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Abstract. The article considers “digital twins” of the population as a tool for socio-demographic research
and territorial management. The experience of creating digital twins of the population and interactive web-
sites devoted to demographic issues is systematized. A methodology for creating a digital twin of the Arctic
population is proposed, based on three methodological principles: consideration of the hierarchy of territo-
ries, spatial representation of data, and combining demographic statistics with new digital data sources.
The author has developed the Digital twin of the Arctic population — an interactive website (dashboard)
containing detailed data on the Arctic population, including municipal and settlement levels. It includes
demographic statistics, census results and data from digital platforms. The Digital twin of the Arctic popula-
tion covers such issues as the size, dynamics and composition of the population, resettlement, natural and
migration movement, labor and employment, transport movements, science and education, and the im-
pact of the pandemic on demographic processes. Tools of ranking, multivariate analysis, clustering and
forecasting of indicator values are implemented for researchers. From the viewpoint of state and municipal
management, the main interest is the demographic profiles of regions and territories, reflecting up-to-date
information about the demographic situation. Using the Digital twin of the Arctic population, the author
draws conclusions about the spatial patterns of the demographic development of the Russian Arctic.
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Introduction
In the modern world, digital technologies have a great impact on all spheres of people’s
lives [1, Lundgren A., Randall L., Norlén G. et al., p. 52]. Due to their high remoteness and urbani-
zation, the Arctic territories are leaders in terms of Internet penetration and use of digital tech-
nologies [2, Smirnov A.V., p. 260]. Today, public and private information systems accumulate a
huge amount of information about the population [3, Kitchin R., p. 62], which can be used in scien-
tific research and public administration. However, with regard to the Russian Arctic, this infor-

mation is scattered, fragmentary, and requires systematization and processing [4, Dmitrieva T.E.,
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Chuprova I.A.]. One approach to solving the problem could be the creation of a digital twin of the
population — a detailed electronic profile that reflects the characteristics of the Arctic population
and allows to analyze them without the use of additional tools.

The object of the study is the population of the Russian and global Arctic. The purpose of
the article is to develop and test an interactive web application “Digital twin of the Arctic popula-
tion”. The first part of the article is devoted to a review of existing experience in creating digital
twins of the population and interactive websites containing detailed demographic data. The se-
cond part proposes a methodology for creating a digital twin of the Arctic population, based on
three methodological principles: consideration of the hierarchy of territories, spatial representa-
tion of data, and combining demographic statistics with new digital data sources. The third part of
the article is devoted to a description of the capabilities of the “Digital twin of the Arctic popula-
tion” created as part of the study *. The work draws some conclusions about the socio-demographic

problems of the Russian Arctic and presents detailed demographic profiles of the Arctic territories.

Digital twins of the population and demographic dashboards

A digital twin is an evolving digital profile of the historical, current and future behavior of a
physical object or process that helps optimize management efficiency 2. The term is most often
applied to physical systems and processes. For example, there is a “Digital twin of Northern deliv-
ery”, developed at the Eastern Center for State Planning. This is an information system for opti-
mizing the cost, timing and logistics of delivering vital cargo to hard-to-reach areas of the Far East-
ern Federal District and the Arctic zone of the Russian Federation . Recently, the term “digital
twin” has also been applied to social systems.

The “digital twin” of the population characterizes the population of countries, regions, cit-
ies or areas, considers the population through the prism of academic research, business or public
administration using big geospatial data, spatial analysis methods, data science, artificial intelli-
gence *. An example of a digital twin of a population is the QUANT model developed at the Alan
Turing Institute. It models urban development, including demographics, location of jobs and
transport interactions in the UK [5, Batty M., Milton R.]. The model was created to support man-
agement decision-making, including during epidemics.

Technically, “digital twins” of the population are most often created in the form of interac-
tive web applications — dashboards. The use of charts, tables, cartograms, and infographics in
combination with various control elements allows analyzing data in various ways and arranging

them [6, Wickham H.]. Dashboard is a working tool for specialists, allowing getting the necessary

! Digital twin of the Arctic population. URL: https://digital-arctic.ru/ (accessed 01 March 2023).

? Industry 4.0 and the digital twin. Deloitte. URL: https://www?2.deloitte.com/us/en/insights/focus/industry-4-
0/digital-twin-technology-smart-factory.html (accessed 01 March 2023).

3 Digital twin of Northern delivery. Eastern Center for State Planning. URL: https://vostokgosplan.ru/projects/cifrovoj-
dvojnik-severnogo-zavoza/ (accessed 01 March 2023).

