership has been confirmed earlier in the
analysis by its high positions in various federal rankings. This region is the leader due to the large
proportion of households that had a personal computer, access to the Internet, including BBA, in
comparison with other regions.

Table 3
Average values of normalized variables and values of the sub-index “Digitalization of households” (SIDH) in
the regions of the Russian Arctic over the period 2014-2020

Region | X | X% | X | X | X | X | Sl
Included in AZRF throughout the region
Murmansk Oblast 0.93 0.89 091 | 046 | 0.81 | 0.86 | 4.85
Nenets Autonomous Okrug 0.82 0.75 0.67 | 0.10 | 0.80 | 0.80 | 3.93
Chukotka 0.94 0.89 0.48 | 0.51 | 0.88 | 0.75 | 4.45
Yamalo-Nenets Autonomous Okrug 1.04 1.00 1.00 | 0.49 | 0.88 | 0.88 | 5.29
Included in AZRF by some municipalities of the region

Arkhangelsk Oblast 0.85 0.80 0.80 | 0.38 | 0.52 | 0.82 | 4.17
Krasnoyarsk Krai 0.79 0.76 0.72 | 0.16 | 0.51 | 0.83 | 3.77
Republic of Karelia 0.83 0.81 0.82 | 047 | 0.50 | 0.80 | 4.24
Komi Republic 0.86 0.83 0.86 | 0.23 | 0.48 | 0.80 | 4.07
Saha Republic 0.75 0.86 0.76 | 0.13 | 0.33 | 1.00 | 3.83

Over the entire period analyzed, in almost all the regions included in the AZRF, the most

active digitalization of households was observed during 2016—-2018 (Fig. 3).
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Fig. 3. Values of the sub-index “Digitalization of households” (SIDH) in the regions of the Russian Arctic in 2014-2020"

While in 2010 the average number of personal computers in the AZRF regions was 88 PC
per 100 households, in 2020 it reached an average ratio of 140 computers per 100 households, for
Russia as a whole — 129 computers per 100 households.

Since 2010, the density of fixed communication in the Russian Arctic has been decreasing,
while the density of cellular communication was actively growing until 2015. While in 2004, there
were from 4 (Chukotka Autonomous Okrug) to 123 (Nenets Autonomous Okrug) mobile phones
per 100 households, in 2020 there were 213 (Chukotka AO) to 302 (Sakha Republic) mobile phones
per 100 households.

Despite such technological changes, the share of households with broadband access to the
Internet in most regions of the AZRF does not reach the Russian average, although the overall
share of households with BBA to the Internet in the AZRF is above 4.6% compared to the Russian
Federation. Broadband access to the Internet provides higher connection speeds and, accordingly,
more opportunities. This indicator in 2020 was lower than the all-Russian one in Chukotka
Autonomous Okrug by 30.7 p.p., in Krasnoyarsk Krai — by 6.9 p.p., in Nenets Autonomous Okrug
— by 4.5 p.p., in Arkhangelsk Oblast — by 1.6 p.p., in Republic of Karelia — by 0.5 p.p.

The main reasons for the limitations of the digitalization of the regions’ infrastructure in
the Arctic are the geographical factor and the concentration of potential consumers in cities. In
the AZRF regions, the share of urban residents in the total population ranges from 68% (Sakha
Republic) to 92% (Murmansk Oblast). The number of federal or regional organizations is also many
times greater in cities. Difficult geographical terrain and harsh climatic conditions mean that

mobile operators and Internet providers need large capital expenses to build communication

> Source: calculated by the author.
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facilities in rural and hard-to-reach areas, and the economic efficiency of operations in such
settlements is low. Therefore, the lower the population density, the lower the level of competition
among operators and the less clear the signal. There are also rural localities with no mobile phone
or Internet coverage at all. In the total number of settlements in the AZRF regions, such
settlements account for 36.9%. maps of mobile network coverage in Sakha Republic with 2G
network coverage by major Russian mobile operators Beeline, Megafon, MTS, Tele2, Yota (Fig. 4a)

and 4G coverage (Fig. 4b) marked in color.

(b)

Fig. 4. Mobile coverage area in Sakha Republic in July 2022 — 2G network (a) and 4G network (b) 1

The maps show that 4G networks are available in a smaller area than 2G networks. 4G
networks allow for faster data transfer speeds (up to 100 Mbps), which means that consumers will
be able to use various public and social services online. For example, in a number of regions, the
rural population is less likely to use the Internet to order goods, works, and services. In the

Chukotka Autonomous Okrug, the rural population using the Internet to order goods accounts for

!¢ Source: Yota coverage map. URL: https://yota-faq.ru/yota-zone-map/ (accessed 05 September 2022).
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only 6% of the total population (Fig. 5).
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Fig. 5. The share of population using the Internet to order goods, works, services in the regions of the Russian Arctic in
2020 .

At the same time, even in urban settlements of the Russian Arctic, there are a number of
restrictions on information and communication services. The urban settlements of the Russian
Arctic were divided into groups. The number of urban settlements covered by 4G, 3G and 2G
networks, as well as the number of mobile operators providing services in each city were
determined using a cellular coverage map. Data from the largest mobile operators in the Russian
Federation — Beeline, Megafon, MTS, Tele2, Yota — were analyzed. The analysis shows that there
are limitations to the availability of mobile phones in small urban areas: while four operators
provide 2G network in 79 out of 82 urban areas of the AZRF, 3G networks are not available in 17
towns and 23 small urban areas, with an average of three operators providing mobile phone
services in small towns. In the urban settlements of the Russian Arctic with a population of more
than 50 thousand people, there is no differentiation in access to information and communication
services by the number of service providers and coverage by networks of different generations.

It can be argued that the current configuration of information and communication
networks contributes to the development of digital inequality in the regions of the Russian Arctic,
and the high level of digitalization is largely due to urbanization.

It should be noted that this problem is solved at the federal level. Since March 2014,

Rostelecom has been obliged *® to provide universal communication services and public Wi-Fi

7 source: calculated by the author.

¥ 0 vozlozhenii na OAO «Rostelekom» obyazannosti po okazaniyu universal'nykh uslug svyazi na vsey territorii Ros-
siyskoy Federatsii: rasporyazhenie Pravitel'stva Rossiyskoy Federatsii ot 26 marta 2014 g. Ne 437-r [On imposing obli-
gations on OJSC Rostelecom to provide universal communication services throughout the entire territory of the Rus-
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access point with a data transfer rate of at least 10 Mbps in settlements with a population of 250
to 500 people. From 2021, according to the second stage, Rostelecom is to connect settlements
with a population of 100 to 250 people to high-speed Internet and provide residents of
settlements with a population of 100 to 500 people with mobile communications. At the same
time, all base stations assume the availability of communication and 4G mobile Internet.
Femtocells are installed in remote small settlements with up to 100 people. However, residents
note that the signal reception from femtocells is low — 100-150 meters, there is a partial coverage
of the signal, signal indoors weakens significantly or is lost completely 19, Monitoring by activists of
the All-Russian People’s Front in 2021 in a number of areas of the Komi Republic revealed that in
most villages people were not connected to the Internet because they did not know about this
possibility or due to faulty equipment 2 Ina significant part of the territory of the Komi Repubilic,
there is no Internet coverage or its speed does not allow using Internet resources .

The Komi Republic and the Yamalo-Nenets Autonomous Okrug are leaders in the sub-index
“Digitalization of government activities” (Table 4).