* Birkin M. Demographic Twins for ‘What if?’ Scenario Planning. URL: https://digitaltwinhub.co.uk/media/dt-talks-
2/demographic-twins-for-%E2%80%98what-if%E2%80%99-scenario-planning-r18/ (accessed 01 March 2023).
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data in a convenient form. In public administration, dashboards of cities and regions are aimed at
increasing the security, transparency and accountability of government activities [7, Matheus R.,
Janssen M., Maheshwari D.], as well as improving the quality and validity of decisions made [8,
Nochta T., Wan L., Schooling J.M., Parlikad A.K.].

Some of the most detailed demographic dashboards include interactive maps of the 2021
UK Census . The maps allow visualization of data on demography, education, health, housing
conditions and employment in England and Wales, not only at the level of districts and settle-
ments, but also for individual statistical observation areas consisting of just a few houses. The
population of almost every of the 189.000 sites ranges from 100 to 625 people, providing users
with highly detailed data. The City Population website ® created by Thomas Brinkhoff, a professor
at the Institute for Applied Photogrammetry and Geoinformatics in Oldenburg, contains regularly
updated dashboards about the population of cities and territories around the world.

Another area of application of demographic dashboards is demonstration of modelling and
forecasting results. For example, the Austrian Wittgenstein Center for Demography and Global
Human Capital has developed a dashboard ’ that allows forecasting the dynamics and educational
composition of the world’s population up to 2100 under five forecast scenarios. Gender and age
pyramids with details by education levels and cartograms are available [9, Lutz W., Goujon A., K.C.
S., Stonawski M., Stilianakis N.].

In Russia, interactive demographic databases containing some elements of dashboards (for
example, the ability to build graphs) include the Unified Interdepartmental Information and Statis-
tical System 2 and the Demoscope Weekly website application ®. The Bl-portal of Rosstat, where it
is planned to publish the results of population censuses in the future, has a wider functionality 10

including the construction of maps. The project “Virtual population of Russia” **

is an interesting
project, which is a kind of digital census of the population of Russia [10, Zamyatina N.Yu., Yashun-
skiy A.D.]. On the basis of the data from the profiles of users of the social network VKontakte, the
authors reflected information about gender and age composition, popular names, education, mi-
gration and friendship networks in the interactive atlas at the regional and municipal levels.
Demographic dashboards were most developed during the COVID-19 pandemic, when the
rapidity of information dissemination was particularly valued. In the early months of the pandem-

ic, media attention around the world was focused on the Johns Hopkins University dashboard 12

> Census maps. Office for National Statistics. URL: https://www.ons.gov.uk/census/maps (accessed 01 March 2023).

® City Population. URL: https://www.citypopulation.de/ (accessed 01 March 2023).

7 Wittgenstein Centre Human Capital Graphic Explorer. URL: http://dataexplorer.wittgensteincentre.org/wcde-v2/
(accessed 01 March 2023).

8 EMISS. URL: https://www.fedstat.ru/ (accessed 01 March 2023).

° Demoscope Weekly. Application. URL: http://www.demoscope.ru/weekly/pril.php (accessed 01 March 2023).

1 Bl-portal. Rosstat. URL: http://bi.gks.ru/biportal/contourbi.jsp?allsol=1&solution=Dashboard (accessed 01 March
2023).

! Virtual population of Russia. URL: http://webcensus.ru/ (accessed 01 March 2023).

2 coVID-19 Dashboard by the Center for Systems Science and Engineering at Johns Hopkins University. URL:
https://coronavirus.jhu.edu/map.html (accessed 01 March 2023).

Arctic and North. 2023. No. 53


https://www.ons.gov.uk/census/maps
https://www.citypopulation.de/
http://dataexplorer.wittgensteincentre.org/wcde-v2/
https://www.fedstat.ru/
http://www.demoscope.ru/weekly/pril.php
http://bi.gks.ru/biportal/contourbi.jsp?allsol=1&solution=Dashboard
http://webcensus.ru/
https://coronavirus.jhu.edu/map.html

NORTHERN AND ARCTIC SOCIETIES

Andrey V. Smirnov. “Digital Twin” of the Arctic Population ... e

which published data on infections and deaths by country. Subsequently, dashboards with more
detailed data were developed. For example, Edward Parker from the London School of Hygiene
and Tropical Medicine developed a dashboard * that reflects other major epidemics of the 21st
century: SARS-2003, HIN1-2009, Ebola-2014. At the University of Northern lowa, dashboards on
the ArcGIS platform were developed [11, Petrov A.N., Welford M., Golosov N. et al.] on infections
and deaths from coronavirus in Arctic countries and regions. In Russia, the Yandex dashboard is
the most famous **, where data is presented at the level of countries and constituent entities of
the Russian Federation. In addition to infections and deaths, it published data on compliance with
self-isolation in Russian cities and on the popularity of search queries related to coronavirus. Sta-
tistics on search queries about coronavirus treatment, loss of smell, or calling an ambulance can
be used to predict outbreaks of infections [12, Ahmad I., Flanagan R., Staller K.].