Table 4
Average values of normalized variables and values of the sub-index “Digitalization of government activities”
(Slps) in the regions of the Russian Arctic for the period 2014-2020

Region X | X | Xs | X | Xs | X6 | Slog

Included in AZRF throughout the region
Murmansk Oblast 0,94 0,93 0,77 | 0,86 | 0,40 | 0,79 | 4,69
Nenets Autonomous Okrug 0,98 0,92 0,54 | 0,50 | 0,63 | 0,70 | 4,27
Chukotka 0,97 0,85 0,27 | 0,41 | 0,55 | 0,54 | 3,59

Yamalo-Nenets Autonomous Okrug 0,98 0,95 0,69 | 097 | 0,50 | 0,91 | 5,00
Included in AZRF by some municipalities of the region

Arkhangelsk Oblast 0,98 0,92 0,66 | 057|044 | 0,79 | 4,35
Krasnoyarsk Krai 0,97 0,88 0,61 | 0,41 | 0,75 | 0,95 | 4,59
Republic of Karelia 0,99 0,96 0,84 | 057 | 0,552 | 0,81 | 4,70
Komi Republic 1,00 0,99 090 | 0,72 | 0,62 | 0,85 | 5,07
Saha Republic 0,97 0,77 0,51 | 0,56 | 0,62 | 0,84 | 4,26

Almost all regions demonstrated an increase in the values of this sub-index during 2015—
2017. In all regions, except for the Krasnoyarsk Krai and the Republic of Sakha, the share of the
population experiencing problems in obtaining state and municipal services via the Internet has

decreased in 2021 compared to 2014.

sian Federation: Decree of the Government of the Russian Federation dated March 26, 2014 No. 437-r]. URL:
http://static.government.ru/media/files/41d4cd0bd84a277c3c35.pdf (accessed 27 May 2022).

¥ Mikhail Poryadin otvetil na pretenzii zhiteley Komi k kachestvu svyazi v otdalennykh poseleniyakh [Mikhail Poryadin
responded to the claims of Komi residents to the quality of communication in remote settlements]. URL:
https://www.bnkomi.ru/data/news/56680/ (accessed 11 May 2022).

%% Chereneva V. V Komi vyberut sela dlya provedeniya internet [Villages to be selected for internet connection in Komi]
// Rossiyskaya gazeta — Nedelya — Severo-Zapad Ne 255(8606) [Rossiyskaya Gazeta — Nedelya — North-West No.
255 (8606)]. 2021. URL: https://rg.ru/2021/11/10/reg-szfo/v-komi-vyberut-sela-dlia-provedeniia-interneta.html (ac-
cessed 11 May 2022).

2V Komi analizy na antitela sdelayut besplatnymi [In Komi, antibody tests will be free of charge]. URL:
https://rg.ru/2021/11/22/reg-szfo/v-komi-analizy-na-antitela-sdelaiut-besplatnymi.html (accessed 11 May 2022).
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Fig. 6. Values of the sub-index “Digitalization of government activities” (Slpg) in the regions of the Russian Arctic in 2014—
2020 %,

Organizations in the Republic of Karelia, Murmansk Oblast and Krasnoyarsk Krai were the
most digitalized, as evidenced by the average values of the sub-indices “Digitalization of
organizations” (Slpo).

Table 5
Average values of normalized variables and values of the sub-index “Digitalization of organizations” (Slpe)
and the Digitalization Index (Ipg) in the regions of the Russian Arctic for the period 2014-2020

Region I % | % | %X | X [ X | X | Slo | lor
Included in AZRF throughout the region
Murmansk Oblast 0,86 | 087 | 098 | 093 | 086 | 0,87 | 537 4,85
Nenets AO 0,77 | 0,86 | 0,94 | 0,85 0,93 0,68 | 5,04 4,24
Chukotka 0,86 | 0,79 | 0,87 0,80 | 0,92 | 0,83 5,07 4,22
Yamalo-Nenets AO 0,71 | 0,74 | 0,95 0,86 | 0,96 | 0,68 | 4,89 5,08
Included in AZRF by some municipalities of the region
Arkhangelsk Oblast 0,83 0,74 | 0,91 0,79 | 0,80 | 0,81 | 4,88 4,40
Krasnoyarsk Krai 0,85 0,90 0,91 0,84 0,80 0,86 5,17 4,32
Republic of Karelia 1,00 1,00 | 098 | 0,97 | 0,89 1,00 | 584 4,77
Komi Republic 0,84 | 0,82 0,9 | 0,80 | 0,80 | 0,83 5,05 4,60
Saha Republic 081 | 089 | 0,76 | 0,68 | 0,83 0,76 | 4,74 4,18