Despite the extensive experience in creating demographic dashboards, there are no exam-
ples of sufficiently developed solutions covering various aspects of demographic development in
the Arctic.

Methods and data

Three methodological principles were used to develop the “Digital twin of the Arctic popu-
lation”.

Firstly, the hierarchy of territories was taken into account. The Arctic zone of the Russian
Federation consists of territories of different levels: municipalities, constituent entities of the Rus-
sian Federation, macro-level (AZRF as a whole). Five constituent entities of the Russian Federation
and one municipality (Evenki district) are partly included in the Arctic zone, which complicates the
formation of a uniform information base. Therefore, almost all statistics were collected at the local
municipal level and then aggregated to higher levels. This approach is consistent with the princi-
ples of Arctic space development. “Regional and zonal development is assembled from the “at-
oms” of local development. “Big” development of megaprojects and federal development routes
can only be successful when relying on “small” development, on development “from below”
through the efforts of local communities and entrepreneurs” [13, Zamyatina N.Yu., Pilyasov A.N.,
p. 17]. At the municipal level, it was possible to collect statistics on more than 50 indicators char-
acterizing the size and composition of the population, natural and migration movements, em-
ployment and economic activity, education and quality of life.

Secondly, all data has a spatial representation. This is important because almost all aspects
of life in the Arctic depend on the remoteness from the main centers of settlement. These pat-
terns are best demonstrated by the “Atlas of population, society and economy in the Arctic” [14,

Jungsberg L., Turunen E., Heleniak T. et al.]. A key role in the “Digital twin of the Arctic population”

B CoVID-19 tracker by Edward Parker. URL: https://shiny.rstudio.com/gallery/covid19-tracker.html (accessed 01
March 2023).
" Coronavirus: dashboard. Yandex Datalens. URL: https://datalens.yandex/707is1g6ikh23?tab=X1 (accessed 01
March 2023).
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is also given to cartographic materials: each region or district is represented by its borders on
schematic maps. Settlements are shown as points with their coordinates. The Albers equal-area
conic projection was used in the cartograms, centered at a point with coordinates (71°N, 107°E) in
the north of the Krasnoyarsk Krai. This projection is convenient for depicting territories elongated
in the latitudinal direction, like the Arctic zone. The dashboard reflects not only geographical, but
also social space. In graph visualizations of migration networks, territories are closer to each other
the greater the number of people who have moved between them.

Thirdly, traditional and new data sources that emerged due to digital transformation were
combined — digital traces. Digital traces are understood as the results of social interaction using
digital tools and spaces, as well as digital records of other culturally significant materials [15,
Cesare N., Lee H., McCormick T., Spiro E., Zagheni E., p. 1980; 16, Smirnov A.V., p. 60]. They allow
obtaining more detailed and timely data on demographic processes. The main sources of tradi-
tional statistical data of the “Digital twin of the Arctic population” were the Database of indicators
of municipal entities of Rosstat >and the results of population censuses of 1939-2021. Among
the new digital sources used, there were the data from the above-mentioned project “Virtual
population of Russia” (migration), the ticket sales service Tutu.ru *® (movement of people by trains
and planes, the number of flight passengers restored to 100%), Yandex (morbidity, mortality, self-
isolation and search queries during the pandemic), the Research data infrastructure project *’ (set-
tlement). These data complement traditional statistics and reveal various aspects of demographic
problems.

All datasets are in an organized format. The ordered or tidy data format is organized in
such a way that each variable has its own column of a certain type, each observation has its own
row, each value has its own cell, and each observation type has its own table [17, Wickham H., p.
10]. Columns of the same table are of equal size, but may contain missing values. Reducing data to
this format provides a uniform approach to accessing data. For example, it allows representing any
marker on a graph or map as a separate independent row, which simplifies the definition of color,
size and other attributes of data points [18, Dabbas E.]. In our case, each row represents a combi-
nation of territory and year (for example, the urban district of Arkhangelsk in 2019). Each variable
corresponds to exactly one column (population, number of births, migration growth, etc.).