In 2020, compared to 2014, the digitalization of organizations increased in all regions,
except for the Nenets Autonomous Okrug and the Republic of Karelia (Fig. 7), where the share of
organizations using the Internet to place orders for goods, works, and services decreased. In
addition, the number of personal computers in organizations decreased in the Nenets
Autonomous Okrug, while the share of organizations with a website declined in the Republic of
Karelia. The number of personal computers with Internet access in the organizations of Russian

Arctic is 8% lower compared to the all-Russian indicator (Fig. 2).

?? Source: calculated by the author.
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Fig. 7. Values of the sub-index “Digitalization of organizations” (Slpo) in the regions of the Russian Arctic in 2014-2020 2,
The most digitalized regions of the Russian Arctic for the period 2014-2020 were the
Yamalo-Nenets Autonomous Okrug, the Murmansk Oblast, the Republic of Karelia and the
Republic of Komi (Table 5, Fig. 8).
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Fig. 8. Values of the Digitalization Index (Ipr) in the regions of the Russian Arctic in 2014—2020 )
At the same time, if we analyze the annual “Rating of ICT costs of regions” % in 2021, the

Yamalo-Nenets Autonomous Okrug was in the seventh place among all regions of Russia in terms

2 Source: calculated by the author.

** Source: calculated by the author.

» CNews: Rating of ICT costs of regions 2021. URL:
https://www.cnews.ru/tables/57cb8824909eb971407392b0a36bf75211b38123 (accessed 11 May 2022).
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of ICT spending; the Republic of Sakha was in the ninth place. Other AZRF regions rank twenty-
fourth place and below (Fig. 9). If ICT spending is ranked on a per capita basis, the Nenets
Autonomous Okrug and the Yamalo-Nenets Autonomous Okrug would be in first and second
place, respectively. All regions of the Russian Arctic in the ranking of ICT spending per capita

improved their positions from 1 to 66 points, except for the Krasnoyarsk Krai (Fig. 9).

Nenets Autonomous Okrug: I I Krasnoyarsk Krai,
422 million rubles(67 place) 514 rubles (61 place)

Chukotka Autonomous Okrug; | Republic of Karelia,
464 million rubles(61 place) 914 rubles (34 place)
Republic of Karelia; I l Arhangelsk Oblast,

549 million rubles (56 place)

Murmansk Oblast;
1019 million rubles (37 place)

1221 rubles(25 place)

I . Murmansk Oblast,
1274 rubles (21 place)

Arhangelsk Oblast; . . Komi Rebublic,
1343 million rubles (31 place) 2008 rubles{11 place)

Krasnoyarsk Krai; Saha Republi:
publis,
1492 million rubles(27 place) . - 3348 rubles (8 place)

Komi Republic; Saint-Petershurg
1607 million rubles{24 place) . - 4068 rubles (6 place)

Chukotka Autonomous Okrug,

Saha Republic;
illi - - 4635 rubles (4 place)

3348 million rubles {9 place)

Moscow

Yamalo-Nenets Autonomous Okrug; ’
3626 million rubles (7 place) I 6153 rubles (3 place)

amalo-Nenets Autonomous Okrug,

Saint-Petersburg; 21558 million i
_ 7252 rubles (2 place)

Moscow; 76300 million rubles rubles (2 plact)
(1 place) Nenets Autonomous Okrug,

oo N 10550 rubles (1 place)

m Region's ICT Spending, million rubles, 2021 W ICT spending per capita, rubles, 2021

Fig. 9. Expenditure on ICT in absolute terms and per capita in the regions of the Russian Arctic, Moscow and St.
Petersburg in 2021 2

In 2021, only 24 regions of the Russian Federation had a positive increase in ICT spending,
including 5 regions of the Russian Arctic. The leader among all regions of the Russian Federation
and the regions of the Russian Arctic in terms of growth in spending on ICT is the Republic of Komi
(+99.6%). The seventh place among all Russian regions and the second place among regions of

AZRF is occupied by the Yamalo-Nenets Autonomous Okrug (Fig. 10).