The “Digital twin of the Arctic population” dashboard has client-server browser architec-
ture. The main technologies used are shown in the diagram (Fig. 1). First of all, this is the Dash
web framework in the Python programming language. Most of the graphs and cartograms were
created using the Plotly software, and the migration network visualizations were created using Cy-

toscape. The scikit-learn, NumPy and pandas software packages were used for clustering and fore-

> Database of indicators of municipalities. Rosstat. URL: https://rosstat.gov.ru/storage/mediabank/Munst.htm (ac-
cessed 01 March 2023).

® Tutu.ru dataset and Open Data Science model data. https://story.tutu.ru/dataset-tutu-ru-i-dannye-modeli-open-
data-science/ (accessed 01 March 2023).

7 Research data infrastructure. URL: https://www.data-in.ru/data-catalog/ (accessed 01 March 2023).
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casting; NetworkX was used to analyze network data structures; GeoPy was used to analyze spatial
data. User interaction with the dashboard is carried out through the Nginx web server and the
Gunicorn WSGI server. The source code and data files are publicly available in the project reposi-
tory on GitHub 18

O | Request >
NGiINX 2 8unicon B protiy | pash

Web server WSGI server Web framework Python program
(app layout)
User < Response |
(web browser) F A N i
| I

Territory Main page Maps, graphs Database
profiles and controls (tidy data

(85 pages) and geodata)

Fig. 1. Architecture of the dashboard “Digital twin of the Arctic population”.

Application of the “Digital twin of the Arctic population”

Let us consider some of the problems that can be solved using the developed toolkit. The
dashboard allows us to determine the spatial boundaries of socio-demographic problems at a cer-
tain point in time, that is, to perform problem zoning of the Arctic [19, Lazhentsev, V.N., p. 40].
Table 1 presents the most and least prosperous territories according to some socio-demographic
indicators for 2019-2021. For most indicators (fertility, mortality, migration, demographic burden,
wages, production volume), the best values are demonstrated by the territories of new develop-
ment in the Asian part of the Arctic. The situation is not so clear with the worst values. In terms of
some indicators, the outsiders are rural areas and cities of old development of the European part
of the Arctic (birth rate, gender and age composition, wages), and in others — some Asian territo-
ries (mortality, migration within the region). The COVID-19 pandemic had the least impact on mor-
tality in remote and isolated areas. The only indicator in which the largest cities of the European

part of the Arctic (Arkhangelsk and Murmansk) are leading is the share of students in the popula-

tion.
Table 1
Leading and outsider territories by socio-demographic indicators, 2019-2021 *°
Index Best values Worst values
MD Yamalskiy, CD Inta,
Special fertility rate MA Olenekskiy, CD Arkhangelsk,
MA Chukotskiy CD Anadyr
CD Gubkinskiy, MA Chukotskiy,
Standardized mortality rate MO Nadymskiy, MA Zhiganskiy,
CD Novyy Urengoy CD Providenskiy

' Digital Arctic. GitHub. URL: https://github.com/av-smirnov/digital-arctic (accessed 01 March 2023).
¥ Source: Digital Twin of the Arctic Population. URL: https://digital-arctic.ru/ (accessed 01 March 2023).
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CATU Ostrovnoy, MA Abyyskiy,
Excess mortality during the pandemic MA Krasnoselkupskiy, MA Belomorskiy,
MA Ust-Tsilemskiy MA Kemskiy
CD Egvekinot, MA Chukotskiy,
Intraregional migration growth rate MA Primorskiy, MA Srednekolymskiy,
CD Naryan-Mar MA Krasnoselkupskiy
CD Pevek, CD Anadyr,
Interregional migration growth rate MA Anadyrskiy, CD Vorkuta,
MD Nadymskiy CD Usinsk
CD Pevek, CD Gubkinskiy,
International migration growth rate MA Bilibinskiy, MD Priuralskiy,
MA Anadyrskiy MA Lovozerskiy
Sex ratio (population equality is con- MA Srednekolymskiy, CD Pevek,
sidered optimal) MA Verkhoyanskiy, CD Novodvinsk,
MA Anabarskiy CD Arkhangelsk
CD Norilsk, MA Leshukonskiy,
General demographic load CD Anadyr, MA Mezenskiy,

CD Gubkinskiy

MA Loukhskiy

Ratio of wages to the cost of a set of
goods and services

MD Nadymskiy,
CD Norilsk,
CD Novyy Urengoy

MA Onezhskiy,
MA Kalevalskiy,
MA Lovozerskiy

Goods shipped, work and services per-

MD Yamalskiy,

MA Leshukonskiy,

vocational education institutions per
1000 inhabitants

CD Salekhard
CD Murmansk

formed per person MD Tazovskiy, MA Kalevalskiy,
Perp MA Turukhanskiy MA Ust-Tsilemskiy
Number of students of universities and CD Arkhangelsk

33 municipalities have
no HE and VE institutions

A more detailed idea of the spatial differentiation of territories for each of the considered indi-
cators can be obtained by constructing the corresponding cartograms (Fig. 2a). The dashboard auto-
matically ranks all territories according to the selected indicator for the selected year. A multivariate
analysis tool has been developed to identify patterns between various indicators. It allows, based on a
bubble chart, to compare Arctic territories simultaneously by four variables: the value of the first is re-
flected along the X-axis, the second — along the Y-axis, the third — through the size of the circle, and
the fourth — through its color (Fig. 2b). The tool allows identifying a variety of patterns by combining

variables, using logarithmic scales and trend lines. For more detailed analysis by external tools, data

files can be downloaded from the project repository.
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Fig. 2. Some elements of the dashboard: a) zoning by indicator; b) multivariate analysis; c) dynamics of search queries
about the pandemic; d) the largest flows of the migration network; e) ranking of countries by birth rate; f) map of the
global Arctic settlement .

The dashboard provides for clustering of territories, including multivariate clustering, using
the k-means method; predicting indicator values; analyzing the settlement system, e.g., estimating
the population size within a certain radius of a settlement; visualizing time series of pandemic in-
dicators (Fig. 2c), including the dynamics of search queries and the self-isolation index [2, Smirnov
A.V.]; study migration networks [20, Danchev V., Porter M.A.] (Fig. 2d) and transport passenger
flows in the Arctic [16, Smirnov A.V.]; analyzing the indicators of scientific and educational organiza-
tions located within the Arctic zone. Special attention in the “digital twin” is paid to the global Arctic.
A comparison of Arctic countries according to main demographic indicators has been implemented

(Fig. 2e). An interactive population distribution map of the global Arctic is available (Fig. 2f) **.

2 World Arctic. Digital twin of the Arctic population. URL: https://digital-arctic.ru/ (accessed 01 March 2023).
! World Arctic. Digital twin of the Arctic population. URL: https://digital-arctic.ru/Muposan%20ApKTuKa (accessed 01
March 2023).
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The “Digital twin of the Arctic population” contains demographic profiles of all 75 urban dis-
tricts, municipal districts and areas, as well as 9 regions of the Arctic zone of the Russian Federation.
The choice of territory is carried out in the menu in the upper right corner of the dashboard. The pro-
file includes a brief description of the territory, graphs of the dynamics of demographic indicators with
the possibility of comparison with other territories, information on the population of all cities and
towns since 1939, an age pyramid for 2021, the educational composition of the population and the
values of the main demographic indicators. As an example, Figure 3 shows a fragment of the profile of
the urban district of Vorkuta — one of the fastest decreasing municipalities in the Russian Arctic [21,
Fauzer V.V., Lytkina T.S., Fauzer G.N., p. 47].

Profile: Vorkuta Urban District Composition of the population by sex and age, 2021

Vorkuta is an urban district in the Komi Republic. OKTMO: 87710000, Administrative center: Vorkuta. For 2021, 100
the population was 68,425 people, or 2.9% of the total population of the Arctic zone of the Russian Federation.
Population estimate for today (01.31.2023): 66,437 people
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B
5 200000
g
L
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Educational composition of the population
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Fig. 3. Fragment of the demographic profile of Vorkuta: brief information, population dynamics in comparison with
other territories, settlement in 1939-2021, age pyramid, educational composition, main indicators 2
Conclusion

As part of the study, the “Digital twin of the Arctic population” dashboard was implement-
ed — an interactive website containing detailed data on the Arctic population down to the munic-
ipal and settlement levels. The “digital twin” covers such issues as the size, dynamics and composi-

tion of the population, settlement, natural and migration movements, labor and employment,

> UD Vorkuta — Digital twin of the Arctic population. URL: https://digital-arctic.ru/fO%20BopkyTa (accessed 01
March 2023).
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transport movements, science and education, and the impact of the pandemic. Tools for ranking,
multivariate analysis, clustering and predicting indicator values have been implemented for re-
searchers. From the perspective of state and municipal administration, as well as local businesses,
the main interest is in demographic profiles of regions and territories, reflecting information about
the existing demographic situation.

In the future, it is planned to improve the digital twin in several directions. Firstly, by add-
ing new indicators and updating data. Secondly, based on the results of the 2021 population cen-
sus, it is planned to develop a detailed demographic forecast, taking into account, among other
things, the educational composition of the population, which will make it possible to predict the

size and qualitative composition of the labor force in the Arctic territories.
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