?® Source: calculated by the author.
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Fig. 10. Growth rate of ICT spending in the regions of the Russian Arctic in 2021 7

Discussion

The lack of publicly available statistics for individual municipalities makes it difficult to
analyze the digitalization of the Arctic regions. It is possible that the level of digitalization in five of
the nine regions of the Russian Arctic may even be lower than that obtained in the analysis, since
the calculations were influenced by the indicators of more southern regions, which are
presumably higher than in the regions included in the Russian Arctic. More objective studies
require statistical data by municipalities included in the Russian Arctic. Based on the analysis, high
ICT costs per capita in the regions of the Russian Arctic do not always lead to high digitalization of
the region, as is the case with the Chukotka Autonomous Okrug. This may be due to some
problems in the economy of a particular region, which do not allow efficient use of investments in
the development of ICT. Subsequent studies should be directed to more detailed research of the

causes of this phenomenon.

Conclusion
It can be stated that during the analyzed period, the regions of the Russian Arctic have
undergone technological changes: on average, one household has 2—-3 mobile phones and one
personal computer. In addition to computers, the population of the Russian Arctic actively uses
other devices to access the Internet, in particular tablets, laptops and netbooks. However, the
share of households with broadband access to the Internet does not reach the average Russian

level in five of the nine regions of the Russian Arctic. This forces the population to use mobile

?” Source: calculated by the author.
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broadband access to the Internet. Even with an increase in the number of people using public
services online, only the Yamalo-Nenets Autonomous Okrug has a higher rate than the national
average, and the population of the Russian Arctic ordering goods, works, and services via the
Internet is lower than the average for Russia in five regions of the Russian Arctic. The main
limitations of infrastructure digitalization in the Arctic regions arise under the influence of the
geographical factor (difficult terrain, harsh climate) and the concentration of potential consumers
in cities. Even in small urban settlements there are restrictions on the availability of mobile
communications. Remote rural settlements are characterized by a low communication signal, low
speed of Internet access, faulty equipment, and lack of knowledge among the population about
the available technical capabilities. The widening gap in the development of digitalization in urban
and rural areas in the regions of the Russian Arctic will lead to the fact that more and more factors
of production will move from less digitalized areas to more digitalized ones.

Rather low levels of digitalization of the population and households are observed in the
Nenets Autonomous Okrug, Chukotka Autonomous Okrug, as well as in the Republic of Sakha. Due
to the social importance of digital infrastructure in the AZRF space, the main role in increasing the
level of digitalization of these regions remains with the state: in the form of preferential loans and
subsidies for telecommunications operators, ensuring equal access to digital infrastructure not
only in urban, but also the countryside. The main attention should be paid to the development of
newer generations of information and communication types of communication. In the Chukotka
Autonomous Okrug, due to the low data transfer rate and the low share of electronic document
management, the digitalization of the activities of the authorities is weak, which means that
measures are required to further digitalize the activities of the regional authorities. The Yamalo-
Nenets Autonomous Okrug, the Arkhangelsk Oblast and the Republic of Sakha have the lowest
rates of digitalization of organizations, which makes it relevant to support entrepreneurial
initiatives aimed at developing digital technologies and encouraging organizations to introduce
digital technologies. The methodology presented in the article is based on publicly available
statistical data and can be used for territories of various levels when conducting retrospective
analysis and strategic forecasting procedures. The practical significance of the study lies in the fact
that the methodology can be in demand when assessing the digitalization of the space of the
region by regional and municipal authorities when developing a strategy for socio-economic
development and programs for the digitalization of regions, and its results can be used as the basis
for teaching materials in the framework of higher education institutions. The prospects for further
research are determined by a deeper analysis of the degree of influence of variables on the level
of digitalization of the Russian Arctic regions and the formation of relevant proposals and
recommendations for adapting digitalization processes, taking into account current exacerbations

of the international situation.
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